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BioNanotechnology Research Center

Article 1
Colorimetric detection of UV light-induced 
single-strand DNA breaks using gold 
nanoparticles

Analyst. 138(3):783-6.

Kim JH, Chung CH, Chung BH*

*Corresponding: chungbh@kribb.re.kr
BioNanotechnology Research Center

We developed a colorimetric method to specifically detect 
single-strand DNA breaks using gold nanoparticles. In our 
assay, broken DNA cannot stabilize gold nanoparticles to 
prevent salt-induced aggregation as good as intact DNA can, 
and this effect can be easily observed with the naked eye 
as a red-to-purple color change.
PMID:23238018

Keywords : Argon; Colorimetry; DNA breaks; Gold; 
Ketoprofen; Metal nanoparticles; Salts; Ultraviolet 
rays

Article 2
Simple and rapid detection of L-Dopa 
decarboxylase activity using gold nanoparticles

Analyst. 138(11):3146-9.

Park SY, Kwon D, Mok H, Chung BH*

*Corresponding: chungbh@kribb.re.kr
BioNanotechnology Research Center

We developed a new detection method for L-Dopa 
decarboxylase (DDC) activity using gold nanoparticles 
(AuNPs). When L-3,4-dihydroxyphenylalanine (L-Dopa) is 
decarboxylated to dopamine (DA) by DDC, DA induces 
the aggregation of AuNPs, and the color of the AuNPs 
changes from red to blue.
PMID:23596625

Keywords : Colorimetry; Dopa decarboxylase; Dopamine; 
Enzyme assays; Gold; Metal nanoparticles; Time 
factors
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Article 3
Novel cell penetrating peptides with multiple 
motifs composed of RGD and its analogs

Biochem Biophys Res Commun. 432(2):359-64.

Mokhtarieh AA, Kim S, Lee Y, Chung BH, Lee MK*

*Corresponding: mklee@kribb.re.kr
BioNanotechnology Research Center

Cell penetrating peptides (CPPs) have been used to transport 
macromolecules into cells. Most CPPs have properties such 
as a strong polycationic charge, amphipathic basic, and 
hydrophobicity. In this study, we designed the peptides with 
multiple motifs composed of RGD and its analogs to induce 
integrin-mediated endocytosis as well as endosomal escape 
by forming an amphipathic helix in acidic endosomes. These 
peptides were proved less toxic to animal cells than those 
without acidic residues. Unexpectedly, peptide conjugated 
liposomes could penetrate into cells regardless of integrins. 
The replacement of all aspartic acids by glutamic acids did 
not prevent the peptide-mediated liposome uptake, and the 
higher basic and leucine contents enhanced the gene silencing 
activity of siRNA encapsulated in the liposomes. The peptide 
is considered to be a new type of CPP which can be used 
for drug delivery.
PMID:23384441

Keywords : Cell penetrating peptide (CPP); CPP-mediated 
liposome uptake; Gene silencing; Peptide 
cytotoxicity; RGD motif

Article 4
Imaging and therapy of liver fibrosis using 
bioreducible polyethylenimine/siRNA complexes 
conjugated with N-acetylglucosamine as a 
targeting moiety

Biomaterials. 34(24):6504-14.

Kim SJ, Ise H, Kim E, Goto M, Akaike T, Chung BH*

*Co-corresponding: chungbh@kribb.re.kr
BioNanotechnology Research Center

Diagnosis and therapy of early stage liver fibrosis is very 
important for the treatment of fatal liver diseases. Here, 
we report on the targeted imaging and therapy of activated 
hepatic stellate cells (HSCs) and fibrotic liver tissue using 
N-acetylglucosamine (GlcNAc)- and indocyanine green 
(ICG)-conjugated PEI/siRNA complexes. The conjugation 
of a disulfide bond to PEI (PEI-D) was achieved by Michael 
addition. We modified PEI with N-acetylglucosamine 
(PEI-D-GlcNAc), which can specifically interact with desmin 
on activated HSCs, using the EDC coupling method. 
Confocal microscopic analysis showed that the 
PEI-D-GlcNAc/siRNA was internalized by HSCs upon 
interaction with surface desmin. In vitro western blot analysis 
confirmed that PEI-D-GlcNAc provided strong protein 
knock-down after transfection with TGFβ1siRNA into HSCs. 
After a tail vein injection of ICG-conjugated complexes, 
the PEI-D-GlcNAc-ICG/siRNA complex accumulated to a 
greater extent in the livers of fibrotic mice than in normal 
mice over an extended duration. Moreover, 
immunohistofluorescence analysis confirmed that the 
PEI-D-GlcNAc-ICG/siRNA complex specifically 
colocalized with HSCs, which are desmin-positive cells, in 
fibrotic liver tissues. In vivo TGFβ1siRNA delivery also 
resulted in superior protein knock-down when using the 
PEI-D-GlcNAc complex. These results demonstrate that the 
PEI-D-GlcNAc-ICG/TGFβ1siRNA complex is a useful tool 
for imaging and treatment of liver fibrosis.
PMID:23726228

Keywords : Desmin; Imaging; Liver fibrosis; 
N-acetylglucosamine; siRNA; Therapy
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Article 5
Nuclease-resistant DNA aptamer on gold nanoparticles 
for the simultaneous detection of Pb2+ and Hg2+ in 
human serum

Biosens Bioelect. 41(1):827-32.

Chung CH, Kim JH, Jung J, Chung BH*

*Corresponding: chungbh@kribb.re.kr
BioNanotechnology Research Center

There has been great progress in the development of 
functional DNA-based sensors for the detection of metal 
ions. However, many functional DNAs are vulnerable to 
hydrolysis by nucleases in human blood. In addition, the 
detection methods that are based on DNA often exhibit 
interference due to the high blood concentrations of other 
ions, such as K+ and Na+. Therefore, we selected highly 
Pb2+-specific DNA-aptamer sequences based on CD 
spectroscopy of 4 G-rich DNA sequences and Hg2+-specific 
T-rich DNA sequences and immobilized them on gold 
nanoparticles for the simultaneous detection of Pb2+ and Hg2+ 
in human serum. We used gold nanoparticles because these 
have a superior fluorescence-quenching efficiency over a 
broad range of wavelengths compared with other organic 
quenchers. In addition, gold nanoparticles have a stabilizing 
effect on the immobilized DNA, which makes it more 
resistant to degradation by nucleases than free DNA. As 
a result, even in the presence of DNase, we were able to 
simultaneously detect Pb2+ and Hg2+ in serum at 
concentrations as low as 128 pM and 121 pM, respectively, 
within 10 min. These detection limits for Pb2+ and Hg2+ 
were 39-fold and 26.4-fold lower, respectively, than the 
detection limits that were obtained using free DNAs. Given 
the multi-color-fluorescence quenching capability of the gold 
nanoparticles and the possibility of developing functional 
nucleic acids for the detection of other metal ions, this study 
extends the application of oligonucleotides to a point-of-care 
detection system for the detection of multiple harmful metal 
ions in body fluids.
PMID:23137944

Keywords : DNase-resistible biosensor; G-quadruplex; 
Gold nanoparticles; Lead andmercurydetection; T–T 
mismatch

Article 6
A simple, fast and highly sensitive assay for the 
detection of telomerase activity

Chem Commun. 49(59):6596-8.

Quach QH, Jung J, Kim H, Chung BH*

*Corresponding: chungbh@kribb.re.kr
BioNanotechnology Research Center

A highly sensitive and rapid PCR-free telomerase activity 
assay has been developed that uses SYBR Green intercalation 
into the G-quadruplex structures in the presence of K+.
PMID:23770610

Keywords : Anthraquinones; Cell line; G-Quadruplexes; 
HEK293 cells; HeLa cells; Hep G2 cells; Humans; 
Organic chemicals; Potassium; Structure-activity 
relationship; Telomerase
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Article 7
Anchoring foreign substances on live cell surfaces 
using sortase A specific binding peptide

Chem Commun. 49(83):9585-7.

Park K, Jung J, Son J, Kim SH, Chung BH*

*Corresponding: chungbh@kribb.re.kr
BioNanotechnology Research Center

A simple, rapid, and efficient live cell surface labeling method 
has been developed that uses a direct conjugation between 
Sortase A expressed transiently at the cell surface and Sortase 
A specific binding peptide.
PMID:24018381

Keywords : Cell culture; HeLa cells; Hemagglutinin; 
Membrane protein; Protein expression; Sortase; 
Unclassified drug

Article 8
Facile fabrication of multi-targeted and stable 
biochemical SERS sensors

Chem Asian J. 8(12):3010-4.

Kim H, Kang T#, Lee H, Ryoo H, Yoo SM, Lee SY, Kim 
B

#First: kangtaejoon@kribb.re.kr
BioNanotechnology Research Center

The direct transfer of single-crystalline Au nanowires (NWs) 
onto Au substrates was achieved by a simple attachment 
and detachment process. In the presence of a lubricant, Au 
NWs grown vertically on a sapphire substrate were efficiently 
moved to an Au substrate through van der Waals interactions. 
We demonstrate that the transferred Au NWs on the Au 
substrate can act as sensitive, reproducible, and 
long-term-stable surface-enhanced Raman scattering (SERS) 
sensors by detecting human α-thrombin as well as Pb2+ and 
Hg2+ ions. These three biochemically and/or environmentally 
important analytes were successfully detected with high 
sensitivity and selectivity by Au NW-SERS sensors bound 
by a thrombin-binding aptamer. Furthermore, the as-prepared 
sensors remained in working order after being stored under 
ambient conditions at room temperature for 80 days. Because 
Au NWs can be routinely transferred onto Au substrates 
and because the resultant Au NW-SERS sensors are highly 
stable and provide with high sensitivity and reproducibility 
of detection, these sensors hold potential for practical use 
in biochemical sensing.
PMID:24273118

Keywords : Gold; Nanowires; Sensors; Surface-enhanced 
Raman scattering; Transfer
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Article 9
Roles of PINK1, mTORC2, and mitochondria in 
preserving brain tumor-forming stem cells in a 
noncanonical Notch signaling pathway

Genes Dev. 27(24):2642-7.

Lee KS#, Wu Z, Song Y, Mitra SS, Feroze AH, Cheshier 
SH, Lu B

#Co-first: ekuse74@kribb.re.kr
BioNanotechnology Research Center

The self-renewal versus differentiation choice of Drosophila 
and mammalian neural stem cells (NSCs) requires Notch 
(N) signaling. How N regulates NSC behavior is not well 
understood. Here we show that canonical N signaling 
cooperates with a noncanonical N signaling pathway to 
mediate N-directed NSC regulation. In the noncanonical 
pathway, N interacts with PTEN-induced kinase 1 (PINK1) 
to influence mitochondrial function, activating mechanistic 
target of rapamycin complex 2 (mTORC2)/AKT signaling. 
Importantly, attenuating noncanonical N signaling 
preferentially impaired the maintenance of Drosophila and 
human cancer stem cell-like tumor-forming cells. Our results 
emphasize the importance of mitochondria to N and NSC 
biology, with important implications for diseases associated 
with aberrant N signaling.
PMID:24352421

Keywords : Cancer stem cells; Mitochondria; 
mTORC2/AKT signaling; Neural stem cells; Notch; 
PINK1

Article 10
Differential in vitro and cellular effects of iron 
chelators for hypoxia inducible factor 
hydroxylases

J Cell Biochem. 114(4):864-73.

Cho EA, Song HK, Lee SH, Chung BH, Lim HM, Lee 
MK*

*Corresponding: mklee@kribb.re.kr
BioNanotechnology Research Center

Hypoxia inducible factor 1α (HIF-1α), an essential 
transcriptional factor, is negatively regulated by two different 
types of oxygen and Fe2+ -dependent HIF hydroxylases, 
proline hydroxylase (PHD) and factor inhibiting HIF (FIH), 
under normoxia. Iron chelators have therefore been used 
for inducing HIF-1α expression by inhibiting the 
hydroxylases. In this study, the iron chelators displayed 
differential effects for PHD and FIH in cells depending on 
their iron specificity and membrane permeability rather than 
their in vitro potencies. The membrane permeability of the 
strict Fe2+ -chelator potentially inhibited both hydroxylases, 
whereas the membrane impermeable one showed no 
inhibitory effect in cells. In contrast, the depletion of the 
extracellular Fe3+ ion was mainly correlated to PHD 
inhibition, and the membrane permeable one elicited low 
efficacy for both enzymes in cells. The 3'-hydroxyl group 
of quercetin, a natural flavonoid, was critical for inhibition 
of intracellular hydroxylases. Since the 3'-methylation of 
quercetin is induced by catechol-o-methyl transferase, the 
enzyme may regulate the intracellular activity of quercetin. 
These data suggest that the multiple factors of iron-chelators 
may be responsible for regulating the intracellular activity 
HIF hydroxylases.
PMID:23097160

Keywords : Iron chelators; Hif hydroxylases; Hydroxylase 
inhibition; Hypoxia inducible factor; Intracellular 
activity
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Article 11
Bifunctional nanoparticles constructed using 
one-pot encapsulation of a fluorescent polymer 
and magnetic (Fe3O4) nanoparticles in a silica shell

Macromol Biosci. 13(3):321-31.

Lee CS, Chang HH, Bae PK, Jung J, Chung BH*

*Corresponding: chungbh@kribb.re.kr
BioNanotechnology Research Center

Integration of biocompatible silica with a fluorescent polymer 
(PDDF) and superparamagnetic iron oxide nanoparticles 
(Fe3O4) to form uniform core-shell nanostructures has the 
great potential to form particles for use in multimodal 
bioimaging applications. Core-shell nanoparticles 
(PDDF/Fe3O4@SiO2) exhibit fluorescent and magnetic 
properties that are favorable for their use in magnetic 
separation and guiding applications, as well as optical and 
magnetic resonance (MR) imaging capabilities. With the 
biological analysis in an in vitro intracellular permeation 
and cytotoxicity test, chemical conjugation of the surface 
using folic acid (FA) molecules can provide the nanoparticles 
with cell-targeting properties, localizing the nanoparticles 
to folate receptors (FRs) on target KB cells that over-express 
the FRs.
PMID:23281296

Keywords : Bioimaging; Fluorescent polymers; Folate 
receptor; Multifunctional materials; Nanoparticles; 
Tumor targeting

Article 12
Facile and oriented antibody immobilization on 
α-cyclodextrin- modified sensors surfaces

Macromol Res. 21(2):130-3.

Jung J, Yi SY, Jang HH, Lee CS, Chung BH*

*Corresponding: chungbh@kribb.re.kr
BioNanotechnology Research Center

Considerable attention has been paid to the development 
of efficient methods to immobilize antibodies on solid 
surfaces while preserving their biological activities. In this 
study, we take advantage of the host-guest chemistry of 
α-CD to develop a novel α-CD SAM solid surface that can 
be used for the facile and efficient immobilization of 
antibodies without modifications. We report a novel α-CD 
SAM-modified gold surface for the facile and efficient 
immobilization of antibodies with no modifications, which 
allows proper orientation of the bound antibodies and, 
therefore, enhances the sensitivity of antigen detection. The 
α-CD SAM gold surface provides a stable sensor surface 
for antibody immobilization and offers considerable potential 
for its use in clinical diagnostic settings.

Keywords : Antigen detection; Diagnostic setting; Gold 
surface; Host-guest chemistry; Immobilize 
antibodies; Solid surfaces
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Article 13
Bimodal perfluorocarbon nanoemulsions for 
nasopharyngeal carcinoma targeting

Mol Imaging Biol. 15(4):401-10.

Bae PK, Jung J, Lim SJ, Kim D, Kim SK, Chung BH*

*Corresponding: chungbh@kribb.re.kr
BioNanotechnology Research Center

PURPOSE: The aim of this study was to perform the detection 
of folate receptor (FR)-positive tumors with a bimodal 
imaging contrast agent, a perfluorocarbon (PFC)/rhodamine 
nanoemulsion, providing both 19F-based magnetic resonance 
imaging (MRI) and fluorescence imaging capabilities.
PROCEDURES: The PFC/rhodamine nanoemulsion was 
further infused with phospholipid-anchored folate to improve 
the ability to target FR-expressing tumors. The preferential 
accumulation of the FR-targeted bimodal nanoemulsion in 
FR-positive tumor sites was monitored by both 19F-MRI 
and optical imaging.
RESULTS: The FR-targeted PFC nanoemulsion had no 
significant effect on cell viability, and the size and 
fluorescence signal of PFC nanoemulsion were very stable. 
These nanoprobes were successfully delivered into 
FR-positive tumor xenograft models and showed 
significantly enhanced signal intensities of 19F-MRI and 
fluorescence imaging in the tumor area.
CONCLUSIONS: The folate-PFC/rhodamine nanoemulsion 
has a great potential to serve as a useful optical and 19F-MRI 
agent for the diagnosis and targeting of FR-positive tumor.
PMID:23508465

Keywords : 19F-MRI; Bimodal nanoemulsion; Cancer; 
Cancer-specific imaging; MRI; Optical imaging; 
Perfluorocarbon

Article 14
Insulin receptor-overexpressing β-cells ameliorate 
hyperglycemia in diabetic rats through Wnt 
signaling activation

PLoS One. 8(7):e67802.

Kim MH, Hong SH#, Lee MK

#First: shhong77@kribb.re.kr
BioNanotechnology Research Center

To investigate the therapeutic efficacy and mechanism of 
β-cells with insulin receptor (IR) overexpression on diabetes 
mellitus (DM), rat insulinoma (INS-1) cells were engineered 
to stably express human insulin receptor (INS-IR cells), and 
subsequently transplanted into streptozotocin- induced 
diabetic rats. Compared with INS-1 cells, INS-IR cells 
showed improved β-cell function, including the increase in 
glucose utilization, calcium mobilization, and insulin 
secretion, and exhibited a higher rate of cell proliferation, 
and maintained lower levels of blood glucose in diabetic 
rats. These results were attributed to the increase of β

-catenin/PPARγ complex bindings to peroxisome 
proliferator response elements in rat glucokinase (GK) 
promoter and the prolongation of S-phase of cell cycle by 
cyclin D1. These events resulted from more rapid and higher 
phosphorylation levels of insulin-signaling intermediates, 
including insulin receptor substrate 
(IRS)-1/IRS-2/phosphotylinositol 3 kinase/v-akt murine 
thymoma viral oncogene homolog (AKT) 1, and the 
consequent enhancement of β-catenin nuclear translocation 
and Wnt responsive genes including GK and cyclin D1. 
Indeed, the higher functionality and proliferation shown in 
INS-IR cells were offset by β-catenin, cyclin D1, GK, AKT1, 
and IRS-2 gene depletion. In addition, the promotion of 
cell proliferation and insulin secretion by Wnt signaling 
activation was shown by 100 nM insulin treatment, and to 
a similar degree, was shown in INS-IR cells. In this regard, 
this study suggests that transferring INS-IR cells into diabetic 
animals is an effective and feasible DM treatment. 
Accordingly, the method might be a promising alternative 
strategy for treatment of DM given the adverse effects of 
insulin among patients, including the increased risk of modest 
weight gain and hypoglycemia. Additionally, this study 
demonstrates that the novel mechanism of cross-talk between 
insulin and Wnt signaling plays a primary role in the higher 
therapeutic efficacy of IR-overexpressing β-cells.
PMID:23874448

Keywords : Beta catenin; Blood glucose; Cyclin D1; 
Diabetes mellitus; Gene expression; Glucokinase; 
Hyperglycemia; Wnt signaling pathway
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Article 15
Drosophila adiponectin receptor in insulin 
producing cells regulates glucose and lipid 
metabolism by controlling insulin secretion

PLoS One. 8(7):e68641.

Kwak SJ, Hong SH, Bajracharya R, Yang SY, Lee KS, 
Yu K*

*Corresponding: kweonyu@kribb.re.kr
BioNanotechnology Research Center

Adipokines secreted from adipose tissue are key regulators 
of metabolism in animals. Adiponectin, one of the adipokines, 
modulates pancreatic beta cell function to maintain energy 
homeostasis. Recently, significant conservation between 
Drosophila melanogaster and mammalian metabolism has 
been discovered. Drosophila insulin like peptides (Dilps) 
regulate energy metabolism similarly to mammalian insulin. 
However, in Drosophila, the regulatory mechanism of insulin 
producing cells (IPCs) by adipokine signaling is largely 
unknown. Here, we describe the discovery of the Drosophila 
adiponectin receptor and its function in IPCs. Drosophila 
adiponectin receptor (dAdipoR) has high homology with 
the human adiponectin receptor 1. The dAdipoR antibody 
staining revealed that dAdipoR was expressed in IPCs of 
larval and adult brains. IPC- specific dAdipoR inhibition 
(Dilp2>dAdipoR-Ri) showed the increased sugar level in the 
hemolymph and the elevated triglyceride level in whole body. 
Dilps mRNA levels in the Dilp2>dAdipoR-Ri flies were 
similar with those of controls. However, in the 
Dilp2>dAdipoR-Ri flies, Dilp2 protein was accumulated in 
IPCs, the level of circulating Dilp2 was decreased, and insulin 
signaling was reduced in the fat body. In ex vivo fly brain 
culture with the human adiponectin, Dilp2 was secreted from 
IPCs. These results indicate that adiponectin receptor in 
insulin producing cells regulates insulin secretion and 
controls glucose and lipid metabolism in Drosophila 
melanogaster. This study demonstrates a new adipokine 
signaling in Drosophila and provides insights for the 
mammalian adiponectin receptor function in pancreatic beta 
cells, which could be useful for therapeutic application.
PMID:23874700

Keywords : Amino acid sequence; Drosophila 
melanogaster; Lipid metabolism; Sequence 
homology; Signal transduction

Super-Bacteria Research Center

Article 16
The folate precursor para-aminobenzoic acid 
elicits induced resistance against Cucumber 
mosaic virus and Xanthomonas axonopodis

Ann Bot. 111(5):925-34.

Song GC, Choi HK, Ryu CM*

*Corresponding: cmryu@kribb.re.kr
Super-Bacteria Research Center

BACKGROUND AND AIMS: The use of vitamins including 
vitamin B1, B2 and K3 for the induction of systemic acquired 
resistance (SAR) to protect crops against plant pathogens 
has been evaluated previously. The use of vitamins is 
beneficial because it is cost effective and safe for the 
environment. The use of folate precursors, including 
ortho-aminobenzoic acid, to induce SAR against a soft-rot 
pathogen in tobacco has been reported previously.
METHODS: In the present study, para-aminobenzoic acid 
(PABA, also referred to as vitamin Bx) was selected owing 
to its effect on the induction of SAR against Xanthomonas 
axonopodis pv. vesicatoria in pepper plants through 
greenhouse screening.
KEY RESULTS: Dipping of pepper seedlings in a 1 mm 
PABA solution in field trials induced SAR against artificially 
infiltrated X. axonopodis pv. vesicatoria and naturally 
occurring cucumber mosaic virus. Expression of the 
Capsicum annuum pathogenesis-related 4 gene was primed 
in response to pathogen infection as assessed by quantitative 
real-time PCR. The accumulation of cucumber mosaic virus 
RNA was reduced in PABA-treated pepper plants at 40 and 
105 d post-treatment. Unexpectedly, fruit yield was increased 
in PABA-treated plants, indicating that PABA-mediated SAR 
successfully protected pepper plants from infection by 
bacterial and viral pathogens without significant fitness 
allocation costs.
CONCLUSIONS: The present study is the first to 
demonstrate the effective elicitation of SAR by a folate 
precursor under field conditions.
PMID:23471007

Keywords : Defence priming; Folate; Induced systemic 
resistance; PABA; para-aminobenzoic acid; PGPR; 
Plant growth promoting; Systemic acquired 
resistance; Vitamin Bx
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Article 17
Evolved cobalamin-independent methionine 
synthase (MetE) improves the acetate and thermal 
tolerance of Escherichia coli

Appl Environ Microbiol. 79(24):7905-15.

Mordukhova EA, Pan JG*

*Corresponding: jgpan@kribb.re.kr
Super-Bacteria Research Center

Acetate-mediated growth inhibition of Escherichia coli has 
been found to be a consequence of the accumulation of 
homocysteine, the substrate of the cobalamin-independent 
methionine synthase (MetE) that catalyzes the final step of 
methionine biosynthesis. To improve the acetate resistance 
of E. coli, we randomly mutated the MetE enzyme and 
isolated a mutant enzyme, designated MetE-214 (V39A, 
R46C, T106I, and K713E), that conferred accelerated growth 
in the E. coli K-12 WE strain in the presence of acetate. 
Additionally, replacement of cysteine 645, which is a unique 
site of oxidation in the MetE protein, with alanine improved 
acetate tolerance, and introduction of the C645A mutation 
into the MetE-214 mutant enzyme resulted in the highest 
growth rate in acetate-treated E. coli cells among three mutant 
MetE proteins. E. coli WE strains harboring acetate-tolerant 
MetE mutants were less inhibited by homocysteine in 
l-isoleucine-enriched medium. Furthermore, the 
acetate-tolerant MetE mutants stimulated the growth of the 
host strain at elevated temperatures (44 and 45°C). 
Unexpectedly, the mutant MetE enzymes displayed a reduced 
melting temperature (Tm) but an enhanced in vivo stability. 
Thus, we demonstrate improved E. coli growth in the presence 
of acetate or at elevated temperatures solely due to mutations 
in the MetE enzyme. Furthermore, when an E. coli WE 
strain carrying the MetE mutant was combined with a 
previously found MetA (homoserine o-succinyltransferase) 
mutant enzyme, the MetA/MetE strain was found to grow 
at 45°C, a nonpermissive growth temperature for E. coli 
in defined medium, with a similar growth rate as if it were 
supplemented by L-methionine.
PMID:24123739

Keywords : Acetate tolerances; Defined mediums; Elevated 
temperature; Growth inhibition; Methionine 
biosynthesis; Methionine synthase; Mutant enzymes; 
Thermal tolerance

Article 18
Stabilized homoserine o-succinyltransferases 
(MetA) or L-methionine partially recovers the 
growth defect in Escherichia coli lacking 
ATP-dependent proteases or the DnaK chaperone

BMC Microbiol. 13:179.

Mordukhova EA, Kim D, Pan JG*

*Corresponding: jgpan@kribb.re.kr
Super-Bacteria Research Center

BACKGROUND: The growth of Escherichia coli at elevated 
temperatures is limited due to the inherent instability of 
homoserine o-succinyltransferase, MetA, which is the first 
enzyme in the methionine biosynthesis pathway. MetA is 
also unstable under other stressful conditions, such as weak 
organic acids and oxidative stress. The MetA protein unfolds, 
even at 25°C, forms considerable aggregates at 37°C and 
completely aggregates at 44°C.
RESULTS: We extended the MetA mutation studies using 
a consensus concept based on statistics and sequence database 
analysis to predict the point mutations resulting in increased 
MetA stability. In this study, four single amino acid 
substitutions (Q96K, I124L, I229Y and F247Y) in MetA 
designed according to the consensus concept and using the 
I-mutant2.0 modeling tool conferred accelerated growth on 
the E. coli strain WE at 44°C. MetA mutants that enabled 
E. coli growth at higher temperatures did not display 
increased melting temperatures (Tm) or enhanced catalytic 
activity but did show improved in vivo stability at mild 
(37°C) and elevated (44°C) temperatures. Notably, we 
observed that the stabilized MetA mutants partially recovered 
the growth defects of E. coli mutants in which ATP-dependent 
proteases or the DnaK chaperone was deleted. These results 
suggest that the impaired growth of these E. coli mutants 
primarily reflect the inherent instability of MetA and, thus, 
the methionine supply. As further evidence, the addition 
of methionine recovered most of the growth defects in 
mutants lacking either ATP-dependent proteases or the DnaK 
chaperone.
CONCLUSIONS: A collection of stable single-residue 
mutated MetA enzymes were constructed and investigated 
as background for engineering the stabilized mutants. In 
summary, the mutations in a single gene, metA, reframe 
the window of growth temperature in both normal and mutant 
E. coli strains.
PMID:23898868

Keywords : ATP-dependent proteases; DnaK chaperone; 
Escherichia coli; Growth rate; Homoserine 
o-succinyltransferase (MetA); Thermostability
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Article 19
Escherichia coli YmdB regulates biofilm 
formation independently of its role as an RNase 
III modulator

BMC Microbiol. 13:266.

Kim T, Lee J, Kim KS*

*Corresponding: sunny06@kribb.re.kr
Super-Bacteria Research Center

BACKGROUND: Ribonuclease III (RNase III) activity 
modulates hundreds of genes in Escherichia coli (E. coli). 
YmdB, a member of the macrodomain protein family, is 
one of known trans-acting regulators of RNase III activity; 
however, the significance of its regulatory role in specific 
bacterial cellular processes and related genes has not been 
determined. YmdB overexpression was used to model 
YmdB-induced RNase III inhibition in vivo, and microarray 
analysis identified gene targets and cellular processes related 
to RNase III inhibition.
RESULTS: The expression of >2,000 E. coli genes was 
modulated by YmdB induction; 129 genes were strongly 
regulated, of which 80 have not been reported as RNase 
III targets. Of these, ten are involved in biofilm formation. 
Significantly, YmdB overexpression also inhibited biofilm 
formation via a process that is not uniquely dependent upon 
RNase III inhibition. Moreover, biofilm formation is 
interdependently regulated by RpoS, a known stress response 
regulator and biofilm inhibitor, and by YmdB.
CONCLUSIONS: This is the first global profile of target 
genes modulated by YmdB-induced RNase III inhibition 
in E. coli, and the data reveal a novel, hitherto unrecognized 
regulatory role for YmdB in biofilm modulation.
PMID:24267348

Keywords : Biofilm; Escherichia coli; Microarray; 
Ribonuclease III (RNase III); Trans-acting regulator

Article 20
ISR meets SAR outside: additive action of the 
endophyte Bacillus pumilus INR7 and the 
chemical inducer, benzothiadiazole, on induced 
resistance against bacterial spot in field-grown 
pepper

Front Plant Sci. 4:122.

Yi HS, Yang JW, Ryu CM*

*Corresponding: cmryu@kribb.re.kr
Super-Bacteria Research Center

Induced resistance has been recognized as an attractive tool 
for plant disease management in modern agriculture. During 
the last two decades, studies on chemically- and biologically 
elicited induced resistance have revealed previously unknown 
features of the plant defense response including defense 
priming. As a biological trigger for induced resistance, plant 
growth-promoting rhizobacteria (PGPR) are a group of 
root-associated bacteria that can reduce plant disease severity 
and incidence, and augment plant growth and yield under 
greenhouse and field conditions. We evaluated the potential 
of an endophytic PGPR, Bacillus pumilus INR7, to induce 
systemic resistance against bacterial spot caused by 
Xanthomonas axonopodis pv. vesicatoria in pepper. Trials 
in the greenhouse showed significantly less symptom 
development in pepper plants inoculated with strain INR7 
compared to a water treatment. Furthermore, a single dipping 
treatment with INR7 before transplantation of pepper plants 
into the field elicited an induced systemic resistance response 
against bacterial spot caused by artificially infiltration of 
X. axonopodis pv. vesicatoria and even against naturally 
occurring bacterial spot disease. We identified an additive 
effect on induced resistance after administration of a 
combination treatment composed of strain INR7 with a 
chemical inducer, benzothiadiazole (BTH) in the field. The 
combination treatment stimulated expression of pepper 
defense marker genes CaPR1, CaTin1, and CaPR4 to a 
greater extent than did treatment with either agent alone. 
Similar experiments conducted with tobacco revealed no 
additive effects under field conditions. Interestingly, 
co-application of plants with INR7 lifted the growth 
repressing effect of BTH. Application of BTH onto pepper 
and tobacco did not affect rhizosphere colonization but 
supported a higher population density inside plant roots when 
compared to water-treated control plants. Our results indicate 
that PGPR can be used in combination with BTH for increased 
induced resistance capacity under field conditions.
PMID:23717313

Keywords : Biological control; Defense priming; ISR; 
PGPR; SAR
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Article 21
Genome Sequence of Lysinibacillus sphaericus 
Strain KCTC 3346T

Genome Announc. 1(4):e00625.

Jeong H*, Jeong DE, Sim YM, Park SH, Choi SK*

*Co-corresponding: hyjeong@kribb.re.kr, sookeun@kribb.re.kr
Super-Bacteria Research Center

Lysinibacillus sphaericus is a heterogeneous species that 
includes strains that produce mosquitocidal toxin proteins. 
Herein, we report the 4.56-Mb draft genome sequence of 
the nonpathogenic L. sphaericus strain KCTC 3346T, which 
provides clues for the phylogenetic reassessment of L. 
sphaericus species and an understanding of its physiological 
properties.
PMID:23950128

Keywords : Genome sequence; Lysinibacillus sphaericus; 
Mosquitocidal toxin proteins; Phylogenetic 
reassessment; Physiological property

Article 22
Two volatile organic compounds trigger plant 
self-defense against a bacterial pathogen and a 
sucking insect in cucumber under open field 
conditions

Int J Mol Sci. 14(5):9803-19.

Song GC, Ryu CM*

*Corresponding: cmryu@kribb.re.kr
Super-Bacteria Research Center

Systemic acquired resistance (SAR) is a plant self-defense 
mechanism against a broad-range of pathogens and insect 
pests. Among chemical SAR triggers, plant and bacterial 
volatiles are promising candidates for use in pest 
management, as these volatiles are highly effective, 
inexpensive, and can be employed at relatively low 
concentrations compared with agrochemicals. However, such 
volatiles have some drawbacks, including the high 
evaporation rate of these compounds after application in 
the open field, their negative effects on plant growth, and 
their inconsistent levels of effectiveness. Here, we 
demonstrate the effectiveness of volatile organic compound 
(VOC)-mediated induced resistance against both the bacterial 
angular leaf spot pathogen, Pseudononas syringae pv. 
lachrymans, and the sucking insect aphid, Myzus persicae, 
in the open field. Using the VOCs 3-pentanol and 2-butanone 
where fruit yields increased gave unexpectedly, a significant 
increase in the number of ladybird beetles, Coccinella 
septempunctata, a natural enemy of aphids. The 
defense-related gene CsLOX was induced by VOC treatment, 
indicating that triggering the oxylipin pathway in response 
to the emission of green leaf volatiles can recruit the natural 
enemy of aphids. These results demonstrate that VOCs may 
help prevent plant disease and insect damage by eliciting 
induced resistance, even in open fields.
PMID:23698768

Keywords : Induced resistance (ISR); Jasmonic acid; Plant 
growth promoting; Salicylic acid (SA); Systemic 
acquired resistance (SAR)



2013 KRIBB Article Abstracts ｜ 13 ｜

Article 23
Dynamic chemical communication between plants 
and bacteria through airborne signals: induced 
resistance by bacterial volatiles

J Chem Ecol. 39(7):1007-18.

Farag MA, Zhang H, Ryu CM*

*Co-corresponding: cmryu@kribb.re.kr
Super-Bacteria Research Center

Certain plant growth-promoting rhizobacteria (PGPR) elicit 
induced systemic resistance (ISR) and plant growth 
promotion in the absence of physical contact with plants 
via volatile organic compound (VOC) emissions. In this 
article, we review the recent progress made by research into 
the interactions between PGPR VOCs and plants, focusing 
on VOC emission by PGPR strains in plants. Particular 
attention is given to the mechanisms by which these bacterial 
VOCs elicit ISR. We provide an overview of recent progress 
in the elucidation of PGPR VOC interactions from studies 
utilizing transcriptome, metabolome, and proteome analyses. 
By monitoring defense gene expression patterns, performing 
2-dimensional electrophoresis, and studying defense 
signaling null mutants, salicylic acid and ethylene have been 
found to be key players in plant signaling pathways involved 
in the ISR response. Bacterial VOCs also confer induced 
systemic tolerance to abiotic stresses, such as drought and 
heavy metals. A review of current analytical approaches 
for PGPR volatile profiling is also provided with needed 
future developments emphasized. To assess potential 
utilization of PGPR VOCs for crop plants, volatile 
suspensions have been applied to pepper and cucumber roots 
and found to be effective at protecting plants against plant 
pathogens and insect pests in the field. Taken together, these 
studies provide further insight into the biological and 
ecological potential of PGPR VOCs for enhancing plant 
self-immunity and/or adaptation to biotic and abiotic stresses 
in modern agriculture.
PMID:23881442

Keywords : Airborne signals; Headspace; Interaction; ISR; 
IST; PGPR; Volatile organic compounds

Article 24
Panosialins, inhibitors of enoyl-ACP reductase 
from Streptomyces sp. AN1761

J Microbiol Biotechnol. 23(2):184-8.

Kwon YJ, Sohn MJ, Oh T, Cho SN, Kim CJ, Kim WG*

*Corresponding: wgkim@kribb.re.kr
Super-Bacteria Research Center

In the continued search for inhibitors of enoyl-acyl carrier 
protein (ACP) reductase, we found that four acylbenzenediol 
sulfate metabolites from Streptomyces sp. AN1761 potently 
inhibited bacterial enoyl-ACP reductases of Staphylococcus 
aureus, Streptococcus pneumoniae, and Mycobacterium 
tuberculosis. Their structures were identified as panosialins 
A, B, wA, and wB by MS and NMR data. They showed 
stronger inhibition against S. aureus FabI and S. pneumoniae 
FabK with IC50 of 3-5 microM than M. tuberculosis InhA 
with IC50 of 9-12 microM. They also exhibited a stronger 
antibacterial spectrum on S. aureus and S. pneumoniae than 
M. tuberculosis. In addition, the higher inhibitory activity 
of panosialin wB than panosialin B on fatty acid biosynthesis 
was consistent with that on bacterial growth, suggesting that 
they could exert their antibacterial activity by inhibiting fatty 
acid synthesis.
PMID:23412060

Keywords : Antibacterial; Enoyl-ACP reductase; Inhibitor; 
Panosialin; Staphylococcus aureus
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Article 25
Elicitation of induced resistance against 
Pectobacterium carotovorum and Pseudomonas 
syringae by specific individual compounds 
derived from native Korean plant species

Molecules. 18(10):12877-95.

Song GC, Ryu SY, Kim YS, Lee JY, Choi JS, Ryu CM*

*Corresponding: cmryu@kribb.re.kr
Super-Bacteria Research Center

Plants have developed general and specific defense 
mechanisms for protection against various enemies. Among 
the general defenses, induced resistance has distinct 
characteristics, such as broad-spectrum resistance and 
long-lasting effectiveness. This study evaluated over 500 
specific chemical compounds derived from native Korean 
plant species to determine whether they triggered induced 
resistance against Pectobacterium carotovorum supsp. 
carotovorum (Pcc) in tobacco (Nicotiana tabacum) and 
Pseudomonas syringae pv. tomato (Pst) in Arabidopsis 
thaliana. To select target compound(s) with direct and 
indirect (volatile) effects, a new Petri-dish-based in vitro 
disease assay system with four compartments was developed. 
The screening assay showed that capsaicin, fisetin hydrate, 
jaceosidin, and farnesiferol A reduced the disease severity 
significantly in tobacco. Of these four compounds, capsaicin 
and jaceosidin induced resistance against Pcc and Pst, which 
depended on both salicylic acid (SA) and jasmonic acid 
(JA) signaling, using Arabidopsis transgenic and mutant 
lines, including npr1 and NahG for SA signaling and jar1 
for JA signaling. The upregulation of the PR2 and PDF1.2 
genes after Pst challenge with capsaicin pre-treatment 
indicated that SA and JA signaling were primed. These results 
demonstrate that capsaicin and jaceosidin can be effective 
triggers of strong induced resistance against both 
necrotrophic and biotrophic plant pathogens.
PMID:24135942

Keywords : Capsaicin; Induced resistance; Jaceosidin; Plant 
extracts; Systemic acquired resistance

Article 26
Regulation of transcription from two ssrS 
promoters in 6S RNA biogenesis

Mol Cells. 36(3):227-34.

Lee JY, Park H, Bak G, Kim KS*, Lee Y

*Co-corresponding: sunny06@kribb.re.kr
Super-Bacteria Research Center

ssrS-encoded 6S RNA is an abundant noncoding RNA that 
binds σ70-RNA polymerase and regulates expression at a 
subset of promoters in Escherichia coli. It is transcribed 
from two tandem promoters, ssrS P1 and ssrS P2. Regulation 
of transcription from two ssrS promoters in 6S RNA 
biogenesis was examined. Both P1 and P2 were growth 
phase-dependently regulated. Depletion of 6S RNA had no 
effect on growth-phase-dependent transcription from either 
promoter, whereas overexpression of 6S RNA increased P1 
transcription and decreased P2 transcription, suggesting that 
transcription from P1 and P2 is subject to feedback activation 
and feedback inhibition, respectively. This feedback 
regulation disappeared in Δfis strains, supporting 
involvement of Fis in this process. The differential feedback 
regulation may provide a means for maintaining appropriate 
cellular concentrations of 6S RNA.
PMID:23864284

Keywords : 6S RNA; Cellular concentrations; Feedback 
regulation; Fis; Promoter; Sigma factor; 
Transcription
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Article 27
Interspecific bacterial sensing through airborne 
signals modulates locomotion and drug resistance

Nature Commun. 4:1809.

Kim KS, Lee S, Ryu CM*

*Corresponding: cmryu@kribb.re.kr
Super-Bacteria Research Center

Bacteria use chemical signals to sense each other and to 
regulate various physiological functions. Although it is 
known that some airborne volatile organic compounds 
function as bacterial signalling molecules, their identities 
and effects on global gene expression and bacterial 
physiological processes remain largely unknown. Here we 
perform microarray analyses of Escherichia coli exposed 
to volatile organic compounds emitted from Bacillus subtilis. 
We find that 2,3-butanedione and glyoxylic acid mediate 
global changes in gene expression related to motility and 
antibiotic resistance. Volatile organic compound-dependent 
phenotypes are conserved among bacteria and are regulated 
by the previously uncharacterized ypdB gene product through 
the downstream transcription factors soxS, rpoS or yjhU. 
These results strongly suggest that bacteria use airborne 
volatile organic compounds to sense other bacteria and to 
change master regulatory gene activity to adapt.
PMID:23651997

Keywords : Ampicillin; Anti-bacterial agents; Bacillus 
subtilis; Drug resistance; Gene expression; 
Phenotype; Promoter regions; Signal transduction

Article 28
Promoting plant protection by root-associated 
microbes

Plant Pathol J. 29(2):123-4.

Ryu CM*

*Corresponding: cmryu@kribb.re.kr
Super-Bacteria Research Center

The rhizosphere is a narrow area around plant roots in which 
root-secreted secondary metabolites and microorganisms 
co-exist and interact. The beneficial root-associated bacteria, 
also referred to as plant growth-promoting rhizobacteria 
(PGPR), have been used to manage plant diseases and 
promote plant growth and yield. Such a disease control 
method is referred to as biological control in contrast to 
chemical control. Genome- and multi-omics-based 
cutting-edge technologies developed in 2000’s have 
contributed to our understanding of the molecular 
mechanisms on the microbial determinants of biological 
control and plant responses. I introduce the results of 11 
studies that used a multidisciplinary approach to the 
management of plant diseases with rhizosphere microbes. 
The papers were organized into four different types as 
follows: (1) reviews on biological control and ISR, (2) 
biological control by antagonistic rhizobacteria, (3) 
biological control by ISR, and (4) induced systemic tolerance 
to abiotic stresses. The systematic approaches, based on the 
integration of technology and information, would provide 
new insight into genes, proteins, and metabolites of 
rhizobacteria and plants important for the management of 
plant diseases.

Keywords : PGPR; Plant diseases; Rhizosphere; 
Root-associated microbes; Systematic approaches
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Article 29
Modulation of quorum sensing in acyl-homoserine 
lactone-producing or -degrading tobacco plants 
leads to alteration of induced systemic resistance 
elicited by the rhizobacterium Serratia 
marcescens 90-166

Plant Pathol J. 29(2):182-92.

Ryu CM#, Choi HK, Lee CH, Murphy JF, Lee JK, Kloepper 
JW

#First: cmryu@kribb.re.kr
Super-Bacteria Research Center

Numerous root-associated bacteria (rhizobacteria) are known 
to elicit induced systemic resistance (ISR) in plants. Bacterial 
cell-density-dependent quorum sensing (QS) is thought to 
be important for ISR. Here, we investigated the role of QS 
in the ISR elicited by the rhizobacterium, Serratia marcescens 
strain 90-166, in tobacco. Since S. marcescens 90-166 
produces at least three QS signals, QS-mediated ISR in strain 
90-166 has been difficult to understand. Therefore, we 
investigated the ISR capacity of two transgenic tobacco 
(Nicotiana tabacum) plants that contained either bacterial 
acylhomoserine lactone-producing (AHL) or -degrading 
(AiiA) genes in conjunction with S. marcescens 90-166 to 
induce resistance against bacterial and viral pathogens. Root 
application of S. marcescens 90-166 increased ISR to the 
bacterial pathogens, Pectobacterium carotovorum subsp. 
carotovorum and Pseudomonas syringae pv. tabaci, in AHL 
plants and decreased ISR in AiiA plants. In contrast, ISR 
to Cucumber mosaic virus was reduced in AHL plants treated 
with S. marcescens 90-166 but enhanced in AiiA plants. 
Taken together, these data indicate that QS-dependent ISR 
is elicited by S. marcescens 90-166 in a pathogen-dependent 
manner. This study provides insight into QS-dependent ISR 
in tobacco elicited by S. marcescens 90-166.

Keywords : AiiA; N-Acyl homoserine lactone; Plant growth 
promoting; Quorum sensing; Serratia marcescens

Article 30
Systemic induction of the small antibacterial 
compound in the leaf exudate during 
benzothiadiazole-elicited systemic acquired 
resistance in pepper

Plant Pathol J. 29(3):350-5.

Lee B, Park YS, Yi HS, Ryu CM*

*Corresponding: cmryu@kribb.re.kr
Super-Bacteria Research Center

Plants protect themselves from diverse potential pathogens 
by induction of the immune systems such as systemic 
acquired resistance (SAR). Most bacterial plant pathogens 
thrive in the intercellular space (apoplast) of plant tissues 
and cause symptoms. The apoplastic leaf exudate (LE) is 
believed to contain nutrients to provide food resource for 
phytopathogenic bacteria to survive and to bring harmful 
phytocompounds to protect plants against bacterial 
pathogens. In this study, we employed the 
pepper-Xanthomonas axonopodis system to assess whether 
apoplastic fluid from LE in pepper affects the fitness of 
X. axonopodis during the induction of SAR. The LE was 
extracted from pepper leaves 7 days after soil 
drench-application of a chemical trigger, benzothiadiazole 
(BTH). Elicitation of plant immunity was confirmed by 
significant up-regulation of four genes, CaPR1, CaPR4, 
CaPR9, and CaCHI2, by BTH treatment. Bacterial fitness 
was evaluated by measuring growth rate during cultivation 
with LE from BTH-or water-treated leaves. LE from 
BTH-treatment significantly inhibited bacterial growth when 
compared to that from the water-treated control. The 
antibacterial activity of LE from BTH-treated samples was 
not affected by heating at 100°C for 30 min. Although the 
antibacterial molecules were not precisely identified, the data 
suggest that small (less than 5 kDa), heat-stable compound(s) 
that are present in BTH-induced LE directly attenuate 
bacterial growth during the elicitation of plant immunity.

Keywords : Benzothiadiazole; Leaf exudate; Systemic 
acquired resistance; Xanthomonas axonopodis
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Article 31
One shot-two pathogens blocked: exposure of 
Arabidopsis to hexadecane, a long chain volatile 
organic compound, confers induced resistance 
against both Pectobacterium carotovorum and 
Pseudomonas syringae

Plant Signal Behav. 8(7):e24619.

Park HB, Lee B, Kloepper JW, Ryu CM*

*Corresponding: cmryu@kribb.re.kr
Super-Bacteria Research Center

Bacteria and plant derived volatile organic compounds have 
been reported as the chemical triggers that elicit induced 
resistance in plants. Previously, volatile organic compounds 
(VOCs), including acetoin and 2,3-butanediol, were found 
to be emitted from plant growth-promoting rhizobacteria 
(PGPR) Bacillus subtilis GB03, which had been shown to 
elicit ISR and plant growth promotion. More recently, we 
reported data that stronger induced resistance could be 
elicited against Pseudomonas syringae pv maculicola 
ES4326 in plants exposed to C13 VOC from another PGPR 
Paenibacillus polymyxa E681 compared with that of strain 
GB03. Here, we assessed whether another long hydrocarbon 
C16 hexadecane (HD) conferred protection to Arabidopsis 
from infection of a biotrophic pathogen, P. syringae pv 
maculicola and a necrotrophic pathogen, Pectobacterium 
carotovorum subsp carotovorum. Collectively, long-chain 
VOCs can be linked to a plant resistance activator for 
protecting plants against both biotrophic and necrotrophic 
pathogens at the same time.
PMID:23603940

Keywords : Induced systemic resistance; Paenibacillus 
polymyxa; PGPR; Pseudomonas syringae; 
Rhizobacteria; Volatile organic compound

Article 32
Meleagrin, a new FabI inhibitor from Penicillium 
chryosogenum with at least one additional mode 
of action

PLoS One. 8(11):e78922.

Zheng CJ, Sohn MJ, Lee S, Kim WG*

*Corresponding: wgkim@kribb.re.kr
Super-Bacteria Research Center

Bacterial enoyl-acyl carrier protein reductase (FabI) is a 
promising novel antibacterial target. We isolated a new class 
of FabI inhibitor from Penicillium chrysogenum, which 
produces various antibiotics, the mechanisms of some of 
them are unknown. The isolated FabI inhibitor was 
determined to be meleagrin by mass spectroscopy and nuclear 
magnetic resonance spectral analyses, and its more active 
and inactive derivatives were chemically prepared. 
Consistent with their selective inhibition of Staphylococcus 
aureus FabI, meleagrin and its more active derivatives 
directly bound to S. aureus FabI in a fluorescence quenching 
assay, inhibited intracellular fatty acid biosynthesis and 
growth of S. aureus, and increased the minimum inhibitory 
concentration for fabI-overexpressing S. aureus. The 
compounds that were not effective against the FabK isoform, 
however, inhibited the growth of Streptococcus pneumoniae 
that contained only the FabK isoform. Additionally no 
resistant mutant to the compounds was obtained. Importantly, 
fabK-overexpressing Escherichia coli was not resistant to 
these compounds, but was resistant to triclosan. These results 
demonstrate that the compounds inhibited another target in 
addition to FabI. Thus, meleagrin is a new class of FabI 
inhibitor with at least one additional mode of action that 
could have potential for treating multidrug-resistant bacteria.
PMID:24312171

Keywords : FabI inhibitor; Meleagrin; Multidrug-resistant 
bacteria; Penicillium chryosogenum; Triclosan
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Article 33
The acetylproteome of Gram-positive model 
bacterium Bacillus subtilis

Proteomics. 13(10):1726-36.

Kim D, Yu BJ, Kim JA, Lee YJ, Choi SG, Kang S, Pan 
JG*

*Corresponding: jgpan@kribb.re.kr
Super-Bacteria Research Center

Nε -lysine acetylation, a reversible and highly regulated PTM, 
has been shown to occur in the model Gram-negative bacteria 
Escherichia coli and Salmonella enterica. Here, we extend 
this acetylproteome analysis to Bacillus subtilis, a model 
Gram-positive bacterium. Through anti-acetyllysine 
antibody-based immunoseparation of acetylpeptides 
followed by nano-HPLC/MS/MS analysis, we identified 332 
unique lysine-acetylated sites on 185 proteins. These proteins 
are mainly involved in cellular housekeeping functions such 
as central metabolism and protein synthesis. Fifity-nine of 
the lysine-acetylated proteins showed homology with 
lysine-acetylated proteins previously identified in E. coli, 
suggesting that acetylated proteins are more conserved. 
Notably, acetylation was found at or near the active sites 
predicted by Prosite signature, including SdhA, RocA, Kbl, 
YwjH, and YfmT, indicating that lysine acetylation may 
affect their activities. In 2-amino-3-ketobutyrate CoA ligase 
Kbl, a class II aminotransferase, a lysine residue involved 
in pyridoxal phosphate attachment was found to be acetylated. 
This data set provides evidence for the generality of lysine 
acetylation in eubacteria and opens opportunities to explore 
the consequences of acetylation modification on the 
molecular physiology of B. subtilis.
PMID:23468065

Keywords : Acetylation; Bacillus subtilis; Bacteria; 
Enzymes; PTM

Article 34
Proteomic analysis of acetylation in thermophilic 
Geobacillus kaustophilus

Proteomics. 13(15):2278-82.

Lee DW, Kim D, Lee YJ, Kim JA, Choi JY, Kang S, Pan 
JG*

*Corresponding: jgpan@kribb.re.kr
Super-Bacteria Research Center

Recent analysis of prokaryotic Nε-lysine-acetylated proteins 
highlights the posttranslational regulation of a broad spectrum 
of cellular proteins. However, the exact role of acetylation 
remains unclear due to a lack of acetylated proteome data 
in prokaryotes. Here, we present the Nε-lysine-acetylated 
proteome of gram-positive thermophilic Geobacillus 
kaustophilus. Affinity enrichment using 
acetyl-lysine-specific antibodies followed by LC-MS/MS 
analysis revealed 253 acetylated peptides representing 114 
proteins. These acetylated proteins include not only common 
orthologs from mesophilic Bacillus counterparts, but also 
unique G. kaustophilus proteins, indicating that lysine 
acetylation is pronounced in thermophilic bacteria. These 
data complement current knowledge of the bacterial 
acetylproteome and provide an expanded platform for better 
understanding of the function of acetylation in cellular 
metabolism.
PMID:23696451

Keywords : Acetylation; Bacterial acetylproteome; 
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Article 35
Efficient adhesion-based plasma membrane 
isolation for cell surface N-glycan analysis

Anal Chem. 85(15):7462-70.

Mun JY, Lee KJ, Seo H, Sung MS, Cho YS, Lee SG, Kwon 
O, Oh DB*

*Corresponding: dboh@kribb.re.kr
Biochemicals & Synthetic Biology Research Center

Glycans, which decorate cell surfaces, play crucial roles 
in various physiological events involving cell surface 
recognition. Despite the importance of surface glycans, most 
analyses have been performed using total cells or whole 
membranes rather than plasma membranes due to difficulties 
related to isolation. In the present study, we employed an 
adhesion-based method for plasma membrane isolation to 
analyze N-glycans on cell surfaces. Cells were attached to 
polylysine-coated glass plates and then ruptured by hypotonic 
pressure. After washing to remove intracellular organelles, 
only a plasma membrane fraction remained attached to the 
plates, as confirmed by fluorescence imaging using 
organelle-specific probes. The plate was directly treated with 
trypsin to digest and detach the glycoproteins from the plasma 
membrane. From the resulting glycopeptides, N-glycans were 
released and analyzed using MALDI-TOF mass spectrometry 
and HPLC. When N-glycan profiles obtained by this method 
were compared to those by other methods, the amount of 
high-mannose type glycans mainly contaminated from the 
endoplasmic reticulum was dramatically reduced, which 
enabled the efficient detection of complex type glycans 
present on the cell surface. Moreover, this method was 
successfully used to analyze the increase of high-mannose 
glycans on the surface as induced by a mannosidase inhibitor 
treatment.
PMID:23834277

Keywords : Complex-type glycans; Efficient detection; 
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Article 36
An effective method for solving nonlinear 
equations and its application

Appl Mathemat Comput. 220:568-79.

Yi D, Choi B, Kim EY*

*Corresponding: eunykim@kribb.re.kr
Biochemicals & Synthetic Biology Research Center

The linearized partial differential equation from the nonlinear 
partial differential equation which was proposed by Rudin, 
Osher and Fatemi [L. I. Rudin, S. Osher and E. Fatemi, 
Nonlinear total variation based noise removal algorithms] 
for solving image decomposition was introduced by 
Chambolle [A. Chambolle, An algorithm for total variation 
minimization and applications] and R. Acar and C.R. Vogel 
[R. Acar and C. R. Vogel, Analysis of bounded variation 
penalty methods for ill-posed problems]. In this paper, we 
propose a method for solving the linearized partial differential 
equation and we show numerical results for denoising which 
demonstrate a significant improvement over other previous 
works.

Keywords : Decomposition; Duality; Functional 
minimization; Partial differential equation; 
Richardson's method; Total variation
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Article 37
Efficient myogenic differentiation of human 
adipose-derived stem cells by the transduction of 
engineered MyoD protein

Biochem Biophys Res Commun. 437(1):156-61.

Sung MS, Mun JY, Kwon O, Kwon KS, Oh DB*

*Corresponding: dboh@kribb.re.kr
Biochemicals & Synthetic Biology Research Center

Human adipose-derived stem cells (hASCs) have great 
potential as cell sources for the treatment of muscle disorders. 
To provide a safe method for the myogenic differentiation 
of hASCs, we engineered the MyoD protein, a key 
transcription factor for myogenesis. The engineered MyoD 
(MyoD-IT) was designed to contain the TAT protein 
transduction domain for cell penetration and the 
membrane-disrupting INF7 peptide, which is an improved 
version of the HA2 peptide derived from influenza. MyoD-IT 
showed greatly improved nuclear targeting ability through 
an efficient endosomal escape induced by the pH-sensitive 
membrane disruption of the INF7 peptide. By applying 
MyoD-IT to a culture, hASCs were efficiently differentiated 
into long spindle-shaped myogenic cells expressing myosin 
heavy chains. Moreover, these cells differentiated by an 
application of MyoD-IT fused to myotubes with high 
efficiency through co-culturing with mouse C2C12 
myoblasts. Because internalized proteins can be degraded 
in cells without altering the genome, the myogenic 
differentiation of hASCs using MyoD-IT would be a safe 
and clinically applicable method.
PMID:23810391

Keywords : Endosomal escape; Human adipose-derived 
stem cells; MyoD; Myogenic differentiation; Protein 
transduction domain

Article 38
Transcriptome analysis of xylose metabolism in 
the thermotolerant methylotrophic yeast 
Hansenula polymorpha

Bioprocess Biosyst Eng. 36(10):1509-18.

Kim OC, Suwannarangsee S, Oh DB, Kim S, Seo JW, Kim 
CH, Kang HA, Kim JY, Kwon O*

*Corresponding: oskwon@kribb.re.kr
Biochemicals & Synthetic Biology Research Center

The thermotolerant methylotrophic yeast Hansenula 
polymorpha is able to grow at elevated temperature up to 
48°C as one of a few yeast strains which are naturally capable 
of alcoholic fermentation of xylose, a pentose sugar abundant 
in lignocellulosic biomass. However, the current level of 
ethanol production from xylose by H. polymorpha is still 
very low compared to those of other xylose-fermenting 
strains. Therefore, it is necessary to analyze and remodel 
the xylose metabolism in H. polymorpha at the whole genome 
level to identify and overcome these limits. In the present 
study, the transcriptomes of H. polymorpha grown on xylose 
were compared with those of glucose-grown cells under both 
aerobic and microaerobic conditions. Approximately, two 
percent of H. polymorpha genes were either up- or 
down-regulated by more than two-fold during the growth 
on xylose. The majority of the up-regulated genes were 
involved in metabolism. Some genes involved in xylose 
metabolism, such as XYL1, XYL2, and TAL1 were also 
up-regulated, despite the fact that the differences in their 
induction level were only about three-fold. On the other 
hand, the majority of the down-regulated genes were involved 
in metabolism and cellular transport. Interestingly, some 
genes involved in glycolysis and ethanol fermentation were 
also repressed during growth on xylose, suggesting that these 
genes are good targets for engineering H. polymorpha to 
improve xylose fermentation.
PMID:23380941

Keywords : Ethanol production; Hansenula polymorpha; 
Thermotolerant yeast; Transcriptome analysis; 
Xylose fermentation
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Article 39
Enzyme-linked assay of cellulose-binding domain 
functions from Cellulomonas fimi on multi-well 
microtiter plate

Biotech Bioproc Eng. 18(3):575-80.

Kim HD, Choi SL, Kim H, Sohn JH, Lee SG*

*Corresponding: sglee@kribb.re.kr
Biochemicals & Synthetic Biology Research Center

Cellulose-binding domain (CBD) enriches cellulolytic 
enzymes on cellulosic surfaces and contributes to the catalytic 
efficiency by increasing enzyme-substrate complex 
formations. Thus, high affinity CBDs are essential for the 
development of efficient cellulose-degrading enzymes. Here, 
we present a microtiter plate-based assay system to measure 
the binding affinity of CBDs to cellulose. The assay uses 
a periplasmic alkaline phosphatase (AP) as a fusion reporter 
and its activity is detected using a fluorogenic substrate, 
4-methylumbelliferyl phosphate. Lignocellulose discs of 6 
mm in diameter were used as substrates in 96-well plate. 
As a result, the enzyme-linked assay detected the binding 
of CBDs on the cellulosic discs in a highly sensitive manner, 
detecting from 0.05 to 1.0 μg/mL of APCBD proteins, which 
is several hundred times more sensitive than conventional 
protein measurements. The proposed method was applied 
to compare the binding affinity of different CBDs from 
Cellulomonas fimi to lignocellulose discs.

Keywords : Alkaline phosphatase; Cellulase; 
Cellulose-binding domain; Enzyme-linked assay; 
Periplasmic expression

Article 40
Enhanced sialylation and in vivo efficacy of 
recombinant human α-galactosidase through in 
vitro glycosylation

BMB Rep. 46(3):157-62.

Sohn Y, Lee JM, Park HR, Jung SC, Park TH, Oh DB*

*Co-corresponding: dboh@kribb.re.kr
Biochemicals & Synthetic Biology Research Center

Human α-galactosidase A (GLA) has been used in enzyme 
replacement therapy for patients with Fabry disease. We 
expressed recombinant GLA from Chinese hamster ovary 
cells with very high productivity. When compared to an 
approved GLA (agalsidase beta), its size and charge were 
found to be smaller and more neutral. These differences 
resulted from the lack of terminal sialic acids playing essential 
roles in the serum half-life and proper tissue targeting. 
Because a simple sialylation reaction was not enough to 
increase the sialic acid content, a combined reaction using 
galactosyltransferase, sialyltransferase, and their sugar 
substrates at the same time was developed and optimized 
to reduce the incubation time. The product generated by 
this reaction had nearly the same size, isoelectric points, 
and sialic acid content as agalsidase beta. Furthermore, it 
had better in vivo efficacy to degrade the accumulated 
globotriaosylceramide in target organs of Fabry mice 
compared to an unmodified version.
PMID:23527859

Keywords : Alpha-galactosidase A; Enzyme replacement 
therapy; Fabry disease; In vitro glycosylation; Sialic 
acid
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Article 41
A systems level predictive model for global gene 
regulation of methanogenesis in a 
hydrogenotrophic methanogen

Genome Res. 23(11):1839-51.

Yoon SH#, Turkarslan S, Reiss DJ, Pan M, Burn JA, Costa 
KC, Lie TJ, Slagel J, Moritz RL, Hackett M, Leigh JA, 
Baliga NS

#First: moncher@kribb.re.kr
Biochemicals & Synthetic Biology Research Center

Methanogens catalyze the critical methane-producing step 
(called methanogenesis) in the anaerobic decomposition of 
organic matter. Here, we present the first predictive model 
of global gene regulation of methanogenesis in a 
hydrogenotrophic methanogen, Methanococcus maripaludis. 
We generated a comprehensive list of genes (protein-coding 
and noncoding) for M. maripaludis through integrated 
analysis of the transcriptome structure and a newly 
constructed Peptide Atlas. The environment and 
gene-regulatory influence network (EGRIN) model of the 
strain was constructed from a compendium of transcriptome 
data that was collected over 58 different steady-state and 
time-course experiments that were performed in chemostats 
or batch cultures under a spectrum of environmental 
perturbations that modulated methanogenesis. Analyses of 
the EGRIN model have revealed novel components of 
methanogenesis that included at least three additional 
protein-coding genes of previously unknown function as well 
as one noncoding RNA. We discovered that at least five 
regulatory mechanisms act in a combinatorial scheme to 
intercoordinate key steps of methanogenesis with different 
processes such as motility, ATP biosynthesis, and carbon 
assimilation. Through a combination of genetic and 
environmental perturbation experiments we have validated 
the EGRIN-predicted role of two novel transcription factors 
in the regulation of phosphate-dependent repression of 
formate dehydrogenase-a key enzyme in the methanogenesis 
pathway. The EGRIN model demonstrates regulatory 
affiliations within methanogenesis as well as between 
methanogenesis and other cellular functions.
PMID:24089473

Keywords : Adenosine triphosphate; Bacterium culture; 
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Article 42
N-glycan analysis of human α1-antitrypsin 
produced in Chinese hamster ovary cells

Glycoconj J. 30(5):537-47.

Lee KJ, Lee SM, Gil JY, Kwon O, Kim JY, Park SJ, Chung 
HS, Oh DB*

*Co-corresponding: dboh@kribb.re.kr
Biochemicals & Synthetic Biology Research Center

Human alpha-1-antitrypsin (α1AT) is a glycoprotein with 
protease inhibitor activity protecting tissues from 
degradation. Patients with inherited α1AT deficiency are 
treated with native α1AT (nAT) purified from human plasma. 
In the present study, recombinant α1AT (rAT) was produced 
in Chinese hamster ovary (CHO) cells and their glycosylation 
patterns, inhibitory activity and in vivo half-life were 
compared with those of nAT. A peptide mapping analysis 
employing a deglycosylation reaction confirmed full 
occupancy of all three glycosylation sites and the equivalency 
of rAT and nAT in terms of the protein level. N-glycan 
profiles revealed that rAT contained 10 glycan structures 
ranging from bi-antennary to tetra-antennary complex-type 
glycans while nAT displayed six peaks comprising majorly 
bi-antennary glycans and a small portion of tri-antennary 
glycans. In addition, most of the rAT glycans were shown 
to have only core α(1-6)-fucose without terminal 
fucosylation, whereas only minor portions of the nAT glycans 
contained core or Lewis X-type fucose. As expected, all 
sialylated glycans of rAT were found to have α(2-3)-linked 
sialic acids, which was in sharp contrast to those of nAT, 
which had mostly α(2-6)-linked sialic acids. However, the 
degree of sialylation of rAT was comparable to that of nAT, 
which was also supported by an isoelectric focusing gel 
analysis. Despite the differences in the glycosylation patterns, 
both α1ATs showed nearly equivalent inhibitory activity 
in enzyme assays and serum half-lives in a pharmacokinetic 
experiment. These results suggest that rAT produced in CHO 
cells would be a good alternative to nAT derived from human 
plasma.
PMID:23065139

Keywords : Alpha1-antitrypsin; Antennary structure; 
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N-glycan; Sialic acid
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Article 43
Development of a genome-wide random 
mutagenesis system using proofreading-deficient 
DNA polymerase δ in the methylotrophic yeast 
Hansenula polymorpha

J Microbiol Biotechnol. 23(3):304-12.

Kim OC, Kim SY, Hwang DH, Oh DB, Kang HA, Kwon 
O*

*Corresponding: oskwon@kribb.re.kr
Biochemicals & Synthetic Biology Research Center

The thermotolerant methylotrophic yeast Hansenula 
polymorpha is attracting interest as a potential strain for 
the production of recombinant proteins and biofuels. 
However, only limited numbers of genome engineering tools 
are currently available for H. polymorpha. In the present 
study, we identified the HpPOL3 gene encoding the catalytic 
subunit of DNA polymerase δ of H. polymorpha and mutated 
the sequence encoding conserved amino acid residues that 
are important for its proofreading 3'->5' exonuclease activity. 
The resulting HpPOL3* gene encoding the error-prone 
proofreading-deficient DNA polymerase δ was cloned under 
a methanol oxidase promoter to construct the mutator plasmid 
pHIF8, which also contains additional elements for 
site-specific chromosomal integration, selection, and 
excision. In a H. polymorpha mutator strain chromosomally 
integrated with pHIF8, a URA3- mutant resistant to 
5-fluoroorotic acid was generated at a 50-fold higher 
frequency than in the wild-type strain, due to the dominant 
negative expression of HpPOL3*. Moreover, after obtaining 
the desired mutant, the mutator allele was readily removed 
from the chromosome by homologous recombination to avoid 
the uncontrolled accumulation of additional mutations. Our 
mutator system, which depends on the accumulation of 
random mutations that are incorporated during DNA 
replication, will be useful to generate strains with mutant 
phenotypes, especially those related to unknown or multiple 
genes on the chromosome.
PMID:23462002

Keywords : DNA polymerase δ; Hansenula polymorpha; 
Mutator; Random mutagenesis

Article 44
Use of human serum albumin fusion tags for 
recombinant protein secretory expression in the 
methylotrophic yeast hansenula polymorpha

Kor J Microbiol Biotechnol. 41(1):17-25.

Song JH, Hwang DH, Oh DB, Rhee SK, Kwon O*

*Co-corresponding: oskwon@kribb.re.kr
Biochemicals & Synthetic Biology Research Center

The thermotolerant methylotrophic yeast Hansenula 
polymorpha is an attractive model organism for various 
fundamental studies, such as the genetic control of enzymes 
involved in methanol metabolism, peroxisome biogenesis, 
nitrate assimilation, and resistance to heavy metals and 
oxidative stresses. In addition, H. polymorpha has been 
highlighted as a promising recombinant protein expression 
host, especially due to the availability of strong and tightly 
regulatable promoters. In this study, we investigated the 
possibility of employing human serum albumin (HSA) as 
the fusion tag for the secretory expression of heterologous 
proteins in H. polymorpha. A set of four expression cassettes, 
which contained the methanol oxidase (MOX) promoter, 
translational HSA fusion tag, and the terminator of MOX, 
were constructed. The expression cassettes were also 
designed to contain sequences for accessory elements 
including His8-tag, 2x(Gly4Ser1) linkers, tobacco etch virus 
protease recognition sites (Tev), multi-cloning sites, and 
strep-tags. To determine the effects of the size of the HSA 
fusion tag on the secretory expression of the target protein, 
each cassette contained the HSA gene fragment truncated 
at a specific position based on its domain structure. By using 
the Green fluorescence protein gene as the reporter, the 
properties of each expression cassette were compared in 
various conditions. Our results suggest that the translational 
HSA fusion tag is an efficient tool for the secretory expression 
of recombinant proteins in H. polymorpha.

Keywords : Expression system; Hansenula polymorpha; 
HSA fusion tag; Protein secretion; Recombinant 
protein expression
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Article 45
Generating In vivo cloning vectors for parallel 
cloning of large gene clusters by homologous 
recombination

PLoS One. 8(11):e79979.

Lee J, Rha E, Yeom SJ, Lee DH, Choi ES, Lee SG*

*Corresponding: sglee@kribb.re.kr
Biochemicals & Synthetic Biology Research Center

A robust method for the in vivo cloning of large gene clusters 
was developed based on homologous recombination (HR), 
requiring only the transformation of PCR products into 
Escherichia coli cells harboring a receiver plasmid. Positive 
clones were selected by an acquired antibiotic resistance, 
which was activated by the recruitment of a short 
ribosome-binding site plus start codon sequence from the 
PCR products to the upstream position of a silent antibiotic 
resistance gene in receiver plasmids. This selection was 
highly stringent and thus the cloning efficiency of the GFPuv 
gene (size: 0.7 kb) was comparable to that of the conventional 
restriction-ligation method, reaching up to 4.3 × 104 positive 
clones per μg of DNA. When we attempted parallel cloning 
of GFPuv fusion genes (size: 2.0 kb) and carotenoid 
biosynthesis pathway clusters (sizes: 4 kb, 6 kb, and 10 
kb), the cloning efficiency was similarly high regardless 
of the DNA size, demonstrating that this would be useful 
for the cloning of large DNA sequences carrying multiple 
open reading frames. However, restriction analyses of the 
obtained plasmids showed that the selected cells may contain 
significant amounts of receiver plasmids without the inserts. 
To minimize the amount of empty plasmid in the positive 
selections, the sacB gene encoding a levansucrase was 
introduced as a counter selection marker in receiver plasmid 
as it converts sucrose to a toxic levan in the E. coli cells. 
Consequently, this method yielded completely homogeneous 
plasmids containing the inserts via the direct transformation 
of PCR products into E. coli cells.
PMID:24244585

Keywords : Antibiotic; Homologous recombination; In vivo 
cloning; Multi-gene cluster; Translation initiation
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Article 46
Prx I suppresses K-ras-driven lung tumorigenesis 
by opposing redox-sensitive ERK/cyclin D1 
pathway

Antioxid Redox Signal. 19(5):482-96.

Park YH, Kim SU, Lee BK, Kim HS, Song IS, Shin HJ, 
Han YH, Chang KT, Kim JM, Lee DS, Kim YH, Choi 
CM, Kim BY, Yu DY*

*Corresponding: dyyu10@kribb.re.kr
Aging Intervention Research Center

AIMS: Coupled responses of mutated K-ras and oxidative 
stress are often an important etiological factor in 
non-small-cell lung cancer (NSCLC). However, relatively 
few studies have examined the control mechanism of 
oxidative stress in oncogenic K-ras-driven NSCLC 
progression. Here, we studied whether the redox signaling 
pathway governed by peroxiredoxin I (Prx I) is involved 
in K-rasG12D-mediated lung adenocarcinogenesis.
RESULTS: Using human-lung adenocarcinoma tissues and 
lung-specific K-rasG12D-transgenic mice, we found that Prx 
I was significantly up-regulated in the tumor regions via 
activation of nuclear erythroid 2-related factor 2 (Nrf2) 
transcription. Interestingly, the increased reactive oxygen 
species (ROS) by null mutation of Prx I greatly promoted 
K-rasG12D-driven lung tumorigenesis in number and size, 
which appeared to require the activation of the 
ROS-dependent extracellular signal-regulated kinase 
(ERK)/cyclin D1 pathway.
INNOVATION: Taken together, these results suggest that 
Prx I functions as an Nrf2-dependently inducible tumor 
suppressant in K-ras-driven lung adenocarcinogenesis by 
opposing ROS/ERK/cyclin D1 pathway activation.
CONCLUSION: These findings provide a better 
understanding of oxidative stress-mediated lung 
tumorigenesis.
PMID:23186333

Keywords : Cyclin D1; Immunohistochemistry; MAP 
kinases; NF-E2-related factor 2; Peroxiredoxins; 
Reactive oxygen species; Signal transduction

Article 47
iNOS promotes HBx-induced hepatocellular 
carcinoma via upregulation of JNK activation

Biochem Biophys Res Commun. 435(2):244-9.

Park YH, Shin HJ, Kim SU, Kim JM, Kim JH, Bang DH, 
Chang KT, Kim BY*, Yu DY*

*Corresponding: bykim@kribb.re.kr, dyyu10@kribb.re.kr
Aging Intervention Research Center

Inducible nitric oxide (iNOS) is closely correlated with 
chronic inflammation in hepatitis B virus X protein 
(HBx)-induced hepatocellular carcinoma (HCC). However, 
the molecular mechanisms through which iNOS contribute 
to hepatocarcinogenesis remain poorly understood. 
Therefore, we investigated the role of iNOS in signaling 
pathways underlying HBx-induced liver tumorigenesis. 
iNOS deletion showed a marked decrease in the hepatic 
tumor size and stage of HBx transgenic (Tg) mice, indicating 
a strong contribution of iNOS signaling pathways to 
hepatocarcinogenesis. In addition, we found that nitric oxide 
(NO) increased HBx mRNA by recruiting CREB to the CRE 
site of HBV enhancer in HepG2 cells, suggesting a positive 
feedback loop between HBx and iNOS signaling pathway. 
Moreover, iNOS-modulated JNK activation was associated 
with sustained upregulation of Cyclin D1 in HBxTg mice 
and HepG2-HBx cells. These results imply that iNOS may 
play a key role in HBx-associated HCC development. Taken 
together, our findings demonstrate that iNOS aligns with 
HBx to promote tumor progression. These findings provide 
a better understating of the mechanism involving 
HBx-mediated hepatic tumorigenesis and selective inhibition 
of iNOS may have therapeutic applications in HBx-associated 
HCC.
PMID:23643810

Keywords : HBx; Hepatocellular carcinoma; iNOS; JNK; 
Tumor progression
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Article 48
Construction of the first compendium of 
chemical-genetic profiles in the fission yeast 
Schizosaccharomyces pombe and comparative 
compendium approach

Biochem Biophys Res Commun. 436(4):613-8.

Han S, Lee M, Chang H, Nam M, Park HO, Kwak YS, 
Ha HJ, Kim D, Hwang SO, Hoe KL, Kim DU*

*Co-corresponding: kimdongu@kribb.re.kr
Aging Intervention Research Center

Genome-wide chemical genetic profiles in Saccharomyces 
cerevisiae since the budding yeast deletion library 
construction have been successfully used to reveal unknown 
mode-of-actions of drugs. Here, we introduce comparative 
approach to infer drug target proteins more accurately using 
two compendiums of chemical-genetic profiles from the 
budding yeast S. cerevisiae and the fission yeast 
Schizosaccharomyces pombe. For the first time, we 
established DNA-chip based growth defect measurement of 
genome-wide deletion strains of S. pombe, and then applied 
47 drugs to the pooled heterozygous deletion strains to 
generate chemical-genetic profiles in S. pombe. In our 
approach, putative drug targets were inferred from strains 
hypersensitive to given drugs by analyzing S. pombe and 
S. cerevisiae compendiums. Notably, many evidences in the 
literature revealed that the inferred target genes of fungicide 
and bactericide identified by such comparative approach are 
in fact the direct targets. Furthermore, by filtering out the 
genes with no essentiality, the multi-drug sensitivity genes, 
and the genes with less eukaryotic conservation, we created 
a set of drug target gene candidates that are expected to 
be directly affected by a given drug in human cells. Our 
study demonstrated that it is highly beneficial to construct 
the multiple compendiums of chemical genetic profiles using 
many different species. The fission yeast chemical-genetic 
compendium is available at 
http://pombe.kaist.ac.kr/compendium.
PMID:23764396

Keywords : Budding yeast; Chemical-genetic profile; 
Drug-induced haploinsufficiency; Fission yeast; 
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Article 49
CD27 engagement by a soluble CD70 protein 
enhances non-cytolytic antiviral activity of 
CD56bright natural killer cells by IFN-γ secretion

Clin Immunol. 149(3):379-87.

Jang YS, Kang W, Chang DY, Sung PS, Park BC, Yoo 
SH, Park YW*, Shin EC

*Co-corresponding: ywpark@kribb.re.kr
Aging Intervention Research Center

We investigated regulation of human NK cell function by 
CD27 engagement using a recombinant soluble CD70 
protein. CD27 was preferentially expressed on CD56bright 
NK cells, and soluble CD70 protein bound to 
CD27+CD56bright NK cells. While soluble CD70 protein 
enhanced IFN-γ secretion by CD56bright NK cells in the 
presence of IL-12, it augmented neither cytolytic activity 
nor proliferation of NK cells. Thus, we next asked if soluble 
CD70 protein could be used to induce non-cytolytic antiviral 
activity of NK cells using an in vitro hepatitis C virus (HCV) 
infection system. Soluble CD70 protein stimulated NK cells 
to suppress HCV replication by enhancing NK cell IFN-γ 

secretion without killing infected cells. Taken together, we 
demonstrate that CD27 engagement by a soluble CD70 
protein enhances non-cytolytic antiviral activity of CD56bright 
NK cells by IFN-γ secretion. Thus, this soluble CD70 protein 
may be useful for the treatment of viral infections such 
as HCV infection.
PMID:24211844

Keywords : Antiviral activity; CD27; CD70; Hepatitis C 
virus; IFN-γ; Natural killer cells
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Article 50
The soluble form of the cellular prion protein 
enhances phagocytic activity and cytokine 
production by human monocytes via activation 
of ERK and NF-κB

Immune Netw. 13(4):148-56.

Jeon JW, Park BC, Jung JG, Jang YS, Shin EC, Park YW*

*Corresponding: ywpark@kribb.re.kr
Aging Intervention Research Center

The PrPC is expressed in many types of immune cells 
including monocytes and macrophages, however, its function 
in immune regulation remains to be elucidated. In the present 
study, we examined a role for PrPC in regulation of monocyte 
function. Specifically, the effect of a soluble form of PrPC 
was studied in human monocytes. A recombinant fusion 
protein of soluble human PrPC fused with the Fc portion 
of human IgG1 (designated as soluble PrPC-Fc) bound to 
the cell surface of monocytes, induced differentiation to 
macrophage-like cells, and enhanced adherence and 
phagocytic activity. In addition, soluble PrPC-Fc stimulated 
monocytes to produce pro-inflammatory cytokines such as 
TNF-α, IL-1β, and IL-6. Both ERK and NF-κB signaling 
pathways were activated in soluble PrPC-treated monocytes, 
and inhibitors of either pathway abrogated monocyte 
adherence and cytokine production. Taken together, we 
conclude that soluble PrPC-Fc enhanced adherence, 
phagocytosis, and cytokine production of monocytes via 
activation of the ERK and NF-κB signaling pathways.
PMID:24009542

Keywords : Adherence; Phagocytosis; Pro-inflammatory 
cytokine; Signaling; Soluble PrPC

Article 51
PI3Kγ contributes to MEK1/2 activation in 
oxidative glutamate toxicity via PDK1

J Neurochem. 127(1):139-48.

Ha JS, Kwon KS*, Park SS*

*Co-corresponding: kwonks@kribb.re.kr, sspark@kribb.re.kr
Aging Intervention Research Center

The role of phosphoinositide 3-kinase (PI3K) in oxidative 
glutamate toxicity is not clear. Here, we investigate its role 
in HT22 mouse hippocampal cells and primary cortical 
neuronal cultures, showing that inhibitors of PI3K, 
LY294002, and wortmannin suppress extracellular hydrogen 
peroxide (H2O2) generation and increase cell survival during 
glutamate toxicity in HT22 cells. The mitogen-activated 
protein kinase kinase (MEK) inhibitor U0126 also reduced 
glutamate-induced H2O2 generation and inhibited 
phosphorylation of extracellular signal-regulated kinase 
(ERK) 1/2. LY294002 was seen to abolish phosphorylation 
of both ERK1/2 and Akt. A small interfering RNA (siRNA) 
study showed that PI3Kβ and PI3Kγ, rather than PI3Kα 

and PI3Kδ, contribute to glutamate-induced H2O2 generation 
and cell death. PI3Kγ knockdown also inhibited 
glutamate-induced ERK1/2 phosphorylation, whereas 
transfection with the constitutively active form of human 
PI3Kγ (PI3Kγ-CAAX) triggered MEK1/2 and ERK1/2 
phosphorylation and H2O2 generation without glutamate 
exposure. This H2O2 generation was reduced by inhibition 
of MEK. Transfection with kinase-dead 
3-phosphoinositide-dependent protein kinase 1 (PDK1-KD) 
reduced glutamate-induced ERK1/2 phosphorylation and 
H2O2 generation. Accordingly, cotransfection of cells with 
PDK1-KD and PI3Kγ-CAAX suppressed PI3Kγ

-CAAX-triggered ERK1/2 phosphorylation and H2O2 

generation. These results suggest that activation of PI3Kγ 

induces ERK1/2 phosphorylation, leading to extracellular 
H2O2 generation via PDK1 in oxidative glutamate toxicity.
PMID:23859404

Keywords : PDK1; PI3Kγ; Oxidative glutamate toxicity; 
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Article 52
Identification of a pivotal endocytosis motif in 
c-Met and selective modulation of 
HGF-dependent aggressiveness of cancer using 
the 16-mer endocytic peptide

Oncogene. 32(8):1018-29.

Cho KW, Park JH, Park CW, Lee D, Lee E, Kim DJ, Kim 
KJ, Yoon SH, Park Y, Kim E, Cho S, Jang S, Park BC, 
Chi SW, Yoo SH, Jang MH, Kim HN, Kim E, Jo K, Park 
YW*

*Corresponding: ywpark@kribb.re.kr
Aging Intervention Research Center

Since c-Met has an important role in the development of 
cancer, it is considered as an attractive target for cancer 
therapy. Although molecular mechanisms for oncogenic 
property of c-Met have been actively investigated, regulatory 
elements for c-Met endocytosis and its effect on c-Met 
signaling remain unclear. In this study, we identified a pivotal 
endocytic motif in c-Met and tested it for selective modulation 
of HGF-induced c-Met response. Using various chimeric 
constructs with the cytoplasmic tail of c-Met, we were able 
to demonstrate that a dileucine motif located in the 
C-terminus of c-Met acts to regulate its endocytosis. Synthetic 
peptide Ant-3S, consisting of antennapedia-derived protein 
transduction domain (designated as Ant) and c-Met-derived 
16 amino-acids (designated as 3S, spanning amino-acids 
1378 to 1393), rapidly moved into cancer cells and disrupted 
c-Met trafficking. Importantly, an extension of c-Met 
retention time on the membrane by Ant-3S peptide 
significantly decreased phosphorylation-dependent c-Met 
signal transduction. Additionally, the peptide effectively 
inhibited HGF-induced cell growth, scattering and migration. 
The underlying molecular mechanism for these observations 
has been investigated and revealed that the dileucine motif 
interacts with endocytic machinery, including adaptin β and 
caveolin-1, for sustained and enhanced signal transduction. 
Finally, Ant-3S peptide specifically blocked internalization 
of interleukin-2 receptor α-subunit/3S chimeric protein, but 
not the other receptors, including Glut4, Glut8 and transferrin 
receptor. Such results indicate the presence of a selective 
endocytic assembly for c-Met. It also suggests a potential 
for c-Met-specific anti-cancer therapy using the identified 
endocytic motif in this study.
PMID:22525273

Keywords : Anti-cancer therapy; c-Met; Dileucine motif; 
Endocytosis; Peptide delivery

Article 53
A genome-wide resource of cell cycle and cell 
shape genes of fission yeast

Open Biol. 3(5):130053.

Hayles J, Wood V, Jeffery L, Hoe KL, Kim DU#, Park 
HO, Salas-Pino S, Heichinger C, Nurse P

#Co-first: kimdongu@kribb.re.kr
Aging Intervention Research Center

To identify near complete sets of genes required for the 
cell cycle and cell shape, we have visually screened a 
genome-wide gene deletion library of 4843 fission yeast 
deletion mutants (95.7% of total protein encoding genes) 
for their effects on these processes. A total of 513 genes 
have been identified as being required for cell cycle 
progression, 276 of which have not been previously described 
as cell cycle genes. Deletions of a further 333 genes lead 
to specific alterations in cell shape and another 524 genes 
result in generally misshapen cells. Here, we provide the 
first eukaryotic resource of gene deletions, which describes 
a near genome-wide set of genes required for the cell cycle 
and cell shape.
PMID:23697806

Keywords : Cell cycle; Cell shape; Eukaryotic resource; 
Fission yeast; Genome-wide gene deletion
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Article 54
Control of cellular Bcl-xL levels by 
deamidation-regulated degradation

PLoS Biol. 11(6):1001588.

Dho SH, Deverman BE, Lapid C, Manson SR, Gan L, Riehm 
JJ, Aurora R, Kwon KS*, Weintraub SJ

*Co-corresponding: kwonks@kribb.re.kr
Aging Intervention Research Center

The cellular concentration of Bcl-xL is among the most 
important determinants of treatment response and overall 
prognosis in a broad range of tumors as well as an important 
determinant of the cellular response to several forms of tissue 
injury. We and others have previously shown that human 
Bcl-xL undergoes deamidation at two asparaginyl residues 
and that DNA-damaging antineoplastic agents as well as 
other stimuli can increase the rate of deamidation. 
Deamidation results in the replacement of asparginyl residues 
with aspartyl or isoaspartyl residues. Thus deamidation, like 
phosphorylation, introduces a negative charge into proteins. 
Here we show that the level of human Bcl-xL is constantly 
modulated by deamidation because deamidation, like 
phosphorylation in other proteins, activates a conditional 
PEST sequence to target Bcl-xL for degradation. Additionally, 
we show that degradation of deamidated Bcl-xL is mediated 
at least in part by calpain. Notably, we present sequence 
and biochemical data that suggest that deamidation has been 
conserved from the simplest extant metazoans through the 
human form of Bcl-xL, underscoring its importance in Bcl-xL 
regulation. Our findings strongly suggest that 
deamidation-regulated Bcl-xL degradation is an important 
component of the cellular rheostat that determines 
susceptibility to DNA-damaging agents and other death 
stimuli.
PMID:23823868

Keywords : Amino acid sequence; bcl-X protein; Calpain; 
DNA damage; Hydrogen-Ion concentration; Protein 
structure; Proteolysis

Article 55
TRIM11 negatively regulates IFNβ production 
and antiviral activity by targeting TBK1

PLoS One. 8(5):e63255.

Lee Y, Song B, Park C, Kwon KS*

*Corresponding: kwonks@kribb.re.kr
Aging Intervention Research Center

The innate immune response is a host defense mechanism 
against infection by viruses and bacteria. Type I interferons 
(IFNα/β) play a crucial role in innate immunity. If not tightly 
regulated under normal conditions and during immune 
responses, IFN production can become aberrant, leading to 
inflammatory and autoimmune diseases. In this study, we 
identified TRIM11 (tripartite motif containing 11) as a novel 
negative regulator of IFNβ production. Ectopic expression 
of TRIM11 decreased IFNβ promoter activity induced by 
poly (I:C) stimulation or overexpression of RIG-I (retinoic 
acid-inducible gene-I) signaling cascade components RIG-IN 
(constitutively active form of RIG-I), MAVS (mitochondrial 
antiviral signaling protein), or TBK1 (TANK-binding 
kinase-1). Conversely, TRIM11 knockdown enhanced IFNβ 
promoter activity induced by these stimuli. Moreover, 
TRIM11 overexpression inhibited the phosphorylation and 
dimerization of IRF3 and expression of IFNβ mRNA. By 
contrast, TRIM11 knockdown increased the IRF3 
phosphorylation and IFNβ mRNA expression. We also found 
that TRIM11 and TBK1, a key kinase that phosphorylates 
IRF3 in the RIG-I pathway, interacted with each other through 
CC and CC2 domain, respectively. This interaction was 
enhanced in the presence of the TBK1 adaptor proteins, 
NAP1 (NF-κB activating kinase-associated protein-1), 
SINTBAD (similar to NAP1 TBK1 adaptor) or TANK (TRAF 
family member-associated NF-κB activator). Consistent with 
its inhibitory role in RIG-I-mediated IFNβ signaling, 
TRIM11 overexpression enhanced viral infectivity, whereas 
TRIM11 knockdown produced the opposite effect. 
Collectively, our results suggest that TRIM11 inhibits 
RIG-I-mediated IFNβ production by targeting the TBK1 
signaling complex.
PMID:23675467

Keywords : Antiviral activity; IFNβ; Phosphorylates IRF3; 
Signaling complex; TBK1; TRIM11
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Article 56
Polymer nanomicelles for efficient mucus delivery 
and antigen-specific high mucosal immunity

Angew Chem Int Ed Engl. 52(30):7684-9.

Noh YW, Hong JH, Shim SM, Park HS, Bae HH, Ryu 
EK, Hwang JH, Lee CH, Cho SH, Sung MH, Poo H*, Lim 
YT

*Co-corresponding: haryoung@kribb.re.kr
Infection and Immunity Research Center

Mucosal vaccines are more advantageous than systemic 
vaccines from a production and regulatory perspective. We 
designed and synthesized a mucosal vaccine system based 
on g-PGA nanomicelle and viral antigens. We tested the 
adjuvant function of g-PGA nanomicelles in the presence 
of an influenza A viral antigen. We have also investigated 
the in vivo ability of g-PGA nanomicelles to induce an 
antigen-specific systemic and mucosal immune response in 
a mouse model. In this study, Our g-PGA nanomicelle have 
an adjuvant effect on both humoral and cellular immunity. 
The g-PGA nanomicelle system described in this study can 
be potent needle-free vaccine delivery tools. The strong 
adjuvant function of the g-PGA nanomicelle can be combined 
with recombinant protein antigens. The g-PGA nanomicelle 
would be useful for preparing adjuvant materials.
PMID:23765547

Keywords : Antigen; Mucosal immunity; Mucus delivery; 
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Article 57
A single-center, randomized double-blind 
placebo-controlled study evaluating the effects of 
poly-gamma-glutamate on human NK cell activity 
after an 8-week oral administration in healthy 
volunteers

Evid Based Compl Altern Med. 2013:635960.

Kim KS, Lee TY, Hong JH, Kim A, Kim SJ, Choi JC, 
Sung MH, Poo H*

*Co-corresponding: haryoung@kribb.re.kr
Infection and Immunity Research Center

A randomized double-blind placebo-controlled immunity 
study involving 99 healthy volunteers was performed to 
investigate the effect of poly- γ -glutamate ( γ -PGA) on 
human natural killer (NK) cell activity in peripheral blood. 
The volunteers were randomly assigned to one of three groups 
and orally treated with solutions (25 mL) containing 0 mg 
(placebo), 250 mg (low dosage), or 500 mg (high dosage) 
of γ -PGA. Each volunteer took one dose every 12 hours 
for 8 weeks. Blood samples were drawn before the initial 
treatment and at the 4th and the 8th weeks of treatment. 
NK cell activity was assessed by measuring its degranulation, 
cytokine production, and cytotoxicity against the K562 cell 
line. Our results revealed that the cytotoxic activities of NK 
cells from the high-dosage γ -PGA group were significantly 
higher (P < 0.05 for all comparisons) compared to the low 
dosage and placebo groups at weeks 4 and 8 after the initial 
treatment. This increase in the NK cell activity among 
peripheral blood mononuclear cells (PBMCs) of healthy 
individuals was also confirmed in vitro (as assessed by the 
degranulation and cytokine production). These results 
suggest that the oral administration of γ -PGA induces a 
cell-mediated immunity by increasing the NK cell activity 
in humans.
PMID:24454502

Keywords : Cytotoxic activity; NK cell activity; Oral 
administration; PBMCs; Poly- γ -glutamate
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Article 58
Design and development of synthetic microbial 
platform cells for bioenergy

Front Microbiol. 4:92.

Lee SJ#, Lee SJ, Lee DW

#First: leesj@kribb.re.kr
Infection and Immunity Research Center

The finite reservation of fossil fuels accelerates the necessity 
of development of renewable energy sources. Recent 
advances in synthetic biology encompassing systems biology 
and metabolic engineering enable us to engineer and/or create 
tailor made microorganisms to produce alternative biofuels 
for the future bio-era. For the efficient transformation of 
biomass to bioenergy, microbial cells need to be designed 
and engineered to maximize the performance of cellular 
metabolisms for the production of biofuels during energy 
flow. Toward this end, two different conceptual approaches 
have been applied for the development of platform cell 
factories: forward minimization and reverse engineering. 
From the context of naturally minimized 
genomes,non-essential energy-consuming pathways and/or 
related gene clusters could be progressively deleted to 
optimize cellular energy status for bioenergy production. 
Alternatively, incorporation of non-indigenous parts and/or 
modules including biomass-degrading enzymes, carbon 
uptake transporters, photosynthesis, CO2 fixation, and etc. 
into chassis microorganisms allows the platform cells to 
gain novel metabolic functions for bioenergy. This review 
focuses on the current progress in synthetic biology-aided 
pathway engineering in microbial cells and discusses its 
impact on the production of sustainable bioenergy.
PMID:23626588

Keywords : Bioenergy; Genome reduction; Metabolic 
engineering; Microbial platform; Synthetic biology

Article 59
Genome sequence of the vancomycin-producing 
Amycolatopsis orientalis subsp. orientalis strain 
KCTC 9412T

Genome Announc. 1(3):e00408.

Jeong H*, Sim YM, Kim HJ, Lee DW, Lim SK, Lee SJ*

*Co-corresponding: hyjeong@kribb.re.kr, leesj@kribb.re.kr
Infection and Immunity Research Center

Amycolatopsis orientalis is the producer of vancomycin, a 
glycopeptide antibiotic that is used for the treatment of serious 
infections with Gram-positive bacteria. Here we present the 
next-generation sequencing (NGS)-based 9.06-Mb draft 
genome sequence of the type strain Amycolatopsis orientalis 
subsp. orientalis KCTC 9412 (DSM 40040; ATCC 19795).
PMID:23814036

Keywords : Amycolatopsis orientalis; Genome sequence; 
Glycopeptide antibiotic compound; Gram-positive 
bacteria; Vancomycin

Article 60
Genome sequences of Amycolatopsis orientalis 
subsp. orientalis strains DSM 43388 and DSM 
46075

Genome Announc. 1(4):e00545.

Jeong H*, Sim YM, Kim HJ, Lee YJ, Lee DW, Lim SK, 
Lee SJ*

*Co-corresponding: hyjeong@kribb.re.kr, leesj@kribb.re.kr
Infection and Immunity Research Center

Strains of Amycolatopsis orientalis produce vancomycin or 
other related glycopeptide antibiotic compounds. Here we 
report the draft genome sequences of glycopeptide 
nonproducers Amycolatopsis orientalis subsp. orientalis 
DSM 43388 and DSM 46075. Their genome information 
will provide insights into the acquisition and regulation of 
glycopeptide antibiotic resistance genes.
PMID:23908288

Keywords : Amycolatopsis orientalis; Genome sequence; 
Glycopeptide antibiotic compound; Vancomycin
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Article 61
Shiga toxins expressed by human pathogenic 
bacteria induce immune responses in host cells

J Microbiol. 51(6):724-30.

Lee MS*, Kim MH, Tesh VL

*Corresponding: msl031000@kribb.re.kr
Infection and Immunity Research Center

Shiga toxins are a family of genetically and structurally 
related toxins that are the primary virulence factors produced 
by the bacterial pathogens Shigella dysenteriae serotype 1 
and certain Escherichia coli strains. The toxins are 
multifunctional proteins inducing protein biosynthesis 
inhibition, ribotoxic and ER stress responses, apoptosis, 
autophagy, and inflammatory cytokine and chemokine 
production. The regulated induction of inflammatory 
responses is key to minimizing damage upon injury or 
pathogen-mediated infections, requiring the concerted 
activation of multiple signaling pathways to control 
cytokine/chemokine expression. Activation of host cell 
signaling cascades is essential for Shiga toxin-mediated 
proinflammatory responses and the contribution of the toxins 
to virulence. Many studies have been reported defining the 
inflammatory response to Shiga toxins in vivo and in vitro, 
including production and secretion of tumor necrosis factor 
alpha (TNF-α), interleukin-1β (IL-1β), macrophage 
inflammatory protein-1α/β (MIP-1α/β), macrophage 
chemoattractant monocyte chemoattractant protein 1 
(MCP-1), interleukin 8 (IL-8), interleukin 6 (IL-6), and Groβ. 
These cytokines and chemokines may contribute to damage 
in the colon and development of life threatening conditions 
such as acute renal failure (hemolytic uremic syndrome) 
and neurological abnormalities. In this review, we summarize 
recent findings in Shiga toxin-mediated inflammatory 
responses by different types of cells in vitro and in animal 
models. Signaling pathways involved in the inflammatory 
responses are briefly reviewed.
PMID:24385347

Keywords : Animal model; HUS; Inflammatory response; 
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Article 62
Antiviral activity of the plant extracts from Thuja 
orientalis, Aster spathulifolius, and Pinus 
thunbergii against influenza virus A/PR/8/34

J Microbiol Biotechnol. 23(1):125-30.

Won JN, Lee SY, Song DS, Poo H*

*Corresponding: haryoung@kribb.re.kr
Infection and Immunity Research Center

Influenza viruses cause significant morbidity and mortality 
in humans through epidemics or pandemics. Currently, two 
classes of anti-influenza virus drugs, M2 ion-channel 
inhibitors (amantadin and rimantadine) and neuraminidase 
inhibitors (oseltamivir and zanamivir), have been used for 
the treatment of the influenza virus infection. Since the 
resistance to these drugs has been reported, the development 
of a new antiviral agent is necessary. In this study, we 
examined the antiviral efficacy of the plant extracts against 
the influenza A/PR/8/34 infection. In vitro, the antiviral 
activities of the plant extracts were investigated using the 
cell-based screening. Three plant extracts, Thuja orientalis, 
Aster spathulifolius, and Pinus thunbergii, were shown to 
induce a high cell viability rate after the infection with the 
influenza A/PR/8/34 virus. The antiviral activity of the plant 
extracts also increased as a function of the concentration 
of the extracts and these extracts significantly reduced the 
visible cytopathic effect caused by virus infections. 
Furthermore, the treatment with T. orientalis was shown 
to have a stronger inhibitory effect than that with A. 
spathulifolius or P. thunbergii. These results may suggest 
that T. orientalis has anti-influenza A/PR/8/34 activity.
PMID:23314378

Keywords : Anti-influenza; Antiviral activity; Cytopathic 
effect; Influenza A virus; Plant extract
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Article 63
Combination of poly-gamma-glutamate and 
cyclophosphamide enhanced antitumor efficacy 
against tumor growth and metastasis in a murine 
melanoma model

J Microbiol Biotechnol. 23(9):1339-46.

Kim DJ, Kim EJ, Lee TY, Won JN, Sung MH, Poo H*

*Corresponding: haryoung@kribb.re.kr
Infection and Immunity Research Center

Conventional chemotherapeutic regimens often accompany 
severe side effects and fail to induce complete regression 
of chemoresistant or relapsing metastatic cancers. The need 
for establishing more efficacious anticancer strategies led 
to the development of a combined modality treatment of 
chemotherapy in conjunction with immunotherapy or 
radiotherapy. It has been reported that poly-γ-glutamate (γ
-PGA), a natural polymer composed of glutamic acids, 
increases antitumor activity by activating antigen-presenting 
cells and natural killer (NK) cells. Here, we investigated 
the antitumor effect of γ-PGA in combination with 
cyclophosphamide in a murine melanoma model. Whereas 
cyclophosphamide alone directly triggered apoptosis of 
tumor cells in vitro, γ-PGA did not show cytotoxicity in 
tumor cells. Instead, it activated macrophages, as reflected 
by the upregulation of surface activation markers and the 
secretion of proinflammatory factors, such as nitric oxide 
and tumor necrosis factor α. When the antitumor effects 
were examined in a mouse model, combined treatment with 
cyclophosphamide and γ-PGA markedly suppressed tumor 
growth and metastasis. Notably, γ-PGA treatment 
dramatically increased the NK cell population in lung tissues, 
coinciding with decreased metastasis and increased survival. 
These data collectively suggest that γ-PGA can act as an 
immunotherapeutic agent that exhibits a synergistic 
antitumor effect in combination with conventional 
chemotherapy.
PMID:23867701

Keywords : Antitumor effect; Cyclophosphamide; 
Metastasis; Natural killer cells; Poly-γ-glutamate

Article 64
Genome-wide analysis of redox reactions reveals 
metabolic engineering targets for D-lactate 
overproduction in Escherichia coli

Metabol Eng. 18(1):44-52.

Kim HJ, Hou BK, Lee SG, Kim JS, Lee DW, Lee SJ*

*Co-corresponding: leesj@kribb.re.kr
Infection and Immunity Research Center

Most current metabolic engineering applications rely on the 
inactivation of unwanted reactions and the amplification of 
product-oriented reactions. All of the biochemical reactions 
involved with cellular metabolism are tightly coordinated 
with the electron flow, which depends on the cellular energy 
status. Thus, the cellular metabolic flux can be controlled 
either by modulation of the electron flow or the regulation 
of redox reactions. This study analyzed the genome-wide 
anaerobic fermentation products of 472 Escherichia coli 
single gene knockouts, which comprised mainly of 
dehydrogenases, oxidoreductases, and redox-related 
proteins. Many metabolic pathways that were located far 
from anaerobic mixed-acid fermentation significantly 
affected the profiles of lactic acid, succinic acid, acetic acid, 
formic acid, and ethanol. Unexpectedly, D-lactate 
overproduction was determined by a single gene deletion 
in dehydrogenases (e.g., guaB, pyrD, and serA) involved 
with nucleotide and amino acid metabolism. Furthermore, 
the combined knockouts of guaB, pyrD, serA, fnr, arcA, 
or arcB genes, which are involved with anaerobic 
transcription regulation, enhanced D-lactate overproduction. 
These results suggest that the anaerobic fermentation profiles 
of E. coli can be tuned via the disruption of peripheral 
dehydrogenases in anaerobic conditions.
PMID:23563322

Keywords : Anaerobic; D-Lactate; Escherichia coli; 
Metabolic engineering; Redox
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Article 65
Structural insights into the regulation of sialic acid 
catabolism by the Vibrio vulnificus transcriptional 
repressor NanR

Proced Natl Acad Sci. 110(30):e2829-37.

Hwang J, Kim BS, Jang SY, Lim JG, You DJ, Jung HS, 
Oh TK, Lee JO, Choi SH, Kim MH*

*Co-corresponding: mhk8n@kribb.re.kr
Infection and Immunity Research Center

Pathogenic and commensal bacteria that experience limited 
nutrient availability in their host have evolved sophisticated 
systems to catabolize the mucin sugar N-acetylneuraminic 
acid, thereby facilitating their survival and colonization. The 
correct function of the associated catabolic machinery is 
particularly crucial for the pathogenesis of enteropathogenic 
bacteria during infection, although the molecular mechanisms 
involved with the regulation of the catabolic machinery are 
unknown. This study reports the complex structure of NanR, 
a repressor of the N-acetylneuraminate (nan) genes 
responsible for N-acetylneuraminic acid catabolism, and its 
regulatory ligand, N-acetylmannosamine 6-phosphate 
(ManNAc-6P), in the human pathogenic bacterium Vibrio 
vulnificus. Structural studies combined with electron 
microscopic, biochemical, and in vivo analysis demonstrated 
that NanR forms a dimer in which the two monomers create 
an arched tunnel-like DNA-binding space, which contains 
positively charged residues that interact with the nan 
promoter. The interaction between the NanR dimer and DNA 
is alleviated by the ManNAc-6P-mediated relocation of 
residues in the ligand-binding domain of NanR, which 
subsequently relieves the repressive effect of NanR and 
induces the transcription of the nan genes. Survival studies 
in which mice were challenged with a 
ManNAc-6P-binding-defective mutant strain of V. vulnificus 
demonstrated that this relocation of NanR residues is critical 
for V. vulnificus pathogenesis. In summary, this study 
presents a model of the mechanism that regulates sialic acid 
catabolism via NanR in V. vulnificus.
PMID:23832782

Keywords : N-Acetylneuraminic acid; Nan gene; Repressor 
protein; Sialic acid; Transcription; Vibrio vulnificus

Immunotherapy Research Center

Article 66
Gas6 induces cancer cell migration and 
epithelial-mesenchymal transition through 
upregulation of MAPK and Slug

Biochem Biophys Res Commun. 434(1):8-14.

Lee Y, Lee M, Kim S*

*Corresponding: semikim@kribb.re.kr
Immunotherapy Research Center

Binding of Gas6 to Axl (Gas6/Axl axis) alters cellular 
functions, including migration, invasion, proliferation, and 
survival. However, the molecular mechanisms underlying 
Gas6-mediated cell migration remain poorly understood. In 
this study, we found that Gas6 induced the activation of 
JNK and ERK1/2 signaling in cancer cells expressing Axl, 
resulting in the phosphorylation of activator protein-1 (AP-1) 
transcription factors c-Jun and ATF-2, and induction of Slug. 
Depletion of c-Jun or ATF-2 by siRNA attenuated the 
Gas6-induced expression of Slug. Slug expression was 
required for cell migration and E-cadherin reduction/vimentin 
induction induced by Gas6. These results suggest that Gas6 
induced cell migration via Slug upregulation in JNK- and 
ERK1/2-dependent mechanisms. These data provide an 
important insight into the molecular mechanisms mediating 
Gas6-induced cell migration.
PMID:23567973
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Article 67
TXNIP interacts with hEcd to increase p53 
stability and activity

Biochem Biophys Res Commun. 438(2):264-9.

Suh HW, Yun S, Song H, Jung H, Park YJ, Kim TD, Yoon 
SR, Choi I*

*Corresponding: ipchoi@kribb.re.kr
Immunotherapy Research Center

The p53 protein plays a central role in cell cycle arrest 
and apoptosis in response to diverse stress stimuli. Human 
ecdysoneless (hEcd) is known for its role in stabilizing the 
p53 protein level and increasing p53-mediated transcription. 
Here, we report that thioredoxin interacting protein (TXNIP), 
a member of the tumor suppressor family, interacts with 
hEcd and decreases MDM2-mediated p53 ubiquitination, 
leading to p53 stabilization and an increase in p53 activity. 
The ectopic overexpression of both TXNIP and Ecd increased 
actinomycin D-mediated cell death in MCF-7 cells, whereas 
knockdown of TXNIP and Ecd decreased cell death. These 
results show that TXNIP is a new regulator of the 
Ecd-MDM2-p53 loop.
PMID:23880345

Keywords : Cell death; hEcd; Human ecdysoneless; Mdm2; 
p53; Thioredoxin interacting protein; TRX; TXNIP

Article 68
Discovery of novel 2-hydroxydiarylamide 
derivatives as TMPRSS4 inhibitors

Bioorg Med Chem Lett. 23(6):1748-51.

Kang S, Min HJ, Kang MS, Jung MG, Kim S*

*Corresponding: semikim@kribb.re.kr
Immunotherapy Research Center

TMPRSS4 is a novel type II transmembrane serine protease 
that has been implicated in the invasion and metastasis of 
colon cancer cells. In this study, a novel series of 
2-hydroxydiarylamide derivatives were synthesized and 
evaluated for inhibiting TMPRSS4 serine protease activity 
and suppressing cancer cell invasion. These derivatives 
demonstrated good inhibitory activity against TMPRSS4 
serine protease, which correlated with the promising 
anti-invasive activity of colon cancer cells overexpressing 
TMPRSS4.
PMID:23414802

Keywords : 2-Hydroxydiarylamide; Antitumor; Colon 
cancer; Invasion; TMPRSS4 inhibitors
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Article 69
TXNIP maintains the hematopoietic cell pool by 
switching the function of p53 under oxidative 
stress

Cell Metabol. 18(1):75-85.

Jung H, Kim MJ, Kim DO, Kim WS, Yoon SJ, Park YJ, 
Yoon SR, Kim TD, Suh HW, Yun S, Min JK, Lee HG, 
Lee YH, Na HJ, Lee DC, Kim HC, Choi I*

*Corresponding: ipchoi@kribb.re.kr
Immunotherapy Research Center

Reactive oxygen species (ROS) are critical determinants of 
the fate of hematopoietic stem cells (HSCs) and 
hematopoiesis. Thioredoxin-interacting protein (TXNIP), 
which is induced by oxidative stress, is a known regulator 
of intracellular ROS. Txnip-/- old mice exhibited elevated 
ROS levels in hematopoietic cells and showed a reduction 
in hematopoietic cell population. Loss of TXNIP led to a 
dramatic reduction of mouse survival under oxidative stress. 
TXNIP directly regulated p53 protein by interfering with 
p53- mouse double minute 2 (MDM2) interactions and 
increasing p53 transcriptional activity. Txnip-/- mice showed 
downregulation of the antioxidant genes induced by p53. 
Introduction of TXNIP or p53 into Txnip-/- bone marrow 
cells rescued the HSC frequency and greatly increased 
survival in mice following oxidative stress. Overall, these 
data indicate that TXNIP is a regulator of p53 and plays 
a pivotal role in the maintenance of the hematopoietic cells 
by regulating intracellular ROS during oxidative stress.
PMID:23823478

Keywords : Hematopoietic cell; Protein MDM2; p53; 
Oxidative stress; Thioredoxin interacting protein; 
TXNIP

Article 70
Cloning, expression, purification, and 
characterization of a thermostable esterase from 
the archaeon Sulfolobus solfataricus P1

J Mol Catal B. 94:95-103.

Nam JK, Park YJ#, Lee HB

#Co-first: pyj71@kribb.re.kr
Immunotherapy Research Center

A genomic library of the thermoacidophilic archaeon 
Sulfolobus solfataricus P1 was constructed using 3.5 kb 
BamHI-fragments into pUC118 vector and the recombinant 
plasmids were hosted in Escherichia coli. One positive clone 
showing thermostable esterase activity was directly selected 
on tributyrinemulsified agar plates. The open reading frame 
of the esterase gene isolated from this clone was composed 
of 942 nucleotides encoding 314 amino acids. The 
recombinant enzyme stably expressed in E. coli was purified 
to apparent homogeneity by two column chromatographies 
using butyl Sepharose followed by Q-Sepharose. The 
molecular mass of the enzyme, estimated to be approximately 
35 kDa by sodium dodecyl sulfate polyacrylamide gel 
electrophoresis and gel filtration, agreed with that deduced 
by sequence analysis (34,260 Da). Maximal activity was 
observed at 80 °C and pH 8.0. The enzyme was extremely 
stable without significant change in its activity up to 120 
h at 50 °C, and even at 80 °C almost 30% of its activity 
remained after 120 h. Among the p-nitrophenyl esters 
(C4-C16) tested, the best substrate was p-nitrophenyl caprate 
(C10) with Km and kcat values of 24.0 mM and 2337 s-1, 
respectively. At 30 °C, the enzyme displayed remarkable 
stability against up to 90% methanol, ethanol, and 2-propanol, 
and also withstood, to a certain extent, 5% SDS and 8 M 
urea. Site-directed mutagenesis revealed that the enzyme 
contains a catalytic triad composed of Ser144, Asp266, and 
His295 in the active site. The S. solfataricus P1 esterase 
is an archaeal esterase grouped into family V as well as 
B-type esterases.

Keywords : Archaeal esterase; Catalytic triad; Family V; 
Sulfolobus solfataricus P1; Thermostability
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Article 71
TXNIP deficiency exacerbates endotoxic shock 
via the induction of excessive nitric oxide 
synthesis

PLoS Pathogen. 9(10):e1003646.

Park YJ, Yoon SJ, Suh HW, Kim DO, Park JR, Jung H, 
Kim TD, Yoon SR, Min JK, Na HJ, Lee SJ, Lee HG, Lee 
YH, Lee HB, Choi I*

*Corresponding: ipchoi@kribb.re.kr
Immunotherapy Research Center

Thioredoxin-interacting protein (TXNIP) has multiple 
functions, including tumor suppression and involvement in 
cell proliferation and apoptosis. However, its role in the 
inflammatory process remains unclear. In this report, we 
demonstrate that Txnip⁻/⁻ mice are significantly more 
susceptible to lipopolysaccharide (LPS)-induced endotoxic 
shock. In response to LPS, Txnip⁻/⁻ macrophages produced 
significantly higher levels of nitric oxide (NO) and inducible 
nitric oxide synthase (iNOS), and an iNOS inhibitor rescued 
Txnip⁻/⁻ mice from endotoxic shock-induced death, 
demonstrating that NO is a major factor in TXNIP-mediated 
endotoxic shock. This susceptibility phenotype of Txnip⁻/⁻ 
mice occurred despite reduced IL-1β secretion due to 
increased S-nitrosylation of NLRP3 compared to wild-type 
controls. Taken together, these data demonstrate that TXNIP 
is a novel molecule that links NO synthesis and NLRP3 
inflammasome activation during endotoxic shock.
PMID:24098117

Keywords : Cytokine; Inflammasome activation; 
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Article 72
Endothelial progenitor cells from human dental 
pulp-derived iPS cells as a therapeutic target for 
ischemic vascular diseases

Biomaterials. 34(33):8149-60.

Yoo CH, Na HJ, Lee DS, Heo SC, An Y, Cha J, Choi 
C, Kim JH, Park JC, Cho YS*

*Corresponding: june@kribb.re.kr
Stem Cell Research Center

Human dental pulp cells (hDPCs) are a valuable source for 
the generation of patient-specific human induced pluripotent 
stem cells (hiPSCs). An advanced strategy for the safe and 
efficient reprogramming of hDPCs and subsequent 
lineage-specific differentiation is a critical step toward 
clinical application. In present research, we successfully 
generated hDPC-iPSCs using only two non-oncogenic 
factors: Oct4 and Sox2 (2F hDPC-hiPSCs) and evaluated 
the feasibility of hDPC-iPSCs as substrates for endothelial 
progenitor cells (EPCs), contributing to EPC-based therapies. 
Under conventional differentiation conditions, 2F 
hDPC-hiPSCs showed higher differentiation efficiency, 
compared to hiPSCs from other cell types, into multipotent 
CD34+ EPCs (2F-hEPCs) capable to differentiate into 
functional endothelial and smooth muscle cells. The 
angiogenic and neovasculogenic activities of 2F-hEPCs were 
confirmed using a Matrigel plug assay in mice. In addition, 
the therapeutic effects of 2F-hEPC transplantation were 
confirmed in mouse models of hind-limb ischemia and 
myocardial infarction. Importantly, 2F-EPCs effectively 
integrated into newly formed vascular structures and 
enhanced neovascularization via likely both direct and 
indirect paracrine mechanisms. 2F hDPC-hiPSCs have a 
robust capability for the generation of angiogenic and 
vasculogenic EPCs, representing a strategy for 
patient-specific EPC therapies and disease modeling, 
particularly for ischemic vascular diseases.
PMID:23896001
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Article 73
Interference with the mitochondrial bioenergetics 
fuels reprogramming to pluripotency via 
facilitation of the glycolytic transition

Int J Biochem Cell Biol. 45(11):2512-8.

Son MJ, Jeong BR, Kwon Y, Cho YS*

*Corresponding: june@kribb.re.kr
Stem Cell Research Center

The switch in cell metabolism from oxidative 
phosphorylation to glycolysis is critical for the 
reprogramming of cells to pluripotency. Here, we 
demonstrate that the disturbance of mitochondrial 
metabolism by canonical mitochondrial inhibitors enhances 
metabolic reprogramming toward a glycolytic state, enabling 
the highly efficient generation of induced pluripotent stem 
cells. This interference with mitochondrial bioenergetics 
resulted in enriched reprogrammable subpopulations and 
accelerated the conversion of refractory intermediates to 
pluripotent states without requiring additional genetic or 
epigenetic modifications. Conversely, the reprogramming 
efficiency and accelerated reprogramming kinetics promoted 
by mitochondrial inhibition were obstructed by glycolysis 
inhibitors. We suggest that changes in mitochondrial 
bioenergetics are a novel mechanism involved in the 
regulation of cell fate and, more importantly, in the 
reprogramming of cells to pluripotency.
PMID:23939289

Keywords : Bioenergetics; Glycolysis; iPSCs; 
Mitochondria; Reprogramming

Article 74
Mitochondrial dynamics modulate the expression 
of pro-inflammatory mediators in microglial cells

J Neurochem. 127(2):221-32.

Park J, Choi H#, Min JS, Park SJ, Kim JH, Park HJ, Kim 
B, Chae JI, Yim M, Lee DS

#Co-first: sobless@kribb.re.kr
Stem Cell Research Center

Over-activation of microglia cells in the brain contributes 
to neurodegenerative processes promoted by the production 
of various neurotoxic factors including pro-inflammatory 
cytokines and nitric oxide. Recently, accumulating evidence 
has suggested that mitochondrial dynamics are an important 
constituent of cellular quality control and function. However, 
the role of mitochondrial dynamics in microglial activation 
is still largely unknown. In this study, we determined whether 
mitochondrial dynamics are associated with the production 
of pro-inflammatory mediators in lipopolysaccharide 
(LPS)-stimulated immortalization of murine microglial cells 
(BV-2) by a v-raf/v-myc carrying retrovirus (J2). Excessive 
mitochondrial fission was observed in lentivirus-transfected 
BV-2 cells stably expressing DsRed2-mito following LPS 
stimulation. Furthermore, mitochondrial localization of 
dynamin-related protein 1 (Drp1) (a key regulator of 
mitochondrial fission) was increased and accompanied by 
de-phosphorylation of Ser637 in Drp1. Interestingly, 
inhibition of LPS-induced mitochondrial fission and reactive 
oxygen species (ROS) generation by Mdivi-1 and Drp1 
knock-down attenuated the production of pro-inflammatory 
mediators via reduced nuclear factor 
kappa-light-chain-enhancer of activated B cells (NF-κB) and 
mitogen-activated protein kinase (MAPK) signaling. Our 
results demonstrated for the first time that mitochondrial 
fission regulates mitochondrial ROS production in activated 
microglial cells and influences the expression of 
pro-inflammatory mediators through the activation of NF-κB 
and MAPK. We therefore suggest that mitochondrial 
dynamics may be essential for understanding 
pro-inflammatory mediator expression in activated 
microglial cells. This could represent a new therapeutic 
approach for preventing neurodegenerative diseases.
PMID:23815397
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Article 75
Inhibition of pluripotent stem cell-derived 
teratoma formation by small molecules

Proced Natl Acad Sci. 110(35):e3281-90.

Lee MO#, Moon SH, Jeong HC, Yi JY, Lee TH, Shim SH, 
Rhee YH, Lee SH, Oh SJ, Lee MY, Han MJ, Cho YS, 
Chung HM, Kim KS, Cha HJ

#First: molee@kribb.re.kr
Stem Cell Research Center

The future of safe cell-based therapy rests on overcoming 
teratoma/tumor formation, in particular when using human 
pluripotent stem cells (hPSCs), such as human embryonic 
stem cells (hESCs) and human induced pluripotent stem 
cells (hiPSCs). Because the presence of a few remaining 
undifferentiated hPSCs can cause undesirable teratomas after 
transplantation, complete removal of these cells with 
no/minimal damage to differentiated cells is a prerequisite 
for clinical application of hPSC-based therapy. Having 
identified a unique hESC signature of pro- and antiapoptotic 
gene expression profile, we hypothesized that targeting 
hPSC-specific antiapoptotic factor(s) (i.e., survivin or Bcl10) 
represents an efficient strategy to selectively eliminate 
pluripotent cells with teratoma potential. Here we report 
the successful identification of small molecules that can 
effectively inhibit these antiapoptotic factors, leading to 
selective and efficient removal of pluripotent stem cells 
through apoptotic cell death. In particular, a single treatment 
of hESC-derived mixed population with chemical inhibitors 
of survivin (e.g., quercetin or YM155) induced selective 
and complete cell death of undifferentiated hPSCs. In 
contrast, differentiated cell types (e.g., dopamine neurons 
and smooth-muscle cells) derived from hPSCs survived well 
and maintained their functionality. We found that 
quercetin-induced selective cell death is caused by 
mitochondrial accumulation of p53 and is sufficient to 
prevent teratoma formation after transplantation of hESC- 
or hiPSC-derived cells. Taken together, these results provide 
the "proof of concept" that small-molecule targeting of 
hPSC-specific antiapoptotic pathway(s) is a viable strategy 
to prevent tumor formation by selectively eliminating 
remaining undifferentiated pluripotent cells for safe 
hPSC-based therapy.
PMID:23918355

Keywords : Antiapoptotic factor; Apoptotic cell death; 
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Article 76
Nicotinamide overcomes pluripotency deficits and 
reprogramming barriers

Stem Cells. 31(6):1121-35.

Son MJ, Son MY, Seol B, Kim MJ, Yoo CH, Han MK, 
Cho YS*

*Corresponding: june@kribb.re.kr
Stem Cell Research Center

Crosstalk between intracellular signaling pathways has been 
extensively studied to understand the pluripotency of human 
pluripotent stem cells (hPSCs), including human embryonic 
stem cells and human induced pluripotent stem cells 
(hiPSCs); however, the contribution of NAD+ -dependent 
pathways remains largely unknown. Here, we show that 
NAD+ depletion by FK866 (a potent inhibitor of NAD+ 
biosynthesis) was fatal in hPSCs, particularly when deriving 
pluripotent cells from somatic cells and maintaining 
pluripotency. NAD and its precursors (nicotinamide [NAM] 
and nicotinic acid) fully replenished the NAD+ depletion 
by FK866 in hPSCs. However, only NAM effectively 
enhanced the reprogramming efficiency and kinetics of 
hiPSC generation and was also significantly advantageous 
for the maintenance of undifferentiated hPSCs. Our molecular 
and functional studies reveal that NAM lowers the barriers 
to reprogramming by accelerating cell proliferation and 
protecting cells from apoptosis and senescence by alleviating 
oxidative stress, reactive oxygen species accumulation, and 
subsequent mitochondrial membrane potential collapse. We 
provide evidence that the positive effects of NAM (occurring 
at concentrations well above the physiological range) on 
pluripotency control are molecularly associated with the 
repression of p53, p21, and p16. Our findings establish that 
adequate intracellular NAD+ content is crucial for 
pluripotency; the distinct effects of NAM on pluripotency 
may be dependent not only on its metabolic advantage as 
a NAD+ precursor but also on the ability of NAM to enhance 
resistance to cellular stress.
PMID:23526681

Keywords : hPSCs; Human embryonic stem cell; NAD+; 
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cell; Reprogramming
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Article 77
Unveiling the critical role of REX1 in the 
regulation of human stem cell pluripotency

Stem Cells. 31(11):2374-87.

Son MY, Choi H, Han YM, Cho YS*

*Corresponding: june@kribb.re.kr
Stem Cell Research Center

Reduced expression 1 (REX1) is a widely used pluripotency 
marker, but little is known about its roles in pluripotency. 
Here, we show that REX1 is functionally important in the 
reacquisition and maintenance of pluripotency. 
REX1-depleted human pluripotent stem cells (hPSCs) lose 
their self-renewal capacity and full differentiation potential, 
especially their mesoderm lineage potential. Cyclin B1/B2 
expression was found to parallel that of REX1. REX1 
positively regulates the transcriptional activity of cyclin 
B1/B2 through binding to their promoters. REX1 induces 
the phosphorylation of DRP1 at Ser616 by cyclin B/CDK1, 
which leads to mitochondrial fission and appears to be 
important for meeting the high-energy demands of highly 
glycolytic hPSCs. During reprogramming to pluripotency 
by defined factors (OCT4, SOX2, KLF4, and c-MYC), the 
reprogramming kinetics and efficiency are markedly 
improved by adding REX1 or replacing KLF4 with REX1. 
These improvements are achieved by lowering 
reprogramming barriers (growth arrest and apoptosis), by 
enhancing mitochondrial fission, and by conversion to 
glycolytic metabolism, dependent on the cyclin B1/B2-DRP1 
pathway. Our results show that a novel pluripotency 
regulator, REX1, is essential for pluripotency and 
reprogramming.
PMID:23939908

Keywords : Cyclin B; hPSCs; Human embryonic stem 
cell; Pluripotency; Pluripotent stem cell; 
Reprogramming; REX1
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Article 78
N-Acetylglucosaminyltransferase V triggers 
overexpression of MT1-MMP and reinforces the 
invasive/metastatic potential of cancer cells

Biochem Biophys Res Commun. 431(4):658-63.

Lee JH, Kang JG, Song KJ, Jeon SK, Oh S, Kim YS*, 
Ko JH*

*Co-corresponding: omsys1@kribb.re.kr, jhko@kribb.re.kr
Targeted Gene Regulation Research Center

N-Acetylglucosaminyltransferase V (GnT-V) is an enzyme 
that catalyzes the formation of a β1,6-N-acetylglucosamine 
(GlcNAc) side chain to a core mannosyl residue in N-linked 
glycoproteins. Besides its direct function of producing 
aberrant glycoproteins, it promotes cancer progression by 
its involvement in the stimulation of oncoproteins. Herein, 
we report that GnT-V guided the transcriptional activation 
of membrane-type matrix metalloproteinase-1 (MT1-MMP) 
in cancer cells. The activated MT1-MMP expression had 
dual effects on cancer progression. It not only promoted 
proteolytic activity for cancer cells per se, but also led to 
the activation of MMP-2. Consequently, the activation of 
the two MMPs triggered by GnT-V intensified the invasive 
potential. A quantitative analysis using clinical tissues 
revealed a relatively strong correlation between GnT-V 
overexpression and MT1-MMP upregulation. In this study, 
we report for the first time that GnT-V directs cancer 
progression by modulating MMPs in cancer.
PMID:23357422

Keywords : Cancer cells; GnT-V; MMP-2; MT1-MMP; 
Tumor progression
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BioMedical Genomics Research Center

Article 79
Identification of malate dehydrogenase 2 as a 
target protein of the HIF-1 inhibitor LW6 using 
chemical probes

Angew Chem Int Ed Engl. 52(39):10286-9.

Lee K, Ban HS, Naik R, Hong YS, Son S, Kim BK, Xia 
Y, Song KB, Lee HS, Won M*

*Corresponding: misun@kribb.re.kr
BioMedical Genomics Research Center

We designed and synthesized a series of LW6 (1)-derived 
chemical probes by installing a clickable tag and a 
photoactivatable moiety. We observed the mitochondrial 
localization of 1 and identified MDH2 as a target protein. 
In parallel with the MDH2 inhibition, 1 and MDH2 inhibitor 
7 suppressed hypoxia-induced HIF-1α accumulation by 
inhibiting mitochondrial respiration. In conclusion, LW6 
reduces HIF-1α accumulation by inhibiting MDH2 activity 
and suppressing mitochondrial respiration.
PMID:23934700

Keywords : Click chemistry; Fluorescent probes; HIF 
inhibitors; Malate dehydrogenase 2; Photoaffinity 
labeling

Article 80
Reactive oxygen species-mediated activation of 
the Akt/ASK1/p38 signaling cascade and p21Cip1 
downregulation are required for shikonin-induced 
apoptosis

Apoptosis. 18(7):870-81.

Ahn J, Won M, Choi JH, Kim YS, Jung CR, Im DS, Kyun 
ML, Lee K, Song KB, Chung KS*

*Corresponding: kschung@kribb.re.kr
BioMedical Genomics Research Center

Shikonin derivatives exert powerful cytotoxic effects, induce 
apoptosis and escape multidrug resistance in cancer. 
However, the diverse mechanisms underlying their anticancer 
activities are not completely understood. Here, we 
demonstrated that shikonin-induced apoptosis is caused by 
reactive oxygen species (ROS)-mediated activation of 
Akt/ASK1/p38 mitogen-activated protein kinase (MAPK) 
and downregulation of p21Cip1. In the presence of shikonin, 
inactivation of Akt caused apoptosis signal-regulating kinase 
1 (ASK1) dephosphorylation at Ser83, which is associated 
with ASK1 activation. Shikonin-induced apoptosis was 
enhanced by inhibition of Akt, whereas overexpression of 
constitutively active Akt prevented apoptosis through 
modulating ASK1 phosphorylation. Silencing ASK1 and 
MKK3/6 by siRNA reduced the activation of MAPK kinases 
(MKK) 3/6 and p38 MAPK, and apoptosis, respectively. 
Antioxidant N-acetyl cysteine attenuated ASK1 
dephosphorylation and p38 MAPK activation, indicating that 
shikonin-induced ROS is involved in the activation of 
Akt/ASK1/p38 pathway. Expression of p21Cip1 was 
significantly induced in early response, but gradually 
decreased by prolonged exposure to shikonin. 
Overexpression of p21Cip1 have kept cells longer in G1 phase 
and attenuated shikonin-induced apoptosis. Depletion of 
p21Cip1 facilitated shikonin-induced apoptosis, implying that 
p21Cip1 delayed shikonin-induced apoptosis via G1 arrest. 
Immunohistochemistry and in vitro binding assays showed 
transiently altered localization of p21Cip1 to the cytoplasm 
by shikonin, which was blocked by Akt inhibition. The 
cytoplasmic p21Cip1 actually binds to and inhibits the activity 
of ASK1, regulating the cell cycle progression at G1. These 
findings suggest that shikonin-induced ROS activated ASK1 
by decreasing Ser83 phosphorylation and by dissociation 
of the negative regulator p21Cip1, leading to p38 MAPK 
activation, and finally, promoting apoptosis.
PMID:23546866

Keywords : Akt; ASK1; Negative regulator; p21Cip1; ROS; 
Shikonin-induced apoptosis
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Article 81
Rhodanine-based PRL-3 inhibitors blocked the 
migration and invasion of metastatic cancer cells

Bioorg Med Chem Lett. 23(13):3769-74.

Min G, Lee SK, Kim HN, Han YM, Lee RH, Jeong DG, 
Han DC*, Kwon BM*

*Co-corresponding: dchan@kribb.re.kr, kwonbm@kribb.re.kr
BioMedical Genomics Research Center

PRL-3, phosphatase of regenerating liver-3, plays a role in 
cancer progression through its involvement in invasion, 
migration, metastasis, and angiogenesis. We synthesized 
rhodanine derivatives, CG-707 and BR-1, which inhibited 
PRL-3 enzymatic activity with IC50 values of 0.8 μM and 
1.1 μM, respectively. CG-707 and BR-1 strongly inhibited 
the migration and invasion of PRL-3 overexpressing colon 
cancer cells without exhibiting cytotoxicity. The specificity 
of the inhibitors on PRL-3 phosphatase activity was 
confirmed by the phosphorylation recovery of known PRL-3 
substrates such as ezrin and cytokeratin 8. The compounds 
selectively inhibited PRL-3 in comparison with other 
phosphatases, and CG-707 regulated 
epithelial-to-mesenchymal transition (EMT) marker proteins. 
The results of the present study reveal that rhodanine is 
a specific PRL-3 inhibitor and a good lead molecule for 
obtaining a selective PRL-3 inhibitor.
PMID:23726031

Keywords : EMT marker protein; Invasion; Metastasis; 
Migration; PRL-3; Rhodanine

Article 82
2-Hydroxycinnamaldehyde inhibits the 
epithelial-mesenchymal transition in breast cancer 
cells

Breast Cancer Res Treat. 137(3):697-708.

Ismail IA, Kang HS, Lee HJ, Chang H, Yun J, Lee CW, 
Kim NH, Kim HS, Yook JI, Hong SH, Kwon BM*

*Co-corresponding: kwonbm@kribb.re.kr
BioMedical Genomics Research Center

Since epithelial-mesenchymal transition (EMT) plays a 
critical role in cancer progression and in maintaining cancer 
stem cell properties, EMT is emerging as a therapeutic target 
for inhibiting the metastatic progression of cancer cells. 
2'-Hydroxycinnamaldehyde (HCA) and its derivative, 
2'-benzoyloxycinnamaldehyde, have recently been suggested 
as promising therapeutic candidates for cancer treatment. 
The purpose of this study is to investigate the anti-metastatic 
effect of HCA on breast cancer and the molecular mechanisms 
by which HCA regulates the transcriptional program during 
EMT. HCA induces epithelial reversion at nanomolar 
concentrations by suppressing Snail via the nuclear 
translocalization of GSK-3β, which results in the 
transcriptional upregulation of E-cadherin. HCA also 
activates the transcription factor KLF17, which suppresses 
Id-1, indicating that HCA inhibits EMT by multiple 
transcriptional programs. Further, HCA treatment 
significantly inhibits lung metastasis in a mouse orthotopic 
breast cancer model. This study demonstrates the 
anti-metastatic effect of the non-toxic natural compound 
HCA through attenuation of EMT in a breast cancer model.
PMID:23283523

Keywords : 2'-Hydroxycinnamaldehyde; Breast cancer 
cells; Cell invasion; Epithelial-mesenchymal 
transition (EMT); KLF17; Snail
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Article 83
Feasibility of proposed single-nucleotide 
polymorphisms as predictive markers for targeted 
regimens in metastatic colorectal cancer

Br J Cancer. 108(9):1862-9.

Kim JC, Ha YJ, Roh SA, Choi EY, Yoon YS, Kim KP, 
Hong YS, Kim TW, Cho DH, Kim SY, Kim YS*

*Co-corresponding: yongsung@kribb.re.kr
BioMedical Genomics Research Center

BACKGROUND: Surrogate biomarkers for metastatic 
colorectal cancer (mCRC) are urgently needed to achieve 
the best outcomes for targeted therapy.
METHODS: A clinical association analysis was performed 
to examine the three single-nucleotide polymorphisms 
(SNPs) that were previously proposed as markers of 
chemosensitivity to the cetuximab (124 patients) and 
bevacizumab regimens (100 patients) in mCRC patients. In 
addition, biological correlations were examined for the 
candidate SNPs in terms of their regulatory pathway.
RESULTS: For cetuximab regimens, patients homozygous 
for the wild-type alleles (GG) of LIFR rs3729740 exhibited 
a 1.9 times greater overall response rate (ORR) and 1.4 
months longer progression-free survival (PFS) than those 
homozygous or heterozygous for the mutant allele (GA and 
AA; P=0.022 and 0.027, respectively). For bevacizumab 
regimens, patients homozygous for the minor alleles (TT) 
of ANXA11 rs1049550 exhibited an ORR twice as high as 
those homozygous or heterozygous for the ancestral allele 
(CC and CT; P=0.031). Overall response rate gain was 
achieved up to 10% in patients with wild-type LIFR 
rs3729740 patients either with wild-type KRAS or skin 
toxicity (P=0.001) respectively. Specifically in clones treated 
with cetuximab and bevacizumab regimens, active p-ERK 
and MMP-9 expressions were significantly reduced in clones 
expressing wild-type LIFR rs3729740 (P=0.044) and in those 
expressing minor-type ANXA11 rs1049550 (P=0.007), 
respectively.
CONCLUSION: LIFR rs3729740 and possibly ANXA11 
rs1049550 may be useful as biomarkers for predicting 
whether mCRC patients are sensitive to relevant target 
regimens, although further validation in large cohorts is 
needed.
PMID:23579219

Keywords : Bevacizumab; Biomarker; Cetuximab; 
Colorectal cancer; mCRC

Article 84
A novel antitumor piperazine alkyl compound 
causes apoptosis by inducing RhoB expression 
via ROS‑mediated c‑Abl/p38 MAPK signaling

Cancer Chemo Pharm. 72(6):1315-24.

Chung KS, Han G, Kim BK, Kim HM, Yang JS, Ahn J, 
Lee K, Song KB, Won M*

*Corresponding: misun@kribb.re.kr
BioMedical Genomics Research Center

PURPOSE: We investigated the action mechanism of a novel 
anticancer compound, KR28 
(1-allyl-4-dodecanoyl-1-ethyl-piperazin-1-ium; bromide), to 
induce apoptosis of human prostate carcinoma PC-3 cells.
METHODS: To explore an apoptotic signaling of KR28, 
we used ROS assay, SRB assay, flow cytometry analysis, 
reporter assay, xenograft assay, Western blotting, and 
RT-PCR analysis.
RESULTS: The growth inhibitory action of KR28 is cell 
line specific, impeding the growth of prostate carcinoma 
PC-3 and stomach carcinoma NUGC-3 cells. KR28 showed 
strong antitumor activity in PC-3 mouse xenograft model. 
KR28 increased ROS production, leading to nuclear c-Abl 
expression, which in turn activated p38 mitogen-activated 
protein kinase (MAPK) to enhance the expression of RhoB, 
an apoptosis inducer. The KR28-induced apoptosis was 
abrogated by the ROS scavenger N-acetylcysteine and by 
knockdown of c-Abl, p38 MAPK, or ATF2. Moreover, the 
p300 binding site and two CCAAT boxes in the RhoB 
promoter appear to be involved in ROS-mediated RhoB 
expression in the presence of KR28.
CONCLUSION: The antitumor agent KR28 induces 
apoptosis of PC-3 cells by ROS-mediated RhoB expression 
via c-Abl upregulation and activation of p38 MAPK/ATF-2.
PMID:24121479

Keywords : Antitumor agent; Apoptosis; c-Abl; p38 
MAPK; Prostate cancer; RhoB; ROS
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Article 85
Early growth response protein 1 upregulation and 
nuclear translocation by 
2'-benzoyloxycinnamaldehyde induces prostate 
cancer cell death

Cancer Lett. 329(2):217-27.

Kang HS, Ock J, Lee HJ, Lee YJ, Kwon BM*, Hong SH

*Co-corresponding: kwonbm@kribb.re.kr
BioMedical Genomics Research Center

2'-Benzoyloxycinnamaldehyde (BCA) induces apoptosis in 
human cancer cells through ROS generation. BCA 
upregulates proapoptotic genes such as activating 
transcription factor 3 (ATF3), NSAID-activated gene 1 
protein (NAG-1), and growth arrest and 
DNA-damage-inducible protein alpha (GADD45A) in 
prostate cancer cells. These genes are known to be induced 
by transcription factor early growth response protein 1 
(EGR1). BCA induces significant EGR1 upregulation, while 
EGR1 knockdown decreases the induction of these genes 
with concurrent alleviation of cell death by BCA. Antioxidant 
glutathione pretreatment with BCA removes EGR1 
expression increase, suggesting that EGR1 upregulation is 
dependent on oxidative stress generated by BCA. In prostate 
cancer cells, EGR1 localizes in the cytoplasm; however, 
BCA remarkably upregulates EGR1 nuclear 
translocalization, suggesting its possible effect as a 
transcriptional activator. BCA induces transient upregulation 
of importin-7 (IPO7) which is critical for EGR1 nuclear 
translocation, and IPO7 knockdown led to a significant 
decrease in chemosensitivity to BCA. Taken together, our 
findings suggest that BCA induces prostate cancer cell death 
via EGR1 upregulation and nuclear translocalization, 
followed by activation of proapoptotic target genes.
PMID:23178451

Keywords : 20-Benzoyloxycinnamaldehyde (BCA); 
Activating transcription factor 3 (ATF3); Early 
growth response protein 1 (EGR1); GADD45A; 
Importin-7 (IPO7); NAG-1; Prostate cancer cells

Article 86
Aberrant upregulation of ASCL2 by promoter 
demethylation promotes the growth and resistance 
to 5-fluorouracil of gastric cancer cells

Cancer Sci. 104(3):391-7.

Kwon OH, Park JL, Baek SJ, Noh SM, Song KS, Kim SY*, 
Kim YS*

*Co-corresponding: kimsy@kribb.re.kr, yongsung@kribb.re.kr
BioMedical Genomics Research Center

Achaete scute-like 2 (ASCL2), a basic helix-loop-helix 
transcription factor, plays an essential role in the maintenance 
of adult intestinal stem cells. However, the function of ASCL2 
in gastric cancer (GC) is poorly understood. Therefore, we 
investigated the roles and regulatory transcription 
mechanisms of ASCL2 in GC. Gene expression and 
methylation data analysis showed that ASCL2 was 
upregulated and hypomethylated in GC tissues. Using 
real-time RT-PCR and pyrosequencing analysis, we 
confirmed that ASCL2 was overexpressed and 
hypomethylated in GC tissues compared to adjacent normal 
tissues. We then investigated the mechanisms underlying 
the aberrant expression of ASCL2 in GC and found that 
treatment with a methylation inhibitor induced ASCL2 
expression in GC cell lines. MBD-sequencing assay also 
revealed hypermethylation of the promoter region of ASCL2 
in GC cell lines, which barely expressed the ASCL2 gene. 
Furthermore, ASCL2 expression levels were inversely 
correlated with GC patient survival. Ectopic overexpression 
of ASCL2 showed that ASCL2 increased cell growth and 
promoted resistance to 5-fluorouracil in GC cells. These 
results suggest that ASCL2 might play an important role 
in gastric tumor growth and chemoresistance, and could be 
a useful prognostic marker for GC patients.
PMID:23181270

Keywords : ASCL2; Basic helix-loop-helix transcription; 
DNA methylation; Drug resistance; Fluorouracil; 
Stomach neoplasms; Tumor
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Article 87
Cystatin SN neutralizes the inhibitory effect of 
cystatin C on cathepsin B activity

Cell Death Dis. 4:e974.

Kim JT, Lee SJ, Kang MA, Park JE, Kim BY, Yoon DY, 
Yang Y, Lee CH5, Yeom YI, Choe YK, Lee HG*

*Corresponding: hglee@kribb.re.kr
BioMedical Genomics Research Center

Cystatin SN (CST1) is one of the several salivary cystatins 
that form tight equimolar complexes with cysteine proteases, 
such as the cathepsins. High expression of CST1 is correlated 
with advanced pTNM stage in gastric cancer. However, the 
functional role of CST1 in tumorigenesis has not been 
elucidated. In this study, we showed that CST1 was highly 
expressed in colon tumor tissues, compared with nontumor 
regions. Increased cell proliferation and invasiveness were 
observed in HCT116 cell lines stably transfected with CST1 
cDNA (HCT116-CST1) but not in CST3-transfected cells. 
We also demonstrated that CST1-overexpressing cell lines 
exhibited increased tumor growth as well as metastasis in 
a xenograft nude mouse model. Interestingly, CST1 
interacted with cystatin C (CST3), a potent cathepsin B 
(CTSB) inhibitor, with a higher affinity than the interaction 
between CST3 and CTSB in the extracellular space of 
HCT116 cells. CTSB-mediated cellular invasiveness and 
proteolytic activities were strongly inhibited by CST3, but 
in the presence of CST1 CTSB activities recovered 
significantly. Furthermore, domain mapping of CST1 showed 
that the disulfide-bonded conformation, or conserved folding, 
of CST1 is important for its secretion and for the 
neutralization of CST3 activity. These results suggest that 
CST1 upregulation might be involved in colorectal 
tumorigenesis and acts by neutralizing the inhibition of CTSB 
proteolytic activity by CST3.
PMID:24357805

Keywords : Cathepsin B; Colon cancer; Cystatin C; Cystatin 
SN; Invasion

Article 88
Overexpression and clinical significance of 
carcinoembryonic antigen-related cell adhesion 
molecule 6 in colorectal cancer

Clin Chim Acta. 415:12-9.

Kim KS, Kim JT, Lee SJ, Kang MA, Choe IS, Kang YH, 
Kim SY, Yeom YI, Lee YH, Kim JH, Kim KH, Kim CN, 
Kim JW, Nam MS, Lee HG*

*Co-corresponding: hglee@kribb.re.kr
BioMedical Genomics Research Center

BACKGROUND: Carcinoembryonic antigen-related cell 
adhesion molecule 6 (CEACAM6) inhibits anoikis and 
affects the malignant phenotype of cancer cells. In this study, 
we analyzed CEACAM6 as a gene that is highly upregulated 
in colon cancer tissues, and examined the assertion that 
CEACAM6 might be a suitable candidate tumor marker for 
the diagnosis of colon cancer.
METHODS: CEACAM6 gene expression in human colon 
tissues was performed by tissue microarray and analyzed 
using RT-PCR (each of normal and tumor tissue, n=40) 
and immunohistochemical and clinicopathological (colon 
cancer patients, n=143) analyses.
RESULTS: CEACAM6 transcriptional and translational 
levels were significantly upregulated in human tumor tissues 
compared to non-tumor regions, and clinicopathological 
analysis revealed a significant correlation between 
CEACAM6 protein expression and Dukes' stage (p<0.001). 
High expression levels of CEACAM6 were significantly 
associated with lower overall survival (p<0.001) and shorter 
recurrence-free survival (p<0.001). We demonstrated that 
knockdown of CEACAM6 with CEACAM6-specific small 
interfering RNA in colorectal cancer cells attenuated 
invasivity (35%); conversely, the overexpression of 
CEACAM6 increased invasiveness.
CONCLUSIONS: CEACAM6 is significantly upregulated 
in colon cancer tissues and is closely associated with poor 
prognosis, indicating that CEACAM6 might be used as a 
tumor biomarker and a potential therapeutic target for colon 
cancer.
PMID:22975528

Keywords : CEACAM6; Colon cancer; Invasiveness; 
Microarray; Prognosis
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Article 89
Activation of AMP-activated protein kinase α and 
extracelluar signal-regulated kinase mediates 
CB-PIC-induced apoptosis in hypoxic SW620 
colorectal cancer cells

Evid Based Compl Altern Med. 2013:974313.

Cho SY, Lee HJ, Lee HJ, Jung DB, Kim H, Sohn EJ, Kim 
B, Jung JH, Kwon BM*, Kim SH

*Co-corresponding: kwonbm@kribb.re.kr
BioMedical Genomics Research Center

Here, antitumor mechanism of cinnamaldehyde derivative 
CB-PIC was elucidated in human SW620 colon cancer cells. 
CB-PIC significantly exerted cytotoxicity, increased sub-G1 
accumulation, and cleaved PARP with apoptotic features, 
while it enhanced the phosphorylation of AMPK alpha and 
ACC as well as activated the ERK in hypoxic SW620 cells. 
Furthermore, CB-PIC suppressed the expression of HIF1 
alpha, Akt, and mTOR and activated the AMPK 
phosphorylation in hypoxic SW620 cells. Conversely, 
silencing of AMPK α blocked PARP cleavage and ERK 
activation induced by CB-PIC, while ERK inhibitor PD 
98059 attenuated the phosphorylation of AMPK α in hypoxic 
SW620 cells, implying cross-talk between ERK and AMPK 
α . Furthermore, cotreatment of CB-PIC and metformin 
enhanced the inhibition of HIF1 α and Akt/mTOR and the 
activation of AMPK α and pACC in hypoxic SW620 cells. 
In addition, CB-PIC suppressed the growth of SW620 cells 
inoculated in BALB/c athymic nude mice, and 
immunohistochemistry revealed that CB-PIC treatment 
attenuated the expression of Ki-67, CD34, and CAIX and 
increased the expression of pAMPK α in CB-PIC-treated 
group. Interestingly, CP-PIC showed better antitumor activity 
in SW620 colon cancer cells under hypoxia than under 
normoxia, since it may be applied to chemoresistance. 
Overall, our findings suggest that activation of AMPK α 

and ERK mediates CB-PIC-induced apoptosis in hypoxic 
SW620 colon cancer cells.
PMID:23589723

Keywords : AMPK α; Antitumor activity; Apoptosis; 
CB-PIC; Colon cancer; ERK; Phosphorylation

Article 90
A known expressed sequence tag, BM742401, 
is a potent lincRNA inhibiting cancer metastasis

Exp Mol Med. 45:e31.

Park SM, Park SJ, Kim HJ, Kwon OH, Kang TW, Sohn 
HA, Kim SK, Moo Noh S, Song KS, Jang SJ, Sung Kim 
Y, Kim SY*

*Corresponding: kimsy@kribb.re.kr
BioMedical Genomics Research Center

Long intergenic non-coding RNAs (lincRNAs) have 
historically been ignored in cancer biology. However, 
thousands of lincRNAs have been identified in mammals 
using recently developed genomic tools, including 
microarray and high-throughput RNA sequencing 
(RNA-seq). Several of the lincRNAs identified have been 
well characterized for their functions in carcinogenesis. Here 
we performed RNA-seq experiments comparing gastric 
cancer with normal tissues to find differentially expressed 
transcripts in intergenic regions. By analyzing our own 
RNA-seq and public microarray data, we identified 31 
transcripts, including a known expressed sequence tag, 
BM742401. BM742401 was downregulated in cancer, and 
its downregulation was associated with poor survival in 
gastric cancer patients. Ectopic overexpression of BM742401 
inhibited metastasis-related phenotypes and decreased the 
concentration of extracellular MMP9. These results suggest 
that BM742401 is a potential lincRNA marker and 
therapeutic target.
PMID:23846333

Keywords : Gastric cancer; High-throughput RNA 
sequencing; LincRNA marker; Long intergenic 
non-coding RNA; RNA-seq
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Article 91
Caspase-mediated cleavage and DNase activity 
of the translation initiation factor 3, subunit G 
(eIF3g)

FEBS Lett. 587(22):3668-74.

Kim JT, Lee SJ, Kim BY, Lee CH, Yeom YI, Choe YK, 
Yoon DY, Chae SK, Kim JW, Yang Y, Lim JS, Lee HG*

*Co-corresponding: hglee@kribb.re.kr
BioMedical Genomics Research Center

Eukaryotic translation initiation factor 3 is composed of 13 
subunits (eIF3a through eIF3m) and plays an essential role 
in translation. During apoptosis, several caspases rapidly 
down-regulate protein synthesis by cleaving eIF4G, -4B, 
-3j, and -2α. In this study, we found that the activation 
of caspases by cisplatin in T24 cells induces the cleavage 
of subunit G of the eIF3 complex (eIF3g). The cleavage 
site (SLRD220G) was identified, and we found that the cleaved 
N-terminus was translocated to the nucleus, activating 
caspase-3, and that it also showed a strong DNase activity. 
These data demonstrate the important roles of eIF3g in the 
translation initiation machinery and in DNA degradation 
during apoptosis.
PMID:24080033

Keywords : Apoptosis; Caspase; DNase; eIF3g; Translation 
initiation factor

Article 92
Genome-wide mRNA profiling and multiplex 
quantitative RT-PCR for forensic body fluid 
identification

Forensic Sci Int Genet. 7(1):143-50.

Park SM, Park SY, Kim JH, Kang TW, Park JL, Woo KM, 
Kim JS, Lee HC, Kim SY*, Lee SH

*Co-corresponding: kimsy@kribb.re.kr
BioMedical Genomics Research Center

In forensic science, identifying a tissue where a forensic 
specimen was originated is one of the principal challenges. 
Messenger RNA (mRNA) profile clearly reveals 
tissue-specific gene expression patterns that many attempts 
have been made to use RNA for forensic tissue identification. 
To systematically investigate the body-fluid-specific 
expression of mRNAs and find novel mRNA markers for 
forensic body fluid identification, we performed DNA 
microarray experiment with 24 Korean body fluid samples. 
Shannon entropy and Q-values were calculated for each gene, 
and 137 body-fluid-specific candidate genes were selected. 
By applying more stringent criteria, we further selected 28 
candidate genes and validated them by RT-PCR and 
qRT-PCR. As a result, we suggest a novel combination of 
four body-fluid-specific mRNA makers: PPBP for blood, 
FDCSP for saliva, MSMB for semen and MSLN for vaginal 
secretion. Multiplex qRT-PCR assay was designed using 
the four mRNA markers and DNA/RNA co-extraction 
method was tested for forensic use. This study will provide 
a thorough examination of body-fluid-specifically expressed 
mRNAs, which will enlarge the possibility of practical use 
of RNA for forensic purpose.
PMID:23026559

Keywords : Body fluid identification; DNA/RNA 
co-extraction; Microarray; mRNA marker; qRT-PCR
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Article 93
MENT: methylation and expression database of 
normal and tumor tissues

Gene. 518(1):194-200.

Baek SJ, Yang S, Kang TW, Park SM, Kim YS, Kim SY*

*Corresponding: kimsy@kribb.re.kr
BioMedical Genomics Research Center

Integrated analysis of DNA methylation and gene expression 
can reveal specific epigenetic patterns that are important 
during carcinogenesis. We built an integrated database of 
DNA methylation and gene expression termed MENT 
(Methylation and Expression database of Normal and Tumor 
tissues) to provide researchers information on both DNA 
methylation and gene expression in diverse cancers. It 
contains integrated data of DNA methylation, gene 
expression, correlation of DNA methylation and gene 
expression in paired samples, and clinicopathological 
conditions gathered from the GEO (Gene Expression 
Omnibus) and TCGA (The Cancer Genome Atlas). A 
user-friendly interface allows users to search for differential 
DNA methylation by either 'gene search' or 'dataset search'. 
The 'gene search' returns which conditions are differentially 
methylated in a gene of interest, while 'dataset search' returns 
which genes are differentially methylated in a condition of 
interest based on filtering options such as direction, DM 
(differential methylation value), and p-value. MENT is the 
first database which provides both DNA methylation and 
gene expression information in diverse normal and tumor 
tissues. Its user-friendly interface allows users to easily search 
and view both DNA methylation and gene expression 
patterns. MENT is freely available at 
http://mgrc.kribb.re.kr:8080/MENT/.
PMID:23219992

Keywords : Carcinogenesis; Diverse cancer; DNA 
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Article 94
Forensic body fluid identification by analysis of 
multiple RNA markers using nanostring 
technology

Genomics Inform. 11(4):277-81.

Park JL, Park SM, Kim JH, Lee HC, Lee SH, Woo KM, 
Kim SY*

*Co-corresponding: kimsy@kribb.re.kr
BioMedical Genomics Research Center

RNA analysis has become a reliable method of body fluid 
identification for forensic use. Previously, we developed a 
combination of four multiplex quantitative PCR (qRT-PCR) 
probes to discriminate four different body fluids (blood, 
semen, saliva, and vaginal secretion). While those makers 
successfully identified most body fluid samples, there were 
some cases of false positive and negative identification. To 
improve the accuracy of the identification further, we tried 
to use multiple markers per body fluid and adopted the 
NanoString nCounter system instead of a multiplex qRT-PCR 
system. After measuring tens of RNA markers, we evaluated 
the accuracy of each marker for body fluid identification. 
For body fluids, such as blood and semen, each body 
fluid-specific marker was accurate enough for perfect 
identification. However, for saliva and vaginal secretion, 
no single marker was perfect. Thus, we designed a logistic 
regression model with multiple markers for saliva and vaginal 
secretion and achieved almost perfect identification. In 
conclusion, the NanoString nCounter is an efficient platform 
for measuring multiple RNA markers per body fluid and 
will be useful for forensic RNA analysis.
PMID:24465241

Keywords : Body fluids; Forensic; Logistic regression 
model; Multiple RNA marker; Nanostring
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Article 95
Novel single-nucleotide polymorphism markers 
predictive of pathologic response to preoperative 
chemoradiation therapy in rectal cancer patients

Int J Radiat Oncol Biol Phys. 86(2):350-7.

Kim JC, Ha YJ, Roh SA, Cho DH, Choi EY, Kim TW, 
Kim JH, Kang TW, Kim SY, Kim YS*

*Co-corresponding: yongsung@kribb.re.kr
BioMedical Genomics Research Center

PURPOSE: Studies aimed at predicting individual 
responsiveness to preoperative chemoradiation therapy 
(CRT) are urgently needed, especially considering the risks 
associated with poorly responsive patients.
METHODS AND MATERIALS: A 3-step strategy for the 
determination of CRT sensitivity is proposed based on (1) 
the screening of a human genome-wide single-nucleotide 
polymorphism (SNP) array in correlation with 
histopathologic tumor regression grade (TRG); (2) clinical 
association analysis of 113 patients treated with preoperative 
CRT; and (3) a cell-based functional assay for biological 
validation.
RESULTS: Genome-wide screening identified 9 SNPs 
associated with preoperative CRT responses. Positive 
responses (TRG 1-3) were obtained more frequently in 
patients carrying the reference allele (C) of the SNP CORO2A 
rs1985859 than in those with the substitution allele (T) 
(P=.01). Downregulation of CORO2A was significantly 
associated with reduced early apoptosis by 27% (P=.048) 
and 39% (P=.023) in RKO and COLO320DM colorectal 
cancer cells, respectively, as determined by flow cytometry. 
Reduced radiosensitivity was confirmed by colony-forming 
assays in the 2 colorectal cancer cells (P=.034 and .015, 
respectively). The SNP FAM101A rs7955740 was not 
associated with radiosensitivity in the clinical association 
analysis. However, downregulation of FAM101A 
significantly reduced early apoptosis by 29% in RKO cells 
(P=.047), and it enhanced colony formation in RKO cells 
(P=.001) and COLO320DM cells (P=.002).
CONCLUSION: CRT-sensitive SNP markers were identified 
using a novel 3-step process. The candidate marker CORO2A 
rs1985859 and the putative marker FAM101A rs7955740 
may be of value for the prediction of radiosensitivity to 
preoperative CRT, although further validation is needed in 
large cohorts.
PMID:23490283

Keywords : Chemoradiation therapy; Pathologic response; 
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Article 96
The natural compound cantharidin induces cancer 
cell death through inhibition of heat shock protein 
70 and Bcl-2-associated athanogene domain 3 
expression by blocking heat shock factor 1 binding 
to promoters

J Biol Chem. 288(40):28713-26.

Kim JA, Kim Y, Kwon BM*, Han DC*

*Co-corresponding: kwonbm@kribb.re.kr, dchan@kribb.re.kr
BioMedical Genomics Research Center

Heat shock factor 1 (HSF1) enhances the survival of cancer 
cells under various stresses. The knock-out of HSF1 impairs 
cancer formation and progression, suggesting that HSF1 is 
a promising therapeutic target. To identify inhibitors of HSF1 
activity, we performed cell-based screening with a library 
of marketed and experimental drugs and identified 
cantharidin as an HSF1 inhibitor. Cantharidin is a potent 
antitumor agent from traditional Chinese medicine. 
Cantharidin inhibited heat shock-induced luciferase activity 
with an IC50 of 4.2 μm. In contrast, cantharidin did not 
inhibit NF-κB luciferase reporter activity, demonstrating that 
cantharidin is not a general transcription inhibitor. When 
the HCT-116 colorectal cancer cells were exposed to heat 
shock in the presence of cantharidin, the induction of HSF1 
downstream target proteins, such as HSP70 and BAG3 
(Bcl-2-associated athanogene domain 3), was suppressed. 
HSP70 and its co-chaperone BAG3 have been reported to 
protect cells from apoptosis by stabilizing anti-apoptotic 
Bcl-2 family proteins. As expected, treating HCT-116 cancer 
cells with cantharidin significantly decreased the amounts 
of BCL-2, Bcl-xL, and MCL-1 protein and induced apoptotic 
cell death. Chromatin immunoprecipitation analysis showed 
that cantharidin inhibited the binding of HSF1 to the HSP70 
promoter and subsequently blocked HSF1-dependent p-TEFb 
recruitment. Therefore, the p-TEFb-dependent 
phosphorylation of the C-terminal domain of RNA 
polymerase II was blocked, arresting transcription at the 
elongation step. Protein phosphatase 2A inhibition with 
PP2CA siRNA or okadaic acid did not block HSF1 activity, 
suggesting that cantharidin inhibits HSF1 in a protein 
phosphatase 2A-independent manner. We show for the first 
time that cantharidin inhibits HSF1 transcriptional activity.
PMID:23983126

Keywords : Apoptosis; Bcl-2 family protein; Cancer 
therapy; Drug screening; Heat shock protein; PP2A
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Article 97
Metabolic signature genes associated with 
susceptibility to pyruvate kinase, muscle type 2 
gene ablation in cancer cells

Mol Cells. 35(4):335-41.

Jung Y, Jang YJ, Kang MH, Park YS, Oh SJ, Lee DC, 
Xie Z, Yoo HS, Park KC*, Yeom YI*

*Co-corresponding: kpark@kribb.re.kr, yeomyi@kribb.re.kr
BioMedical Genomics Research Center

Pyruvate kinase, muscle type 2 (PKM2), is a key factor 
in the aerobic glycolysis of cancer cells. In our experiments, 
liver cancer cell lines exhibited a range of sensitivity to 
PKM2 knockdown-mediated growth inhibition. We 
speculated that this differential sensitivity is attributable to 
the variable dependency on glycolysis for the growth of 
different cell lines. Transcriptome data revealed 
overexpression of a glucose transporter (GLUT3) and a 
lactate transporter (MCT4) genes in PKM2 
knockdown-sensitive cells. PKM2 knockdown-resistant cells 
expressed high levels of the lactate dehydrogenase B (LDHB) 
and glycine decarboxylase (GLDC) genes. Concordant with 
the gene expression results, PKM2 knockdown-sensitive cells 
generated high levels of lactate. In addition, ATP production 
was significantly reduced in the PKM2 knockdown-sensitive 
cells treated with a glucose analog, indicative of dependency 
of their cellular energetics on lactate-producing glycolysis. 
The PKM2 knockdown-resistant cells were further 
subdivided into less glycolytic and more (glycolysis branch 
pathway-dependent) glycolytic groups. Our findings 
collectively support the utility of PKM2 as a therapeutic 
target for high lactate-producing glycolytic hepatocellular 
carcinoma (HCC).
PMID:23515579
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Article 98
NDRG2 positively regulates E-cadherin 
expression and prolongs overall survival in colon 
cancer patients

Oncol Rep. 30(4):1890-8.

Kim YJ, Kang HB, Yim HS, Kim JH, Kim JW*

*Co-corresponding: wjkim@kribb.re.kr
BioMedical Genomics Research Center

To discover the molecular mechanism of N-Myc 
downstream-regulated gene 2 (NDRG2), a newly found 
differentiation-related tumor suppressor, the relationships 
between NDRG2 and E-cadherin were investigated in tumor 
cells and tissues. Positive correlations between the expression 
of E-cadherin and NDRG2 were shown in several colon 
cancer cell lines as well as in colon cancer tissues. According 
to the transcription assays using a reporter plasmid containing 
E-cadherin promoter region (-368~+51), NDRG2 
introduction into colon cancer cell lines induced upregulation 
of E-cadherin promoter activity and its transcription. On 
the contrary, inhibition of NDRG2 expression by siRNA 
treatment caused the decrease of E-cadherin transcription. 
Snail, a zinc-finger transcriptional repressor, was shown to 
be a mediator of NDRG2-regulated E-cadherin expression. 
The enhancement of glycogen synthase kinase 3β (GSK-3β) 
activity by NDRG2 overexpression caused proteasomal 
degradation of Snail transcription factor followed by 
transcriptional de-repression of E-cadherin. We also found 
that NDRG2 could mediate cell density-regulated E-cadherin 
expression. The increase of NDRG2 expression with cell 
density preceded E-cadherin expression, and the regulation 
of Snail activity by GSK-3β was also related to this process.
PMID:23900729

Keywords : E-cadherin; Epithelial-mesenchymal transition; 
Glycogen synthase kinase 3β; N-Myc 
downstream-regulated gene; Snail
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Article 99
Mitochondrial dysfunction induces formation of 
lipid droplets as a generalized response to stress

Oxid Med Cell Longev. 2013:327167.

Lee SJ#, Zhang J, Choi AM, Kim HP

#First: sjlee@kribb.re.kr
Biomedical Genomics Research Center

Lipid droplet (LD) formation is a hallmark of cellular stress. 
Cells attempt to combat noxious stimuli by switching their 
metabolism from oxidative phosphorylation to glycolysis, 
sparing resources in LDs for generating cellular reducing 
power and for anabolic biosynthesis. Membrane 
phospholipids are also a source of LDs. To elucidate the 
formation of LDs, we exposed mice to hyperoxia, hypoxia, 
myocardial ischemia, and sepsis induced by cecal ligation 
and puncture (CLP). All the above-mentioned stressors 
enhanced the formation of LDs, as assessed by transmission 
electron microscopy, with severe mitochondrial swelling. 
Disruption of mitochondria by depleting mitochondrial DNA 
( ρ 0 cells) significantly augmented the formation of LDs, 
causing transcriptional activation of fatty acid biosynthesis 
and metabolic reprogramming to glycolysis. Heme 
oxygenase (HO)-1 counteracts CLP-mediated septic shock 
in mouse models. In HO-1-deficient mice, LD formation 
was not observed upon CLP, but a concomitant decrease 
in "LD-decorating proteins" was observed, implying a link 
between LDs and cytoprotective activity. Collectively, LD 
biogenesis during stress can trigger adaptive LD formation, 
which is dependent on mitochondrial integrity and HO-1 
activity; this may be a cellular survival strategy, apportioning 
energy-generating substrates to cellular defense.
PMID:24175011

Keywords : Cellular stress; Cytoprotective activity; Fatty 
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Article 100
Development of episomal vectors carrying a 
nourseothricin-resistance marker for use in 
minimal media for Schizosaccharomyces pombe

Yeast. 30(6):219-27.

Ahn J, Won M, Kyun ML, Kim YS, Jung CR, Im DS, 
Song KB, Chung KS*

*Corresponding: kschung@kribb.re.kr
BioMedical Genomics Research Center

In the post-genomic era, an immediate challenge is to assign 
biological functions to novel proteins encoded by the genome. 
This challenge requires the use of a simple organism as 
a genetic tool and a range of new high-throughput techniques. 
Schizosacchromyces pombe is a powerful model organism 
used to investigate disease-related genes and provides useful 
tools for the functional analysis of heterologous genes. To 
expand the current array of experimental tools, we 
constructed two series of Sz. pombe expression vectors, i.e. 
general and Gateway vectors, containing 
nourseothricin-resistance markers. Vectors carrying 
nourseothricin-resistance markers possess advantages in that 
they do not limit the parental strains with auxotrophic 
mutations with respect to availability for use in clone 
selection and can be used together with vectors carrying 
nutrient markers in minimal media. We modified the 
pSLF173, pSLF273 and pSLF373 vectors carrying a triple 
haemagglutinin epitope (3×HA) and an Ura4 marker. The 
vectors described here contain the nmt1 promoter with three 
different episomal expression strengths for proteins fused 
with 3×HA, EGFP or DsRed at the N-terminus. These vectors 
represent an important contribution to the genome-wide 
investigation of multiple heterologous genes and for 
functional and genetic analysis of novel human genes.
PMID:23609041
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Article 101
Structural and biochemical characterization of the 
cytosolic wheat cyclophilin TaCypA-1

ACTA Crystall D. 69(4):555-63.

Sekhon SS, Kaur H, Dutta T, Singh K, Kumari S, Kang 
S*, Park SG, Park BC, Jeong DG, Pareek A, Woo EJ*, Singh 
P, Yoon TS*

*Co-corresponding: skang@kribb.re.kr, ejwoo@kribb.re.kr, 
yoonts@kribb.re.kr
BioMedical Proteomics Research Center

Cyclophilins belong to a family of proteins that bind to 
the immunosuppressive drug cyclosporin A (CsA). Several 
members of this protein family catalyze the cis-trans 
isomerization of peptide bonds preceding prolyl residues. 
The present study describes the biochemical and structural 
characteristics of a cytosolic cyclophilin (TaCypA-1) cloned 
from wheat (Triticum aestivum L.). Purified TaCypA-1 
expressed in Escherichia coli showed peptidyl-prolyl 
cis-trans isomerase activity, which was inhibited by CsA 
with an inhibition constant of 78.3 nM. The specific activity 
and catalytic efficiency (kcat/Km) of the purified TaCypA-1 
were 99.06 ± 0.13 nmol s-1 mg-1 and 2.32 × 10(5) M-1 s-1, 
respectively. The structures of apo TaCypA-1 and the 
TaCypA-1-CsA complex were determined at 1.25 and 1.20 
Å resolution, respectively, using X-ray diffraction. Binding 
of CsA to the active site of TaCypA-1 did not result in 
any significant conformational change in the apo TaCypA-1 
structure. This is consistent with the crystal structure of the 
human cyclophilin D-CsA complex reported at 0.96 Å 
resolution. The TaCypA-1 structure revealed the presence 
of a divergent loop of seven amino acids 48KSGKPLH54 
which is a characteristic feature of plant cyclophilins. This 
study is the first to elucidate the structure of an enzymatically 
active plant cyclophilin which shows peptidyl-prolyl 
cis-trans isomerase activity and the presence of a divergent 
loop.
PMID:23519664

Keywords : Cyclophilins; Cytosolic wheat cyclophilin 
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Article 102
High-resolution crystal structure of the catalytic 
domain of human dual-specificity phosphatase 26

ACTA Crystall D. 69(6):1160-70.

Won EY, Xie Y, Takemoto C, Chen L, Liu ZJ, Wang BC, 
Lee D, Woo EJ, Park SG, Shirouzu M, Yokoyama S, Kim 
SJ*, Chi SW*

*Co-corresponding: ksj@kribb.re.kr, swchi@kribb.re.kr
BioMedical Proteomics Research Center

Dual-specificity phosphatases (DUSPs) play an important 
role in regulating cellular signalling pathways governing cell 
growth, differentiation and apoptosis. Human DUSP26 
inhibits the apoptosis of cancer cells by dephosphorylating 
substrates such as p38 and p53. High-resolution crystal 
structures of the DUSP26 catalytic domain (DUSP26-C) and 
its C152S mutant [DUSP26-C (C152S)] have been 
determined at 1.67 and 2.20 Å resolution, respectively. The 
structure of DUSP26-C showed a novel type of 
domain-swapped dimer formed by extensive crossover of 
the C-terminal α7 helix. Taken together with the results 
of a phosphatase-activity assay, structural comparison with 
other DUSPs revealed that DUSP26-C adopts a catalytically 
inactive conformation of the protein tyrosine 
phosphate-binding loop which significantly deviates from 
that of canonical DUSP structures. In particular, a noticeable 
difference exists between DUSP26-C and the active forms 
of other DUSPs at the hinge region of a swapped C-terminal 
domain. Additionally, two significant gaps were identified 
between the catalytic core and its surrounding loops in 
DUSP26-C, which can be exploited as additional binding 
sites for allosteric enzyme regulation. The high-resolution 
structure of DUSP26-C may thus provide structural insights 
into the rational design of DUSP26-targeted anticancer drugs.
PMID:23695260
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Article 103
Structural asymmetry of procaspase-7 bound to 
a specific inhibitor

ACTA Crystall D. 69(8):1514-21.

Kang HJ, Lee YM, Bae KH, Kim SJ*, Chung SJ

*Co-corresponding: ksj@kribb.re.kr
BioMedical Proteomics Research Center

Caspase-7 is expressed as a proenzyme and is activated by 
initiator caspases upon the transmission of cell-death signals. 
Despite extensive structural and biochemical analyses, many 
questions regarding the mechanism of caspase-7 activation 
remain unanswered. Caspase-7 is auto-activated during 
overexpression in Escherichia coli, even in the absence of 
initiator caspases, indicating that procaspase-7 has intrinsic 
catalytic activity. When variants of procaspase-7 with altered 
L2 loops were prepared, a variant with six inserted amino 
acids showed meaningful catalytic activity which was 
inhibited by Ac-DEVD-CHO. The kinetic constants of the 
procaspase-7 variant were determined and its 
three-dimensional structure was solved with and without 
bound inhibitor. The homodimeric procaspase-7 bound to 
the inhibitor revealed an asymmetry. One monomer formed 
a complete active site bound to the inhibitor in collaboration 
with the L2 loop from the other monomer, whereas the other 
monomer had an incomplete active site despite the bound 
inhibitor. Consequently, the two L2 loops in homodimeric 
procaspase-7 served as inherent L2 and L2' loops forming 
one complete active site. These data represent the first 
three-dimensional structure of a procaspase-7 variant bound 
to a specific inhibitor, Ac-DEVD-CHO, and provide insight 
into the folding mechanism during caspase-7 activation and 
the basal activity level of procaspase-7.
PMID:23897474

Keywords : Caspase-7 activation; Cell-death signal; Folding 
mechanism; Homodimeric procaspase-7; Inhibitors

Article 104
Structural basis for the dephosphorylating activity 
of PTPRQ towards phosphatidylinositide 
substrates

ACTA Crystall D. 69(8):1522-9.

Yu KR, Kim YJ, Jung SK, Ku B, Park H, Cho SY, Jung 
H, Chung SJ, Bae KH, Lee SC, Kim BY, Erikson RL, Ryu 
SE, Kim SJ*

*Co-corresponding: ksj@kribb.re.kr
BioMedical Proteomics Research Center

Unlike other classical protein tyrosine phosphatases (PTPs), 
PTPRQ (PTP receptor type Q) has dephosphorylating activity 
towards phosphatidylinositide (PI) substrates. Here, the 
structure of the catalytic domain of PTPRQ was solved at 
1.56 Å resolution. Overall, PTPRQ adopts a tertiary fold 
typical of other classical PTPs. However, the disordered 
M6 loop of PTPRQ surrounding the catalytic core and the 
concomitant absence of interactions of this loop with residues 
in the PTP loop results in a flat active-site pocket. On the 
basis of structural and biochemical analyses, it is proposed 
that this structural feature might facilitate the accommodation 
of large substrates, making it suitable for the 
dephosphorylation of PI substrates. Moreover, subsequent 
kinetic experiments showed that PTPRQ has a strong 
preferences for PI(3,4,5)P3 over other PI substrates, 
suggesting that its regulation of cell survival and proliferation 
reflects downregulation of Akt signalling.
PMID:23897475

Keywords : Phosphatidylinositide (PI) substrates; Protein 
tyrosine phosphatases; PTP receptor type Q; PTPRQ
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Article 105
A novel domain arrangement in a monomeric 
cyclodextrin-hydrolyzing enzyme from the 
hyperthermophile Pyrococcus furiosus

Biochim Biophys Acta. 1834(1):380-6.

Park JT, Song HN, Jung TY, Lee MH, Park SG, Woo EJ*, 
Park KH

*Co-corresponding: ejwoo@kribb.re.kr
BioMedical Proteomics Research Center

PFTA (Pyrococcus furiosus thermostable amylase) is a 
hyperthermophilic amylase isolated from the archaeon 
Pyrococcus furiosus. This enzyme possesses characteristics 
of both α-amylase- and cyclodextrin (CD)-hydrolyzing 
enzymes, allowing it to degrade pullulan, CD and 
acarbose-activities that are absent in most α

-amylases-without the transferring activity that is common 
in CD-hydrolyzing enzymes. The crystal structure of PFTA 
revealed a unique monomeric subunit with an extended 
N-terminal region and an N'-domain folded into its own 
active site-a significantly altered domain configuration 
relative to that of the conventional dimeric CD-hydrolyzing 
amylases in glycoside hydrolase family 13. The active site 
is formed by the interface of the N'-domain and the catalytic 
domain and exhibits a broad and wide-open geometry without 
the concave pocket that is commonly found in the active 
sites of maltogenic amylases. The mutation of a residue 
(Gly415 to Glu) located at the domain interface between 
the N'- and catalytic domains yielded an enzyme that 
produced a significantly higher purity maltoheptaose (G7) 
from β-CD, supporting the involvement of this interface 
in substrate recognition and indicating that this mutant 
enzyme is a suitable candidate for the production of pure 
G7. The unique configuration of the active site distinguishes 
this archaic monomeric enzyme from classical bacterial 
CD-hydrolyzing amylases and provides a molecular basis 
for its enzymatic characteristics and for its potential use 
in industrial applications.
PMID:22902546

Keywords : GH13 family; Hyperthermophilic enzyme; 
Maltoheptaose production; Monomer; Substrate 
specificity

Article 106
Structural and biochemical characterization of the 
broad substrate specificity of Bacteroides 
thetaiotaomicron commensal sialidase

Biochim Biophys Acta. 1834(8):1510-9.

Park KH, Kim MG, Ahn HJ, Lee DH, Kim JH, Kim YW, 
Woo EJ*

*Co-corresponding: ejwoo@kribb.re.kr
BioMedical Proteomics Research Center

Sialidases release the terminal sialic acid residue from a 
wide range of sialic acid-containing polysaccharides. 
Bacteroides thetaiotaomicron, a symbiotic commensal 
microbe, resides in and dominates the human intestinal tract. 
We characterized the recombinant sialidase from B. 
thetaiotaomicron (BTSA) and demonstrated that it has broad 
substrate specificity with a relative activity of 97, 100 and 
64 for 2,3-, 2,6- and 2,8-linked sialic substrates, respectively. 
The hydrolysis activity of BTSA was inhibited by a transition 
state analogue, 2-deoxy-2,3-dehydro-N-acetyl neuraminic 
acid, by competitive inhibition with a Ki value of 35μM. 
The structure of BSTA was determined at a resolution of 
2.3Å. This structure exhibited a unique carbohydrate-binding 
domain (CBM) at its N-terminus (a.a. 23-190) that is adjacent 
to the catalytic domain (a.a. 191-535). The catalytic domain 
has a conserved arginine triad with a wide-open entrance 
for the substrate that exposes the catalytic residue to the 
surface. Unlike other pathogenic sialidases, the 
polysaccharide-binding site in the CBM is near the active 
site and possibly holds and positions the polysaccharide 
substrate directly at the active site. The structural feature 
of a wide substrate-binding groove and closer proximity 
of the polysaccharide-binding site to the active site could 
be a unique signature of the commensal sialidase BTSA 
and provide a molecular basis for its pharmaceutical 
application.
PMID:23665536

Keywords : Bacteroides thetaiotaomicron; 
Carbohydrate-binding domain; Commensal 
sialidase; Protein structure; Substrate specificity
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Article 107
Dimerization of pro-oncogenic protein Anterior 
Gradient 2 is required for the interaction with 
BiP/GRP78

Biochem Biophys Res Commun. 430(2):610-5.

Ryu J, Park SG, Lee PY, Cho S, Lee do H, Kim GH, Kim 
JH, Park BC*

*Co-corresponding: parkbc@kribb.re.kr
BioMedical Proteomics Research Center

Anterior Gradient 2 (AGR2), an ER stress-inducible protein, 
has been reported to be localized in endoplasmic reticulum 
(ER) and its level is elevated in numerous metastatic cancers. 
Recently, it has been demonstrated that AGR2 is involved 
in the control of ER homeostasis. However, the molecular 
mechanism how AGR2 regulates ER stress response remains 
unclear. Herein we show that AGR2 homo-dimerizes through 
an intermolecular disulfide bond. Moreover, dimerization 
of AGR2 attenuates ER stress-induced cell death through 
the association with BiP/GRP78. Thus, these results suggest 
that dimerization of AGR2 is crucial in mediating the ER 
stress signaling pathway.
PMID:23220234

Keywords : AGR2; Dimerization; Endoplasmic reticulum; 
ER stress; UPR signaling pathway

Article 108
PTPRT regulates the interaction of 
Syntaxin-binding protein 1 with Syntaxin 1 
through dephosphorylation of specific tyrosine 
residue

Biochem Biophys Res Commun. 439(1):40-6.

Lim SH, Moon J, Lee M, Lee JR*

*Corresponding: leejr@kribb.re.kr
Biomedical Proteomics Research Center

PTPRT (protein tyrosine phosphatase receptor T), a 
brain-specific tyrosine phosphatase, has been found to 
regulate synaptic formation and development of hippocampal 
neurons, but its regulation mechanism is not yet fully 
understood. Here, Syntaxin-binding protein 1, a key 
component of synaptic vesicle fusion machinery, was 
identified as a possible interaction partner and an endogenous 
substrate of PTPRT. PTPRT interacted with 
Syntaxin-binding protein 1 in rat synaptosome, and 
co-localized with Syntaxin-binding protein 1 in cultured 
hippocampal neurons. PTPRT dephosphorylated tyrosine 145 
located around the linker between domain 1 and 2 of 
Syntaxin-binding protein 1. Syntaxin-binding protein 1 
directly binds to Syntaxin 1, a t-SNARE (soluble 
N-ethylmaleimide-sensitive factor attachment protein 
receptor) protein, and plays a role as catalysts of SNARE 
complex formation. Syntaxin-binding protein 1 mutant 
mimicking non-phosphorylation (Y145F) enhanced the 
interaction with Syntaxin 1 compared to wild type, and 
therefore, dephosphorylation of Syntaxin-binding protein 1 
appeared to be important for SNARE-complex formation. 
In conclusion, PTPRT could regulate the interaction of 
Syntaxin-binding protein 1 with Syntaxin 1, and as a result, 
the synaptic vesicle fusion appeared to be controlled through 
dephosphorylation of Syntaxin-binding protein 1.
PMID:23962429

Keywords : PTPRT; SNARE complex; Specific tyrosine 
residue; Synaptic vesicle fusion; Syntaxin-binding 
protein 1
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Article 109
Identification of the novel substrates for caspase-6 
in apoptosis using proteomic approaches

BMB Rep. 46(12):588-93.

Cho JH, Lee PY, Son WC, Chi SW, Park BC, Kim JH, 
Park SG*

*Co-corresponding: sgpark@kribb.re.kr
BioMedical Proteomics Research Center

Apoptosis, programmed cell death, is a process involved 
in the development and maintenance of cell homeostasis 
in multicellular organisms. It is typically accompanied by 
the activation of a class of cysteine proteases called caspases. 
Apoptotic caspases are classified into the initiator caspases 
and the executioner caspases, according to the stage of their 
action in apoptotic processes. Although caspase-3, a typical 
executioner caspase, has been studied for its mechanism 
and substrates, little is known of caspase-6, one of the 
executioner caspases. To understand the biological functions 
of caspase-6, we performed proteomics analyses, to seek 
for novel caspase-6 substrates, using recombinant caspase-6 
and HepG2 extract. Consequently, 34 different candidate 
proteins were identified, through 2-dimensional 
electrophoresis/MALDI-TOF analyses. Of these identified 
proteins, 8 proteins were validated with in vitro and in vivo 
cleavage assay. Herein, we report that HAUSP, Kinesin5B, 
GEP100, SDCCAG3 and PARD3 are novel substrates for 
caspase-6 during apoptosis.
PMID:24195789

Keywords : Apoptosis; Caspase-6; Degradomics; 
Proteomic screening; Substrate

Article 110
One-pot synthesis of monodispersed silica 
nanoparticles for diarylethene-based reversible 
fluorescence photoswitching in living cells

Chem Commun. 49(68):7528-30.

Jung HY, You S, Lee C, You S, Kim Y*

*Corresponding: ykim@kribb.re.kr
BioMedical Proteomics Research Center

A small 29 nm monodispersed silica nanoparticle 1a was 
synthesized as a diarylethene-based reversible fluorescence 
photoswitch by copolymerizing silane precursors in one-pot 
including 3a and 4. Reversible photoswitching of 
nanoparticle 1a was successfully achieved in living cells 
to show its potential as a highly distinguishable and safe 
fluorescence probe for cell tracking. In summary, we reported 
the one-potmulticomponent copolymerization strategy to 
prepare the monodispersed silica NP 1a with a mean diameter 
of 29 nm for reversible fluorescence photoswitching in living 
cells. This silica NP was synthesized in the oil-in-water 
emulsion using silane precursors including those of DAE 
(FRET acceptor) and Cy3 (FRET donor). The 
carboxylate-terminated silica NP 1a effectively internalized 
into living cells—both cancerous (HeLa) and stem (hADS) 
cells—to successfully undergo 10 cycles of photoswitching 
with no apparent morphological damage. Interestingly, the 
fluorescence on–off contrast of 1a determined inside the 
living cells was much higher (5.4–6.2) than that obtained 
using PBS solution in a cuvette. We envision that our 
biocompatible silica NP-based photoswitch may find 
versatile utility in various applications, such as tracking 
therapeutic stem cells in living systems, as a highly 
distinguishable and relatively safe fluorescence probe.
PMID:23863959

Keywords : Cell tracking; Fluorescence; Nanoparticles; 
One pot synthesis; Silane derivative; Silicon dioxide
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Article 111
Candidate target genes for the Saccharomyces 
cerevisiae transcription factor, Yap2

Folia Microbiol. 58(5):403-8.

Bang SY, Kim JH, Lee PY, Chi SW, Cho S, Yi GS, Myung 
PK, Park BC, Bae KH*, Park SG*

*Co-corresponding: khbae@kribb.re.kr, sgpark@kribb.re.kr
BioMedical Proteomics Research Center

In Saccharomyces cerevisiae, the Yap family of basic leucine 
zipper (bZip) proteins contains eight members. The Yap 
family proteins are implicated in a variety of stress responses; 
among these proteins, Yap1 acts as a major regulator of 
oxidative stress responses. However, the functional roles 
of the remaining Yap family members are poorly understood. 
To elucidate the function of Yap2, we mined candidate target 
genes of Yap2 by proteomic analysis. Among the identified 
genes, FRM2 was previously identified as a target gene of 
Yap2, which confirmed the validity of our screening method. 
YNL134C and YDL124W were also identified as candidate 
Yap2 target genes. These genes were upregulated in strains 
overexpressing Yap2 and possess Yap2 target sequences in 
their promoter regions. Furthermore, chromatin 
immunoprecipitation assays showed that YNL134C and 
YDL124W have Yap2 binding motif. These data will help 
to elucidate the functional role of Yap2.
PMID:23334931

Keywords : Basic leucine zipper (bZip); Proteomic analysis; 
Saccharomyces cerevisiae; Yap family; Yap2

Article 112
Dual-site interactions of p53 protein 
transactivation domain with anti-apoptotic bcl-2 
family proteins reveal a highly convergent 
mechanism of divergent p53 pathways

J Biol Chem. 288(10):7387-98.

Ha JH, Shin JS, Yoon MK, Lee MS, He F, Bae KH, Yoon 
HS, Lee CK, Park SG, Muto Y, Chi SW*

*Co-corresponding: swchi@kribb.re.kr
BioMedical Proteomics Research Center

Molecular interactions between the tumor suppressor p53 
and the anti-apoptotic Bcl-2 family proteins play an important 
role in the transcription-independent apoptosis of p53. The 
p53 transactivation domain (p53TAD) contains two 
conserved ΦXXΦΦ motifs (Φ indicates a bulky hydrophobic 
residue and X is any other residue) referred to as p53TAD1 
(residues 15-29) and p53TAD2 (residues 39-57). We 
previously showed that p53TAD1 can act as a binding motif 
for anti-apoptotic Bcl-2 family proteins. In this study, we 
have identified p53TAD2 as a binding motif for 
anti-apoptotic Bcl-2 family proteins by using NMR 
spectroscopy, and we calculated the structures of 
Bcl-XL/Bcl-2 in complex with the p53TAD2 peptide. NMR 
chemical shift perturbation data showed that p53TAD2 
peptide binds to diverse members of the anti-apoptotic Bcl-2 
family independently of p53TAD1, and the binding between 
p53TAD2 and p53TAD1 to Bcl-XL is competitive. Refined 
structural models of the Bcl-XL·p53TAD2 and 
Bcl-2·p53TAD2 complexes showed that the binding sites 
occupied by p53TAD2 in Bcl-XL and Bcl-2 overlap well 
with those occupied by pro-apoptotic BH3 peptides. Taken 
together with the mutagenesis, isothermal titration 
calorimetry, and paramagnetic relaxation enhancement data, 
our structural comparisons provided the structural basis of 
p53TAD2-mediated interaction with the anti-apoptotic 
proteins, revealing that Bcl-XL/Bcl-2, MDM2, and 
cAMP-response element-binding protein-binding 
protein/p300 share highly similar modes of binding to the 
dual p53TAD motifs, p53TAD1 and p53TAD2. In 
conclusion, our results suggest that the dual-site interaction 
of p53TAD is a highly conserved mechanism underlying 
target protein binding in the transcription-dependent and 
transcription-independent apoptotic pathways of p53.
PMID:23316052

Keywords : Apoptosis regulatory protein; bcl-X protein; 
Sequence homology; Transcriptional activation; 
Tumor suppressor protein p53
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Article 113
Ginsenoside Rb1 is transformed into Rd and Rh2 
by Microbacterium trichothecenolyticum

J Microbiol Biotechnol. 23(12):1802-5.

Kim H, Kim JH, Lee PY, Bae KH, Cho S, Park BC, Shin 
H, Park SG*

*Corresponding: sgpark@kribb.re.kr
BioMedical Proteomics Research Center

Ginsenosides are the most important ingredient of ginseng 
and are known to possess many pharmacological and 
biological effects. Rb1, a major protopanaxadiol ginsenoside, 
is the most abundant ginsenoside in Panax ginseng C.A 
Meyer and can be hydrolyzed into more pharmaceutically 
potent minor ginsenosides. To identify a microorganism that 
is capable of converting Rb1 into other ginsenosides, we 
screened 12 Microbacterium spp., and M. 
trichothecenolyticum was identified as a likely candidate. 
M. trichothecenolyticum converted Rb1 into Rd and then 
into Rh2 based on TLC and HPLC analyses of reaction 
products. This biotransformation method can be easily 
applied for mass production of Rd and Rh2 by using Rb1.
PMID:24018971

Keywords : Biotransformation; Ginseng; Ginsenoside; 
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Article 114
Virtual screening and biochemical evaluation of 
the inhibitors of dual-specificity phosphatase 26

Med Chem Res. 22(8):3905-10.

Park H, Kyung A, Lee HJ, Kang S, Yoon TS, Ryu SE, 
Jeong DG*

*Co-corresponding: dgjeong@kribb.re.kr
BioMedical Proteomics Research Center

Dual-specificity phosphatase 26 (DUSP26) has recently 
proved to be a promising therapeutical target for the treatment 
of human cancers. Here, we report the first example for 
a successful application of the structure-based virtual 
screening approach to identify nine novel inhibitors of 
DUSP26. These inhibitors are also screened for having 
desirable physicochemical properties as drug candidates and 
reveal a high potency with IC50 values ranging from 8 to 
42 μM. Therefore, they deserve consideration for further 
development by structure-activity relationship (SAR) studies 
to optimize the anticancer activities. Structural features 
relevant to the stabilization of the newly identified inhibitors 
in the active site of DUSP26 are addressed in detail.

Keywords : Anticancer agents; Antineoplastic activity; 
Docking; DUSP26; Inhibitor; Virtual screening
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Article 115
Gender-specific metabolomic profiling of obesity 
in leptin-deficient ob/ob mice by 1H NMR 
spectroscopy

PLoS One. 8(10):e75998.

Won EY, Yoon MK, Kim SW, Jung Y, Bae HW, Lee D, 
Park SG, Lee CH*, Hwang GS, Chi SW*

*Co-corresponding: chullee@kribb.re.kr, swchi@kribb.re.kr
BioMedical Proteomics Research Center

Despite the numerous metabolic studies on obesity, gender 
bias in obesity has rarely been investigated. Here, we report 
the metabolomic analysis of obesity by using leptin-deficient 
ob/ob mice based on the gender. Metabolomic analyses of 
urine and serum from ob/ob mice compared with those from 
C57BL/6J lean mice, based on the 1H NMR spectroscopy 
in combination with multivariate statistical analysis, revealed 
clear metabolic differences between obese and lean mice. 
We also identified 48 urine and 22 serum metabolites that 
were statistically significantly altered in obese mice 
compared to lean controls. These metabolites are involved 
in amino acid metabolism (leucine, alanine, ariginine, lysine, 
and methionine), tricarbocylic acid cycle and glucose 
metabolism (pyruvate, citrate, glycolate, acetoacetate, and 
acetone), lipid metabolism (cholesterol and carnitine), 
creatine metabolism (creatine and creatinine), and 
gut-microbiome-derived metabolism (choline, TMAO, 
hippurate, p-cresol, isobutyrate, 2-hydroxyisobutyrate, 
methylamine, and trigonelline). Notably, our metabolomic 
studies showed distinct gender variations. The obese male 
mice metabolism was specifically associated with insulin 
signaling, whereas the obese female mice metabolism was 
associated with lipid metabolism. Taken together, our study 
identifies the biomarker signature for obesity in ob/ob mice 
and provides biochemical insights into the metabolic 
alteration in obesity based on gender.
PMID:24098417
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Article 116
Neuronal synapse formation induced by microglia 
and interleukin 10

PLoS One. 8(11):e81218.

Lim SH, Park E, You B, Jung Y, Park AR, Park SG, Lee 
JR*

*Corresponding: leejr@kribb.re.kr
Biomedical Proteomics Research Center

Recently, it was found that microglia regulated synaptic 
remodeling of the developing brain, but their mechanisms 
have not been well understood. In this study, the action 
of microglia on neuronal synapse formation was investigated, 
and the primary target of microglial processes was 
discovered. When the developing microglia were applied 
to cultured hippocampal neurons without direct contact, the 
numbers of dendritic spines and excitatory and inhibitory 
synapses significantly increased. In order to find out the 
main factor for synaptic formation, the effects of cytokines 
released from microglia were examined. When recombinant 
proteins of cytokines were applied to neuronal culture media, 
interleukin 10 increased the numbers of dendritic spines in 
addition to excitatory and inhibitory synapses. Interestingly, 
without external stimuli, the amount of interleukin 10 released 
from the intact microglia appeared to be sufficient for the 
induction of synaptic formation. The neutralizing antibodies 
of interleukin 10 receptors attenuated the induction of the 
synaptic formation by microglia. The expression of 
interleukin 10 receptor was newly found in the hippocampal 
neurons of early developmental stage. When interleukin 10 
receptors on the hippocampal neurons were knocked down 
with specific shRNA, the induction of synaptic formation 
by microglia and interleukin 10 disappeared. Pretreatment 
with lipopolysaccharide inhibited microglia from inducing 
synaptic formation, and interleukin 1β antagonized the 
induction of synaptic formation by interleukin 10. In 
conclusion, the developing microglia regulated synaptic 
functions and neuronal development through the interactions 
of the interleukin 10 released from the microglia with 
interleukin 10 receptors expressed on the hippocampal 
neurons.
PMID:24278397
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Article 117
Identification of a novel ligand binding site in 
phosphoserine phosphatase from the 
hyperthermophilic archaeon Thermococcus 
onnurineus

Proteins. 81(5):819-29.

Jung TY, Kim YS, Oh BH, Woo EJ*

*Corresponding: ejwoo@kribb.re.kr
BioMedical Proteomics Research Center

Phosphoserine phosphatase (PSP) catalyzes the final and 
irreversible step of L-serine synthesis by hydrolyzing 
phosphoserine to produce L-serine and inorganic phosphate. 
Developing a therapeutic drug that interferes with serine 
production is of great interest to regulate the pathogenicity 
of some bacteria and control D-serine levels in neurological 
diseases. We determined the crystal structure of PSP from 
the hyperthermophilic archaeon Thermococcus onnurineus 
at 1.8 Å resolution, revealing an NDSB ligand bound to 
a novel site that is located in a fissure between the catalytic 
domain and the CAP module. The structure shows a half-open 
conformation of the CAP 1 module with a unique protruding 
loop of residues 150-155 that possesses a helical 
conformation in other structures of homologous PSPs. 
Activity assays indicate that the enzyme exhibits marginal 
PSP activity at low temperature but a sharp increase in the 
kcat/KM value, approximately 22 fold, when the temperature 
is increased. Structural and biochemical analyses suggest 
that the protruding loop in the active site might be an essential 
component for the regulation of the activity of PSP from 
hyperthermophilic T. onnurineus. Identification of this novel 
binding site distantly located from the catalytic site may 
be exploited for the development of effective therapeutic 
allosteric inhibitors against PSP activity.
PMID:23239422
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Article 118
Identification of novel PTPRQ phosphatase 
inhibitors based on the virtual screening with 
docking simulations

Theoret Biol Med Model. 10:49.

Park H, Yu KR, Ku B, Kim BY, Kim SJ*

*Co-corresponding: ksj@kribb.re.kr
BioMedical Proteomics Research Center

Protein tyrosine phosphatase receptor type Q (PTPRQ) is 
an unusual PTP that has intrinsic dephosphorylating activity 
for various phosphatidyl inositides instead of 
phospho-tyrosine substrates. Although PTPRQ was known 
to be involved in the pathogenesis of obesity, no 
small-molecule inhibitor has been reported so far. Here we 
report six novel PTPRQ inhibitors identified with 
computer-aided drug design protocol involving the virtual 
screening with docking simulations and enzyme inhibition 
assay. These inhibitors exhibit moderate potencies against 
PTPRQ with the associated IC50 values ranging from 29 
to 86 μM. Because the newly discovered inhibitors were 
also computationally screened for having desirable 
physicochemical properties as a drug candidate, they deserve 
consideration for further development by structure-activity 
relationship studies to optimize the antiobestic activities. 
Structural features relevant to the stabilization of the 
inhibitors in the active site of PTPRQ are addressed in detail.
PMID:23981594
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Article 119
Structural disorder and local order of hNopp140

Biochim Biophys Acta. 1834(1):342-50.

Tantos A, Szrnka K, Szabo B, Bokor M, Kamasa P, Matus 
P, Bekesi A, Tompa K, Han KH*, Tompa P

*Co-corresponding: khhan600@kribb.re.kr
BioMedical Translational Research Center

Human nucleolar phosphoprotein p140 (hNopp 140) is a 
highly phosphorylated protein inhibitor of casein kinase 2 
(CK2). As in the case of many kinase-inhibitor systems, 
the inhibitor has been described to belong to the family 
of intrinsically disordered proteins (IDPs), which often utilize 
transient structural elements to bind their cognate enzyme. 
Here we investigated the structural status of this protein 
both to provide distinct lines of evidence for its disorder 
and to point out its transient structure potentially involved 
in interactions and also its tendency to aggregate. Structural 
disorder of hNopp140 is apparent by its anomalous 
electrophoretic mobility, protease sensitivity, heat stability, 
hydrodynamic behavior on size-exclusion chromatography, 
1H NMR spectrum and differential scanning calorimetry scan. 
hNopp140 has a significant tendency to aggregate and the 
change of its circular dichroism spectrum in the presence 
of 0-80% TFE suggests a tendency to form local helical 
structures. Wide-line NMR measurements suggest the overall 
disordered character of the protein. In all, our data suggest 
that this protein falls into the pre-molten globule state of 
IDPs, with a significant tendency to become ordered in the 
presence of its partner as demonstrated in the presence of 
transcription factor IIB (TFIIB).
PMID:22906532
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Article 120
Regulated nuclear entry of over-expressed Setdb1

Genes Cells. 18(8):694-703.

Cho S, Park JS, Kang YK*

*Corresponding: ykkang@kribb.re.kr
BioMedical Translational Research Center

Setdb1 is a histone H3-lysine 9 (H3K9)-specific 
methyltransferase that interacts with various transcriptional 
regulators to induce local heterochromatin formation and 
participates as an indispensable component in building 
promyelocytic leukemia nuclear body (PML-NB), which is 
involved in various biological processes. We studied the 
effects of Setdb1 over-expression. We unexpectedly observed 
that exogenously expressed GFP-Setdb1 was retained in the 
cytoplasm, whereas endogenous Setdb1 showed a punctate 
nuclear signal. Leptomycin B (LMB) treatment, which blocks 
protein export from the nucleus, showed that entry of 
GFP-Setdb1 to the nucleus was regulated and that 
GFP-Setdb1 in the nucleus could localize at PML-NB as 
endogenous Setdb1. An analysis of Setdb1 deletion 
constructs showed that the N-terminal region was related 
to the nuclear export of Setdb1; supporting this, we detected 
two nuclear export signal motifs in this region. This 
N-terminal region had a SUMO interaction motif (SIM) 
whose mutation greatly reduced the ability of Setdb1 to 
associate with PML-NB and thus resulted in the 
disaggregation of PML-NB structure. We therefore presume 
that the cytoplasmic retention of over-expressed Setdb1 
occurs as part of a regulatory mechanism to set a tight limit 
on the nuclear activity of Setdb1, whose excess activity might 
result in random and haphazard chromatin modifications that 
cause globally aberrant gene expression.
PMID:23782009

Keywords : Active transport; NIH 3T3 cells; Recombinant 
fusion proteins; Transcription factors; Tumor 
suppressor proteins
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Article 121
Cardioprotective molecules are enriched in 
beating cardiomyocytes derived from human 
embryonic stem cells

Int J Cardiol. 165(2):341-54.

Chae JI, Kim J, Son MY, Jeon YJ, Kim DW, Kim HE, 
Lee MJ, Ryu J, Park BC, Lee DS, Seo KS, Lee HK, Choi 
NJ, Kang YK*, Chung HM

*Co-corresponding: ykkang@kribb.re.kr
BioMedical Translational Research Center

BACKGROUND: Cardiomyocytes derived from human 
embryonic stem cells (hESC-CMs) have attracted attention 
because of their cardiac regenerative potential in vivo. 
Differentiated CMs can be distinguished into two different 
phenotypic populations: beating and non-beating CMs. A 
thorough understanding of the different molecular conditions 
of beating and non-beating CMs would provide valuable 
information for other potential applications and cell therapy.
METHODS: In this study, we generated a comparative 
protein profiles using proteomic analysis and western 
blotting, to compare the specific protein expression patterns 
of beating and non-beating hESC-CMs.
RESULTS: Abundantly 72 upregulated proteins are involved 
in different biological processes such as stimulus response, 
cellular catabolism and cell motility. Among these proteins, 
such as HSPs and other antioxidant molecules, are known 
to be proteins that potentially play an important role in 
cardioprotection through the enhancement of cell survival 
in hypoxic and ischemic conditions present in the injured 
heart.
CONCLUSION: As a first step toward understanding the 
different molecular conditions of beating and non-beating 
hESC-CMs, we sought to study their differential expression 
patterns and discuss their relevance to in vivo functioning 
in cardiac injury repair. Thus, the results of this study could 
provide further evidence supporting a cardiac regenerative 
approach using an optimized cell source derived from hESCs.
PMID:23154056
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Article 122
Identification of a mimotope for circulating 
anti-cytokeratin 8/18 antibody and its usage for 
the diagnosis of breast cancer

Int J Oncol. 42(1):65-74.

Heo CK, Hwang HM, Ruem A, Yu DY, Lee JY, Yoo JS, 
Kim IG, Yoo HS, Oh S, Ko JH, Cho EW*

*Corresponding: ewcho@kribb.re.kr
BioMedical Translational Research Center

A novel circulating tumor-associated autoantibody, K94, 
obtained from a hepatocellular carcinoma (HCC) mouse 
model was characterized. The target antigen of K94 
autoantibody was expressed in various tumor cell lines 
including liver cancer, and its secretion was detectable using 
MCF-7 breast carcinoma cells. Proteomic analysis revealed 
that the protein bands reactive to K94 included cytokeratin 
(CK) 8 and 18, which are known to be related to tumorigenesis 
and form a heterotypic complex with each other. However, 
K94 showed no activity toward CK8 or CK18 separately. 
The epitope of the K94 antibody was only presented by 
a complex between CK8 and CK18, which was confirmed 
by analysis using recombinant CK8 and CK18 proteins. To 
formulate an assay for anti-CK8/18 complex autoantibody, 
a mimotope peptide reactive to K94 was selected from 
loop-constrained heptapeptide (-CX7C-) display phage 
library, of which sequence was CISPDAHSC (K94p1). A 
mimotope enzyme-linked immunosorbent assay (ELISA) 
using phage-displayed K94p1 peptide as a coating antigen 
was able to discriminate breast cancer (n=30) patients from 
normal subjects (n=30) with a sensitivity of 50% and a 
specificity of 82.61%. CA15.3 was detected at very low 
levels in the same breast cancer subjects and did not 
discriminate breast cancer patients from normal subjects, 
although it is a conventional biomarker of breast cancer. 
These results suggest that a mimotope ELISA composed 
of K94p1 peptide may be useful for the diagnosis of breast 
cancer.
PMID:23128437

Keywords : Anti-cytokeratin 8/18 antibody; Autoantibody 
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Article 123
Retinoic acid inhibits adipogenesis via activation 
of Wnt signaling pathway in 3T3-L1 
preadipocytes

Biochem Biophys Res Commun. 434(3):455-9.

Kim DM, Choi HR, Park A, Shin SM, Bae KH, Lee SC, 
Kim IC, Kim WK*

*Co-corresponding: wkkim@kribb.re.kr
Research Center of Integrative Cellulomics

Although retinoic acid (RA) is well known to inhibit the 
differentiation of 3T3-L1 cells into adipocytes both in vivo 
and in vitro, its molecular mechanism is not fully understood. 
In this report, we investigate the inhibitory mechanism of 
adipocyte differentiation by RA in 3T3-L1 cells. Because 
both RA and Wnt are known to inhibit adipogenesis at a 
common step involving the inhibition of PPAR-γ expression, 
we focused on the crosstalk between these two signaling 
pathways. We found that RA treatment resulted in a dramatic 
inhibition of adipogenesis, especially at an early phase of 
differentiation, and led to increased β-catenin protein 
expression. Moreover, RA enhances the transcriptional 
activity of β-catenin as well as Wnt gene expression during 
adipogenesis. Taken together, the present study demonstrated 
that Wnt/β-catenin signaling may be associated with the 
RA-induced suppression of adipogenesis and may 
cooperatively inhibit adipocyte differentiation.
PMID:23583383

Keywords : Adipocyte differentiation; Adipogenesis; 
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Article 124
Acceleration of adipogenic differentiation via 
acetylation of malate dehydrogenase 2

Biochem Biophys Res Commun. 441(1):77-82.

Kim EY, Han BS, Kim WK, Lee SC*, Bae KH*

*Co-corresponding: lesach@kribb.re.kr, khbae@kribb.re.kr
Research Center of Integrative Cellulomics

Previously, we identified proteins showing a differential 
acetylation pattern during adipogenic differentiation. Here, 
we examined the role of malate dehydrogenase 2 (MDH2) 
acetylation in the adipogenesis of 3T3-L1 preadipocytes. 
The acetylation level of MDH2 showed a dramatic increase 
during adipogenesis. The overexpression of wild-type MDH2 
induced the significant acceleration of adipogenic 
differentiation. On the other hand, the acetylation-block 
mutant MDH2 showed significantly reduced adipogenic 
differentiation compared to the wild type. MDH2 acetylation 
enhances its enzymatic activity and consequently 
intracellular NADPH level. These results suggest that the 
acetylation of MDH2 was affected by the cellular energy 
state and subsequently regulated adipogenic differentiation.
PMID:24134846

Keywords : Acetylation; Adipogenesis; Adipogenic 
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Article 125
Label-free homogeneous FRET immunoassay for 
the detection of mycotoxins that utilizes 
quenching of the intrinsic fluorescence of 
antibodies

Biosens Bioelect. 42(1):403-8.

Li T, Byun JY, Kim BB, Shin YB*, Kim MG

*Co-corresponding: ybshin@kribb.re.kr
Research Center of Integrative Cellulomics

The phenomenon of fluorescence quenching of an antibody 
by a specific ligand was applied in developing a technique 
for detection of mycotoxins, such as aflatoxin B₁ (AFB₁), 
ochratoxin A, and zearalenone. Studies showed that the 
intrinsic fluorescence of tryptophan (Trp) residues in 
antibodies, promoted by excitation at 280 nm, is quenched 
upon binding of specific mycotoxin ligands. Fluorescence 
quenching in FRET system takes place in these systems 
as a consequence of the overlap of the emission spectra 
of antibody donors with the absorption spectra of the 
mycotoxins. Further studies focusing on the detection of 
AFB₁ revealed that the Fab fragment, the variable region 
of the antibody where specific binding of AFB₁ occurs, 
can be utilized to increase the sensitivity of the detection 
system. The results demonstrate that fluorescence of the Fab 
fragment is almost completely quenched by AFB₁ whereas 
emission from intact anti-AFB₁ is only partially quenched 
by this mycotoxin. The limits of detection (LODs) were 
found to be 0.85 and 0.09 ng mL⁻¹ for assays using the 
intact antibody and the Fab fragment, respectively, 
corresponding to a 10-fold enhancement. A practical 
application of the Fab fragment based assay system was 
demonstrated by its use in the detection of AFB₁ in spiked 
barley grain samples. The observations made in this effort 
show that the new, label-free, non-competitive, and 
homogeneous FRET immunoassay strategy, which requires 
a simple sample preparation procedure, serves as a powerful 
tool for the rapid and sensitive quantitative determination 
of organic substances such as mycotoxin.
PMID:23220067

Keywords : Antibody; Fab fragment; FRET immunoassay; 
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Article 126
Protein tyrosine phosphatase profiling studies 
during brown adipogenic differentiation of mouse 
primary brown preadipocytes

BMB Rep. 46(11):539-43.

Choi HR, Kim WK, Park A, Jung H, Han BS, Lee SC*, 
Bae KH*

*Co-corresponding: lesach@kribb.re.kr, khbae@kribb.re.kr
Research Center of Integrative Cellulomics

There is a correlation between obesity and the amount of 
brown adipose tissue; however, the molecular mechanism 
of brown adipogenic differentiation has not been as 
extensively studied. In this study, we performed a protein 
tyrosine phosphatase (PTP) profiling analysis during the 
brown adipogenic differentiation of mouse primary brown 
preadipocytes. Several PTPs, including PTPRF, PTPRZ, and 
DUSP12 showing differential expression patterns were 
identified. In the case of DUSP12, the expression level is 
dramatically downregulated during brown adipogenesis. The 
ectopic expression of DUSP12 using a retroviral expression 
system induces the suppression of adipogenic differentiation, 
whereas a catalytic inactive DUSP12 mutant showed no effect 
on differentiation. These results suggest that DUSP12 is 
involved in brown adipogenic differentiation and may be 
used as a target protein for the treatment or prevention of 
obesity by the regulation of brown adipogenic differentiation.
PMID:24152912

Keywords : Adipogenesis; Brown adipocytes; DUSP12; 
Obesity; Protein tyrosine phosphatases
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Article 127
Characterization of CD45-/CD31+/CD105+ 
circulating cells in the peripheral blood of patients 
with gynecologic malignancies

Clin Cancer Res. 19(19):5340-50.

Yu HK, Lee HJ, Choi HN, Ahn JH, Choi JY, Song HS, 
Lee KH, Yoon Y, Yi LS, Kim JS*, Kim SJ, Kim TJ

*Co-corresponding: jangskim@kribb.re.kr
Research Center of Integrative Cellulomics

PURPOSE: Circulating endothelial cells (CEC) have been 
widely used as a prognostic biomarker and regarded as a 
promising strategy for monitoring the response to treatment 
in several cancers. However, the presence and biologic roles 
of CECs have remained controversial for decades because 
technical standards for the identification and quantification 
of CECs have not been established. Here, we hypothesized 
that CECs detected by flow cytometry might be monocytes 
rather than endothelial cells.
EXPERIMENTAL DESIGN: The frequency of 
representative CEC subsets (i.e., CD45-/CD31+, 
CD45-/CD31+/CD146+, CD45-/CD31+/CD105+) was 
analyzed in the peripheral blood of patients with gynecologic 
cancer (n = 56) and healthy volunteers (n = 44). CD45-/CD31+ 
cells, which are components of CECs, were isolated and 
the expression of various markers (CD146, CD105, vWF, 
and CD144 for endothelial cells; CD68 and CD14 for 
monocytes) was examined by immunocytochemistry.
RESULTS: CD45-/CD31+/CD105+ cells were significantly 
increased in the peripheral blood of patients with cancer, 
whereas evaluation of CD45-/CD31+/CD146+ cells was not 
possible both in patients with cancer and healthy controls 
due to the limited resolution of the flow cytometry. 
Immunocytochemistry analyses showed that these 
CD45-/CD31+/CD105+ cells did not express vWF and CD146 
but rather CD144. Furthermore, CD45-/CD31+/CD105+ cells 
uniformly expressed the monocyte-specific markers CD14 
and CD68. These results suggest that CD45-/CD31+/CD105+ 
cells carry the characteristics of monocytes rather than 
endothelial cells.
CONCLUSIONS: Our data indicate that 
CD45-/CD31+/CD105+ circulating cells, which are 
significantly increased in the peripheral blood of patients 
with gynecologic cancer, are monocytes rather than 
endothelial cells. Further investigation is required to 
determine the biologic significance of their presence and 
function in relation with angiogenesis.
PMID:23922300
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Article 128
Bovine serum albumin as an effective surface 
regulating biopolymer for morphology control of 
gold polyhedrons

Crystal Growth Des. 13(9):4131-7.

Lee SJ, Scotti N, Ravasio N, Chung IS*, Song H

*Co-corresponding: cis123@kribb.re.kr
Research Center of Integrative Cellulomics

Morphology control of gold nanocrystals was successfully 
carried out via a modified polyol process using bovine serum 
albumin (BSA) as a surface regulating biopolymer. By 
combining a small amount of AgNO3 as an additive, BSA 
yielded regular Au octahedrons, cubes, and higher polygons 
owing to the underpotential deposition of Ag species onto 
{100} facets. Unexpectedly, a uniform tetrahexahedral 
morphology that had high-index facets of {740} and {210} 
on the surface was formed at a relatively high concentration 
of AgNO3 with BSA, and was due to the coordination power 
of BSA to a gold surface weaker than that of poly(vinyl 
pyrrolidone). The resulting gold polyhedrons were 
aggregated after the synthesis because of the partial 
denaturation of BSA, but the simple surface exchange with 
11-mercaptoundecanoic acid enabled a stable dispersion in 
aqueous solution.

Keywords : 11-mercaptoundecanoic acid; Bovine serum 
albumins; Modified polyol process; Morphology 
control; Partial denaturation; Poly vinyl pyrrolidone; 
Stable dispersions; Underpotential deposition
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Article 129
Soluble and transparent polyimides from 
unsymmetrical diamine containing two 
trifluoromethyl groups

J Polymer Sci A. 51(20):4413-22.

Kim SD, Kim SY, Chung IS*

*Co-corresponding: cis123@kribb.re.kr
Research Center of Integrative Cellulomics

A new unsymmetrical diamine monomer containing two 
trifluoromethyl (CF3) groups is prepared from 
2-bromo-5-nitro-1,3-bis(trifluoromethyl) benzene. The 
monomer is polymerized with typical dianhydrides, in this 
case PMDA, BPDA, BTDA, ODPA, and 6-FDA, using a 
one-pot synthetic method to obtain corresponding 
polyimides. All of the prepared polyimides are readily soluble 
in many organic solvents and can be solution-cast into 
transparent, flexible, and tough films. These films have a 
UV-vis absorption cut-off wavelength at 340-375 nm and 
light transparencies of 87-91% at a wavelength of 550 nm. 
Incorporation of two CF3 groups unsymmetrically into rigid 
polyimides improves their solubility and transparencies 
without decreasing their physical properties. The polymers 
exhibit high thermal stability with 5% weight loss at 
temperatures ranging from 534 to 593 °C in nitrogen and 
from 519 to 568 °C in air, and high glass transition 
temperatures (Tg) above > 300 °C depending on their 
molecular structures. They also have a coefficient of thermal 
expansion (CTE) value of 46-69 ppm/°C. In addition, they 
show low refractive indices in the range of 1.535-1.602 at 
a wavelength of 633 nm due to the unsymmetrical 
incorporation effect of the two CF3 groups.

Keywords : Films; Polymers; Polyimides; Trifluoromethyl 
groups; Unsymmetrical diamine monomer

Article 130
Investigation of adipocyte proteome during the 
differentiation of brown preadipocytes

J Proteomics. 94:327-36.

Kamal AH, Kim WK, Cho K, Park A, Min JK, Han BS, 
Park SG, Lee SC*, Bae KH*

*Co-corresponding: lesach@kribb.re.kr, khbae@kribb.re.kr
Research Center of Integrative Cellulomics

Brown adipocytes oxidize fatty acids to produce heat in 
response to cold or caloric overfeeding. The motivation and 
function of the development of brown fat may thus counteract 
obesity, though this remains uncertain. We investigated the 
brown adipocyte proteome by two-dimensional gel 
electrophoresis followed by mass spectrometry. Comparative 
analyses of proteins focused on total protein spots to filter 
differentially expressed proteins during the differentiation 
of mouse primary brown preadipocytes. A Western blot 
analysis was performed to verify the target proteins. The 
results indicated that 10 protein spots were differentially 
expressed with significant changes, including the three 
up-regulated proteins of prohibitin, hypoxanthine-guanine 
phosphoribosyltransferase, and enoyl-CoA hydratase 
protein; the 5 down-regulated proteins of triosephosphate 
isomerase, elongation factor 2, α-tropomyosin slow, 
endophilin-B1, and cofilin-1 (CFL1); and the two 
unequivocally expressed proteins of peroxiredoxin-1 and 
collagen α-1(i) chain precursor. We found that during brown 
adipogenesis, CFL1 has an inhibitory effect on brown 
adipocyte differentiation. The overexpression of CFL1 
inhibited the brown fat deposition and repressed the brown 
marker genes UCP1, PRDM16, PGC-1α and PPARγ via 
actin dynamics and polymerization. These observations may 
be novel findings that bring new insight into the detailed 
mechanisms of brown adipogenesis and identify possible 
therapeutic targets for anti-obesity.
PMID:24129212
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Article 131
Poly(ethylene glycol)- and 
carboxylate-functionalized gold nanoparticles 
using polymer linkages: single-step synthesis, 
high stability, and plasmonic detection of proteins

Langmuir. 29(44):13518-26.

Park G, Seo D, Chung IS*, Song H

*Co-corresponding: cis123@kribb.re.kr
Research Center of Integrative Cellulomics

Gold nanoparticles with suitable surface functionalities have 
been widely used as a versatile nanobioplatform. However, 
functionalized gold nanoparticles using thiol-terminated 
ligands have a tendency to aggregate, particularly in many 
enzymatic reaction buffers containing biological thiols, 
because of ligand exchange reactions. In the present study, 
we developed a one-step synthesis of poly(ethylene glycol) 
(PEG)ylated gold nanoparticles using 
poly(dimethylaminoethyl methacrylate) (PDMAEMA) in 
PEG as a polyol solvent. Because of the chelate effect of 
polymeric functionalities on the gold surface, the resulting 
PEGylated gold nanoparticles (Au@P-PEG) are very stable 
under the extreme conditions at which the 
thiol-monolayer-protected gold nanoparticles are easily 
coagulated. Using the solvent mixture of PEG and ethylene 
glycol (EG) and subsequent hydrolysis, gold nanoparticles 
bearing mixed functionalities of PEG and carboxylate are 
generated. The resulting particles exhibit selective adsorption 
of positively charged chymotrypsin (ChT) without 
nonselective adsorption of bovine serum albumin (BSA). 
The present nanoparticle system has many advantages, 
including high stability, simple one-step synthesis, 
biocompatibility, and excellent binding specificity; thus, this 
system can be used as a versatile platform for potential 
bio-related applications, such as separation, sensing, imaging, 
and assays.
PMID:24090031

Keywords : Binding specificities; Functionalized gold 
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Article 132
Pancreatic adenocarcinoma upregulated factor, a 
novel endothelial activator, promotes 
angiogenesis and vascular permeability

Oncogene. 32(31):3638-47.

Kim SJ, Lee Y, Kim NY, Hwang Y, Hwang B, Min JK*, 
Koh SS

*Co-corresponding: jekmin@kribb.re.kr
Research Center of Integrative Cellulomics

Pancreatic adenocarcinoma upregulated factor (PAUF) was 
recently reported to be a metastasis factor for pancreatic 
cancer cells. Here, we demonstrate a novel role for PAUF 
as a potent endothelial activator, promoting both angiogenesis 
and vascular permeability. Overexpression of PAUF in a 
mouse pancreatic cancer model resulted in increased tumor 
vascularity. Recombinant PAUF (rPAUF) enhanced 
proliferation, migration and capillary-like tube formation of 
human endothelial cells (ECs), consistently with increased 
neovascularization in vivo. rPAUF also increased endothelial 
permeability through the disruption of vascular 
endothelial-cadherin-facilitated cell-cell junctions in vitro 
and induced vascular leakage in mouse skin. These effects 
were attenuated upon treatment with an antibody against 
PAUF. Moreover, PAUF evoked a time- and dose-dependent 
activation of extracellular signal-regulated kinase (ERK)1/2, 
AKT and endothelial NO synthase (eNOS) in ECs, which 
are closely linked to rPAUF-induced angiogenesis. Finally, 
rPAUF upregulated the expression of C-X-C chemokine 
receptor 4 (CXCR4) in ECs and potentiated the in vitro 
and in vivo EC angiogenic responses to stromal cell-derived 
factor-1 (SDF-1), a ligand for CXCR4. Taken together, these 
data demonstrate that PAUF has a novel function in 
promoting angiogenesis and vascular permeability. Our 
findings suggest new possibilities for PAUF's role in the 
pathogenesis of angiogenesis-dependent diseases.
PMID:22907431
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Vascular permeability
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Article 133
Dual-specificity phosphatase 10 controls brown 
adipocyte differentiation by modulating the 
phosphorylation of p38 mitogen-activated protein 
kinase

PLoS One. 8(8):e72340.

Choi HR, Kim WK, Kim EY, Han BS, Min JK, Chi SW, 
Park SG, Bae KH*, Lee SC*

*Co-corresponding: khbae@kribb.re.kr, lesach@kribb.re.kr
Research Center of Integrative Cellulomics

BACKGROUND: Brown adipocytes play an important role 
in regulating the balance of energy, and as such, there is 
a strong correlation between obesity and the amount of brown 
adipose tissue. Although the molecular mechanism 
underlying white adipocyte differentiation has been well 
characterized, brown adipocyte differentiation has not been 
studied extensively. Here, we investigate the potential role 
of dual-specificity phosphatase 10 (DUSP10) in brown 
adipocyte differentiation using primary brown preadipocytes.
METHODS AND RESULTS: The expression of DUSP10 
increased continuously after the brown adipocyte 
differentiation of mouse primary brown preadipocytes, 
whereas the phosphorylation of p38 was significantly 
upregulated at an early stage of differentiation followed by 
steep downregulation. The overexpression of DUSP10 
induced a decrease in the level of p38 phosphorylation, 
resulting in lower lipid accumulation than that in cells 
overexpressing the inactive mutant DUSP10. The expression 
levels of several brown adipocyte markers such as PGC-1α, 
UCP1, and PRDM16 were also significantly reduced upon 
the ectopic expression of DUSP10. Furthermore, decreased 
mitochondrial DNA content was detected in cells expressing 
DUSP10. The results obtained upon treatment with the p38 
inhibitor, SB203580, clearly indicated that the 
phosphorylation of p38 at an early stage is important in 
brown adipocyte differentiation. The effect of the p38 
inhibitor was partially recovered by DUSP10 knockdown 
using RNAi.
CONCLUSIONS: These results suggest that p38 
phosphorylation is controlled by DUSP10 expression. 
Furthermore, p38 phosphorylation at an early stage is critical 
in brown adipocyte differentiation. Thus, the regulation of 
DUSP10 activity affects the efficiency of brown 
adipogenesis. Consequently, DUSP10 can be used as a novel 
target protein for the regulation of obesity.
PMID:23977283

Keywords : Brown adipocyte differentiation; 
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Article 134
Soluble polyimides with trifluoromethyl pendent 
groups

Polymer. 54(21):5648-54.

Kim SD, Lee S, Heo J, Kim SY, Chung IS*

*Co-corresponding: cis123@kribb.re.kr
Research Center of Integrative Cellulomics

Unsymmetrical and symmetrical diamine monomers 
containing trifluoromethyl groups, 2-trifluoromethyl-4,4′

-diaminodiphenyl sulfide and 2,2′-bis(trifluoromethyl)-4,4′

-diamino-diphenyl sulfide, were synthesized from 
2-chloro-5-nitrobenzotrifluoride as a starting material in two 
steps, respectively. Diamine monomers were polymerized 
with PMDA, BPDA, BTDA, and ODPA using a solution 
imidization method with N-methyl-2-pyrrolidone as a solvent 
at 190 C to obtain the corresponding polyimides. They had 
inherent viscosities that ranged from 0.54 to 0.71 dL/g in 
N-methyl-2-pyrrolidone at 30 C. All of the synthesized 
polyimides showed good solubility in polar aprotic solvents 
and phenolic solvents regardless of the number of 
trifluoromethyl groups. The 5% weight loss temperatures 
of the polyimides are in the range of 534-561 C in nitrogen, 
and 505-542 C in air. The Tg values and the thermal expansion 
coefficients of these polymers are in the range of 234-325 
C and in the range of 47.4-63.2 ppm/ C, respectively. Also, 
all of the synthesized polyimides have relatively low 
refractive indices (around 1.6) and birefringence (below 
0.36).

Keywords : Diamine monomers; High performance 
polymers; Soluble polyimides; Synthesized 
polyimides; Trifluoromethyl groups
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Article 135
Immunoglobulin Fc domain fusion to 
apolipoprotein(a) kringle V significantly prolongs 
plasma half-life without affecting its 
anti-angiogenic activity

Protein Eng Des Sel. 26(6):425-32.

Yu HK, Lee HJ, Ahn JH, Lim IH, Moon JH, Yoon Y, 
Yi LS, Kim SJ, Kim JS*

*Corresponding: jangskim@kribb.re.kr
Research Center of Integrative Cellulomics

Angiogenesis is crucial for tumor growth and metastasis. 
Blocking this process is, therefore, a potentially powerful 
approach for the treatment of cancer. Human 
apolipoprotein(a) kringle V (rhLK8) is an angiogenesis 
inhibitor and is currently under development as an anti-cancer 
therapeutic. However, a relatively short in vivo half-life limits 
its widespread clinical use. This study was performed to 
evaluate whether fusion of an Fc domain to rhLK8 can extend 
plasma half-life. RhLK8-Fc fusion protein was expressed 
in CHO DG44 cells as a dimer and was readily purified 
by protein G affinity chromatography. The anti-angiogenic 
activity of rhLK8-Fc was similar to that of rhLK8, as 
determined by migration and tube formation assays with 
endothelial cells in vitro and a chorioallantoic membrane 
assay in vivo. Pharmacokinetic profiles in mice after single 
intravenous administration of rhLK8 or rhLK8-Fc showed 
that Fc fusion significantly increased the elimination half-life 
(t1/2) and the systemic exposure (AUCinf) of the protein, in 
parallel with a significant decrease in total clearance (CL). 
These data suggest that Fc fusion to rhLK8 is a powerful 
strategy for extending the plasma half-life of rhLK8 without 
affecting its anti-angiogenic activity, and could thus improve 
the clinical applicability of rhLK8.
PMID:23571426
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Article 136
Solvent effect and amine interference on 
colorimetric changes of azobenzene-conjugated 
dithiaazadioxo crown ether mercury sensor

Tetrahedron Lett. 54(50):6841-7.

Jeon CH, Lee J, Ahn SJ, Ha TH*

*Corresponding: taihwan@kribb.re.kr
Research Center of Integrative Cellulomics

The colorimetric behavior of an azobenzene-based dye 
containing dithiaazadioxo ring for Hg2+-detection was 
investigated in diverse solvents. The mercury specific ligand 
shows hypsochromic changes in pure and aqueous MeCN 
upon Hg2+-binding while strong bathochromic shift was 
observed in chloroform. In both solvent systems, 
dithiaazadioxo ring is revealed to be indispensable to the 
selective detection of mercury ion, and several binding 
schemes in different solvents were proposed on the selective 
Hg2+ binding. Grafted on cationic polymer (PEI) through 
amide coupling, it was observed that the ligand basically 
maintains the Hg2+ detection capability, but substantially 
hindered by amine moieties in PEI.

Keywords : Azobenzene; Colorimetric mercury sensor; 
Dithiaazadioxo crown ether; Heavy metal ions; 
Polyethylene imine; Push-pull dipole
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Article 137
Complete genome sequence of keunjorong mosaic 
virus, a potyvirus from Cynanchum wilfordii

Archiv Virol. 158(8):1817-20.

Nam M, Lee JH, Choi HS, Lim HS, Moon JS*, Lee SH

*Co-corresponding: jsmoon@kribb.re.kr
Plant Systems Engineering Research Center

We have determined the complete genome sequence of 
keunjorong mosaic virus (KjMV). The KjMV genome is 
composed of 9,611 nucleotides, excluding the 3'-terminal 
poly(A) tail. It contains two open reading frames (ORFs), 
with the large one encoding a polyprotein of 3,070 amino 
acids and the small overlapping ORF encoding a PIPO protein 
of 81 amino acids. The KjMV genome shared the highest 
nucleotide sequence identity (57.5%) with pepper mottle 
virus and freesia mosaic virus, two members of the genus 
Potyvirus. Based on the phylogenetic relatedness to known 
potyviruses, KjMV appears to be a member of a new species 
in the genus Potyvirus.
PMID:23504105

Keywords : Cluster analysis; Genome sequence; 
Keunjorong mosaic virus; Phylogeny; Potyvirus; 
Sequence Homology

Article 138
Complete genome sequence of a South Korean 
isolate of Brugmansia mosaic virus

Archiv Virol. 158(9):2019-22.

Zhao F, Lim S, Yoo RH, Lim HS, Kwon SY, Lee SH, 
Moon JS*

*Co-corresponding: jsmoon@kribb.re.kr
Plant Systems Engineering Research Center

We determined the complete genome sequence of a South 
Korean (SK) isolate of Brugmansia mosaic virus (BruMV), 
which has recently been proposed to be a member of a 
new species in the genus Potyvirus. The genomic RNA of 
BruMV isolate SK is 9781 nucleotides in length (excluding 
the 3'-terminal poly (A)) and shares complete nucleotide 
and polyprotein amino acid sequence identities of 85.6 % 
and 93.1 %, respectively, with the type isolate (D-437) of 
BruMV described in the USA. To our knowledge, this is 
the first report providing evidence of considerable sequence 
variation in BruMV.
PMID:23584420

Keywords : Brugmansia mosaic virus; Cluster analysis; 
Genome sequence; Phylogeny; Potyvirus; Sequence 
Homology
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Article 139
The UDP-N-acetylglucosamine:dolichol 
phosphate-N-acetylglucosamine-phosphotransfer
ase gene as a new selection marker for potato 
transformation

Biosci Biotechnol Biochem. 77(7):1589-92.

Kim HS, Kim MS, Hwang KA, Park SW, Jeon JH*

*Corresponding: jeonjh@kribb.re.kr
Plant Systems Engineering Research Center

Here we describe the generation of potato plants that 
constitutively overexpressed, UDP-N-acetylglucosamine:dolichol 
phosphate-N-acetylglucosamine-phosphotransferase (GPT). Such 
transgenic plants can be formed in a medium with 
tunicamycin at 9.8 ± 0.28% efficiency, similar to the 9.4 
± 1.10 for the bialaphos resistance gene (Bar) gene. This 
study indicated that GPT transformation was very stable 
with high reproducibility, and that growth and tuber 
production in the GPT-transformed plants were stronger than 
in the wild-type plants.
PMID:23832343

Keywords : GPT transformation; Potato transformation; 
Selection marker gene; Solanum tuberosum; 
Transgenic plant; Tunicamycin

Article 140
Organic fertilizer application increases biomass 
and proportion of fungi in the soil microbial 
community in a minimum tillage Chinese cabbage 
field

Canad J Soil Sci. 93(3):271-8.
 
Lee YH, Kim MK, Lee J, Heo JY, Kang TH, Kim H*, 
Yun HD

*Co-corresponding: kimhr@kribb.re.kr
Plant Systems Engineering Research Center

This study evaluated the variations in soil microbial 
communities in a minimum tillage upland field used for 
Chinese cabbage (Brassica rapa L.) cultivation by their fatty 
acid methyl ester (FAME) and chemical properties. 
Replicated plots received organic fertilizer (OF), chemical 
fertilizer (CF), and no fertilizer (NF), and microbial 
communities were analyzed in the early season, mid-season 
and harvesting stages. The electrical conductivity of the CF 
soil at mid-season was significantly higher than that of the 
OF and NF soils (P <0.05), whereas the NO3-N content 
at the harvesting stage was significantly lower in the CF 
soil than in the OF soil (P <0.05). The average microbial 
biomasses in the OF soils during the Chinese cabbage 
growing period were approximately 1.03 ~ 1.27 times higher 
for fungi, Gram-negative bacteria, total bacteria, total 
FAMEs, Gram-positive bacteria, and arbuscular mycorrhizal 
fungi (AMF). Organic fertilizer had a significantly lower 
ratio of cy19:0 to 18:1ω7c then CF (P <0.001), which 
indicates that a decrease in microbial stress was caused by 
organic matter soil inputs and the lack of chemical 
amendments. Communities of fungi in OF soils were 
significantly larger than those in CF soils (P <0.001) 
indicating fungi are potentially responsible for the microbial 
community differentiation between the OF and CF treatments 
in an upland field. However, the average microbial 
communities in the OF soils were approximately 0.86 times 
lower for actinomycetes and 0.95 times lower for AMF. 
In communities of total bacteria (P <0.001), Gram-negative 
(P <0.001) and Gram-positive bacteria (P <0.01), the 
interaction between the growth stage and the fertilizer showed 
significant differentiation. Further work is needed to relate 
the seasonal variation and impact of fertilization on microbial 
communities to productivity of Chinese cabbage in Korea.

Keywords : Chinese cabbage; Fatty acid methyl ester; 
Fungi; Organic fertilizer; Soil microbial community
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Article 141
Comparison of major nutrients in eels Anguilla 
japonica cultured with different formula feeds or 
at different farms

Fisher Aquatic Sci. 16(2):85-92.

Seo JS, Choi JH, Seo JH, Ahn TH, Chong WS, Kim SH, 
Cho HS*, Ahn JC

*Co-corresponding: hscho@kribb.re.kr
Plant Systems Engineering Research Center

To determine the relative importance of two main factors, 
diet or culture environment, that affect the proximate 
composition and main nutritive ingredients (vitamin A, 
vitamin E, cholesterol, fatty acid composition) in cultured 
eels, we analyzed the composition of eels fed diets of formula 
feed (FF) produced by four different companies and of eels 
cultured at five different eel farms that provided only one 
of the four different FFs. The four commercial eel FFs did 
not markedly differ in proximate composition or major 
nutritive compounds, and consequently, these variables did 
not significantly differ in cultured eels fed the different FFs. 
The FF imported from Japan was marginally superior to 
the two domestic commercial FFs and the FF imported from 
Taiwan in terms of the proximate composition and main 
nutritive ingredients of both the FF itself and the eels cultured 
on it. However, proximate composition and main nutritive 
ingredients significantly differed among eels cultured at the 
five farms that used a different FF and among eels fed the 
four different FFs at the same farm. In conclusion, the 
difference in quality between domestic and Japanese FFs 
in terms of eel culture was small, whereas physical or 
chemical environmental differences among farms during eel 
culture may more strongly affect the proximate composition 
and levels of the main nutritive ingredients in cultured eels.

Keywords : Anguilla japonica; Cholesterol; Eel culture; 
Fatty acid; Vitamin A; Vitamin E

Article 142
Improved tolerance of Cu/Zn superoxide 
dismutase and ascorbate peroxidase expressing 
transgenic tobacco seeds and seedlings against 
multiple abiotic stresses

Int J Agricult Biol. 15(4):725-30.

Lee Y, Ahmad R, Lee HS, Kwak SS, Shafqat M, Kwon 
SY*

*Co-corresponding: sykwon@kribb.re.kr
Plant Systems Engineering Research Center

Reactive oxygen species (ROS) are produced during seed 
germination but remain under-control in optimum 
germination conditions. Seeds being germinated in single 
or multiple stress conditions such as drought, excessive salt 
and low-temperature may face burst of ROS, which leads 
to poor germination and weak seedling establishment. 
Enzymatic activities, germination rates and seedling growth 
of the seeds of transgenic tobacco plants simultaneously 
expressing Cu/Zn-superoxide dismutase (CuZnSOD) and 
ascorbate peroxidase (APX) in plastids (CA seeds) under 
various combinations of environmental stresses (drought, 
salt and low temperature) were investigated and compared 
with the non-transgenic seeds (NT seeds). CA seeds 
maintained higher CuZnSOD and APX activities during seed 
imbibitions than NT seeds. CA seeds depicted less ion leakage 
after salt stress than NT seeds providing the evidence of 
proper functioning of CuZnSOD and APX to keep ROS 
production under control. When germinated in stress 
conditions, CA seeds germinated earlier than NT seeds and 
this character was more profound under double or triple 
stress conditions. Moreover, CA seedlings accumulated more 
shoot and root dry weight as compared to NT seedlings 
under single, double and triple stress conditions. These 
investigations strongly suggest that overexpression of 
CuZnSOD and APX helped CA seeds to keep ROS under 
control by detoxifying superoxide radicals and H2O2, which 
paved the way for increased germination and seedling growth 
in various combinations of environmental stresses.

Keywords : Abiotic stresses; Ascorbate peroxidase; ROS; 
Superoxide dismutase; Transgenic tobacco
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Article 143
A rice immunophilin gene, OsFKBP16-3, confers 
tolerance to environmental stress in Arabidopsis 
and rice

Int J Mol Sci. 14(3):5899-919.

Park HJ, Lee SS, You YN, Yoon DH, Kim BG, Ahn JC, 
Cho HS*

*Co-corresponding: hscho@kribb.re.kr
Plant Systems Engineering Research Center

The putative thylakoid lumen immunophilin, FKBP16-3, has 
not yet been characterized, although this protein is known 
to be regulated by thioredoxin and possesses a well-conserved 
CxxxC motif in photosynthetic organisms. Here, we 
characterized rice OsFKBP16-3 and examined the role of 
this gene in the regulation of abiotic stress in plants. 
FKBP16-3s are well conserved in eukaryotic photosynthetic 
organisms, including the presence of a unique 
disulfide-forming CxxxC motif in their N-terminal regions. 
OsFKBP16-3 was mainly expressed in rice leaf tissues and 
was upregulated by various abiotic stresses, including salt, 
drought, high light, hydrogen peroxide, heat and methyl 
viologen. The chloroplast localization of OsFKBP16-3-GFP 
was confirmed through the transient expression of 
OsFKBP16-3 in Nicotiana benthamiana leaves. Transgenic 
Arabidopsis and transgenic rice plants that constitutively 
expressed OsFKBP16-3 exhibited increased tolerance to 
salinity, drought and oxidative stresses, but showed no change 
in growth or phenotype, compared with vector control plants, 
when grown under non-stressed conditions. This is the first 
report to demonstrate the potential role of FKBP16-3 in 
the environmental stress response, which may be regulated 
by a redox relay process in the thylakoid lumen, suggesting 
that artificial regulation of FKBP16-3 expression is a 
candidate for stress-tolerant crop breeding.
PMID:23485991

Keywords : FK506 binding protein; FKBP16-3; 
Environmental stress tolerance; Thylakoid lumen

Article 144
Use of heat stress responsive gene expression 
levels for early selection of heat tolerant cabbage 
(Brassica oleracea L.)

Int J Mol Sci. 14(6):11871-94.

Park HJ, Jung WY, Lee SS, Song JH, Kwon SY, Kim H, 
Kim C, Ahn JC, Cho HS*

*Co-corresponding: hscho@kribb.re.kr
Plant Systems Engineering Research Center

Cabbage is a relatively robust vegetable at low temperatures. 
However, at high temperatures, cabbage has disadvantages, 
such as reduced disease tolerance and lower yields. Thus, 
selection of heat-tolerant cabbage is an important goal in 
cabbage breeding. Easier or faster selection of superior 
varieties of cabbage, which are tolerant to heat and disease 
and have improved taste and quality, can be achieved with 
molecular and biological methods. We compared 
heat-responsive gene expression between a heat-tolerant 
cabbage line (HTCL), "HO", and a heat-sensitive cabbage 
line (HSCL), "JK", by Genechip assay. Expression levels 
of specific heat stress-related genes were increased in 
response to high-temperature stress, according to Genechip 
assays. We performed quantitative RT-PCR (qRT-PCR) to 
compare expression levels of these heat stress-related genes 
in four HTCLs and four HSCLs. Transcript levels for heat 
shock protein BoHsp70 and transcription factor BoGRAS 
(SCL13) were more strongly expressed only in all HTCLs 
compared to all HSCLs, showing much lower level 
expressions at the young plant stage under heat stress (HS). 
Thus, we suggest that expression levels of these genes may 
be early selection markers for HTCLs in cabbage breeding. 
In addition, several genes that are involved in the secondary 
metabolite pathway were differentially regulated in HTCL 
and HSCL exposed to heat stress.
PMID:23736694

Keywords : Cabbage breeding; Early selection; GRAS; 
Heat shock protein; Heat tolerance; Hsp70; 
Transcription factor
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Article 145
Identification of novel pepper genes involved in 
Bax- or INF1-mediated cell death responses by 
high-throughput virus-induced gene silencing

Int J Mol Sci. 14(11):22782-95.

Lee JH, Kim YC, Choi D, Park JM*

*Corresponding: jmpark@kribb.re.kr
Plant Systems Engineering Research Center

Hot pepper is one of the economically important crops in 
Asia. A large number of gene sequences, including expressed 
sequence tag (EST) and genomic sequences are publicly 
available. However, it is still a daunting task to determine 
gene function due to difficulties in genetic modification of 
a pepper plants. Here, we show the application of the 
virus-induced gene silencing (VIGS) repression for the study 
of 459 pepper ESTs selected as non-host pathogen-induced 
cell death responsive genes from pepper microarray 
experiments in Nicotiana benthamiana. Developmental 
abnormalities in N. benthamiana plants are observed in the 
32 (7%) pepper ESTs-silenced plants. Aberrant 
morphological phenotypes largely comprised of three groups: 
stunted, abnormal leaf, and dead. In addition, by employing 
the combination of VIGS and Agrobacterium-mediated 
transient assays, we identified novel pepper ESTs that 
involved in Bax or INF1-mediated cell death responses. 
Silencing of seven pepper ESTs homologs suppressed Bax 
or INF1-induced cell death, five of which suppressed both 
cell death responses in N. benthamiana. The genes 
represented by these five ESTs encode putative proteins with 
functions in endoplasmic reticulum (ER) stress and lipid 
signaling. The genes represented by the other two pepper 
ESTs showing only Bax-mediated cell death inhibition 
encode a CCCH-type zinc finger protein containing an 
ankyrin-repeat domain and a probable calcium-binding 
protein, CML30-like. Taken together, we effectively isolated 
novel pepper clones that are involved in hypersensitive 
response (HR)-like cell death using VIGS, and identified 
silenced clones that have different responses to Bax and 
INF1 exposure, indicating separate signaling pathways for 
Bax- and INF1-mediated cell death.
PMID:24256816

Keywords : Bax-induced cell death; Hot chili pepper 
(Capsicum annum); Hypersensitive response; INF1; 
Nicotiana benthamiana; Virus-induced gene silencing

Article 146
Metabolic differentiation of diamondback moth 
(Plutella xylostella (L.)) resistance in cabbage 
(Brassica oleracea L. ssp. capitata)

J Agricul Food Chem. 61(46):11222-30.

Kim JK, Choi SR, Lee J, Park SY, Song SY, Na J, Kim 
SW, Kim SJ, Nou IS, Lee YH, Park SU, Kim H*

*Corresponding: kimhr@kribb.re.kr
Plant Systems Engineering Research Center

The diamondback moth, Plutella xylostella (L.), is a major 
pest responsible for destroying cabbage and other Brassica 
vegetable crops. A diamondback moth-resistant cabbage line 
was studied by comparing its metabolite profiles with those 
of a susceptible cabbage. Fourier transform infrared 
spectroscopy analysis revealed that carbohydrates, aromatic 
compounds, and amides were the major factors that 
distinguished the resistant and susceptible genotypes. Gas 
chromatography-time-of-flight mass spectrometry profiled 
46 metabolites, including 19 amino acids, 15 organic acids, 
8 sugars, 3 sugar alcohols, and 1 amine in two genotypes 
and F1 hybrid cabbages. The levels of glycolic acid, quinic 
acid, inositol, fumaric acid, glyceric acid, trehalose, shikimic 
acid, and aspartic acid were found to be very significantly 
different between the resistant and susceptible genotypes 
with a P value of <0.0001. These results will provide a 
foundation for further studies on diamondback moth 
resistance in cabbage breeding and for the development of 
other herbivore-resistant crops.
PMID:24144435

Keywords : Cabbage; Diamondback moth; FT-IR; 
GC-TOF/MS; Metabolic profiling
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Article 147
Expression of the S glycoprotein of transmissible 
gastroenteritis virus (TGEV) in transgenic potato 
and its immunogenicity in mice

Kor J Veter Res. 53(4):217-24.

Ahn DJ, Youm JW, Kim SW, Yoon WK, Kim HC, Hur 
TY, Joung YH, Jeon JH, Kim HS*

*Corresponding: hyuns@kribb.re.kr
Plant Systems Engineering Research Center

Transgenic plants have been tested as an alternative host 
for the production and delivery of experimental oral vaccines. 
Here, we developed transgenic potatoes that express the major 
antigenic sites A and D of the glycoprotein S from 
transmissible gastroenteritis coronavirus (TGEV-S0.7) under 
three expression vector systems. The DNA integration and 
mRNA expression level of the TGEV-S0.7 gene were 
confirmed in transgenic plants by PCR and northern blot 
analysis. Antigen protein expression in transgenic potato 
was determined by western blot analysis. Enzyme-linked 
immunosorbent assay results revealed that based on a dilution 
series of Escherichia coli-derived antigen, the transgenic 
line P-2 had TGEV-S0.7 protein at levels that were 0.015% 
of total soluble proteins. We then examined the 
immunogenicity of potato-derived TGEV-S0.7 antigen in 
mice. Compared with the wild-type potato treated group 
and synthetic antigen treated group, mice treated with the 
potato-derived antigen showed significantly higher levels 
of immunoglobulin (Ig) G and IgA responses.

Keywords : Glycoprotein; Immunogenicity; Oral 
administration; Potato-derived antigen; Transgenic 
plant; Transmissible gastroenteritis virus

Article 148
Regulation of the major vacuolar Ca²⁺ transporter 
genes, by intercellular Ca²⁺ concentration and 
abiotic stresses, in tip-burn resistant Brassica 
oleracea

Mol Biol Rep. 40(1):177-88.

Lee J, Park I, Lee ZW, Kim SW, Baek N, Park HS, Park 
SU, Kwon SY*, Kim H*

*Co-corresponding: sykwon@kribb.re.kr, kimhr@kribb.re.kr
Plant Systems Engineering Research Center

Calcium is an essential plant macronutrient that has unique 
structural and signaling roles related to tip-burn disorder 
in Brassica spp. crops. For two types of cabbage inbred 
lines, tip-burn susceptible and resistant, we measured and 
compared major macronutrient cations, including Ca2+, in 
leaves. In both lines, Ca2+, Mg2+, Na+, and K+, accumulated 
more in leaf base than in leaf apex. Ca2+ and K+ were >2 
times more abundant in the tip-burn resistant line, while 
Na+ was higher in the susceptible line. Ca2+ differences 
between the two lines resulted from differential accumulation 
of calcium into cell vacuoles. We profiled major vacuolar 
Ca2+ transporters, in both cabbage lines, by growth time 
and intercellular Ca2+ concentration. Expression pattern of 
several Ca2+ transporter genes differed between tip-burn 
susceptible and resistant lines by growth time points. We 
also identified promoter regions of the major Ca2+ vacuole 
transporter genes, CAX1, ACA4, and ACA11, which displayed 
hormonal, light and defense-related cis-acting regulatory 
elements. Finally, transporter genes in the two cabbage lines 
responded differently to abiotic stresses, demonstrating 
diversity in gene regulation among orthologous genes.
PMID:23138186

Keywords : Abiotic stress; ACA; Brassica oleracea; 
Calcium ion; CAX; Tip-burn; Transporter gene
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Article 149
Comparative characterization of sweetpotato 
antioxidant genes from expressed sequence tags 
of dehydration-treated fibrous roots under 
different abiotic stress conditions

Mol Biol Rep. 40(4):2887-96.

Kim YH, Jeong JC, Lee HS, Kwak SS*

*Corresponding: sskwak@kribb.re.kr
Plant Systems Engineering Research Center

Drought stress is one of the most adverse conditions for 
plant growth and productivity. The plant antioxidant system 
is an important defense mechanism and includes antioxidant 
enzymes and low-molecular weight antioxidants. 
Understanding the biochemical and molecular responses to 
drought is essential for improving plant resistance to 
water-limited conditions. Previously, we isolated and 
characterized expressed sequence tags (ESTs) from a 
full-length enriched cDNA library prepared from fibrous 
roots of sweetpotato subjected to dehydration stress (Kim 
et al. in BMB Rep 42:271-276, [5]). In this study, we isolated 
and characterized 11 sweetpotato antioxidant genes from 
sweetpotato EST library under various abiotic stress 
conditions, which included six intracellular CuZn superoxide 
dismutases (CuZnSOD), ascorbate peroxidase, catalase, 
glutathione peroxidase (GPX), glutathione-S-transferase, 
thioredoxin (TRX), and five extracellular peroxidase genes. 
The expression of almost all the antioxidant genes induced 
under dehydration treatments occurred in leaves, with the 
exception of extracellular swPB6, whereas some antioxidant 
genes showed increased expression levels in the fibrous roots, 
such as intracellular GPX, TRX, extracellular swPA4, and 
swPB7 genes. During various abiotic stress treatments in 
leaves, such as exposure to NaCl, cold, and abscisic acid, 
several intracellular antioxidant genes were strongly 
expressed compared with the expression of extracellular 
antioxidant genes. These results indicated that some 
intracellular antioxidant genes, especially swAPX1 and 
CuZnSOD, might be specifically involved in important 
defense mechanisms against oxidative stress induced by 
various abiotic stresses including dehydration in sweetpotato 
plants.
PMID:23187736

Keywords : Antioxidant gene; Drought stress; 
Environmental stress; Expressed sequence tag; 
Sweetpotato

Article 150
Development of SSR markers by next-generation 
sequencing of Korean landraces of chamoe 
(Cucumis melo var. makuwa)

Mol Biol Rep. 40(12):6855-62.

Park I, Kim J, Lee J, Kim S, Cho O, Yang K, Ahn J, Nahm 
S, Kim H*

*Corresponding: kimhr@kribb.re.kr
Plant Systems Engineering Research Center

The oriental melon (Cucumis melo var. makuwa), called 
'chamoe' in Korean, is a popular fruit crop cultivated mainly 
in Asia and a high-market value crop in Korea. To provide 
molecular breeding resources for chamoe, we developed and 
characterized genomic SSR markers from the preliminary 
Illumina read assemblies of Gotgam chamoe (one of the 
major landraces; KM) and SW3 (the breeding parent). 
Mononucleotide motifs were the most abundant type of 
markers, followed by di-, tri-, tetra-, and pentanucleotide 
motifs. The most abundant dinucleotide was AT, followed 
by AG and AC, and AAT was the most abundant trinucleotide 
motif in both assemblies. Following our SSR-marker 
development strategy, we designed a total of 370 primer 
sets. Of these, 236 primer sets were tested, exhibiting 93 
% polymorphism between KM and SW3. Those polymorphic 
SSRs were successfully amplified in the netted and Kirkagac 
melons, which respectively exhibited 81 and 76 % 
polymorphism relative to KM, and 32 and 38 % 
polymorphism relative to SW3. Seven selected SSR markers 
with a total of 17 alleles (2-3 alleles per locus) were used 
to distinguish between KM, SW3, and four chamoe cultivars. 
Our results represent the first attempt to provide genomic 
resources for Korean landraces for the purposes of chamoe 
breeding, as well as to discover a set of SSR markers capable 
of discriminating chamoe varieties from Korea and the rest 
of Asia, which possess little genetic diversity. This study 
establishes a highly efficient strategy for developing SSR 
markers from preliminary Illumina assemblies of AT-rich 
genomes.
PMID:24096890

Keywords : Genetic diversity; Illumina assembly; 
Molecular breeding; Oriental melon; SSR marker
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Article 151
MYB transcription factors regulate glucosinolate 
biosynthesis in different organs of Chinese 
cabbage (Brassica rapa ssp. pekinensis)

Molecules. 18(7):8682-95.

Kim YB, Li X, Kim SJ, Kim HH, Lee J, Kim H*, Park 
SU

*Co-corresponding: kimhr@kribb.re.kr
Plant Systems Engineering Research Center

In this study, we investigated the expression of seven MYB 
transcription factors (a total of 17 genes that included Dof1.1, 
IQD1-1, MYB28, MYB29, MYB34, MYB51, and MYB122 
and their isoforms) involved in aliphatic and indolic 
glucosinolate (GSL) biosynthesis and analyzed the aliphatic 
and indolic GSL content in different organs of Chinese 
cabbage (Brassica rapa ssp. Pekinensis). MYB28 and MYB29 
expression in the stem was dramatically different when 
compared with the levels in the other organs. MYB34, 
MYB122, MYB51, Dof1.1, and IQD1-1 showed very low 
transcript levels among different organs. HPLC analysis 
showed that the glucosinolates (GSLs) consisted of five 
aliphatic GSLs (progoitrin, sinigrin, glucoalyssin, 
gluconapin, and glucobrassicanapin) and four indolic GSLs 
(4-hydroxyglucobrassicin, glucobrassicin, 
4-methoxygluco-brassicin, and neoglucobrassicin). Aliphatic 
GSLs exhibited 63.3% of the total GSLs content, followed 
by aromatic GSL (19.0%), indolic GSLs (10%), and unknown 
GSLs (7.7%) in different organs of Chinese cabbage. The 
total GSL content of different parts (ranked in descending 
order) was as follows: seed > flower > young leaves > stem 
> root > old leaves. The relationship between GSLs 
accumulation and expression of GSLs biosynthesis MYB 
TFs genes in different organs may be helpful to understand 
the mechanism of MYB TFs regulating GSL biosynthesis 
in Chinese cabbage.
PMID:23881053

Keywords : Chinese cabbage; Gene expression; 
Glucosinolate biosynthesis; GSL content; 
Transcription factor

Article 152
Downregulation of the lycopene ε-cyclase gene 
increases carotenoid synthesis via the β
-branch-specific pathway and enhances salt-stress 
tolerance in sweetpotato transgenic calli

Physiol Plantarum. 147(4):432-42.

Kim SH, Kim YH, Ahn YO, Ahn MJ, Jeong JC, Lee HS*, 
Kwak SS*

*Co-corresponding: hslee@kribb.re.kr, sskwak@kribb.re.kr
Plant Systems Engineering Research Center

Lycopene ε-cyclase (LCY-ε) is involved in the first step 
of the α-branch synthesis pathway of carotenoids from 
lycopene in plants. In this study, to enhance carotenoid 
synthesis via the β-branch-specific pathway [which yields 
β-carotene and abscisic acid (ABA)] in sweet potato, the 
expression of IbLCY-ε was downregulated by RNAi (RNA 
interference) technology. The RNAi-IbLCY-ε vector was 
constructed using a partial cDNA of sweet potato LCY-ε 
isolated from the storage root and introduced into cultured 
sweet potato cells by Agrobacterium-mediated 
transformation. Both semi-quantitative Reverse transcription 
polymerase chain reaction (RT-PCR) of carotenoid 
biosynthesis genes and high-performance liquid 
chromatography (HPLC) analysis of the metabolites in 
transgenic calli, in which the LCY-ε gene was silenced, 
showed the activation of β-branch carotenoids and its related 
genes. In the transgenic calli, the β-carotene content was 
approximately 21-fold higher than in control calli, whereas 
the lutein content of the transgenic calli was reduced to 
levels undetectable by HPLC. Similarly, expression of the 
RNAi-IbLCY-ε transgene resulted in a twofold increase in 
ABA content compared to control calli. The transgenic calli 
showed significant tolerance of 200 mM NaCl. Furthermore, 
both the β-branch carotenoids content and the expression 
levels of various branch-specific genes were higher under 
salt stress than in control calli. These results suggest that, 
in sweet potato, downregulation of the ε-cyclization of 
lycopene increases carotenoid synthesis via the β
-branch-specific pathway and may positively regulate cellular 
defenses against salt-mediated oxidative stress.
PMID:22938023

Keywords : Carotenoid synthesis; Plant protein; Salt-stress 
tolerance; Sweetpotato transgenic calli
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Article 153
Glycine betaine: A versatile compound with great 
potential for gene pyramiding to improve crop 
plant performance against environmental stresses

Plant Biotech Rep. 7(1):49-57.

Ahmad R, Lim CJ, Kwon SY*

*Corresponding: sykwon@kribb.re.kr
Plant Systems Engineering Research Center

Plants are frequently exposed to a plethora of environmental 
stresses. Being sessile creatures, they have to tolerate any 
stresses by altering their metabolism. To achieve tolerance, 
plants synthesize compatible compounds such as glycine 
betaine (GB). Continuous research over the years has 
increased our understanding about the mechanisms of stress 
protection by GB, which range from an osmolyte to a 
chaperone and from maintenance of reactive oxygen species 
to gene expression inducer. Various crop plants have also 
been transformed to synthesize GB along with model plants 
by introducing bacterial or plant genes. The GB-synthesizing 
crop plants exhibit enhanced tolerance to various abiotic 
stresses and out-yield wild-type plants in stressful conditions. 
GB has also been utilized to improve enhanced stress 
tolerance by utilizing it in gene stacking experiments due 
to its synergistic and stabilizing effects. It is reviewed here 
(along with comparative analysis of GB synthesis pathways 
and its mechanism to improve tolerance) showing that gene 
stacking by using GB as one component provides substantial 
protection. This synergistic role of GB leads us to hypothesize 
that it can be utilized in virtually any kind of gene stacking 
experiments to develop crop plants to be grown in arable 
and marginal lands for better tolerance to ever-changing 
environmental conditions and to ensure food security in 
underdeveloped regions of the world.

Keywords : Crop plant; Enhanced tolerance; Environmental 
stress; Gene pyramiding; Glycine betaine

Article 154
Development of cyan fluorescent protein (CFP) 
reporter system in green alga Chlamydomonas 
reinhardtii and macroalgae Pyropia sp

Plant Biotech Rep. 7(3):407-414

Lim JM, Ahn JW, Hwangbo K, Choi DW, Park EJ, Hwang 
MS, Liu JR, Jeong WJ*

*Corresponding: wonjoong@kribb.re.kr
Plant Systems Engineering Research Center

Various fluorescent proteins have been developed for in vivo 
reporter systems in diverse prokaryotes and eukaryotes. 
However, few in vivo imaging systems have been reported 
for the model algae Chlamydomonas reinhardtii or Pyropia 
sp. In this study, an effective imaging system using cyan 
fluorescent protein (CFP) was developed for the green alga 
C. reinhardtii, and its application was also successful in 
the red macroalgae Pyropia tenera and P. yezoensis. For 
optimization of CFP expression in C. reinhardtii and Pyropia 
sp., we modified codon usage in the CFP gene (CFP), 
generating PtCrCFP (Pyropia tenera/Chlamydomonas 
reinhardtii CFP). PtCrCFP was successfully expressed in 
PtCrCFP-expressing UVM11 transgenic lines, and high 
accumulation levels of PtCrCFP were found by western 
blotting. Consistent with these results, PtCrCFP fluorescence 
was clearly detected with a low level of chlorophyll 
background fluorescence in PtCrCFP-expressing UVM11 
transgenic lines. In Pyropia sp. gametophytic cells, transient 
expression of PtCrCFP fluorescence was distinctly 
visualized. PtCrCFP fluorescence was also observed during 
the regeneration of monospores and young gametophytes 
from PtCrCFP-expressing P. yezoensis gametophytic cells. 
These results suggest that PtCrCFP may be useful as an 
in vivo reporter in green algae due to the short emission 
wavelength of CFP, which provides a low level of chlorophyll 
background fluorescence. This study also presents the 
possibility of PtCrCFP's use as a visible selection marker 
for the generation of transgenic lines in the red algae Pyropia 
sp. Thus, PtCrCFP as an in vivo visualization tool may 
offer new opportunities for the functional analysis of genetic 
studies in both green and red algae.

Keywords : Chlamydomonas reinhardtii; Chlorophyll; 
Cyan fluorescent protein; Green fluorescent protein; 
Pyropia tenera; Pyropia yezoensis
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Article 155
Cloning and characterization of an Orange gene 
that increases carotenoid accumulation and salt 
stress tolerance in transgenic sweetpotato cultures

Plant Physiol Biochem. 70:445-54.

Kim SH, Ahn YO, Ahn MJ, Jeong JC, Lee HS*, Kwak 
SS*

*Co-corresponding: hslee@kribb.re.kr, sskwak@kribb.re.kr
Plant Systems Engineering Research Center

The Orange (Or) gene is responsible for the accumulation 
of carotenoids in plants. We isolated the Or gene (IbOr) 
from storage roots of orange-fleshed sweetpotato (Ipomoea 
batatas L. Lam. cv. Sinhwangmi), and analyzed its function 
in transgenic sweetpotato calli. The IbOr gene has an open 
reading frame in the 942 bp cDNA, which encodes a 
313-amino acid protein containing a cysteine-rich zinc finger 
domain. IbOr was strongly expressed in storage roots of 
orange-fleshed sweetpotato cultivars; it also was expressed 
in leaves, stems, and roots of cultivars with alternatively 
colored storage roots. IbOr transcription increased in 
response to abiotic stress, with gene expression reaching 
maximum at 2 h after treatment. Two different overexpression 
vectors of IbOr (IbOr-Wt and IbOr-Ins, which contained 
seven extra amino acids) were transformed into calli of 
white-fleshed sweetpotato [cv. Yulmi (Ym)] using 
Agrobacterium. The transgenic calli were easily selected 
because they developed a fine orange color. The expression 
levels of the IbOr transgene and genes involved in carotenoid 
biosynthesis in IbOr-Wt and IbOr-Ins transgenic calli were 
similar, and both transformants displayed higher expression 
levels than those in Ym calli. The contents of β-carotene, 
lutein, and total carotenoids in IbOr-Ins transgenic lines were 
approximately 10, 6, and 14 times higher than those in Ym 
calli, respectively. The transgenic IbOr calli exhibited 
increased antioxidant activity and increased tolerance to salt 
stress. Our work shows that the IbOr gene may be useful 
for the biotechnological development of transgenic 
sweetpotato plants that accumulate increased carotenoid 
contents on marginal agricultural lands.
PMID:23835362

Keywords : Carotenoid; Metabolic engineering; Orange 
gene (IbOr); Salt stress; Sweetpotato; Tolerance

Industrial Bio-materials Research Center

Article 156
Pedobacter luteus sp. nov., isolated from soil

Int J Syst Evol Microbiol. 63(4):1304-10.

Oh HW, Kim BC, Park DS, Jeong WJ, Kim H, Lee KH, 
Kim SU*

*Corresponding: kimsu@kribb.re.kr
Industrial Bio-materials Research Center

Two strains of Gram-staining-negative, rod-shaped bacteria 
that were motile by gliding, N7d-4T and B4a-b5, were isolated 
during a study of culturable bacteria in soil cultivated with 
potatoes. These isolates grew at 15-37 °C and at pH 6.5-7.0. 
The major cellular fatty acids were summed feature 3 
(iso-C15:0 2-OH and/or C16:1ω7c), anteiso-C15:0, iso-C15:0, 
iso-C17:0 3-OH and iso-C17:1ω9c. The major polar lipids were 
phosphatidyl-N-methylethanolamine and 
phosphatidylethanolamine. The strains contained d-18 : 0 
and d-19 : 0 sphingosines. The DNA G+C contents of strains 
N7d-4T and B4a-b5 were 48.5 and 46.9 mol% (HPLC), 
respectively. A phylogenetic analysis based on 16S rRNA 
gene sequences showed that strains N7d-4T and B4a-b5 were 
affiliated with Pedobacter species in the family 
Sphingobacteriaceae. Strains N7d-4T and B4a-b5 shared 
99.9% sequence similarity, and the most closely related 
Pedobacter type strains were Pedobacter composti TR6-06T 
(96.5 and 96.7% sequence similarity, respectively), P. oryzae 
N7T (95.4 and 95.6%) and P. caeni LMG 22862T (94.0 and 
94.4%). Phenotypic data and phylogenetic inference clearly 
distinguished the two isolates from other Pedobacter species. 
Based on these data, the isolates are considered to represent 
a novel species of the genus Pedobacter, for which the name 
Pedobacter luteus sp. nov. is proposed. The type strain is 
N7d-4T ( = KCTC 22699T  = DSM 22385T).
PMID:22798651

Keywords : Fatty acid; Pedobacter luteus; 
Phosphatidylethanolamines; Phylogeny; Sequence 
analysis; Soil
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Environmental Biotechnology Research Center

Article 157
Ettlia sp. YC001 showing high growth rate and 
lipid content under high CO2

Bioresour Technol. 127:482-8.

Yoo C, Choi GG, Kim SC, Oh HM*

*Corresponding: heemock@kribb.re.kr
Environmental Biotechnology Research Center

Over 100 green-colored colonies were isolated from 
environmental samples when cultivating on a BG11 agar 
medium, and 4 strains showing different morphologies were 
selected based on light microscopic observation. Among 
these strains, the microalgal species with the highest growth 
rate under 10% CO2 was identified as Ettlia sp. YC001 
using an 18S rDNA-based phylogenetic analysis and 
morphological comparison. The highest cell density of 3.10 
g/L (based on dry cell weight) and biomass productivity 
of 0.19 g/L/d were obtained under 5% CO2 after 16 days. 
The lipid content and productivity were also up to 42% 
of the dry cell weight and 80.0mg/L/d, respectively. The 
color of the Ettlia sp. YC001 culture changed from green 
to red after a month due to the accumulation of certain 
carotenoids. Therefore, it would seem that Ettlia sp. YC001 
is appropriate for mitigating CO2 due to its high biomass 
productivity, and a suitable candidate for producing biodiesel 
and high-value products.
PMID:23147124

Keywords : Biodiesel; Carotenoid; Ettlia; Lipid 
productivity; Microalgae

Article 158
Microalgae-associated bacteria play a key role in 
the flocculation of Chlorella vulgaris

Bioresour Technol. 131:195-201.

Lee J, Cho DH, Ramanan R, Kim BH, Oh HM, Kim HS*

*Corresponding: hkim@kribb.re.kr
Environmental Biotechnology Research Center

Flocculation is most preferred method for harvesting 
microalgae, however, the role of bacteria in microalgal 
flocculation process is still unknown. This study proves that 
bacteria play a profound role in flocculating by increasing 
the floc size resulting in sedimentation of microalgae. A 
flocculating activity of 94% was achieved with xenic 
Chlorella vulgaris culture as compared to 2% achieved with 
axenic culture. Denaturing gradient gel electrophoresis 
(DGGE) analysis of 16S rRNA gene of xenic C. vulgaris 
culture revealed the presence of Flavobacterium sp., 
Terrimonas sp., Sphingobacterium sp., Rhizobium sp. and 
Hyphomonas sp. as microalgae-associated bacteria. However 
when Flavobacterium, Terrimonas, Sphingobacterium were 
eliminated by fluorescence activated cell sorter (FACS), 
flocculating activity reduced to 3%. Further studies with 
cell free extracts also suggest that bacterial extracellular 
substances might also have a role in enhancing flocculation. 
We conclude that the collective presence of certain bacteria 
is the determining factor in flocculation of C. vulgaris.
PMID:23347927

Keywords : Algae; Chlorella vulgaris; DGGE analysis; 
Flocculation; Microalgae-associated bacteria



2013 KRIBB Article Abstracts ｜ 85 ｜

Article 159
Lipid droplet synthesis is limited by acetate 
availability in starchless mutant of 
Chlamydomonas reinhardtii

FEBS Lett. 587(4):370-7.

Ramanan R, Kim BH, Cho DH, Ko SR, Oh HM, Kim HS*

*Corresponding: hkim@kribb.re.kr
Environmental Biotechnology Research Center

Phenotypic and genotypic changes in Chlamydomonas 
reinhardtii BafJ5, a starchless mutant, with respect to lipid 
metabolism was studied in different trophic states under 
nitrogen (N) sufficient and limited conditions. Interestingly, 
cellular lipid content increased linearly with input acetate 
concentration with highest lipid content (∼42%) under 
nitrogen limitation and mixotrophic state. RT-qPCR studies 
indicate that key fatty acid biosynthesis genes are 
down-regulated under N limitation but not under mixotrophic 
state, whereas, ACS2, encoding Acetyl-CoA synthetase, and 
DGTT4, encoding Diacylglycerol O-acyltransferase, are 
up-regulated under all conditions. These results collectively 
indicate that acetate is the limiting factor and central molecule 
in lipid droplet synthesis. The study also provides further 
evidence of the presence of a chloroplast pathway for 
triacylglycerol synthesis in microalgae.
PMID:23313852

Keywords : Chlamydomonas reinhardtii; Chloroplast; Fatty 
acid biosynthesis; Gene expression; Lipid droplet

Article 160
Arenimonas daechungensis sp. nov., isolated from 
the sediment of a eutrophic reservoir

Int J Syst Evol Microbiol. 63(2):484-9.

Huy H, Jin L, Lee YK, Lee KC, Lee JS, Yoon JH, Ahn 
CY*, Oh HM*

*Co-corresponding: cyahn@kribb.re.kr, heemock@kribb.re.kr
Environmental Biotechnology Research Center

A gram-negative, non-motile, non-spore-forming and 
rod-shaped bacterial strain, CH15-1T, was isolated from a 
sediment sample taken from Daechung Reservoir, South 
Korea, during the late-blooming period of cyanobacteria. 
Strain CH15-1T grew optimally at pH 7.0 and 30 °C. A 
phylogenetic analysis based on 16S rRNA gene sequences 
confirmed that strain CH15-1T belongs to the genus 
Arenimonas with the similarity range from 92.6-97.4% and 
is closely related to Arenimonas oryziterrae YC6267T 
(97.4%), Arenimonas composti TR7-09T (95.4%), 
Arenimonas metalli CF5-1T (94.7%), Arenimonas malthae 
CC-JY-1T (94.6%) and Arenimonas donghaensis HO3-R19T 
(92.6%). However, the DNA-DNA hybridization between 
strain CH15-1T and the closest strain, Arenimonas oryziterrae 
YC6267T, was 8.9-12.9%. The DNA G+C content was 63.9 
mol% compared to A. oryziterrae YC626T, 65.8 mol%. Strain 
CH15-1T included Q-8 as the major ubiquinone and 
phosphatidylethanolamine, phosphatidylglycerol, 
diphosphatidylglycerol and phosphatidylmonomethyl-
ethanolamine as the major polar lipids. The major fatty acids 
(>5%) were iso-C15:0, iso-C16:0, iso-C14:0, iso-C11:0 3-OH, 
iso-C17:0 and summed feature 9 (iso-C17:1ω9c and/or C16:0 
10-methyl). On the basis of phylogenetic, phenotypic and 
genetic data, strain CH15-1T was classified in the genus 
Arenimonas as a member of a novel species, for which the 
name Arenimonas daechungensis sp. nov. is proposed. The 
type strain is CH15-1T (= KCTC 23553T = DSM 24763T).
PMID:22493175

Keywords : Arenimonas daechungensis; Eutrophic 
reservoir; Fatty Acid; Geologic sediment; 
Phospholipids; Phylogeny; Sequence analysis
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Article 161
Belnapia soli sp. nov., a proteobacterium isolated 
from grass soil

Int J Syst Evol Microbiol. 63(6):1955-9.

Jin L, Lee HG, No KJ, Ko SR, Kim HS, Ahn CY*, Oh 
HM*

*Co-corresponding: cyahn@kribb.re.kr, heemock@kribb.re.kr
Environmental Biotechnology Research Center

A Gram-negative, aerobic, non-motile, non-spore-forming, 
cocci-shaped, red-pigmented bacterium, designated strain 
PB-K8T, was isolated from grass soil sampled in Daejeon, 
Republic of Korea. Comparative 16S rRNA gene sequence 
studies showed that the isolate was clearly affiliated with 
the class Alphaproteobacteria, and was most closely related 
to Belnapia moabensis DSM 16746T and Belnapia rosea 
DSM 23312T, showing a 16S rRNA gene sequence similarity 
to the type strains of each species of 98.4 and 97.2%, 
respectively. The cells of strain PB-K8T formed red colonies 
on R2A agar, contained Q-9 as the predominant ubiquinone 
and included summed feature 3 (C16:1ω7c C16:1ω6c), C16:0, 
summed feature 8 (C18:1ω7c/C18:1ω6c), C18:1 2-OH and C19:0 
cyclo ω8c as the major fatty acids. The G+C content of 
the genomic DNA of strain PB-K8T was 72.1 mol%. Thus, 
the combined genotypic and phenotypic data supported the 
conclusion that strain PB-K8T represents a novel species 
of the genus Belnapia, for which the name Belnapia soli 
sp. nov. is proposed. The type strain is PB-K8T (=KCTC 
23765T=JCM 18033T).
PMID:23024144

Keywords : 16S rRNA gene sequence; Belnapia soli; Grass 
soil; Phylogeny; Proteobacterium; Sequence analysis

Article 162
Caulobacter daechungensis sp. nov., a stalked 
bacterium isolated from a eutrophic reservoir

Int J Syst Evol Microbiol. 63(7):2559-64.

Jin L, Lee HG, Kim HS, Ahn CY*, Oh HM*

*Co-corresponding: cyahn@kribb.re.kr, heemock@kribb.re.kr
Environmental Biotechnology Research Center

A Gram-stain-negative, aerobic, non-spore-forming, curved, 
rod-shaped bacterium, H-E3-2T, was isolated from a water 
sample taken from Daechung Reservoir, Republic of Korea, 
during the late-blooming period of cyanobacteria. Strain 
H-E3-2T was motile with a single polar flagellum or 
non-motile (stalked cell). Comparative 16S rRNA gene 
sequence studies showed the isolate had a clear affiliation 
with the class Alphaproteobacteria and was most closely 
related to Caulobacter fusiformis ATCC 15257T and 
Caulobacter mirabilis LMG 24261T, showing 97.6 and 97.3 
% 16S rRNA gene sequence similarity, respectively, and 
95.3-96.3 % similarity to all other species of the genus 
Caulobacter. The predominant ubiquinone was Q-10. The 
major fatty acids were summed feature 8 (C18:1ω6c and/or 
C18:1ω7c) and C16 : 0. The G+C content of the genomic 
DNA of strain H-E3-2T was 64.7 mol%. DNA-DNA 
hybridization values of strain H-E3-2T with C. fusiformis 
ATCC 15257T and C. mirabilis LMG 24261T were 21.2 
and 19.7 %, respectively. Thus, based on the results of 
polyphasic analysis, it is proposed that strain H-E3-2T 
represents a novel species of the genus Caulobacter, for 
which the name Caulobacter daechungensis sp. nov. is 
proposed. The type strain is H-E3-2T ( = KCTC 32211T 
= JCM 18689T).
PMID:23243096

Keywords : 16S rRNA gene sequence; Caulobacter 
daechungensis; Eutrophic reservoir; Phylogeny; 
Polyphasic analysis; Sequence analysis; Stalked 
bacterium



2013 KRIBB Article Abstracts ｜ 87 ｜

Article 163
Geodermatophilus soli sp. nov. and 
Geodermatophilus terrae sp. nov., two 
actinobacteria isolated from grass soil

Int J Syst Evol Microbiol. 63(7):2625-9.

Jin L, Lee HG, Kim HS, Ahn CY*, Oh HM*

*Co-corresponding: cyahn@kribb.re.kr, heemock@kribb.re.kr
Environmental Biotechnology Research Center

Two strains, PB34T and PB261T, were isolated from grass 
soil sampled in Daejeon, Republic of Korea. Comparative 
16S rRNA gene sequence studies showed the two bacteria 
to be clearly affiliated with the phylum Actinobacteria and 
most closely related to the genus Geodermatophilus, showing 
16S rRNA gene sequence similarities to the type strains 
of species of the genus Geodermatophilus of 95.0-96.3 % 
and sharing 98.5 % similarity between the two strains. The 
two strains were Gram-stain-positive, aerobic, motile and 
rod-shaped bacteria. The peptidoglycan contained 
meso-diaminopimelic acid as the diagnostic diamino acid. 
The predominant menaquinones were MK-9(H4) and 
MK-9(H0). The major fatty acids were iso-C15:0, iso-C16:0, 
iso-C17:0 and summed feature 3 (C16:1ω7c and/or C16:1ω6c) 
for strain PB34T and iso-C14:0, iso-C15:0, iso-C16:0 and C16:0 
for strain PB261T. The G+C contents of the genomic DNA 
of strains PB34T and PB261T were 73.2 mol% and 74.1 
mol%, respectively. Thus, based on the evidence of a 
polyphasic study, it is proposed that strains PB34T and 
PB261T represent two novel species, for which the names 
Geodermatophilus soli sp. nov. (type strain PB34T = KCTC 
19880T = JCM 17785T) and Geodermatophilus terrae sp. 
nov. (type strain PB261T = KCTC 19881T = JCM 17786T) 
are proposed.
PMID:23264505

Keywords : 16S rRNA gene sequence; Actinobacteria; 
Geodermatophilus soli; Geodermatophilus terrae; 
Grass soil; Phylogeny; Sequence analysis

Article 164
Aquihabitans daechungensis gen. nov., sp. nov., 
an actinobacterium isolated from reservoir water

Int J Syst Evol Microbiol. 63(8):2970-4.

Jin L, Huy H, Kim KK, Lee HG, Kim HS, Ahn CY*, Oh 
HM*

*Co-corresponding: cyahn@kribb.re.kr, heemock@kribb.re.kr
Environmental Biotechnology Research Center

A novel Gram-reaction-positive bacterium, strain CH22-21T, 
was isolated from a water sample taken from Daechung 
Reservoir, Republic of Korea, during the late-blooming 
period of cyanobacteria. Cells of strain CH22-21T were 
non-motile, ciliated short rods that formed creamy-white 
colonies on half-strength modified R2A agar. 
Chemotaxonomic results showed menaquinone MK-9(H6) 
as the predominant respiratory menaquinone, 
diphosphatidylglycerol, phosphatidylinositol and 
phosphatidylinositolmannoside as major polar lipids, 16 : 
1ω5c, 16 : 0, 17 : 1ω8c and 18 : 1ω9c as major fatty acids, 
and a DNA G+C content of 71.8 mol%. Phylogenetic analysis 
based on 16S rRNA gene sequencing indicated that the strain 
formed a separate lineage within the order Acidimicrobiales, 
showing similarity values of <92.3 % with its closest 
phylogenetic neighbours. The combined genotypic and 
phenotypic data showed that strain CH22-21T could be 
distinguished from all genera within the order 
Acidimicrobiales and represented a novel species of a new 
genus in the family Iamiaceae, for which the name 
Aquihabitans daechungensis gen. nov., sp. nov. is proposed. 
The type strain of Aquihabitans daechungensis is CH22-21T 
(= KCTC 19849T = JCM 17787T).
PMID:23378111

Keywords : Actinobacterium; Aquihabitans 
daechungensis; Chemotaxonomic result; Phylogeny; 
Reservoir water; Sequence analysis
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Article 165
Lacibacter daechungensis sp. nov., isolated from 
deep freshwater of a reservoir

Int J Syst Evol Microbiol. 63(12):4519-23.

Jin L, Shin SY, Lee HG, Ahn CY*, Oh HM*

*Co-corresponding: cyahn@kribb.re.kr, heemock@kribb.re.kr
Environmental Biotechnology Research Center

A Gram-stain-negative, aerobic, motile by gliding, 
non-spore-forming, rod-shaped, orange-pigmented 
bacterium, designated strain H32-4T, was isolated from 32 
m deep water of Daechung reservoir in Daejeon, Republic 
of Korea. Based on the nucleotide sequence of the 16S rRNA 
gene, the closest neighbouring type strain was Lacibacter 
cauensis NJ-8T with which strain H32-4T shared 98.9% 
sequence similarity. The most abundant fatty acids in whole 
cells of strain H32-4T were C15:0 iso (40.6%), C17:0 iso 3-OH 
(22.4%), summed feature 3 (C16:1ω7c and/or C16:1ω6c; 9.3%) 
and C15:0 (6.6%). The predominant menaquinone was MK-7. 
The G+C content of the genomic DNA of strain H32-4T 
was 45.7 mol%. Thus, these combined genotypic and 
phenotypic data supported the conclusion that strain H32-4T 
represents a novel species of the genus Lacibacter, for which 
the name Lacibacter daechungensis sp. nov. is proposed. 
The type strain is H32-4T ( = KCTC 32395T = JCM 
19172T).
PMID:23859945

Keywords : 16S rRNA gene sequence; Fatty acid; 
Lacibacter daechungensis; Phylogeny; Reservoir 
water; Sequence analysis

Article 166
Amnibacterium soli sp. nov., an actinobacterium 
isolated from grass soil

Int J Syst Evol Microbiol. 63(12):4750-3.

Jin L, Lee HG, Kim HS, Ahn CY*, Oh HM*

*Co-corresponding: cyahn@kribb.re.kr, heemock@kribb.re.kr
Environmental Biotechnology Research Center

A Gram-stain-positive, aerobic, non-motile, 
non-spore-forming, short rod-shaped actinobacterium, 
designated strain PB243T, was isolated from grass soil 
sampled in Daejeon, Republic of Korea. Comparative 16S 
rRNA gene sequence studies showed the isolate was clearly 
affiliated with the class Actinobacteria, and most closely 
related to Amnibacterium kyonggiense KEMC 51201-037T, 
showing 98.8% 16S rRNA gene sequence similarity. Cells 
of strain PB243T formed yellow colonies on R2A agar, 
contained MK-11 and MK-12 as the predominant 
menaquinones, L-2,4-diaminobutyric acid as the diagnostic 
cell-wall diamino acid, and anteiso-C15:0 and iso-C16:0 among 
the major fatty acids. The acyl type of the muramic acid 
was acetyl. The G+C content of the genomic DNA of strain 
PB243T was 71.5 mol%. Thus, the combined genotypic and 
phenotypic data supported the conclusion that strain PB243T 
represents a novel species of the genus Amnibacterium, for 
which the name Amnibacterium soli sp. nov. is proposed. 
The type strain is PB243T ( = KCTC 33147T = JCM 
19015T).
PMID:23990652

Keywords : 16S rRNA gene sequence; Actinobacterium; 
Amnibacterium soli; Grass soil; Phylogeny; 
Sequence analysis
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Article 167
Optimization of flocculation conditions for 
Botryococcus braunii using response surface 
methodology

J Appl Phycol. 25(3):875-82.

Kim DG, Oh HM, Park YH, Kim HS, Lee HG, Ahn CY*

*Corresponding: cyahn@kribb.re.kr
Environmental Biotechnology Research Center

Biodiesel from microalgae is recognized as a desirable, 
renewable biofuel to replace petroleum-derived transport 
fuels. However, the efficient harvesting of microalgae is 
a major hurdle for commercialization. Therefore, the 
development of a cost-effective harvesting method is 
essential to reduce production cost. A partial factorial design 
was used to screen the main factors involved, which were 
the concentration of FeCl3, the bioflocculant, and the time 
of slow mixing. Response surface methodology (RSM) was 
used to further investigate the optimal conditions for these 
factors on flocculation of Botryococcus braunii. Analysis 
of variance and other relevant tests confirmed the validity 
of the suggested model. The optimal conditions inferred from 
the obtained equation were 0.79 mM FeCl3, 0.58 % (v/v) 
bioflocculant, and 180 sec of slow mixing for 1.1 g DCW 
L-1 of B. braunii. The flocculating activity under these 
conditions was 90.6 %. By using RSM, the optimal conditions 
for flocculation of B. braunii could be reached more quickly 
and efficiently.

Keywords : Biodiesel; Botryococcus braunii; Flocculation; 
Harvest; Response surface methodology

Article 168
Increased microalgae growth and nutrient removal 
using balanced N:P ratio in wastewater

J Microbiol Biotechnol. 23(1):92-8.

Lee SH, Ahn CY, Jo BH, Lee SA, Park JY, An KG, Oh 
HM*

*Corresponding: heemock@kribb.re.kr
Environmental Biotechnology Research Center

Microalgal cultivation using wastewater is now regarded 
as essential for biodiesel production, as two goals can be 
achieved simultaneously; that is, nutrient removal efficiency 
and biomass production. Therefore, this study examined the 
effects of carbon sources, the N:P ratio, and the hydraulic 
retention time (HRT) to identify the optimal conditions for 
nutrient removal efficiency and biomass production. The 
effluent from a 2nd lagoon was used to cultivate microalgae. 
Whereas the algal species diversity and lipid content 
increased with a longer HRT, the algal biomass productivity 
decreased. Different carbon sources also affected the algal 
species composition. Diatoms were dominant with an 
increased pH when bicarbonate was supplied. However, 2% 
CO2 gas led to a lower pH and the dominance of filamentous 
green algae with a much lower biomass productivity. Among 
the experiments, the highest chlorophyll-a concentration and 
lipid productivity were obtained with the addition of 
phosphate up to 0.5 mg/l P, since phosphorus was in short 
supply compared with nitrogen. The N and P removal 
efficiencies were also higher with a balanced N:P ratio, based 
on the addition of phosphate. Thus, optimizing the N:P ratio 
for the dominant algae could be critical in attaining higher 
algal growth, lipid productivity, and nutrient removal 
efficiency.
PMID:23314374

Keywords : Biodiesel; Microalgae; Nitrogen; N:P ratio; 
Nutrient removal; Phosphorus; Wastewater
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Article 169
Novel approach for the development of axenic 
microalgal cultures from environmental samples

J Phycol. 49(4):802-10.

Cho DH, Ramanan R, Kim BH, Lee J, Kim S, Yoo C, 
Choi GG, Oh HM, Kim HS*

*Corresponding: hkim@kribb.re.kr
Environmental Biotechnology Research Center

We demonstrated a comprehensive approach for development 
of axenic cultures of microalgae from environmental samples. 
A combination of ultrasonication, fluorescence-activated cell 
sorting (FACS), and micropicking was used to isolate axenic 
cultures of Chlorella vulgaris Beyerinck (Beijerinck) and 
Chlorella sorokiniana Shihira & R.W. Krauss from swine 
wastewater, and Scenedesmus sp. YC001 from an open pond. 
Ultrasonication dispersed microorganisms attached to 
microalgae and reduced the bacterial population by 70%, 
and when followed by cell sorting yielded 99.5% pure 
microalgal strains. The strains were rendered axenic by the 
novel method of micropicking and were tested for purity 
in both solid and liquid media under different trophic states. 
Denaturing gradient gel electrophoresis (DGGE) of 16S 
rRNA gene confirmed the absence of unculturable bacteria, 
whereas fluorescence microscopy and scanning electron 
microscopy (SEM) further confirmed the axenicity. This is 
the most comprehensive approach developed to date for 
obtaining axenic microalgal strains without the use of 
antibiotics and repetitive subculturing.

Keywords : Axenic culture; Chlorella sp.; FACS; 
Microalgae; Micropicking; Scenedesmus sp.; 
Ultrasonication

Article 170
Production of biodiesel and nutrient removal of 
municipal wastewater using a small scale raceway 
pond

Kor J Microbiol Biotechnol. 41(2):207-14.

Kang Z, Kim BH, Oh HM, Kim HS*

*Corresponding: hkim@kribb.re.kr
Environmental Biotechnology Research Center

A concerted effort to develop alternative forms of energy 
is underway due to fossil fuel shortages and its deleterious 
effects. Recently, bioenergy from microalgae has gained 
prominence and the use of municipal wastewater as a low 
cost alternative for a nutrient source has significant 
advantages. In this study, we have employed municipal 
wastewater directly after primary treatment (primary settling 
basin) in a small scale raceway pond (SSRP) for microalgal 
growth. Indigenous microalgae in the wastewater were 
encouraged to grow in the SSRP under optimal conditions. 
The mean removal efficiencies of TN, TP, and NH3-N after 
6 days were 77.77%, 63.55%, and 89.02%, respectively. 
The average lipid content of the microalgae was 19.51% 
of dry cell weight, and linolenate and linoleate (18:n) were 
the predominant fatty acids. The 18S rRNA gene analysis 
and microscopic observations of the indigenous microalgae 
community revealed the presence of Chlorella vulgaris and 
Scenedesmus obliquus as the dominant microalgae. These 
results indicate that untreated municipal wastewater, serving 
as an excellent nitrogen and phosphate source for microalgal 
growth, could be treated using microalgae in open raceway 
ponds. Moreover, microalgal biomass could be further 
profitable by the extraction of biodiesel.

Keywords : Biodiesel; Microalgae; Nutrient removal; Small 
scale raceway pond (SSRP); Wastewater treatment
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Article 171
Hoeflea halophila sp. nov., a novel bacterium 
isolated from marine sediment of the East Sea, 
Korea

Antonie Van Leeuwenhoek. 103(5):971-8.

Jung MY, Shin KS#, Kim S, Kim SJ, Park SJ, Kim JG, 
Cha IT, Kim MN, Rhee SK.

#Co-first: ksshin@kribb.re.kr
Microbial Resource Center

A Gram-negative, aerobic, motile, straight or curved 
rod-shaped marine bacterium was isolated from marine 
sediment of the East Sea, Korea. The isolated strain, 
JG120-1T, grows with 0-5 % (w/v) NaCl and at 15-30 °C 
and pH 6-9. α-galactosidase activity test was positive. 
Comparative 16S rRNA gene sequence studies showed that 
this strain belonged to the Alphaproteobacteria and was the 
most closely related to Hoeflea alexandrii AM1 V30T, 
Hoeflea phototrophica DFL-43T and Hoeflea marina LMG 
128T (98.9, 97.9 and 97.0% 16S rRNA gene sequence 
similarities, respectively). Strain JG120-1T was found to 
possess summed feature 8 (C18:1ω7c/C18:1ω6c, 71.11%) as 
the major cellular fatty acid. The major ubiquinone was 
determined to be Q-10. Polar lipids include 
phosphatidylglycerol, phosphatidylethanolamine, 
sulfoquinovosyl diacylglycerol, phosphatidylcholine and 
phosphatidylmonomethylethanolamine. The G+C content of 
the genomic DNA of strain JG120-1T was determined to 
be 57.8 mol %. DNA-DNA relatedness data indicated that 
strain JG120-1T represents a distinct species that is separate 
from H. phototrophica DFL-43T, H. marina LMG128T and 
H. alexandrii AM1 V30T. On the basis of polyphasic 
evidences, it is proposed that strain JG120-1T (= KCTC 
23107T = JCM 16715T) represents the type strain of a novel 
species, Hoeflea halophila sp. nov.
PMID:23314912

Keywords : Hoeflea halophila; Marine bacterium; Marine 
sediment; Novel species; Polyphasic taxonomy

Article 172
Fusobacterium nucleatum subsp. fusiforme 
Gharbia and Shah 1992 is a later synonym of 
Fusobacterium nucleatum subsp. vincentii Dzink 
et al. 1990

Curr Microbiol. 66(4):414-7.

Kook JK, Park SN, Lim YK, Choi MH, Cho E, Kong SW, 
Shin Y, Paek J, Chang YH*

*Co-corresponding: yhchang@kribb.re.kr
Microbial Resource Center

On the basis of the DNA-DNA hybridization patterns and 
phenotypic characteristics, Fusobacterium nucleatum was 
classified into five subspecies. Previous studies have 
suggested that F. nucleatum subsp. vincentii is genetically 
similar to F. nucleatum subsp. fusiforme. The aim of this 
study was to investigate the possibility of classifying these 
two subspecies into a single subspecies by phylogenetic 
analysis using a single sequence (24,715 bp) concatenated 
22 housekeeping genes of eight F. nucleatum strains 
including type strains of five F. nucleatum subspecies. The 
phylogenetic analysis indicated that F. nucleatum subsp. 
vincentii and F. nucleatum subsp. fusiforme were clustered 
in the same group and each strain of other F. nucleatum 
subspecies were also separated into the same cluster. These 
results suggested that F. nucleatum subsp. fusiforme and 
F. nucleatum subsp. vincentii can be classified into a single 
subspecies. F. nucleatum subsp. vincentii was early published 
name; therefore, F. nucleatum subsp. fusiforme Gharbia and 
Shah 1992 can be regarded as a later synonym of F. nucleatum 
subsp. vincentii Dzink et al. 1990.
PMID:23263257

Keywords : Bacterial protein; Fusobacterium nucleatum; 
Phylogeny; Sequence analysis; Sequence homology
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Article 173
Genome sequence of Methanobrevibacter sp. 
strain jh1, isolated from rumen of Korean native 
cattle

Genome Announc. 1(1):e00002.

Lee JH, Rhee MS, Kumar S, Lee GH, Chang DH, Kim 
DS, Choi SH, Lee DW, Yoon MH, Kim BC*

*Corresponding: bckim@kribb.re.kr
Microbial Resource Center

The Methanobrevibacter sp. strain JH1 was isolated from 
the rumen of Korean native cattle (HanWoo; Bos taurus 
coreanae). Here, we provide a 2.06-Mb draft genome 
sequence of strain JH1 that might provide more information 
about the lifestyle of rumen methanogens and about the 
genes and proteins that can be targeted to curb methane 
emissions.
PMID:23469331

Keywords : Curb methane emission; Genome sequence; 
HanWoo; Methanobrevibacter; Physiological 
property; Rumen methanogen

Article 174
Oscillibacter ruminantium sp. nov., isolated from 
the rumen of Korean native cattle

Int J Syst Evol Microbiol. 63(6):1942-6.

Lee GH, Rhee MS, Chang DH, Lee J, Kim S, Yoon MH, 
Kim BC*

*Co-corresponding: bckim@kribb.re.kr
Microbial Resource Center

A strictly anaerobic, Gram-negative, non-spore-forming 
bacterium, designated GH1T, was isolated from the rumen 
of Korean native cattle (HanWoo). Cells were straight to 
slightly curved rods (2.0-4.5 µm long) and were motile by 
peritrichous flagella. The isolate grew at 30-45 °C (optimum 
40 °C), at pH 5.5-6.5 (optimum pH 6.0) and with up to 
3.5% (w/v) NaCl. Strain GH1T produced acid from d-glucose, 
d-ribose and d-xylose, with butyric acid being the major 
end product. The genomic DNA G+C content was 54.6 mol%. 
Based on comparative 16S rRNA gene sequence analysis, 
strain GH1T was most closely related to Oscillibacter 
valericigenes Sjm18-20T (97.3% 16S rRNA gene sequence 
similarity). DNA-DNA hybridization between strain GH1T 
and O. valericigenes DSM 18026T showed 24% 
reassociation. The major fatty acids were iso-C13:0 (13.0%), 
iso-C15:0 (17.6%), anteiso-C15:0 (8.4%) and C14:0 (4.1%), and 
the cellular fatty acid methyl esters as dimethylacetals 
(DMAs) were C16:0 DMA (17.8%), iso-C15:0 DMA (15.2%) 
and C14:0 DMA (4.52%). The cell-wall peptidoglycan of strain 
GH1T contained meso-diaminopimelic acid and the major 
cell-wall sugar was galactose. Based on 16S rRNA gene 
sequence similarity, phylogenetic analysis, DNA G+C 
content, DNA-DNA relatedness and distinct phenotypic 
characteristics, strain GH1T is classified in the genus 
Oscillibacter as a member of a novel species, for which 
the name Oscillibacter ruminantium sp. nov. is proposed. 
The type strain is GH1T (=KCTC 15176T=NBRC 
108824T=JCM 18333T).
PMID:23024142

Keywords : 16S rRNA gene sequence; HanWoo; 
Oscillibacter ruminantium; Phylogeny; Rumen
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Article 175
Polaribacter sejongensis sp. nov., isolated from 
Antarctic soil, and emended descriptions of the 
genus Polaribacter, Polaribacter butkevichii and 
Polaribacter irgensii

Int J Syst Evol Microbiol. 63(11):4000-5.

Kim BC, Oh HW, Kim H, Park DS, Hong SG, Lee HK, 
Bae KS*

*Co-corresponding: ksbae@kribb.re.kr
Microbial Resource Center

A Gram-staining-negative, catalase- and oxidase-positive, 
non-motile bacterium, designated strain KOPRI 21160T, was 
isolated from Antarctic soil. Based on 16S rRNA gene 
sequence analysis, strain KOPRI 21160T was found to belong 
to the genus Polaribacter. Sequence similarity between strain 
KOPRI 21160T and the type strains of species of the genus 
Polaribacter was 94.2-98.3%. The nearest phylogenetic 
neighbours of strain KOPRI 21160T were Polaribacter 
butkevichii KCTC 12100T (98.3% similarity) and 
Polaribacter irgensii KCTC 23136T (97.5%). DNA-DNA 
relatedness was 50.6%, between strain KOPRI 21160T and 
P. butkevichii KCTC 12100T, and 45.2% between strain 
KOPRI 21160T and P. irgensii KCTC 23136T. Strain KOPRI 
21160T grew at 4-37 °C and at pH 7.0-8.5. It could hydrolyse 
DNA, starch and Tweens 20, 40, 60 and 80. Menaquinone-6 
(MK-6) was the only respiratory quinone, and iso-C15:0, 
iso-C15:0 3-OH and C15:1ω6c were the major cellular fatty 
acids. The major polar lipids were phosphatidylethanolamine, 
two unidentified aminolipids and one unidentified lipid. The 
DNA G+C content was 30.0 mol%. Based on data from 
our polyphasic study, the organism is considered to represent 
a novel species of the genus Polaribacter, for which we 
propose the name Polaribacter sejongensis sp. nov. The 
type strain is KOPRI 21160T ( = KCTC 23670T = JCM 
18092T). Emended descriptions of the genus Polaribacter, 
Polaribacter butkevichii Nedashkovskaya et al. 2005 and 
Polaribacter irgensii Gosink et al. 1998 are also proposed.
PMID:23710058

Keywords : 16S rRNA gene sequence; Antarctic soil; 
Phylogeny; Polaribacter sejongensis

Article 176
Methanobrevibacter boviskoreani sp. nov., 
isolated from the rumen of Korean native cattle

Int J Syst Evol Microbiol. 63(11):4196-201.

Lee JH, Kumar S, Lee GH, Chang DH, Rhee MS, Yoon 
MH, Kim BC*

*Corresponding: bckim@kribb.re.kr
Microbial Resource Center

Three strictly anaerobic, methanogenic strains JH1T, JH4 
and JH8 were isolated from rumen of the Korean native 
cattle (HanWoo; Bos taurus coreanae) in South Korea. The 
colonies were circular, opaque, and slightly yellowish. 
Phylogenetic analyses of 16S rRNA gene and mcrA (encoding 
α subunit of methyl-coenzyme M reductase) sequences 
confirmed the affiliation of the novel strains with the 
Methanobacteriales, and Methanobrevibacter wolinii SHT 
was the most closely related species. The 16S rRNA gene 
and mcrA sequence similarities between strains JH1T, JH4 
and JH8 and M. wolinii SHT were 96.2 and 89.0% 
respectively, and DNA-DNA hybridization of the isolates 
and M. wolinii DSM 11976T showed a 20% reassociation. 
Strain JH1T exhibited 92% DNA-DNA relatedness with 
strains JH4 and JH8, and their 16S rRNA gene and mcrA 
sequences were identical. Cells stained Gram-positive and 
were non-motile rods, 1.5-1.8 µm long and 0.6 µm wide. 
The strains were able to use H2/CO2 and formate. The 
optimum temperature and pH ranges for growth were 37-40 
°C and pH 6.5-7.0. The DNA G+C content of strain JH1T 
was 28 mol%. Based on data from this study using a 
polyphasic approach, the three strains represent a novel 
species of genus Methanobrevibacter, for which the name 
Methanobrevibacter boviskoreani sp. nov. is proposed. The 
type strain is JH1T ( = KCTC 4102T = JCM 18376T).
PMID:23771627

Keywords : 16S rRNA gene sequence; HanWoo; mcrA 
sequence; Methanobrevibacter boviskoreani; 
Phylogeny; Rumen
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Article 177
Hairy vetch growth-promoting Rhizobium sp. 
RH84 and application to reclaimed land

J Appl Biol Chem. 56(4):235-9.

Jang JO, Kwon MK, Park DJ, Sung CK, Kim CJ*

*Corresponding: changjin@kribb.re.kr
Microbial Resource Center

This study was carried out to investigate the plant growth 
promoting activity of hairy vetch (Vicia villosa Roth) on 
reclaimed land. At the previous research, Rhizobium sp. RH84 
was isolated and selected for further study from hairy vetch. 
For the investigation of plant growth promoting effects by 
the Rhizobium sp. RH84, production of indole acetic acid 
(IAA), siderophore, phosphate solubilization and nitrogen 
fixation were tested and other characters were examined. 
As results, RH84 produced 9.03 μg IAA per mL and showed 
nitrogen fixation activity. With the treatment of Rhizobium 
sp. RH84 to hairy vetch showed good growth at 0.3% salty 
reclaimed soil, and the production yield was increased up 
to 56% at field test. From these results, it was confirmed 
that the Rhizobium sp. RH84 would be used as a green 
manure for hairy vetch under the salty condition of reclaimed 
land.

Keywords : Hairy vetch; Nitrogen fixation; Plant growth 
promoting; Reclaimed land; Rhizobium sp. RH84; 
Salty condition

Article 178
Aestuariibaculum scopimerae sp. nov., isolated 
from the globular ghost crab, Scopimera globosa

J Microbiol. 51(6):736-40.

Lee JB, Kim BC, Kim H, Bae KS, Yang JH, Chun YY, 
Park SJ, Park DS*

*Corresponding: dspark@kribb.re.kr
Microbial Resource Center

A Gram-staining-negative, non-motile, catalase- and 
oxidasepositive bacterium, designated strain I-15T, was 
isolated from a crab of the Yellow Sea, Korea. On the basis 
of a 16S rRNA gene sequence analysis, strain I-15T was 
shown to belong to Bacteroidetes, related to the genus 
Aestuariibaculum. Sequence similarity between strain I-15T 
and the only type strain of the genus Aestuariibaculum, 
Aestuariibaculum suncheonense SC17T, was 96.7%. Strain 
I-15T grew at 0.5-6.0% (w/v) NaCl, at 10-42°C and at pH 
4.5-8.0. It could hydrolyze starch and Tweens 80. 
Menaquinone-6 was the only respiratory quinone, and 
summed features 3 (C16:1 ω7c/C16:1 ω6c) (16.4%), iso-C15:0 
(15.6%), and iso-C15:1 G (12.6%) were the major cellular 
fatty acids. The major polar lipids were 
phosphatidylethanolamine, two unidentified aminolipids and 
two unidentified lipids. The DNA G+C content was 39.0 
mol%. Polyphasic data allowed genotypic and phenotypic 
distinction of strain I-15T from the only validly published 
Aestuariibaculum species. Therefore, the organism is 
considered a novel species of the genus Aestuariibaculum, 
for which the name Aestuariibaculum scopimerae sp. nov. 
is proposed. The type strain is I-15T (=KCTC 32459T =JCM 
19486T).
PMID:24385349

Keywords : 16S rRNA gene sequence; Aestuariibaculum 
scopimerae; Crab; Phosphatidylethanolamine; Polar 
lipid; Polyphasic analysis
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Article 179
Sunxiuqinia dokdonensis sp. nov., isolated from 
deep sub-seafloor sediment

J Microbiol. 51(6):741-6.

Chang DH, Lee JB, Lee GH, Rhee MS, Lee H, Bae KS, 
Park DS, Kim BC*

*Corresponding: bckim@kribb.re.kr
Microbial Resource Center

A novel facultatively anaerobic strain DH1T was isolated 
from deep sub-seafloor sediment at a depth of 900 m below 
the seafloor off Seo-do (the west part of Dokdo Island) 
in the East Sea of the Republic of Korea. The new strain 
was characterized using polyphasic approaches. The isolate 
was Gram-stain-negative, motile by gliding, 
non-spore-forming rods, oxidase-negative, and 
catalase-positive; and formed colonies of orange-red color. 
The NaCl range for growth was 0.5-7.0% (w/v) and no growth 
was observed in the absence of NaCl. The isolate grew 
optimally at 30°C, with 2% (w/v) NaCl and at pH 7. The 
cell-wall hydrolysates contained ribose as a major sugar. 
The DNA G+C content was 40.8 mol%. The closest related 
strains are Sunxiuqinia faeciviva JAM-BA0302T and 
Sunxiuqinia elliptica DQHS-4T (97.9 and 96.3% sequence 
similarity, respectively). The level of DNA-DNA relatedness 
between strain DH1T and S. faeciviva JAM-BA0302T was 
around 41% (but only 6% between DH1T and S. elliptica 
DQHS-4T). The major cellular fatty acids of the isolate were 
contained iso-C15:0 (25.9%), anteiso-C15:0 (16.7%), and 
summed feature 9 (comprising C16:0 3-OH and/or unknown 
fatty acid of dimethylacetal ECL 17.157; 13.2%). The 
predominant menaquinone was MK-7. On the basis of 
polyphasic evidence from this study, the isolate was 
considered to represent a novel species of the genus 
Sunxiuqinia, for which the name Sunxiuqinia dokdonensis 
sp. nov. is proposed; the type strain is DH1T (=KCTC 32503T 
=CGMCC 1.12676T =JCM 19380T).
PMID:24385350

Keywords : 16S rRNA gene sequence; Dokdo; 
Sub-seafloor; Sunxiuqinia dokdonensis; Taxonomy

Article 180
Screening of Rhizobium, hairy vetch root nodule 
bacteria, with promotion of nodulation and 
nitrogen fixation

Kor J Microbiol. 49(2):131-6.

Jang JK, Kwon MK, Park DJ, Sung CK, Kim CJ*

*Corresponding: changjin@kribb.re.kr
Microbial Resource Center

This study was conducted to select rhizobia from hairy vetch 
(Vicia villosa Roth) with nodulation and excellent 
nitrogen-fixing ability. Hairy vetch root was collected from 
7 of cultivation region of all over the country, rhizobia were 
isolated from the root nodules. Isolates were re-inoculated 
into a hairy vetch separately and studied nodulation and 
nitrogen-fixing ability. As a result, total of 52 Rhizobium 
isolates were isolated from the hairy vetch root nodules, 
among these, 16 isolates were Rhizobium which show good 
growth at more than 0.5% NaCl concentration. These 16 
isolates were re-inoculated separately, 8 weeks after, good 
root nodule formation was observed from Rhizobium sp. 
RH1, RH3, RH81, RH82, RH84, and RH93 strain treated 
samples. Six isolates were positive for nitrogen fixing ability, 
the highest acetylene reduction activity was shown by 
Rhizobium sp. RH84. Results suggest that the Rhizobium 
sp. RH84 could be used as the possibility of its application 
as a green manure crop of hairy vetches in nonuniform salt 
distribution reclaimed land.

Keywords : Hairy vetch; Nitrogen fixation; Nodulation; 
Rhizobia; Rhizobium sp. RH84; Root nodule; Salt 
distribution
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Article 181
A moderately boron-tolerant candidatus novel soil 
bacterium Lysinibacillus pakistanensis sp. nov. 
cand., isolated from soybean (Glycine max L.) 
rhizosphere

Pakistan J Botany. 45(S):41-50.

Hayat R, Ahmed I, Paek J, Ehsan M, Iqbal M, Chang YH*

*Co-corresponding: yhchang@kribb.re.kr
Microbial Resource Center

A Gram-positive, motile, rod-shaped, endospore-forming and 
moderately boron (B) tolerant novel candidatus strain, 
designated as NCCP-54T, was isolated from rhizospheric 
soil of soybean (Glycine max L.) sampled from the 
experimental area of Research Farm, PMAS Arid Agriculture 
University, Rawalpindi, Pakistan. To delineate its taxonomic 
position, the strain was subject to polyphasic characterization. 
Cells of the strain NCCP-54T can grow at 10-45°C (optimum 
at 28°C) at pH ranges of 6.5-9.0 (optimum at pH 7.0) and 
in 0-6% NaCl (w/v) in tryptic soya agar medium. It can 
also tolerate 150 mM boric acid in agar medium; however, 
optimum growth occurs in the absence of boric acid. Based 
on 16S rRNA gene sequence analysis, strain NCCP-54T 
showed highest similarity to Lysinibacillus xylanilyticus 
KCTC13423T (99.1%), Lysinibacillus fusiformis 
KCTC3454T (98.5%), Lysinibacillus boronitolerans 
KCTC13709T (98.4%), Lysinibacillus parviboronicapiens 
KCTC13154T (97.8%), and Lysinibacillus sphaericus 
KCTC3346T (97.5%) and less than 97% with other closely 
related taxa. The level of DNA-DNA relatedness between 
strain NCCP-54T and the type strains of genus Lysinibacillus 
was <27%. Strain was also studied chemotaxonomically. 
Whole-cell peptidoglycan of strain NCCP-54T contained 
meso-diaminopimelic acid (meso-Dpm) as major diagnostic 
amino acids instead of lysine-aspartate (Lys-Asp) which is 
the characteristic of the genus Lysinibacillus. The major polar 
lipids were diphosphatidylglycerol, phosphatidylglycerol and 
phosphatidylethanolamine. MK-7 was the predominant 
menaquinones. The major cellular fatty acids were iso-C15:0 
(30.29%) followed by iso-C16:0 (25.59%) and C16:1 

w7calcohol (16.24%). The G + C contents of the strain 
is 37 mol%. The chemotaxonomic characteristics of the 
candidatus novel strain matched those described for the 
members of genus Lysinibacillus except diagnostic amino 
acids contained in peptidoglycans. Phenotypic and 
phylogenetic analyses thus indicate that strain NCCP-54T 
may represent a novel candidatus status of species in the 
genus Lysinibacillus, for which the name Lysinibacillus 
pakistanensis is proposed. The type strain is NCCP-54T 
(DSMZ 24784T = KCTC= 13795T). The 
DDBJ/EMBL/GenBank accession number of the 16S rRNA 
gene sequence of strain NCCP-54T is AB558495.

Keywords : Bacteria; Glycine max; Lysinibacillus 
pakistanensis; Posibacteria; Rhizospheric soil

Article 182
High-frequency plant regeneration from immature 
zygotic embryo cultures of Houttuynia cordata 
Thunb via somatic embryogenesis

Plant Biotech Rep. 7(4):527-34.

Oh MJ, Ahn MS, Jie EY, Liu JR, Min BW, Kim SW*

*Co-corresponding: kimsw@kribb.re.kr
Microbial Resource Center

This study reports high-frequency plant regeneration from 
immature zygotic embryo cultures of Houttuynia cordata 
Thunb via somatic embryogenesis. Numerous green globular 
structures were directly formed on the surfaces of cotyledons 
and radicles from 2-week-old immature zygotic embryos 
at a frequency of 42.1 % when cultured on Murashige and 
Skoog (MS) medium supplemented with 2 mg l-1 of α

-naphthaleneacetic acid (NAA) and 1 mg l-1 of 
6-benzyladenine (BA). In comparison, white globular 
structures and pale-yellow calluses were formed 
simultaneously at a frequency of 28.3 % when cultured on 
MS medium supplemented with 2,4-dichlorophenoxyacetic 
acid (2,4-D). The pale-yellow calluses were transferred to 
MS liquid medium supplemented with 2,4-D to establish 
embryogenic cell suspension cultures consisting of round, 
isodiametric cells that formed cell aggregates. Upon plating 
of these cell aggregates on half-strength MS medium without 
growth regulators under light conditions, cell aggregates gave 
rise to numerous globular embryos at a frequency of 56 
%. Of the globular embryos, 15 % were successfully 
converted into cotyledonary embryos when cultured on 
half-strength MS medium under light conditions. The plant 
regeneration system of H. cordata established in this study 
will be useful for the selection, genetic transformation, and 
mass proliferation of elite clones with medicinal potential.

Keywords : Globular structure; Houttuynia cordata; 
Immature zygotic embryo culture; Plant 
regeneration; Somatic embryogenesis
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Article 183
CLUSTOM: a novel method for clustering 16S 
rRNA next generation sequences by overlap 
minimization

PLoS One. 8(5):e62623.

Hwang K, Oh J, Kim TK, Kim BK, Yu DS, Hou BK, 
Caetano-Anollés G, Hong SG, Kim KM*

*Corresponding: kmkim@kribb.re.kr
Microbial Resource Center

The recent nucleic acid sequencing revolution driven by 
shotgun and high-throughput technologies has led to a rapid 
increase in the number of sequences for microbial 
communities. The availability of 16S ribosomal RNA (rRNA) 
gene sequences from a multitude of natural environments 
now offers a unique opportunity to study microbial diversity 
and community structure. The large volume of sequencing 
data however makes it time consuming to assign individual 
sequences to phylotypes by searching them against public 
databases. Since ribosomal sequences have diverged across 
prokaryotic species, they can be grouped into clusters that 
represent operational taxonomic units. However, available 
clustering programs suffer from overlap of sequence spaces 
in adjacent clusters. In natural environments, gene sequences 
are homogenous within species but divergent between 
species. This evolutionary constraint results in an uneven 
distribution of genetic distances of genes in sequence space. 
To cluster 16S rRNA sequences more accurately, it is 
therefore essential to select core sequences that are located 
at the centers of the distributions represented by the genetic 
distance of sequences in taxonomic units. Based on this 
idea, we here describe a novel sequence clustering algorithm 
named CLUSTOM that minimizes the overlaps between 
adjacent clusters. The performance of this algorithm was 
evaluated in a comparative exercise with existing programs, 
using the reference sequences of the SILVA database as 
well as published pyrosequencing datasets. The test revealed 
that our algorithm achieves higher accuracy than 
ESPRIT-Tree and mothur, few of the best clustering 
algorithms. Results indicate that the concept of an uneven 
distribution of sequence distances can effectively and 
successfully cluster 16S rRNA gene sequences. The 
algorithm of CLUSTOM has been implemented both as a 
web and as a standalone command line application, which 
are available at http://clustom.kribb.re.kr.
PMID:23650520

Keywords : 16S rRNA gene sequence; Clustering; Distance; 
Microbial community; Taxonomic unit

Laboratory Animal Resource Center

Article 184
NQO1 activation regulates 
angiotensin-converting enzyme shedding in 
spontaneously hypertensive rats

Cardiovasc Res. 99(4):743-50.

Kim YH, Hwang JH, Kim KS, Noh JR, Gang GT, Kim 
SW, Jang SP, Lee SJ, Her SH, Jeong KH, Kwak TH, Park 
WJ, Balyasnikova IV, Shong M, Lee CH*

*Corresponding: chullee@kribb.re.kr
Laboratory Animal Resource Center

AIMS: Angiotensin-converting enzyme (ACE) plays a key 
role in blood pressure (BP) homeostasis via regulation of 
angiotensin II. Active ACE ectodomain is enzymatically 
cleaved and released into body fluids, including plasma, 
and elevated plasma ACE levels are associated with increased 
BP. β-lapachone (βL) has been shown to increase cellular 
NAD+/NADH ratio via activation of NAD(P)H:quinone 
oxidoreductase 1 (NQO1). In this study, we evaluated 
whether NQO1 activation by βL modulates BP through 
regulation of ACE shedding in an animal model of 
hypertension.
METHODS AND RESULTS: Spontaneously hypertensive 
rats (SHR) and a human ACE-overexpressing rat lung 
microvascular endothelial cell line (RLMVEC-hACE) were 
used to investigate the mechanism by which βL exerts a 
hypotensive effect. In vitro studies revealed that βL 
significantly increased intracellular Ca2+ ([Ca2+]i) levels and 
CaMKII Thr286 phosphorylation, followed by diminished 
ACE cleavage secretion into culture media. Inhibition of 
βL-induced [Ca2+]i level changes through intracellular Ca2+ 
chelation, Nqo1-specific siRNA or ryanodine receptor 
blockade abolished not only βL-induced increase in [Ca2+]i 
levels and CaMKII phosphorylation, but also βL-mediated 
decrease in ACE shedding. The effect of βL on ACE shedding 
was also blocked by inhibition of CaMKII. In SHR, βL 
reduced BP following increase of CaMKII Thr286 
phosphorylation in the lung and decrease of ACE activity 
and angiotensin II levels in plasma.
CONCLUSION: This is the first study demonstrating that 
ACE shedding is regulated by NQO1 activation, which is 
possibly correlated with relieving hypertension in SHR. 
These findings provide strong evidence suggesting that 
NQO1 might be a new target for ACE modulation and BP 
control.
PMID:23749777

Keywords : ACE modulation; Angiotensin II; 
Angiotensin-converting enzyme; Blood pressure; 
CaMKII; NQO1
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Article 185
Inverse agonist of nuclear receptor ERRγ mediates 
antidiabetic effect through inhibition of hepatic 
gluconeogenesis

Diabetes. 62(9):3093-102.

Kim DK, Gang GT, Ryu D, Koh M, Kim YN, Kim SS, 
Park J, Kim YH, Sim T, Lee IK, Choi CS, Park SB, Lee 
CH*, Koo SH, Choi HS

*Co-corresponding: chullee@kribb.re.kr
Laboratory Animal Resource Center

Type 2 diabetes mellitus (T2DM) is a progressive metabolic 
disorder with diverse pathological manifestations and is often 
associated with abnormal regulation of hepatic glucose 
production. Many nuclear receptors known to control the 
hepatic gluconeogenic program are potential targets for the 
treatment of T2DM and its complications. Nevertheless, the 
therapeutic potential of the estrogen-related receptor γ (ERR
γ) in T2DM remains unknown. In this study, we show that 
the nuclear receptor ERRγ is a major contributor to 
hyperglycemia under diabetic conditions by controlling 
hepatic glucose production. Hepatic ERRγ expression 
induced by fasting and diabetic conditions resulted in elevated 
levels of gluconeogenic gene expression and blood glucose 
in wild-type mice. Conversely, ablation of hepatic ERRγ 

gene expression reduced the expression of gluconeogenic 
genes and normalized blood glucose levels in mouse models 
of T2DM: db/db and diet-induced obesity (DIO) mice. In 
addition, a hyperinsulinemic-euglycemic clamp study and 
long-term studies of the antidiabetic effects of GSK5182, 
the ERRγ-specific inverse agonist, in db/db and DIO mice 
demonstrated that GSK5182 normalizes hyperglycemia 
mainly through inhibition of hepatic glucose production. Our 
findings suggest that the ability of GSK5182 to control 
hepatic glucose production can be used as a novel therapeutic 
approach for the treatment of T2DM.
PMID:23775767

Keywords : Antidiabetic effect; Gluconeogenesis; 
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Article 186
Davallialactone protects against acetaminophen 
overdose-induced liver injuries in mice

Food Chem Toxicol. 58:14-21.

Noh JR, Kim YH, Hwang JH, Gang GT, Kim KS, Lee 
IK, Yun BS, Lee CH*

*Co-corresponding: chullee@kribb.re.kr
Laboratory Animal Resource Center

Oxidative stress is closely associated with acetaminophen 
(APAP)-induced toxicity. Davallialactone (DAVA), a 
hispidin analog derived from the mushroom Inonotus 
xeranticus, has antioxidant properties. This study evaluated 
whether DAVA plays protective roles against APAP 
hepatotoxicity in mice. Pretreatments with DAVA (10 mg/kg) 
prior to exposures of mice to a hepatotoxic dose of 600 
mg/kg APAP significantly increased survival rate compared 
to APAP alone. To verify this effect, mice were treated 
with 400 mg/kg APAP 30 min after DAVA administration 
and were then sacrificed after 0.5, 1, 3, and 6 h. APAP 
alone caused severe liver injuries as characterized by 
increased plasma GOT and GPT levels, ATP and GSH 
depletion, and peroxynitrite and 4-HNE formations. These 
liver damages induced by APAP were significantly attenuated 
by DAVA pretreatments. The GSH/GSSG ratio nearly 
recovered to the levels observed in non-APAP-treated mice 
at 6h after APAP treatment in DAVA-pretreated mice. 
Furthermore, while hepatic ROS levels were increased by 
APAP exposures, pretreatments with DAVA completely 
blocked ROS formation. In addition, APAP-induced 
sustained activations of JNK and ERK were remarkably 
reduced by DAVA pretreatment. In conclusion, these results 
suggest that DAVA plays protective roles against 
APAP-mediated hepatotoxicity through function as ROS 
scavenger.
PMID:23583805
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Article 187
Scoparone inhibits adipocyte differentiation 
through down-regulation of peroxisome 
proliferators-activated receptor γ in 3T3-L1 
preadipocytes

Food Chem. 141(2):723-30.

Noh JR, Kim YH, Hwang JH, Gang GT, Yeo SH, Kim 
KS, Oh WK, Ly SY, Lee IK, Lee CH*

*Corresponding: chullee@kribb.re.kr
Laboratory Animal Resource Center

This study was performed to investigate the effect of 
scoparone on the differentiation of 3T3-L1 preadipocytes. 
Scoparone inhibited triglyceride (TG) accumulation in the 
mature adipocytes, evidenced by Oil-red O staining and 
intracellular quantification. Real time-PCR analysis showed 
that scoparone significantly down-regulated the mRNA 
expression of key adipogenic transcription factors, PPARγ, 
C/EBPα, compared with mature adipocytes. Scoparone 
appeared to reduce mRNA expression of SREBP1c and FAS 
being related to the late stage of adipogenesis. Furthermore, 
aP2 and CD36/FAT, as adipocyte-specific genes, were 
decreased in mature adipocytes by scoparone treatment. 
Moreover, scoparone inhibited the up-regulated expression 
of PPARγ target genes by rosiglitazone to near that observed 
in cells treated with GW9662. The luciferase assay revealed 
that scoparone negatively regulates the transcriptional 
activity of PPARγ. Chromatin immunoprecipitation assay 
also showed that participation of scoparone in the regulation 
of PPARγ. Collectively, scoparone has a PPARγ antagonic 
effect and suppresses differentiation through 
down-regulation of adipogenic genes by PPARγ inhibition 
in 3T3-L1 preadipocytes.
PMID:23790840

Keywords : 3T3-L1 preadipocyte; Adipogenesis; 
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Article 188
Estrogen-related receptor gamma controls hepatic 
CB1 receptor-mediated CYP2E1 expression and 
oxidative liver injury by alcohol

Gut. 62(7):1044-54.

Kim DK, Kim YH, Jang HH, Park J, Kim JR, Koh M, 
Jeong WI, Koo SH, Park TS, Yun CH, Park SB, Chiang 
JY, Lee CH*, Choi HS

*Co-corresponding: chullee@kribb.re.kr
Laboratory Animal Resource Center

BACKGROUND: The hepatic endocannabinoid system and 
cytochrome P450 2E1 (CYP2E1), a key enzyme causing 
alcohol-induced reactive oxygen species (ROS) generation, 
are major contributors to the pathogenesis of alcoholic liver 
disease. The nuclear hormone receptor oestrogen-related 
receptor γ (ERRγ) is a constitutively active transcriptional 
activator regulating gene expression.
OBJECTIVE: To investigate the role of ERRγ in the 
alcohol-mediated regulation of CYP2E1 and to examine the 
possibility to control alcohol-mediated oxidative stress and 
liver injury through an ERRγ inverse agonist.
DESIGN: For chronic alcoholic hepatosteatosis study, 
C57BL/6J wild-type and CB1-/- mice were administered 
alcohol for 4 weeks. GSK5182 and chlormethiazole (CMZ) 
were given by oral gavage for the last 2 weeks of alcohol 
feeding. Gene expression profiles and biochemical assays 
were performed using the liver or blood of mice.
RESULTS: Hepatic ERRγ gene expression induced by 
alcohol-mediated activation of CB1 receptor results in 
induction of CYP2E1, while liver-specific ablation of ERRγ 
gene expression blocks alcohol-induced expression of 
CYP2E1 in mouse liver. An ERRγ inverse agonist 
significantly ameliorates chronic alcohol-induced liver injury 
in mice through inhibition of CYP2E1-mediated generation 
of ROS, while inhibition of CYP2E1 by CMZ abrogates 
the beneficial effects of the inverse agonist. Finally, chronic 
alcohol-mediated ERRγ and CYP2E1 gene expression, ROS 
generation and liver injury in normal mice were nearly 
abolished in CB1-/- mice.
CONCLUSIONS: ERRγ, as a previously unrecognised 
transcriptional regulator of hepatic CB1 receptor, controls 
alcohol-induced oxidative stress and liver injury through 
CYP2E1 induction, and its inverse agonist could ameliorate 
oxidative liver injury due to chronic alcohol exposure.
PMID:23023167

Keywords : Alcohol-induced injury; Gene regulation; 
Hepatic CB1; Liver disease; Liver metabolism



2013 KRIBB Article Abstracts ｜ 101 ｜

Article 189
The orphan nuclear receptor small heterodimer 
partner negatively regulates pancreatic beta cell 
survival and hyperglycemia in multiple low-dose 
streptozotocin-induced type 1 diabetic mice

Int J Biochem Cell Biol. 45(8):1538-45.

Noh JR, Hwang JH, Kim YH, Kim KS, Gang GT, Kim 
SW, Kim DK, Shong M, Lee IK, Choi HS, Lee CH*

*Co-corresponding: chullee@kribb.re.kr
Laboratory Animal Resource Center

The small heterodimer partner (SHP; NR0B2) regulates the 
transcription of a variety of target genes and controls a variety 
of physiological functions in various tissues. However, the 
role of SHP in beta cell has not been fully determined yet. 
We used SHP knockout (SHP KO) mice to investigate the 
role of SHP in multiple low-dose streptozotocin 
(MLDS)-induced diabetes. Blood glucose and insulin levels 
were measured until 20 days, and intraperitoneal glucose 
tolerance and glucose-stimulated insulin secretion tests were 
performed. The expression of apoptotic genes and beta cell 
markers were detected by quantitative realtime-polymerase 
chain reaction, immunostaining and western blot analysis. 
SHP KO mice showed significantly lower blood glucose, 
higher insulin levels, and enhanced glucose tolerance 
compared with wild type (WT) mice after MLDS treatment. 
Moreover, beta cell mass and pancreatic insulin content were 
remarkably increased in SHP KO mice. In the response to 
glucose stimulation, islets of SHP KO showed increased 
insulin secretion via up-regulation of beta cell enriched 
transcription factors compared to WT mice after 
streptozotocin (STZ) treatment. In quantification for beta 
cell apoptosis at day 1 post STZ treatment, the SHP KO 
mice showed significantly increased anti-apoptotic gene 
expression and decreased release of apoptotic markers 
cytochrome c, smac/diablo, and only a few apoptotic beta 
cells were found in SHP KO pancreas through inactivation 
of caspase-3, compared to those of WT. These data 
demonstrate that SHP deficiency ameliorates hyperglycemia 
and preserves islet function by inhibiting apoptosis of 
pancreatic beta cells and up-regulating of their enriched 
transcriptional factors.
PMID:23680671

Keywords : Beta cell apoptosis; Diabetes; Heterodimer 
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Article 190
Insulin directly regulates steroidogenesis via 
induction of the orphan nuclear receptor DAX-1 
in testicular leydig cells

J Biol Chem. 288(22):15937-46.

Ahn SW, Gang GT, Kim YD, Ahn RS, Harris RA, Lee 
CH*, Choi HS

*Co-corresponding: chullee@kribb.re.kr
Laboratory Animal Resource Center

Testosterone level is low in insulin-resistant type 2 diabetes. 
Whether this is due to negative effects of high level of 
insulin on the testes caused by insulin resistance has not 
been studied in detail. In this study, we found that insulin 
directly binds to insulin receptors in Leydig cell membranes 
and activates phospho-insulin receptor-β (phospho-IR-β), 
phospho-IRS1, and phospho-AKT, leading to up-regulation 
of DAX-1 (dosage-sensitive sex reversal, adrenal hypoplasia 
critical region, on chromosome X, gene 1) gene expression 
in the MA-10 mouse Leydig cell line. Insulin also inhibits 
cAMP-induced and liver receptor homolog-1 
(LRH-1)-induced steroidogenic enzyme gene expression and 
steroidogenesis. In contrast, knockdown of DAX-1 reversed 
insulin-mediated inhibition of steroidogenesis. Whether 
insulin directly represses steroidogenesis through regulation 
of steroidogenic enzyme gene expression was assessed in 
insulin-injected mouse models and high fat diet-induced 
obesity. In insulin-injected mouse models, insulin receptor 
signal pathway was activated and subsequently inhibited 
steroidogenesis via induction of DAX-1 without significant 
change of luteinizing hormone or FSH levels. Likewise, the 
levels of steroidogenic enzyme gene expression and 
steroidogenesis were low, but interestingly, the level of 
DAX-1 was high in the testes of high fat diet-fed mice. 
These results represent a novel regulatory mechanism of 
steroidogenesis in Leydig cells. Insulin-mediated induction 
of DAX-1 in Leydig cells of testis may be a key regulatory 
step of serum sex hormone level in insulin-resistant states.
PMID:23589295

Keywords : DAX-1; Diabetes; Insulin resistance; Leydig 
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Article 191
Vitamin D3 up-regulated protein 1 controls the 
priming phase of liver regeneration

J Vet Sci. 14(3):257-62.

Kwon HJ, Hong SK, Yoon WK, Nam KH, Choi IP, Kim 
DY, Kim HC, Won YS*

*Corresponding: yswon@kribb.re.kr
Laboratory Animal Resource Center

Vitamin D3 up-regulated protein 1 (VDUP1) is a potent 
growth suppressor that inhibits tumor cell proliferation and 
cell cycle progression when overexpressed. In a previous 
study, we showed that VDUP1 knockout (KO) mice exhibited 
accelerated liver regeneration because such animals could 
effectively control the expression of cell cycle regulators 
that drive the G1-to-S phase progression. In the present study, 
we further investigated the role played by VDUP1 in initial 
priming of liver regeneration. To accomplish this, VDUP1 
KO and wild-type (WT) mice were subjected to 70% partial 
hepatectomy (PH) and sacrificed at different times after 
surgery. The hepatic levels of TNF-α and IL-6 increased 
after PH, but there were no significant differences between 
VDUP1 KO and WT mice. Nuclear factor-κB (NF-κB), 
c-Jun-N-terminal kinase (JNK), and signal transducer and 
activator of transcription 3 (STAT-3) were activated much 
earlier and to a greater extent in VDUP1 KO mice after 
PH. A single injection of TNF-α or IL-6 caused rapid 
activation of JNK and STAT-3 expression in both mice, 
but the responses were stronger and more sustained in VDUP1 
KO mice. In conclusion, our findings provide evidence that 
VDUP1 plays a role in initiation of liver regeneration.
PMID:23820201
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Article 192
Melatonin improves adriamycin-induced hepatic 
oxidative damage in rats

Mol Cell Toxicol. 9(3):257-65.

Lee IC, Kim SH, Baek HS, Moon C, Bae CS, Kim SH, 
Yun WK, Nam KH, Kim HC*, Kim JC

*Co-corresponding: hckim@kribb.re.kr
Laboratory Animal Resource Center

The present study investigated the possible ameliorative 
effects of melatonin (MLT) against adriamycin 
(ADR)-induced hepatotoxicity and oxidative stress in rats. 
The following four experimental groups were evaluated: (1) 
vehicle control, (2) MLT (15 mg/kg/day), (3) ADR (10 
mg/kg), and (4) ADR&MLT. ADR caused severe 
hepatotoxicity as evidenced by an elevation of serum 
aspartate aminotransferase and alanine aminotransferase 
activities, increased total bilirubin concentration, and 
decreased albumin and total protein concentration, indicating 
hepatic function abnormalities. Histopathological 
examination revealed various structural changes in liver, 
characterized by hepatocyte degeneration/necrosis, 
congestion, sinusoidal dilatation, vacuolation, and 
inflammatory cell infiltration. The significant decrease in 
reduced glutathione (GSH) content, catalase, superoxide 
dismutase (SOD), glutathione peroxidase (GPx), and 
glutathione reductase (GR) activities and the significant 
increase in malondialdehyde (MDA) content indicated that 
ADR-induced hepatotoxicity was mediated through oxidative 
stress. In contrast, MLT treatment significantly improved 
ADR-induced serum biochemical and histo-pathological 
alterations reflecting hepatic dysfunction. Moreover, MDA 
concentration and GSH content, GR, GPx, and SOD activities 
were not affected when MLT was administered in conjunction 
with ADR. These results indicated that MLT improved the 
oxidative damage induced by ADR in rat liver, presumably 
due to its ability to inhibit lipid peroxidation, and restore 
both enzymatic and nonenzymatic antioxidant activities.

Keywords : Adriamycin; Hepatotoxicity; Melatonin; 
Oxidative stress; Protective effect
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Article 193
Hepatic cannabinoid receptor type 1 mediates 
alcohol-induced regulation of bile acid enzyme 
genes expression via CREBH

PLoS One. 8(7):e68845.

Chanda D, Kim YH, Li T, Misra J, Kim DK, Kim JR, 
Kwon J, Jeong WI, Ahn SH, Park TS, Koo SH, Chiang 
JY, Lee CH*, Choi HS

*Co-corresponding: chullee@kribb.re.kr
Laboratory Animal Resource Center

Bile acids concentration in liver is tightly regulated to prevent 
cell damage. Previous studies have demonstrated that 
deregulation of bile acid homeostasis can lead to cholestatic 
liver disease. Recently, we have shown that ER-bound 
transcription factor Crebh is a downstream effector of hepatic 
Cb1r signaling pathway. In this study, we have investigated 
the effect of alcohol exposure on hepatic bile acid 
homeostasis and elucidated the mediatory roles of Cb1r and 
Crebh in this process. We found that alcohol exposure or 
Cb1r-agonist 2-AG treatment increases hepatic bile acid 
synthesis and serum ALT, AST levels in vivo alongwith 
significant increase in Crebh gene expression and activation. 
Alcohol exposure activated Cb1r, Crebh, and perturbed bile 
acid homeostasis. Overexpression of Crebh increased the 
expression of key bile acid synthesis enzyme genes via direct 
binding of Crebh to their promoters, whereas Cb1r knockout 
and Crebh-knockdown mice were protected against 
alcohol-induced perturbation of bile acid homeostasis. 
Interestingly, insulin treatment protected against 
Cb1r-mediated Crebh-induced disruption of bile acid 
homeostasis. Furthermore, Crebh expression and activation 
was found to be markedly increased in insulin resistance 
conditions and Crebh knockdown in diabetic mice model 
(db/db) significantly reversed alcohol-induced disruption of 
bile acid homeostasis. Overall, our study demonstrates a 
novel regulatory mechanism of hepatic bile acid metabolism 
by alcohol via Cb1r-mediated activation of Crebh, and 
suggests that targeting Crebh can be of therapeutic potential 
in ameliorating alcohol-induced perturbation of bile acid 
homeostasis.
PMID:23894352
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Article 194
Increased vulnerability to β-cell destruction and 
diabetes in mice lacking NAD(P)H:quinone 
oxidoreductase 1

Toxicol Lett. 219(1):35-41.

Yeo SH, Noh JR, Kim YH, Gang GT, Kim SW, Kim KS, 
Hwang JH, Shong M, Lee CH*

*Co-corresponding: chullee@kribb.re.kr
Laboratory Animal Resource Center

NAD(P)H:quinone oxidoreductase 1 (NQO1) has been 
known to protect cells against stressors, including the 
diabetogenic reagent streptozotocin (STZ). The present study 
demonstrated that NQO1 deficiency resulted in increased 
pancreatic β-cell death induced by multiple low dose of 
STZ (MLDS) injections. NQO1 knockout (KO) mice showed 
hyperglycemia, body weight loss, impaired glucose clearance 
rate and a lower plasma insulin level after MLDS treatment. 
Moreover, β-cell mass and pancreatic insulin content were 
significantly lower in KO mice than in wild-type (WT) mice 
after MLDS treatment. Five days after the first STZ treatment, 
the islets of KO mice had substantially more TUNEL-positive 
β-cells than those of WT mice, but there was no difference 
in the regeneration of β-cells between KO mice and WT 
mice. At the same time, MLDS-treated KO mice showed 
significantly increased apoptotic markers in β-cells, 
including cleaved caspase 3, Smac/DIABLO and AIF 
(apoptosis inducing factor) in the cytoplasm. These results 
suggest that mice deficient in NQO1 are vulnerable to 
MLDS-induced β-cell destruction and diabetes, caused by 
increase of β-cell apoptosis in pancreas.
PMID:23458895
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Article 195
Protective role of NAD(P)H:quinone 
oxidoreductase 1 (NQO1) in cisplatin-induced 
nephrotoxicity

Toxicol Lett. 221(3):165-75.

Gang GT, Kim YH, Noh JR, Kim KS, Jung JY, Shong 
M, Hwang JH, Lee CH*

*Co-corresponding: chullee@kribb.re.kr
Laboratory Animal Resource Center

Although cisplatin is widely used as an anti-cancer agent, 
its use is significantly limited because of its tendency to 
induce nephrotoxicity through poorly understood 
mechanisms. NAD(P)H:quinone oxidoreductase 1 (NQO1) 
is well known to regulate ROS generation. The purpose 
of this study was to investigate whether NQO1 modulates 
cisplatin-induced renal failure associated with NADPH 
oxidase (NOX)-derived ROS production in an animal model. 
NQO1-/- mice were treated with cisplatin (18 mg/kg) and 
renal function, oxidative stress, and tubular apoptosis were 
assessed. NQO1-/- mice showed increased blood urea nitrogen 
and creatinine levels, tubular damage, oxidative stress, and 
apoptosis. In accordance with these results, the cellular 
NADPH/NADP ratio and NOX activity were markedly 
increased in the kidneys of NQO1-/- mice compared to 
NQO1+/+ mice. In addition, activation of NQO1 by βL 
treatment significantly improved renal dysfunction and 
reduced tubular cell damage, oxidative stress, and apoptosis. 
This study demonstrates that NQO1 protects cells against 
renal failure induced by cisplatin, and that this effect is 
mediated by decreased NOX activity via cellular 
NADPH/NADP modulation. These results provide 
convincing evidence that NQO1 might be beneficial for 
ameliorating renal failure induced by cisplatin.
PMID:23831944
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Article 196
Gene expression profiling of allogeneic islet grafts 
in an experimental mouse model before rejection 
or tolerance phenotypes arise

Transplant Proc. 45(2):597-604.

Choi SE, Noh JR, Seo J, Yang KJ, Kook MC, Lee CH*

*Corresponding: chullee@kribb.re.kr
Laboratory Animal Resource Center

BACKGROUND: It has been reported that an HY 
antigen-mismatched islet transplantation can induce 
peripheral tolerance. However, the factors that initiate the 
peripheral tolerance are not clear. This study was designed 
to examine which genes were most important for the induction 
of peripheral tolerance.
METHODS: Islets from female Balb/c and male C57BL/6 
mice were transplanted underneath the left perirenal capsule 
of female C57BL/6 recipient mice rendered diabetic by 
intraperitoneal injection of streptozotocin. Before rejection 
or tolerance phenotypes arose, we harvested islet grafts for 
cDNA microarray analysis.
RESULTS: Minor antigen-mismatched islets transplanted 
into recipient mice showed no rejection or tolerance 
phenotypes until 12 days posttransplantation. When we 
confirmed, decreased functional islet grafts and increased 
inflammatory cell infiltration. Gene expression profiles 
revealed differences in expression among groups. Major 
histocompatibility complex-mismatched islets induced 
upregulation of 209 genes and downregulation of 10 genes 
compared with the HY antigen-mismatched islet (2-fold; 
P < .05). Of these, 3 genes exhibited significant changes 
in expression levels in Balb/c donor islet grafts compared 
with C57BL/6 donor islet grafts: Gad1, Gdf10, and Scg2 
(P < .01).
CONCLUSIONS: The present study suggested that 3 genes 
showed a significant relationship to protection against graft 
rejection. The identification of these genes may help to 
understand signaling pathways, involved in the 
communication between transplanted islet grafts and 
recipients in vivo.
PMID:23498796
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Article 197
Cordiglottis longipedicellata (orchidaceae), a new 
species from Vietnam

Ann Bot Fennici. 50(1-2):95-8.

Choudhary RK, Bach TT, Hai DV, Quang BH, Nong LV, 
Kumar P, Park SH, Lee J*

*Corresponding: joongku@kribb.re.kr
International Biological Material Research Center

Cordiglottis longipedicellata Joongku Lee, T.B. Tran & R.K. 
Choudhary, a new species of Orchidaceae from Vietnam 
is described and illustrated. It is morphologically most similar 
to C. pulverulenta, but differs in its floral morphology and 
in having a longer pedicel. Colour photographs, a table 
comparing the floral structure of the new species with 
supposedly closely allied species and a key are provided 
to facilitate species identification. The present paper is also 
the first report of the genus Cordiglottis in the Indo-Chinese 
region.

Keywords : C. pulverulenta; Cordiglottis longipedicellata; 
Floral morphology; Orchidaceae; Vietnam

Article 198
Capparis daknongensis (capparaceae), a new 
species from Vietnam

Ann Bot Fennici. 50(1-2):99-102.

Thuong SD, Bach TT, Choudhary RK, Tucker GC, Cornejo 
X, Lee J*

*Corresponding: joongku@kribb.re.kr
International Biological Material Research Center

Capparis daknongensis D.T. Sy, G.C. Tucker, Cornejo & 
Joongku Lee, a new species of Capparaceae from Dak Nong 
province, Vietnam, is described and illustrated. It is 
morphologically similar to C. khuamak, but differs in having 
pruinose twigs, fewer stamens, longer filaments and 
gynophore, and a different fruit morphology.

Keywords : C. khuamak; Capparaceae; Capparis 
daknongensis; Floral morphology; Vietnam
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Article 199
Argostemma glabra (rubiaceae), a new species 
from Vietnam

Ann Bot Fennici. 50(4):258-62.

Choudhary RK, Bach TT, Hai DV, Quang BH, Park SH, 
Lee C, Lee J*

*Corresponding: joongku@kribb.re.kr
International Biological Material Research Center

Argostemma glabra Joongku Lee, T.B. Tran & R.K. 
Choudhary, a new species of Rubiaceae from Khanh Hoa 
Province of Vietnam is described and illustrated. It is 
morphologically similar to A. apiculatum, but differs in its 
creeping habit, 4-6 flowered inflorescence, bigger and 
triangular bracts, smaller peduncle, bigger and broadly 
triangular calyx lobes, and non-apiculate and smaller corolla. 
Color photographs, a line drawing and a taxonomic key 
are provided to facilitate identification.

Keywords : A. apiculatum; Argostemma glabra; Floral 
morphology; Rubiaceae; Vietnam

Article 200
Molecular phylogenetic relationships among 
members of the family Phytolaccaceae sensu lato 
inferred from internal transcribed spacer 
sequences of nuclear ribosomal DNA

Genet Mol Res. 12(4):4515-25.

Lee J#, Kim SY, Park SH, Ali MA

#First: joongku@kribb.re.kr
International Biological Material Research Center

The phylogeny of a phylogenetically poorly known family, 
Phytolaccaceae sensu lato (s.l.), was constructed for resolving 
conflicts concerning taxonomic delimitations. Cladistic 
analyses were made based on 44 sequences of the internal 
transcribed spacer of nuclear ribosomal DNA from 11 
families (Aizoaceae, Basellaceae, Didiereaceae, 
Molluginaceae, Nyctaginaceae, Phytolaccaceae s.l., 
Polygonaceae, Portulacaceae, Sarcobataceae, Tamaricaceae, 
and Nepenthaceae) of the order Caryophyllales. The 
maximum parsimony tree from the analysis resolved a 
monophyletic group of the order Caryophyllales; however, 
the members, Agdestis, Anisomeria, Gallesia, Gisekia, 
Hilleria, Ledenbergia, Microtea, Monococcus, Petiveria, 
Phytolacca, Rivinia, Schindleria, Seguieria, Stegnosperma, 
and Trichostigma, which belong to the family Phytolaccaceae 
s.l., did not cluster under a single clade, demonstrating that 
Phytolaccaceae is polyphyletic.
PMID:23479160

Keywords : Internal transcribed spacer; Nuclear ribosomal 
DNA; Phylogenetic relationship; Phytolaccaceae
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Article 201
Jasminum extensum Wall. ex G. Don 
(OLEACEACE), a new record to the flora of 
Vietnam

Taiwania. 58(2):128-31.

Quang BH, Bach TT, Choudhary RK, Chinh VT, Hai DV, 
Park SH, Lee J*

*Corresponding: joongku@kribb.re.kr
International Biological Material Research Center

One rare, poorly known species from India, South China 
and Thailand - Jasminum extensum Wall. ex G. Don is 
recently discovered in Vietnam representing a new record 
to the flora of the country. The plant differs from its closely 
related species viz. Jasminum pierreanum in having 
coriaceous leaves and 5-6 primary veins in each side of 
the mid-rib. Detailed information on taxonomy, types, 
morphology, habitat, ecology, distribution and studied 
voucher specimens, as well as illustrations are provided here 
for species identification.

Keywords : Flora; Jasminum extensum; New record; 
Oleaceae; Taxonomy; Vietnam

Human Derived Material Center

Article 202
Genome sequence of marine bacterium 
Idiomarina sp. strain 28-8, isolated from Korean 
ark shells

Genome Announc. 1(5):e00772.

Kim WJ, Kim YO, Kim DG, Nam BH, Kong HJ, Jung 
H, Lee SJ, Kim DW, Kim DS*, Chae SH

*Co-corresponding: kds2465@kribb.re.kr
Human Derived Material Center

Idiomarina sp. strain 28-8 is an aerobic, Gram-negative, 
flagellar bacterium isolated from the bodies of ark shells 
(Scapharca broughtonii) collected from underwater 
sediments in Gangjin Bay, South Korea. Here, we present 
the draft genome sequence of Idiomarina sp. 28-8 (2,971,606 
bp, with a G+C content of 46.9%), containing 2,795 putative 
coding sequences.
PMID:24092779

Keywords : Ark shell; Genome sequence; Idiomarina; 
Mmarine bacterium; Physiological property; 
Sediment
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Article 203
Effect of gangliosides on LPS stimulation and 
nitric oxide release in porcine kidney cell line 
PK15

Animal Cells Syst. 17(5):341-7.
 
Lee JT, Ko K, Lee KJ, Lim MU, Moussavou G, Kim JS, 
Chang KT*, Choo YK

*Co-corresponding: changkt@kribb.re.kr
Korea National Primate Research Center

Gangliosides, which are glycosphingolipids containing sialic 
acid, play important regulatory roles in cell proliferation 
and adhesion, survival and immunosuppressive activity. In 
this study, we investigated whether gangliosides can affect 
cell viability in the porcine kidney (PK) cell line, PK15, 
when stimulated with lipopolysaccharide (LPS). As the 
amount of LPS that PK15 cells were treated with was 
increased, the cell proliferation decreased, whereas nitric 
oxide (NO) production increased. High-performance 
thin-layer chromatography (HPTLC) and 
immunofluorescence analyses showed that GM3 and GM2 
ganglioside expression significantly decreased in 
LPS-stimulated PK15 compared to unstimulated PK15. 
UDP-glucose ceramide glucosyltransferase (Ugcg), which 
catalyzes the initial step in the glycosphingolipid biosynthesis 
pathway, was knocked-down in PK15 by using short hairpin 
RNA (shRNA). Western blot and HPTLC analyses showed 
that the Ugcg protein expression decreased and the 
ganglioside expression decreased in the Ugcg-knockdown 
(UKD) PK15. There was a greater decrease in cell 
proliferation in LPS-stimulated UKD PK15 cells than in 
LPS-stimulated PK15 cells without the UKD. However, the 
increase in NO release was greater in LPS-stimulated UKD 
PK15 cells than in LPS-stimulated PK15 cells without the 
UKD. These findings suggest that gangliosides may interact 
with components of the inflammatory response pathway and, 
thus, are relevant for the design of future therapeutic strategies 
intended to prolong xenotransplantation.

Keywords : Ganglioside; Inflammatory response; PK15; 
UDP-glucose ceramide glucosyltransferase (Ugcg); 
Xenotransplantation

Article 204
Role of gangliosides in the differentiation of 
human mesenchymal-derived stem cells into 
osteoblasts and neuronal cells

BMB Rep. 46(11):527-32.

Moussavou G, Kwak DH, Lim MU, Kim JS, Kim SU, Chang 
KT*, Choo YK

*Co-corresponding: changkt@kribb.re.kr
Korea National Primate Research Center

Gangliosides are complex glycosphingolipids that are the 
major component of cytoplasmic cell membranes, and play 
a role in the control of biological processes. Human 
mesenchymal stem cells (hMSCs) have received considerable 
attention as alternative sources of adult stem cells because 
of their potential to differentiate into multiple cell lineages. 
In this study, we focus on various functional roles of 
gangliosides in the differentiation of hMSCs into osteoblasts 
or neuronal cells. A relationship between gangliosides and 
epidermal growth factor receptor (EGFR) activation during 
osteoblastic differentiation of hMSCs was observed, and the 
gangliosides may play a major role in the regulation of the 
differentiation. The roles of gangliosides in osteoblast 
differentiation are dependent on the origin of hMSCs. The 
reduction of ganglioside biosynthesis inhibited the neuronal 
differentiation of hMSCs during an early stage of the 
differentiation process, and the ganglioside expression can 
be used as a marker for the identification of neuronal 
differentiation from hMSCs.
PMID:24152915

Keywords : Differentiation; Gangliosides; Human 
mesenchymal stem cells (hMSCs); Marker; Neuronal 
cells; Osteoblasts
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Article 205
Peroxiredoxin I is a ROS/p38 MAPK-dependent 
inducible antioxidant that regulates NF-κ
B-mediated iNOS induction and microglial 
activation

J Neuroimmunol. 259(1):26-36.

Kim SU#, Park YH, Min JS, Sun HN, Han YH, Hua JM, 
Lee TH, Lee SR, Chang KT, Kang SW, Kim JM, Yu DY, 
Lee SH, Lee DS

#Co-first: sunuk@kribb.re.kr
Korea National Primate Research Center

Reactive oxygen species (ROS) function as modulators of 
pro-inflammatory processes in microglia-associated 
neurodegenerative diseases. However, little is known about 
the involvement of specific antioxidants in regulating the 
microglial redox status. Here, we demonstrated that 
peroxiredoxin (Prx) I activity was induced by 
lipopolysaccharide (LPS), but not paraquat and hydrogen 
peroxide, through activation of the ROS/p38 MAPK signal 
pathway, and participated in alleviating the microglial 
activation and generation of nitric oxide (NO). Interestingly, 
a null mutation of Prx I accelerated NF-κB-mediated iNOS 
induction and subsequent NO secretion in LPS-stimulated 
microglia. Furthermore, F4/80 expression as microglial 
activation marker was notably up-regulated in primary 
cultures of microglia, hippocampal sections, and cerebral 
cortex of 15-month-old Prx I-/- mouse. Taken together, the 
results of our study indicated that Prx I is an antioxidant 
that is up-regulated in a ROS/p38 MAPK-dependent manner 
and governs the progression of neuroinflammation by 
suppressing microglial activation. In addition, Prx I 
deficiency increased the nuclear translocation of NF-κB 
mediated-iNOS induction as pro-inflammatory mediators. 
The findings of our work suggest possible strategies for 
developing novel therapies to treat inflammation-associated 
degenerative neurological diseases by targeting the induction 
of Prx I in microglial cells.
PMID:23602274

Keywords : Antioxidant; Inflammation; 
Lipopolysaccharide; Microglia activation; 
Neurological disease; Peroxiredoxin I; ROS

Article 206
Selection of internal reference genes for 
normalization of quantitative reverse transcription 
polymerase chain reaction (qRT-PCR) analysis 
in the canine brain and other organs

Mol Biotechnol. 54(1):47-57.

Park SJ, Huh JW, Kim YH, Lee SR, Kim SH, Kim SU, 
Kim HS, Kim MK, Chang KT*

*Co-corresponding: changkt@kribb.re.kr
Korea National Primate Research Center

Quantitative reverse transcription polymerase chain reaction 
(qRT-PCR) is a specific and sensitive technique for 
quantifying gene expression. To analyze qRT-PCR data 
accurately, suitable reference genes that show consistent 
expression patterns across different tissues and experimental 
conditions should be selected. The objective of this study 
was to obtain the most stable reference genes in dogs, using 
samples from 13 different brain tissues and 10 other organs. 
16 well-known candidate reference genes were analyzed by 
the geNorm, NormFinder, and BestKeeper programs. Brain 
tissues were derived from several different anatomical 
regions, including the forebrain, cerebrum, diencephalon, 
hindbrain, and metencephalon, and grouped accordingly. 
Combination of the three different analyses clearly indicated 
that the ideal reference genes are ribosomal protien S5 (RPS5) 
in whole brain, RPL8 and RPS5 in whole body tissues, 
RPS5 and RPS19 in the forebrain and cerebrum, RPL32 
and RPS19 in the diencephalon, GAPDH and RPS19 in 
the hindbrain, and MRPS7 and RPL13A in the 
metencephalon. These genes were identified as ideal for the 
normalization of qRT-PCR results in the respective tissues. 
These findings indicate more suitable and stable reference 
genes for future studies of canine gene expression.

Keywords : BestKeeper; Dog; GeNorm; NormFinder; 
qRT-PCR; Reference gene



｜ 110 ｜ First or corresponding articles indexed in SCIE, Scopus, and PubMed

Article 207
Efficient production of transgenic mice by 
intracytoplasmic injection of 
streptolysin-O-treated spermatozoa

Mol Reprod Dev. 80:233-41.

Sim BW, Cha JJ, Song BS, Kim JS, Yoon SB, Choi SA, 
Jeong KJ, Kim YH, Huh JW, Lee SR, Kim SH, Lee CS, 
Kim SU*, Chang KT*

*Co-corresponding: sunuk@kribb.re.kr, changkt@kribb.re.kr
Korea National Primate Research Center

Many methods for efficient production of transgenic animals 
for biomedical research have been developed. Despite great 
improvements in transgenesis rates resulting from the use 
of intracytoplasmic sperm injection (ICSI), the ICSI-based 
sperm-mediated gene-transfer (iSMGT) technique is still not 
optimal in terms of sperm permeabilization efficiency and 
subsequent development. Here, we demonstrate that 
streptolysin-O (SLO) can efficiently permeabilize mouse 
spermatozoa, leading to improved developmental 
competence and high transgenesis rates in iSMGT embryos 
and pups. In particular, the most efficient production of 
iSMGT-transgenic embryos resulted from pretreatment with 
5 U/ml SLO for 30 min and co-incubation with 1.0 ng/µl 
of an EGFP expression vector. By incubating spermatozoa 
with Cy-3-labelled DNA, we found that fluorescence 
intensity was prominently detected in the head region of 
SLO-treated spermatozoa. In addition, blastocyst 
development rate and blastomere survival were greatly 
improved by iSMGT using SLO-treated spermatozoa 
(iSMGT-SLO) as compared to freeze-thawed spermatozoa. 
Consistent with this, a high proportion of transgenic offspring 
was obtained by iSMGT-SLO after transfer into foster 
mothers, reaching 10.6% of the number of oocytes used 
(42.3% among pups). Together with successful germline 
transmission of transgenes in all founders analyzed, our data 
strongly suggest that SLO makes spermatozoa amenable to 
exogenous DNA uptake, and that the iSMGT-SLO technique 
is an efficient method for production of transgenic animals 
for biomedical research.
PMID:23359330

Keywords : Bacterial protein; Embryonic development; 
Intracytoplasmic sperm injection; Spermatozoa; 
Streptolysins; Transgenic animal

Article 208
Selection of appropriate reference genes for 
RT-qPCR analysis in a streptozotocin-induced 
Alzheimer's disease model of cynomolgus 
monkeys (Macaca fascicularis)

PLoS One. 8(2):e56034.

Park SJ, Kim YH, Lee Y, Kim KM, Kim HS, Lee SR, 
Kim SU, Kim SH, Kim JS, Jeong KJ, Lee KM, Huh JW*, 
Chang KT*

*Co-corresponding: huhjw@kribb.re.kr, changkt@kribb.re.kr
Korea National Primate Research Center

Reverse transcription quantitative real-time polymerase chain 
reaction (RT-qPCR) has been widely used to quantify relative 
gene expression because of the specificity, sensitivity, and 
accuracy of this technique. In order to obtain reliable gene 
expression data from RT-qPCR experiments, it is important 
to utilize optimal reference genes for the normalization of 
target gene expression under varied experimental conditions. 
Previously, we developed and validated a novel icv-STZ 
cynomolgus monkey model for Alzheimer's disease (AD) 
research. However, in order to enhance the reliability of 
this disease model, appropriate reference genes must be 
selected to allow meaningful analysis of the gene expression 
levels in the icv-STZ cynomolgus monkey brain. In this 
study, we assessed the expression stability of 9 candidate 
reference genes in 2 matched-pair brain samples (5 regions) 
of control cynomolgus monkeys and those who had received 
intracerebroventricular injection of streptozotocin (icv-STZ). 
Three well-known analytical programs geNorm, 
NormFinder, and BestKeeper were used to choose the suitable 
reference genes from the total sample group, control group, 
and icv-STZ group. Combination analysis of the 3 different 
programs clearly indicated that the ideal reference genes 
are RPS19 and YWHAZ in the total sample group, GAPDH 
and RPS19 in the control group, and ACTB and GAPDH 
in the icv-STZ group. Additionally, we validated the 
normalization accuracy of the most appropriate reference 
genes (RPS19 and YWHAZ) by comparison with the least 
stable gene (TBP) using quantification of the APP and MAPT 
genes in the total sample group. To the best of our knowledge, 
this research is the first study to identify and validate the 
appropriate reference genes in cynomolgus monkey brains. 
These findings provide useful information for future studies 
involving the expression of target genes in the cynomolgus 
monkey.
PMID:23457495

Keywords : Alzheimer disease; Cynomolgus monkey brain; 
Macaca fascicularis; Reference gene; Streptozocin
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Article 209
Selection of new appropriate reference genes for 
RT-qPCR analysis via transcriptome sequencing 
of cynomolgus monkeys (Macaca fascicularis)

PLoS One. 8(4):e60758.

Park SJ, Kim YH, Huh JW, Lee SR, Kim SH, Kim SU, 
Kim JS, Jeong KJ, Kim KM, Kim HS, Chang KT*

*Co-corresponding: changkt@kribb.re.kr
Korea National Primate Research Center

In the investigation of the expression levels of target genes, 
reverse transcription quantitative real-time polymerase chain 
reaction (RT-qPCR) is the most accurate and widely used 
method. However, a normalization step is a prerequisite to 
obtain accurate quantification results from RT-qPCR data. 
Therefore, many studies regarding the selection of reference 
genes have been carried out. Recently, these studies have 
involved large-scale gene analysis methods such as 
microarray and next generation sequencing. In our previous 
studies, we analyzed large amounts of transcriptome data 
from the cynomolgus monkey. Using a modification of this 
large-scale transcriptome sequencing dataset, we selected 
and compared 12 novel candidate reference genes 
(ARFGAP2, ARL1, BMI1, CASC3, DDX3X, MRFAP1, 
ORMDL1, RSL24D1, SAR1A, USP22, ZC3H11A, and 
ZRANB2) and 4 traditionally used reference genes (ACTB, 
GAPDH, RPS19, and YWHAZ) in 13 different whole-body 
tissues by the 3 well-known programs geNorm, NormFinder, 
and BestKeeper. Combined analysis by these 3 programs 
showed that ADP-ribosylation factor GTPase activating 
protein 2 (ARFGAP2), morf4 family associated protein 1 
(MRFAP1), and ADP-ribosylation factor-like 1 (ARL1) are 
the most appropriate reference genes for accurate 
normalization. Interestingly, 4 traditionally used reference 
genes were the least stably expressed in this study. For this 
reason, selection of appropriate reference genes is vitally 
important, and large-scale analysis is a good method for 
finding new candidate reference genes. Our results could 
provide reliable reference gene lists for future studies on 
the expression of various target genes in the cynomolgus 
monkey.
PMID:23613744

Keywords : Cynomolgus monkey; Macaca fascicularis; 
Reference gene; Transcriptome sequencing

Article 210
Molecular cloning, characterization of porcine 
IZUMO1, an IgSF family member

Reprod Domest Anim. 48(1):90-7.

Kim E, Kim JS, Lee Y, Song BS, Sim BW, Kim SU, Saitoh 
T, Yazawa H, Nunoya T, Chang KT*

*Co-corresponding: changkt@kribb.re.kr
Korea National Primate Research Center

IZUMO1, belonging to the family of mammalian 
immunoglobulin proteins, has been well characterized in the 
mouse. Here, we describe the molecular cloning and 
expression analysis of porcine IZUMO1 (pIZUMO1). Partial 
sequence information published in the National Center for 
Biotechnology Information (NCBI) database was used to 
generate the full-length sequence for IZUMO1 using rapid 
amplification of cDNA ends (RACE). A search of the porcine 
genomic sequence in the NCBI database identified a bacterial 
artificial chromosome (BAC) encoding the pIZUMO1 gene. 
This BAC is derived from porcine chromosome 6 and is 
syntenic with the corresponding regions of mouse, bovine, 
and human genomes encoding the IZUMO gene family. This 
BAC was found to encode an IZUMO1 protein with a 
predicted amino acid sequence having high similarity with 
mouse and human IZUMO1. Western blot analysis of proteins 
from porcine tissues indicated that pIZUMO1 was 
specifically expressed in the sperm. Furthermore, to confirm 
whether pIZUMO1 forms complexes, we overexpressed 
pIZUMO1 in HEK293 cells. The recombinant pIZUMO1 
from cell extracts was found to form complexes. Our finding 
suggests that pIZUMO1 forms homodimeric complex on 
the sperm membrane. Furthermore, an IVF inhibition assay 
with an antibody for the porcine IZUMO1 Ig-like domain 
showed that Ig-like domain effectively prevented pig 
sperm-egg interactions.
PMID:22594348

Keywords : Form complex; IgSF; Molecular cloning; 
pIZUMO1; Porcine IZUMO1
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Article 211
Alterations in hepatic metabolism of sulfur amino 
acids in non-obese type-2 diabetic Goto-Kakizaki 
rats

Chem-Biol Interact. 204(2):80-7.

Jung YS, Yun KU, Ryu CS, Oh JM, Kwak HC, Lee JY, 
Park SK, Kim BH, Oh SJ*, Kim SK

*Co-corresponding: diatree@kribb.re.kr
Bio-Evaluation Center

Elevated plasma homocysteine has been identified as a risk 
factor for cardiovascular disease and non-alcoholic liver 
disease, which are major complications of diabetes. Hence, 
hepatic homocysteine metabolism has become a major focus 
of diabetes research. However, little information is available 
regarding plasma homocysteine levels in non-obese diabetic 
animals. Therefore, we investigated the hepatic metabolism 
of sulfur-amino acids in non-obese type-2 diabetic 
Goto-Kakizaki rats. The experiments were performed using 
9-week-old Goto-Kakizaki rats and age-matched Wistar rats. 
The major finding of this study is that homocysteine levels 
in the liver and plasma are maintained by a balance between 
the up-regulation of betaine homocysteine methyltransferase 
and the inhibition of cystathionine β-synthase in non-obese 
type-2 diabetic rats. Hepatic levels of cysteine and its 
metabolites, such as hypotaurine, taurine, and glutathione, 
were increased despite inhibition of the transsulfuration of 
homocysteine to cysteine. The elevated hepatic taurine and 
glutathione levels may be attributed to the up-regulation 
of cysteine dioxygenase expression and increased cysteine 
availability for glutathione synthesis. Inhibition of hepatic 
methionine adenosyltransferase activity in Goto-Kakizaki 
rats was associated with a decrease in hepatic 
S-adenosylmethionine, which serves as an allosteric activator 
of cystathionine β-synthase. The non-obese type-2 diabetic 
condition results in profound changes in hepatic sulfur-amino 
acid metabolism and raises the possibility that sulfur-amino 
acid metabolism may be regulated by obesity- as well as 
diabetes-associated factors. Further study to elucidate the 
pathological significance of sulfur-amino acid metabolism 
in chronic liver disease in type-2 diabetic animals is underway 
in this laboratory.
PMID:23665415

Keywords : Glutathione; Homocysteine; Non-obese 
diabetes; S-Adenosylmethionine; Sulfur-amino acid 
metabolism

Article 212
Protective effect of silymarin against 
ethanol-induced gastritis in rats: Role of 
sulfhydryls, nitric oxide and gastric sensory 
afferents

Food Chem Toxicol. 55:353-7.

Shin JH, Lee CW, Oh SJ, Yun J, Lee K, Park SK, Kim 
HM, Han SB, Kim Y, Kim HC, Kang JS*

*Corresponding: kanjon@kribb.re.kr
Bio-Evaluation Center

Silymarin has been known to exert antioxidant, 
anti-carcinogenic and anti-inflammatory effects. In this study, 
we examined the effect of silymarin on gastritis in rats. 
Oral administration of silymarin dose-dependently decreased 
gastric lesions in ethanol-induced gastritis model. Silymarin 
also significantly suppressed the development of gastric 
lesions in aspirin- or water immersion-restraint stress-induced 
gastritis models. Further study demonstrated that the 
gastroprotective effect of silymarin was blocked by nitric 
oxide (NO) synthase inhibitor L-NAME, SH blocker 
N-ethylmaleimide or TRPV1 antagonist capsazepine in 
ethanol-induced gastritis model. In addition, ex vivo analysis 
revealed that ethanol-induced decrease in gastric mucus and 
non-protein sulfhydryl (NPSH) groups was significantly 
reversed by silymarin treatment and lipid peroxidation was 
also suppressed by silymarin in ethanol-induced gastritis 
model. Taken together, these results suggest that silymarin 
exerts gastroprotective effects and the gastroprotective effects 
of silymarin might be related to the protection of gastric 
mucosal NO and NP-SH and the modulation of 
capsaicin-sensitive gastric sensory afferents.
PMID:23357565

Keywords : Gastric sensory afferents; Gastritis; Nitric 
oxide; Non-protein sulfhydryl; Silymarin
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Article 213
Comparative analysis of key nutrient composition 
between drought-tolerant transgenic rice and its 
non-transgenic counterpart

Food Sci Biotechnol. 22(5):1351-7.

Nam KH, Nam KJ, An JH, Jeong SC, Park KW, Kim HB, 
Kim CG*

*Corresponding: cgkim@kribb.re.kr
Bio-Evaluation Center

Nutritional composition is the main consideration in the 
safety assessment of foods derived from genetically modified 
(GM) crops. In this study, the key nutrients in 
drought-tolerant rice that had been generated by the insertion 
of AtCYP78A7 encoding cytochrome P450 protein were 
analyzed. Results were compared with those obtained from 
its non-transgenic counterpart and other commercial rice. 
When transgenic rice lines 10B-5 and 18A-4 were compared 
with the non-transgenic counterpart, no significant 
differences were found in their contents of proximates, amino 
acids, fatty acids, minerals, and vitamins. Except for fiber 
contents and levels of vitamin B2, most of the measured 
values fit within the reference ranges established for other 
commercial rice. These results indicate that the key nutritional 
composition of drought-tolerant transgenic rice is 
substantially equivalent to its non-transgenic counterpart. 
Therefore, insertion of AtCYP78A7 to improve drought 
tolerance does not change the constitution and quality of 
key nutrients in brown rice.

Keywords : Drought tolerance; Food safety; Nutritional 
composition; Oryza sativa; Transgenic rice

Article 214
Differential anti-inflammatory and analgesic 
effects by enantiomers of zaltoprofen in rodents

Int Immunopharm. 16(4):457-60.

Cho IJ, Lee CW, Lee MY, Kang MR, Yun J, Oh SJ, Han 
SB, Lee K, Park SK, Kim HM, Jung SH, Kang JS*

*Corresponding: kanjon@kribb.re.kr
Bio-Evaluation Center

In the present study, we investigated the effect of zaltoprofen 
enantiomers on inflammation and pain and compared their 
effect with racemic zaltoprofen. S+-zaltoprofen potently 
inhibited the inflammatory response in carrageenan-induced 
paw edema model, whereas R(-)-zaltoprofen did not. 
Moreover, the anti-inflammatory effect of S+-zaltoprofen was 
stronger than that of racemic zaltoprofen, suggesting that 
S+-zaltoprofen is an active component of racemic zaltoprofen 
in terms of anti-inflammatory activity. In contrast, the results 
of acetic acid-induced writhing model demonstrated that no 
significant analgesic effect was observed by racemic 
zaltoprofen and zaltoprofen enantiomers at doses used in 
carrageenan-induced paw edema model. However, racemic 
zaltoprofen and zaltoprofen enantiomers all exerted an 
analgesic effect at higher doses, which is inconsistent with 
the result of carrageenan-induced paw edema model. Gastric 
ulcers induced by racemic zaltoprofen and zaltoprofen 
enantiomers were minimal. Taken together, these results 
suggest that S+-zaltoprofen is a potent and active 
anti-inflammatory component of racemic zaltoprofen, but 
both S+-zaltoprofen and R(-)-zaltoprofen might seem to 
contribute to the analgesic effect of racemic zaltoprofen.
PMID:23721690

Keywords : Analgesic effect; Anti-inflammatory; 
Enantiomer; Racemic zaltoprofen
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Article 215
Downregulation of cell-free miR-198 as a 
diagnostic biomarker for lung 
adenocarcinoma-associated malignant pleural 
effusion

Int J Cancer. 133(3):645-53.

Han HS, Yun J#, Lim SN, Han JH, Lee KH, Kim ST, Kang 
MH, Son SM, Lee YM, Choi SY, Yun SJ, Kim WJ, Lee 
OJ

#Co-first: jyun@kribb.re.kr
Bio-Evaluation Center

Circulating cell-free microRNAs (miRNAs) are potential 
cancer biomarkers. The aim of this study was to identify 
miRNAs that are differentially expressed between benign 
pleural effusion (BPE) and lung adenocarcinoma-associated 
malignant pleural effusion (LA-MPE). The expression level 
of cell-free miRNA was investigated in 107 patients with 
pleural effusion. Microarrays were used to screen 160 
miRNAs in a discovery set comprising 20 effusion samples 
(ten BPEs and ten LA-MPEs). Real-time quantitative reverse 
transcription polymerase chain reaction (qRT-PCR) was used 
to validate the profiling results obtained for the discovery 
set and those obtained for a validation set comprising 42 
BPEs and 45 LA-MPEs. The area under the receiver operating 
characteristic curve (AUC) was used to evaluate the 
diagnostic performance of the identified miRNAs and other 
common tumor markers, such as carcinoembryonic antigen 
(CEA) and cytokeratin fragment (CYFRA) 21-1. Microarray 
profiling showed that miR-198 was significantly 
downregulated in LA-MPE compared with BPE (p = 0.002). 
The miRNA microarray analysis results were confirmed by 
qRT-PCR (p < 0.001) using the validation set. The AUCs 
for miR-198, CEA and CYFRA 21-1 in the validation set 
were 0.887, 0.898 and 0.836, respectively. The diagnostic 
performance of miR-198 was comparable with that of CEA, 
but better than that of CYFRA 21-1. The AUC for all three 
markers combined was 0.926 (95% confidence interval, 
0.843-0.973) with a sensitivity of 89.2% and a specificity 
of 85.0%. The present study suggests that cell-free miR-198 
from patients with pleural effusion might have diagnostic 
potential for differentiating LA-MPE from BPE.
PMID:23354517

Keywords : CEA; CYFRA 21-1; Diagnostic biomarker; 
Lung adenocarcinoma; miR-198; Pleural effusion

Article 216
Fitness cost and competitive ability of transgenic 
herbicide-tolerant rice expressing a 
protoporphyrinogen oxidase gene

J Ecol Environ. 36(1):39-47.

Chun YJ, Kim DI, Park KW, Jeong SC, Park S, Back K, 
Kim CG*

*Corresponding: cgkim@kribb.re.kr
Bio-Evaluation Center

The expression of transgenic traits in genetically modified 
crops is sometimes associated with decreases in crop 
performance or fitness. These decreases in performance or 
fitness of transgenic plants in unfavourable conditions may 
provide valuable information about the ecological 
consequences of transgene escape. In a glasshouse trial, we 
tested the cost associated with resistance to herbicides by 
comparing the growth, yield, and competitive ability of 
transgenic rice with its parental non-transgenic line. This 
new line was developed for constitutive overexpression of 
protoporphyrinogen oxidase (PPO) to increase resistance to 
herbicides. We evaluated nine agronomic traits of transgenic 
and non-transgenic rice grown in a replacement series design 
over four densities. Competitive ability was also assessed 
between transgenic and non-transgenic plants by analyzing 
their relative yields based on biomass and seed weight data. 
Our results indicated that non-transgenic plants showed 
greater performance than did the transgenic plants when 
those genotypes were grown in mixtures. The non-transgenic 
rice plants exhibited superior competitive ability at certain 
combinations of planting densities and genotype proportions. 
These results suggest that PPO-herbicide resistance incurs 
some costs in plant performance and competitive ability.

Keywords : Biosafety; Competition; Protoporphyrinogen 
oxidase; Resistance; Transgenic rice
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Article 217
ACA-specific RNA sequence recognition is 
acquired via the loop 2 region of MazF mRNA 
interferase

Proteins. 81(5):874-83.

Park JH#, Yoshizumi S, Yamaguchi Y, Wu KP, Inouye M.

#First: jungho@kribb.re.kr
Bio-Evaluation Center

MazF is an mRNA interferase that cleaves mRNAs at a 
specific RNA sequence. MazF from E. coli (MazF-ec) cleaves 
RNA at A^CA. To date, a large number of MazF homologs 
that cleave RNA at specific three- to seven-base sequences 
have been identified from bacteria to archaea. MazF-ec forms 
a dimer, in which the interface between the two subunits 
is known to be the RNA substrate-binding site. Here, we 
investigated the role of the two loops in MazF-ec, which 
are closely associated with the interface of the MazF-ec 
dimer. We examined whether exchanging the loop regions 
of MazF-ec with those from other MazF homologs, such 
as MazF from Myxococcus xanthus (MazF-mx) and MazF 
from Mycobacterium tuberculosis (MazF-mt3), affects RNA 
cleavage specificity. We found that exchanging loop 2 of 
MazF-ec with loop 2 regions from either MazF-mx or 
MazF-mt3 created a new cleavage sequence at 
(A/U)(A/U)AA^C in addition to the original cleavage site, 
A^CA, whereas exchanging loop 1 did not alter cleavage 
specificity. Intriguingly, exchange of loop 2 with 8 or 12 
consecutive Gly residues also resulted in a new RNA cleavage 
site at (A/U)(A/U)AA^C. The present study suggests a 
method for expanding the RNA cleavage repertoire of mRNA 
interferases, which is crucial for potential use in the regulation 
of specific gene expression and for biotechnological 
applications.
PMID:23280569

Keywords : Chimeric protein; MazE-MazF; MazF 
homolog; mRNA interferase; RNA cleavage; 
Sequence-specific endoribonucleases; TA system

Article 218
Dynamic genetic features of chromosomes 
revealed by comparison of soybean genetic and 
sequence-based physical maps

Theoret Appl Genet. 126(4):1103-19.

Lee WK, Kim N, Kim J, Moon JK, Jeong N, Choi IY, 
Kim SC, Chung WH, Kim HS, Lee SH, Jeong SC*

*Corresponding: scjeong@kribb.re.kr
Bio-Evaluation Center

Despite the intensive soybean [Glycine max (L.) Merrill] 
genome studies, the high chromosome number (20) of the 
soybean plant relative to many other major crops has hindered 
the development of a high-resolution genomewide genetic 
map derived from a single population. Here, we report such 
a map, which was constructed in an F15 population derived 
from a cross between G. max and G. soja lines using indel 
polymorphisms detected via a G. soja genome resequencing. 
By targeting novel indel markers to marker-poor regions, 
all marker intervals were reduced to under 6 cM on a genome 
scale. Comparison of the Williams 82 soybean reference 
genome sequence and our genetic map indicated that marker 
orders of 26 regions were discrepant with each other. In 
addition, our comparison showed seven misplaced and two 
absent markers in the current Williams 82 assembly and 
six markers placed on the scaffolds that were not incorporated 
into the pseudomolecules. Then, we showed that, by 
determining the missing sequences located at the presumed 
beginning points of the five major discordant segments, these 
observed discordant regions are mostly errors in the Williams 
82 assembly. Distributions of the recombination rates along 
the chromosomes were similar to those of other organisms. 
Genotyping of indel markers and genome resequencing of 
the two parental lines suggested that some marker-poor 
chromosomal regions may represent introgression regions, 
which appear to be prevalent in soybean. Given the even 
and dense distribution of markers, our genetic map can serve 
as a bridge between genomics research and breeding 
programs.
PMID:23306355

Keywords : Genetic map; Indel marker; Physical map; 
Reference genome sequence; Soybean genetic
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Article 219
Effect of heterologous xylose transporter 
expression in Candida tropicalis on xylitol 
production rate

Bioprocess Biosyst Eng. 36(6):809-17.

Jeon WY#, Shim WY, Lee SH, Choi JH, Kim JH.

#First: wyjeon27@kribb.re.kr
Biotechnology Process Engineering Center

Xylose utilization is inhibited by glucose uptake in 
xylose-assimilating yeasts, including Candida tropicalis, 
resulting in limitation of xylose uptake during the 
fermentation of glucose/xylose mixtures. In this study, a 
heterologous xylose transporter gene (At5g17010) from 
Arabidopsis thaliana was selected because of its high affinity 
for xylose and was codon-optimized for functional expression 
in C. tropicalis. The codon-optimized gene was placed under 
the control of the GAPDH promoter and was integrated into 
the genome of C. tropicalis strain LXU1 which is 
xyl2-disrupted and NXRG (codon-optimized Neurospora 
crassa xylose reductase) introduced. The xylose uptake rate 
was increased by 37-73 % in the transporter 
expression-enhanced strains depending on the glucose/xylose 
mixture ratio. The recombinant strain LXT2 in 500-mL flask 
culture using glucose/xylose mixtures showed a xylose 
uptake rate that was 29 % higher and a xylitol volumetric 
productivity (1.14 g/L/h) that was 25 % higher than the 
corresponding rates for control strain LXU1. Membrane 
protein extraction and Western blot analysis confirmed the 
successful heterologous expression and membrane 
localization of the xylose transporter in C. tropicalis.
PMID:23411871

Keywords : Candida tropicalis; Codon optimization; 
Membrane localization; Xylitol; Xylose transporter

Article 220
Isolation and characterization of a novel ε
-caprolactam-degrading microbe, Acinetobacter 
calcoaceticus, from industrial wastewater by 
chemostat-enrichment

Biotech Lett. 35(12):2069-72.

Rajoo S, Ahn JO, Lee HW*, Jung JK

*Corresponding: hwlee@kribb.re.kr
Biotechnology Process Engineering Center

For the isolation of a e-caprolactam-degrading microbe from 
wastewaters of a factory producing caprolactam, we applied 
a chemostat-enrichment technique with a selective medium 
containing caprolactam as sole source of carbon and nitrogen. 
This allowed for the isolation of a novel 
caprolactam-degrading microbe, identified as Acinetobacter 
calcoaceticus. The strain had a critical tolerance of 19 g 
caprolactam l-1 in minimal medium, which is higher than 
any previously reported caprolactam-degrading microbe. A. 
calcoaceticus also decreased the caprolactam content in 
medium by 65 %within 72 h despite the high caprolactam 
content (10 g l-1 ). This study highlights the potential use 
of A. calcoaceticus strain for the bioremediation of 
recalcitrant synthetic polymers, such as caprolactam.
PMID:23974491

Keywords : Acinetobacter calcoaceticus; Bioremediation; 
Chemostat-enrichment; e-Caprolactam; Industrial 
wastewater; Microbial degradation
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Article 221
GAL promoter-driven heterologous gene 
expression in Saccharomyces cerevisiae Δgal80 
strain at anaerobic alcoholic fermentation

FEMS Yeast Res. 13(1):140-2.

Ahn J, Park KM, Lee H, Son YJ, Choi ES*

*Corresponding: choi4162@kribb.re.kr
Biotechnology Process Engineering Center

The removal of Gal80 protein by gene disruption turned 
into efficient GAL promoter-driven heterologous gene 
expression under anaerobic alcoholic fermentation of 
Saccharomyces cerevisiae. Using lipase B from Candida 
antarctica as a reporter, the relative strength of GAL10 
promoter (PGAL10) in Δgal80 mutant that does not require 
galactose as an inducer was compared to those of ADH1, 
PDC1, and PGK promoters, which have been known to work 
well anaerobically in actively fermenting yeast cells under 
high glucose concentration. PGAL10 in the Δgal80 mutant 
showed 0.8-fold (ADH1), fourfold (PDC1), and 50-fold 
(PGK) in promoter strength.
PMID:23131005

Keywords : Anaerobic alcoholic fermentation; GAL10 
promoter; Δgal80; Heterologous gene expression; 
Saccharomyces cerevisiae

Article 222
Gamma-aminobutyric Acid production using 
immobilized glutamate decarboxylase followed 
by downstream processing with cation exchange 
chromatography

Int J Mol Sci. 14(1):1728-39.

Lee S, Ahn J, Kim YG, Jung JK, Lee H, Lee EG*

*Corresponding: eglee@kribb.re.kr
Biotechnology Process Engineering Center

We have developed a gamma-aminobutyric acid (GABA) 
production technique using his-tag mediated immobilization 
of Escherichia coli-derived glutamate decarboxylase (GAD), 
an enzyme that catalyzes the conversion of glutamate to 
GABA. The GAD was obtained at 1.43 g/L from 
GAD-overexpressed E. coli fermentation and consisted of 
59.7% monomer, 29.2% dimer and 2.3% tetramer with a 
97.6% soluble form of the total GAD. The harvested GAD 
was immobilized to metal affinity gel with an immobilization 
yield of 92%. Based on an investigation of specific enzyme 
activity and reaction characteristics, glutamic acid (GA) was 
chosen over monosodium glutamate (MSG) as a substrate 
for immobilized GAD, resulting in conversion of 2.17 M 
GABA in a 1 L reactor within 100 min. The immobilized 
enzymes retained 58.1% of their initial activities after ten 
consecutive uses. By using cation exchange chromatography 
followed by enzymatic conversion, GABA was separated 
from the residual substrate and leached GAD. As a 
consequence, the glutamic acid was mostly removed with 
no detectable GAD, while 91.2% of GABA was yielded 
in the purification step.
PMID:23322022

Keywords : Cation exchange chromatography; Gamma 
aminobutyric acid; Glutamate decarboxylase; 
Glutamic acid; Immobilization
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Article 223
RecA-mediated SOS response provides a geraniol 
tolerance in Escherichia coli

J Biotechnol. 167(4):357-64.

Shah AA, Wang C, Yoon SH, Kim JY, Choi ES*, Kim 
SW

*Co-corresponding: choi4162@kribb.re.kr
Biotechnology Process Engineering Center

Geraniol is an important industrial material and a potential 
candidate of advanced biofuels. One challenge of microbial 
geraniol production is the toxicity to hosts. However, the 
poor understanding on geraniol tolerance mechanism is an 
obstacle for developing geraniol tolerant host. This study 
genome-widely screened a shot-gun DNA library of 
Escherichia coli and found that recA is able to confer geraniol 
tolerance in E. coli. The recA knockout mutant was found 
extremely sensitive to geraniol. Based on our data, it was 
deciphered that recA provided tolerance through SOS 
response network responding to DNA damage caused by 
geraniol. RecA-mediated SOS response activates the 
homologous recombinational repair by RecB and RecN for 
corrective DNA maintenance. This protection mechanism 
suggests an effective strategy to combat geraniol toxicity 
in E. coli. 
PMID:23906844

Keywords : DNA repair; Escherichia coli; Geraniol; RecA; 
SOS response; Stress tolerance

Article 224
Engineered heterologous FPP synthases-mediated 
Z,E-FPP synthesis in E. coli

Metabol Eng. 18(1):53-9.

Wang C, Zhou J, Jang HJ, Yoon SH, Kim JY, Lee SG, 
Choi ES*, Kim SW

*Corresponding: choi4162@kribb.re.kr
Biotechnology Process Engineering Center

Production of Z-type farnesyl diphosphate (FPP) has not 
been reported in Escherichia coli. Here we present the fusion 
enzyme (ILRv) of E. coli E,E-FPP synthase (IspA) and 
Mycobacterium tuberculosis Z,E-FPP synthase (Rv1086), 
which can produce primarily Z,E-FPP rather than E,E-FPP, 
the predominant stereoisomer found in most organisms. 
Z,E-farnesol (FOH) was produced from E. coli harboring 
the bottom portion of the MVA pathway and the fusion 
FPP synthase (ILRv) at a titer of 115.6 mg/L in 2YT medium 
containing 1% (v/v) glycerol as a carbon source and 5 mM 
mevalonate. The Z,E-FOH production was improved by 
15-fold, compared with 7.7 mg/L obtained from the 
co-overexpression of separate IspA and Rv1086. The 
Z,E-FPP was not metabolized in native metabolic pathways 
of E. coli. It would be of interest to produce Z,E-FPP derived 
sesquiterpenes from recombinant E. coli due to no loss of 
Z,E-FPP substrate in endogenous metabolism of the host 
strain.
PMID:23608473

Keywords : Endogenous metabolism; FPP synthase; 
Proteinfusion; Sesquiterpene; Z,E-Farnesol; Z,E-FPP
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Article 225
Molecular epidemiology and phylogenetic 
analysis of porcine epidemic diarrhea virus 
(PEDV) field isolates in Korea

Archiv Virol. 158(7):1533-41.

Park SJ, Song DS*, Park BK

*Co-corresponding: sds1@kribb.re.kr
Viral Infectious Disease Research Center

Porcine epidemic diarrhea virus (PEDV) has caused 
devastating enteric disease in Korean pig farms since its 
first identification in 1992 in Korea. In the present study, 
the molecular epidemiology, genetic diversity, and 
phylogenetic relationship of Korean PEDV field isolates to 
other reference strains were analyzed using the complete 
E gene. Genetic analysis showed that each PEDV group 
had several unique characteristics, which indicated that a 
specific group PEDVs may be differentiated from another 
group PEDVs. Phylogenetic analysis showed that recent 
prevalent Korean PEDV field isolates are closely related 
to the Chinese field strains and differ genetically from the 
European strains and the vaccine strains used in Korea, which 
raises questions of whether a new-type PEDV vaccine may 
be necessary for preventing PEDV infection more effectively 
in Korea. Notably, a large deletion identified only in the 
attenuated DR13 can be utilized as a genetic marker, and 
the methods developed in this study will help to rapidly 
detect and differentiate PEDVs.
PMID:23462888

Keywords : Genetic analysis; Genetic marker; Molecular 
epidemiology; Phylogeny; Porcine epidemic diarrhea 
virus (PEDV); Vaccine strain

Article 226
Prolonged shedding of the canine influenza H3N2 
virus in nasal swabs of experimentally 
immunocompromised dogs

Clin Exp Vaccine Res. 2(1):66-8.

Hong M, Kang B, Na W, An D, Moon H, Kim DJ, Oh 
J, Park SJ, Poo H, Kim JK, Kim J, Song D*

*Corresponding: sds1@kribb.re.kr
Viral Infectious Disease Research Center

PURPOSE: The avian origin canine influenza virus H3N2 
has been recently isolated and found to be currently in dog 
population in South Korea and China. The purpose of this 
study was to clarify the relationship between 
immunosuppressive glucocorticoids used in veterinary 
clinical practice and viral shedding pattern of influenza in 
dogs.
MATERIALS AND METHODS: Eight conventional beagle 
dogs were divided into control infection group and 
immunocompromised group. Dogs of both groups were 
infected with H3N2 canine influenza virus (2×106.0) EID50/0.1 
mL). Dogs in immunocompromised group were given orally 
3.0 mg/kg prednisolone for 7 days. Virus shedding was 
monitored using real-time polymerase chain reaction. After 
necropsy, histopathologic lesions were compared.
RESULTS: We found that immunocompromised dogs 
exhibited more prolonged (8 days vs. 13 days) and higher 
magnitude viral shedding than control group (peak titer of 
viral shedding 4.6 vs. 5.5 EID50).
CONCLUSION: Restricted use of immunosuppressive drugs 
in the clinical setting might help control the rapid spread 
of H3N2 through local dog populations.
PMID:23596593

Keywords : Glucocorticoid; H3N2 canine influenza virus; 
Immunocompromised dog; Immunosuppression; 
Nasal swabs; Viral load
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Article 227
Complete genome sequence of a canine-origin 
H3N2 feline influenza virus isolated from 
domestic cats in South Korea

Genome Announc. 1(2):e0025312.

Park SJ, Kang BK, Jeoung HY, Moon HJ, Hong M, Na 
W, Park BK, Poo H, Kim JK, An DJ, Song DS*

*Corresponding: sds1@kribb.re.kr
Viral Infectious Disease Research Center

A canine-origin Korean H3N2 feline influenza virus (FIV), 
A/feline/Korea/01/2010 (H3N2), was isolated in 2010 from 
a dead cat with severe respiratory disease. Here, we report 
the first complete genome sequence of this virus, containing 
3' and 5' noncoding regions, which will help elucidate the 
molecular basis of the pathogenesis, transmission, and 
evolution of FIV.
PMID:23516235

Keywords : Cat; Genome sequence; H3N2 feline influenza 
virus; Respiratory disease

Article 228
Inter- and intraspecies transmission of canine 
influenza virus (H3N2) in dogs, cats, and ferrets

Influen Other Resp Virus. 7(3):265-70.

Kim H, Song D#, Moon H, Yeom M, Park S, Hong M, 
Na W, Webby RJ, Webster RG, Park B, Kim JK, Kang 
B

#Co-first: sds1@kribb.re.kr
Viral Infectious Disease Research Center

BACKGROUND: The emergence of zoonotic viruses in 
domestic animals is a significant public health concern. 
Canine influenza virus (CIV) H3N2 is a virus that can infect 
companion animals and is, therefore, a potential public health 
concern.
OBJECTIVE: This study investigated the inter- and 
intraspecies transmission of CIV among dogs, cats, and 
ferrets, under laboratory conditions, to determine whether 
transmission of the virus was possible between as well as 
within these domestic animal species.
METHOD: The transmission routes for inter- and intraspecies 
transmission were airborne and direct contact, respectively. 
Transmission was conducted through intranasal infection of 
dogs followed by exposure to either cats or ferrets and by 
comingling infected and naïve animals of the same species.
RESULTS: The interspecies transmission of CIV H3N2 via 
airborne was only observed from dogs to cats and not from 
dogs to ferrets. However, direct intranasal infection of either 
cats or ferrets with CIV could induce influenza-like clinical 
signs, viral shedding, and serological responses. 
Additionally, naïve cats and ferrets could be infected by 
CIV via direct contact with infected animals of the same 
species.
CONCLUSION: Cats appear to be another susceptible host 
of CIV H3N2, whereas ferrets are not likely natural hosts. 
The molecular-based mechanism of interspecies and 
intraspecies transmission of CIV H3N2 should be further 
studied.
PMID:22616918

Keywords : Canine influenza virus; Cat; CIV H3N2; Dog; 
Ferret; Interspecies; Intraspecies; Transmission
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Article 229
Adjuvant efficacy of mOMV against avian 
influenza virus infection in mice

J Microbiol. 51(5):682-8.

Lee BJ, Lee SH, Song MS, Pascua PN, Kwon HI, Park 
SJ, Kim EH, Decano A, Kim SM, Lim GJ, Kim DJ, Chang 
KT, Kim SH*, Choi YK

*Co-corresponding: skim@kribb.re.kr
Viral Infectious Disease Research Center

Highly pathogenic avian influenza H5N1 viruses are found 
chiefly in birds and have caused severe disease and death 
in infected humans. Development of influenza vaccines 
capable of inducing heterosubtypic immunity against a broad 
range of influenza viruses is the best option for the 
preparedness, since vaccination remains the principal method 
in controlling influenza viral infections. Here, a 
mOMV-adjuvanted recombinant H5N2 (rH5N2) whole virus 
antigen vaccine with 
A/Environment/Korea/W149/06(H5N1)-derived H5 HA and 
A/Chicken/Korea/ma116/04(H9N2)-derived N2 NA in the 
backbone of A/Puerto Rico/8/34(H1N1) was prepared and 
generated by reverse genetics. Groups of mice were 
vaccinated by a prime-boost regime with the rH5N2 vaccine 
(1.75 μg of HA with/without 10 μg mOMV or aluminum 
hydroxide adjuvant for comparison). At two weeks 
post-immunizations, vaccinated mice were challenged with 
lethal doses of 103.5 EID50/ml of H5N1 or H9N2 avian 
influenza viruses, and were monitored for 15 days. Both 
mOMV- and alum-adjuvant vaccine groups had high survival 
rates after H5N1 infection and low levels of body weight 
changes compared to control groups. Interestingly, the 
mOMV-adjuvanted group induced better cross-reactive 
antibody responses serologically and promoted 
cross-protectivity against H5N1 and H9N2 virus challenges. 
Our results suggest that mOMV could be used as a vaccine 
adjuvant in the development of effective vaccines used to 
control influenza A virus transmission.
PMID:24173647

Keywords : Avian influenza A virus; H5N2 vaccine; 
Influenza vaccine; mOMV adjuvant

Article 230
Comparison of the nucleotide sequence of cloned 
osteopontin from Hanwoo and Holstein

Kor J Food Sci Animal Resour. 33(3):331-4.

Lee TY#, Ju SK, Nam MS

#First: taeyoung@kribb.re.kr
Viral Infectious Disease Research Center

Osteopontin (OPN) is a secreted phosphorylated 
glycoprotein. It has an important role in multiple biological 
processes including cell survival, bone remodeling, inhibition 
of ectopic calcification, as well as, is thought to have potential 
immune modulation activities. In this work, we isolated and 
characterized a full-length open reading frame (ORF) of 
Korean native cow's OPN from Korean native cow's 
(Hanwoo) kidney, and successfully cloned firstly on 
Hanwoo's OPN. The sequencing results indicated that the 
isolated cDNA was 1190 bp in length containing a complete 
ORF of 837 bp. It encoded a precursor protein Hanwoo's 
OPN consisting of 278 amino acids with a signal peptide 
of 16 amino acids. Amino acid homology was found to 
be 99.3% as compared to the corresponding sequences of 
Holstein bone marrow OPN. Hanwoo's kidney OPN and 
Holstein bone marrow OPN are different only in two amino 
acid residues 42 and 56, amino acid residue 42 is Thr (T) 
↔ Ile (I), and amino acid residue 56 is Ala (A) ↔ Thr 
(T) respectively. These results from the present work would 
be helpful to elucidate the biological function of Hanwoo's 
OPN and provided a foundation for further insight into role 
of Hanwoo's OPN.

Keywords : Amino acid; Cloning; HanWoo; Holstein; 
Osteopontin
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Article 231
Inference of kinship coefficients from Korean 
SNP genotyping data

BMB Rep. 46(6):305-9.

Park SJ, Yang JO, Kim SC, Kwon J, Lee S, Lee B*

*Corresponding: bulee@kribb.re.kr
Korean Bioinformation Center

The determination of relatedness between individuals in a 
family is crucial in analysis of common complex diseases. 
We present a method to infer close inter-familial relationships 
based on SNP genotyping data and provide the relationship 
coefficient of kinship in Korean families. We obtained blood 
samples from 43 Korean individuals in two families. SNP 
data was obtained using the Affymetrix Genome-wide 
Human SNP array 6.0 and the Illumina Human 1M-Duo 
chip. To measure the kinship coefficient with the SNP 
genotyping data, we considered all possible pairs of 
individuals in each family. The genetic distance between 
two individuals in a pair was determined using the allele 
sharing distance method. The results show that genetic 
distance is proportional to the kinship coefficient and that 
a close degree of kinship can be confirmed with SNP 
genotyping data. This study represents the first attempt to 
identify the genetic distance between very closely related 
individuals.
PMID:23790973

Keywords : Allele sharing distance; Kinship coefficient; 
Korean family; Reference standard; SNP

Article 232
EvoSNP-DB: A database of genetic diversity in 
East Asian populations

BMB Rep. 46(8):416-21.

Kim YU, Kim YJ, Lee JY, Park K*

*Co-corresponding: kjpark@kribb.re.kr
Korean Bioinformation Center

Genome-wide association studies (GWAS) have become 
popular as an approach for the identification of large numbers 
of phenotype-associated variants. However, differences in 
genetic architecture and environmental factors mean that 
the effect of variants can vary across populations. 
Understanding population genetic diversity is valuable for 
the investigation of possible population specific and 
independent effects of variants. EvoSNP-DB aims to provide 
information regarding genetic diversity among East Asian 
populations, including Chinese, Japanese, and Korean. 
Non-redundant SNPs (1.6 million) were genotyped in 54 
Korean trios (162 samples) and were compared with 4 million 
SNPs from HapMap phase II populations. EvoSNP-DB 
provides two user interfaces for data query and visualization, 
and integrates scores of genetic diversity (Fst and VarLD) 
at the level of SNPs, genes, and chromosome regions. 
EvoSNP-DB is a web-based application that allows users 
to navigate and visualize measurements of population genetic 
differences in an interactive manner, and is available online 
at [http://biomi.cdc.go.kr/EvoSNP/].
PMID:23977990

Keywords : Database; Genetic diversity; GWAS; 
Population genetics; SNP
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Article 233
Whole-genome resequencing of Hanwoo (Korean 
cattle) and insight into regions of homozygosity

BMC Genomics. 14:519.

Lee KT, Chung WH, Lee SY, Choi JW, Kim J, Lim D, 
Lee S, Jang GW, Kim B, Choy YH, Liao X, Stothard P, 
Moore SS, Lee SH, Ahn S, Kim N*, Kim TH

*Co-corresponding: deepreds@kribb.re.kr
Korean Bioinformation Center

BACKGROUND: Hanwoo (Korean cattle), which originated 
from natural crossbreeding between taurine and zebu cattle, 
migrated to the Korean peninsula through North China. 
Hanwoo were raised as draft animals until the 1970s without 
the introduction of foreign germplasm. Since 1979, Hanwoo 
has been bred as beef cattle. Genetic variation was analyzed 
by whole-genome deep resequencing of a Hanwoo bull. The 
Hanwoo genome was compared to that of two other breeds, 
Black Angus and Holstein, and genes within regions of 
homozygosity were investigated to elucidate the genetic and 
genomic characteristics of Hanwoo.
RESULTS: The Hanwoo bull genome was sequenced to 
45.6-fold coverage using the ABI SOLiD system. In total, 
4.7 million single-nucleotide polymorphisms and 0.4 million 
small indels were identified by comparison with the Btau4.0 
reference assembly. Of the total number of SNPs and indels, 
58% and 87%, respectively, were novel. The overall genotype 
concordance between the SNPs and BovineSNP50 BeadChip 
data was 96.4%. Of 1.6 million genetic differences in 
Hanwoo, approximately 25,000 non-synonymous SNPs, 
splice-site variants, and coding indels (NS/SS/Is) were 
detected in 8,360 genes. Among 1,045 genes containing 
reliable specific NS/SS/Is in Hanwoo, 109 genes contained 
more than one novel damaging NS/SS/I. Of the genes 
containing NS/SS/Is, 610 genes were assigned as 
trait-associated genes. Moreover, 16, 78, and 51 regions of 
homozygosity (ROHs) were detected in Hanwoo, Black 
Angus, and Holstein, respectively. 'Regulation of actin 
filament length' was revealed as a significant gene ontology 
term and 25 trait-associated genes for meat quality and disease 
resistance were found in 753 genes that resided in the ROHs 
of Hanwoo. In Hanwoo, 43 genes were located in common 
ROHs between whole-genome resequencing and SNP chips 
in BTA2, 10, and 13 coincided with quantitative trait loci 
for meat fat traits. In addition, the common ROHs in BTA2 
and 16 were in agreement between Hanwoo and Black Angus.
CONCLUSIONS: We identified 4.7 million SNPs and 0.4 
million small indels by whole-genome resequencing of a 
Hanwoo bull. Approximately 25,000 non-synonymous SNPs, 
splice-site variants, and coding indels (NS/SS/Is) were 
detected in 8,360 genes. Additionally, we found 25 
trait-associated genes for meat quality and disease resistance 
among 753 genes that resided in the ROHs of Hanwoo. 
These findings will provide useful genomic information for 
identifying genes or casual mutations associated with 
economically important traits in cattle.
PMID:23899338

Keywords : Cattle; Genome sequence; HanWoo; NS/SS/I; 
Resequencing; ROH

Article 234
Draft genome sequence of Fusarium fujikuroi 
B14, the causal agent of the bakanae disease of 
rice

Genome Announc. 1(1):e00035.

Jeong H#, Lee S, Choi GJ, Lee T, Yun SH

#First: hyjeong@kribb.re.kr
Korean Bioinformation Center

Here, we present the genome sequence of a Korean strain 
(B14) of Fusarium fujikuroi, a fungal rice pathogen. The 
final assembly consists of 455 contigs with 43,810,516 bp 
and 14,017 predicted genes. Comparison with the F. 
verticillioides 7600 genome revealed a reference coverage 
of 83% (66.3% of reads mapped).
PMID:23472226

Keywords : Comparative genomic analysis; Fungal rice 
pathogen; Fusarium fujikuroi; Genome sequence
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Article 235
Bioinformatics interpretation of exome 
sequencing: blood cancer

Genomics Inform. 11(1):24-33.

Kim J, Lee YG, Kim N*

*Corresponding: deepreds@kribb.re.kr
Korean Bioinformation Center

We had analyzed 10 exome sequencing data and single 
nucleotide polymorphism chips for blood cancer provided 
by the PGM21 (The National Project for Personalized 
Genomic Medicine) Award program. We had removed 
sample G06 because the pair is not correct and G10 because 
of possible contamination. In-house software somatic 
copy-number and heterozygosity alteration estimation 
(SCHALE) was used to detect one loss of heterozygosity 
region in G05. We had discovered 27 functionally important 
mutations. Network and pathway analyses gave us clues 
that NPM1, GATA2, and CEBPA were major driver genes. 
By comparing with previous somatic mutation profiles, we 
had concluded that the provided data originated from acute 
myeloid leukemia. Protein structure modeling showed that 
somatic mutations in IDH2, RASGEF1B, and MSH4 can 
affect protein structures.
PMID:23613679

Keywords : Acute myeloid leukemia; Blood cancer; 
Computational biology; Exome; Mutation

Article 236
The effect of validamycin A on tyrosinase: 
inhibition kinetics and computational simulation

Int J Biol Macromol. 55:15-23.

Wang ZJ, Ji S, Si YX, Yang JM, Qian GY, Lee J*, Yin 
SJ

*Co-corresponding: jinhyuk@kribb.re.kr
Korean Bioinformation Center

In this study, we investigated validamycin A as a tyrosinase 
inhibitor based on its structural properties. We found that 
the reversible inhibition of tyrosinase by validamycin A 
occurred in a mixed-type manner with Ki=5.893±0.038mM, 
as determined by integrating kinetics studies and 
computational simulations. Time-interval tyrosinase studies 
showed that the inhibition followed first-order kinetics with 
two phases. Fluorescence measurements of ANS binding 
showed that validamycin A induced changes in the tertiary 
protein structure of tyrosinase. To obtain further insight, 
computational docking and molecular dynamics were 
applied, and the results indicated that HIS85, HIS244, 
GLU256, HIS259, and ASN260 of tyrosinase interacted with 
validamycin A. This strategy of predicting tyrosinase 
inhibition based on hydroxyl group numbers might be useful 
in the design and screening of potential tyrosinase inhibitors.
PMID:23295203

Keywords : Docking simulation; Inhibition kinetics; 
Molecular dynamics; Tyrosinase; Validamycin A
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Article 237
Effects of osmolytes on Pelodiscus sinensis 
creatine kinase: a study on thermal denaturation 
and aggregation

Int J Biol Macromol. 60:277-87.

Wang W, Lee J#, Jin QX, Fang NY, Si YX, Yin SJ, Qian 
GY, Park YD

#Co-first: jinhyuk@kribb.re.kr
Korean Bioinformation Center

The protective effect of osmolytes on the thermal 
denaturation and aggregation of Pelodiscus sinensis muscle 
creatine kinase (PSCK) was investigated by a combination 
of spectroscopic methods and thermodynamic analysis. Our 
results demonstrated that the addition of osmolytes, such 
as glycine and proline, could prevent thermal denaturation 
and aggregation of PSCK in a concentration-dependent 
manner. When the concentration of glycine and proline 
increased in the denatured system, the relative activation 
was significantly enhanced; meanwhile, the aggregation of 
PSCK during thermal denaturation was decreased. 
Spectrofluorometer results showed that glycine and proline 
significantly decreased the tertiary structural changes of 
PSCK and that thermal denaturation directly induced PSCK 
aggregation. In addition, we also built the 3D structure of 
PSCK and osmolytes by homology models. The results of 
computational docking simulations showed that the docking 
energy was relatively low and that the clustering groups 
were spread to the surface of PSCK, indicating that osmolytes 
directly protect the surface of the protein. P. sinensis are 
poikilothermic and quite sensitive to the change of ambient 
temperature; however, there were few studies on the thermal 
denaturation of reptile CK. Our study provides important 
insight into the protective effects of osmolytes on thermal 
denaturation and aggregation of PSCK.
PMID:23791661

Keywords : Creatine kinase; Osmolyte; Pelodiscus sinensis; 
PSCK; Thermal denaturation

Article 238
The effect of Zn2+ on Pelodiscus sinensis creatine 
kinase: unfolding and aggregation studies

J Biomol Struct Dyn. 31(6):572-90.

Wang SF, Lee J#, Wang W, Si YX, Li C, Kim TR, Yang 
JM, Yin SJ, Qian GY

#Co-first: jinhyuk@kribb.re.kr
Korean Bioinformation Center

We studied the effects of Zn2+ on creatine kinase from the 
Chinese soft-shelled turtle, Pelodiscus sinensis (PSCK). Zn2+ 
inactivated the activity of PSCK (IC50 = .079 ± .004 mM) 
following first-order kinetics consistent with multiple phases. 
The spectrofluorimetry results showed that Zn2+ induced 
significant tertiary structural changes of PSCK with exposure 
to hydrophobic surfaces and that Zn2+ directly induced PSCK 
aggregation. The addition of osmolytes such as glycine, 
proline, and liquaemin successfully blocked PSCK 
aggregation, recovering the conformation and activity of 
PSCK. We measured the ORF gene sequence of PSCK by 
rapid amplification of cDNA end and simulated the 3D 
structure of PSCK. The results of molecular dynamics 
simulations showed that eight Zn2+ bind to PSCK and one 
Zn2+ is predicted to bind in a plausible active site of creatine 
and ATP. The interaction of Zn2+ with the active site could 
mostly block the activity of PSCK. Our study provides 
important insight into the action of Zn2+ on PSCK as well 
as more insights into the PSCK folding and ligand-binding 
mechanisms, which could provide important insight into the 
metabolic enzymes of P. sinensis.
PMID:22888913

Keywords : Aggregation; Creatine kinase; Molecular 
dynamics; Osmolytes; Pelodiscus sinensis; RACE; 
Turtle; Unfolding; Zn2+
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Article 239
Genetic landscape of open chromatin in yeast

PLoS Genet. 9(2):1003229.

Lee K, Kim SC, Jung I, Kim K, Seo J, Lee HS, Bogu 
GK, Kim D, Lee S, Lee B*, Choi JK

*Co-corresponding: bulee@kribb.re.kr
Korean Bioinformation Center

Chromatin regulation underlies a variety of DNA metabolism 
processes, including transcription, recombination, repair, and 
replication. To perform a quantitative genetic analysis of 
chromatin accessibility, we obtained open chromatin profiles 
across 96 genetically different yeast strains by FAIRE 
(formaldehyde-assisted isolation of regulatory elements) 
assay followed by sequencing. While 5∼10% of open 
chromatin region (OCRs) were significantly affected by 
variations in their underlying DNA sequences, subtelomeric 
areas as well as gene-rich and gene-poor regions displayed 
high levels of sequence-independent variation. We performed 
quantitative trait loci (QTL) mapping using the FAIRE signal 
for each OCR as a quantitative trait. While individual OCRs 
were associated with a handful of specific genetic markers, 
gene expression levels were associated with many regulatory 
loci. We found multi-target trans-loci responsible for a very 
large number of OCRs, which seemed to reflect the 
widespread influence of certain chromatin regulators. Such 
regulatory hotspots were enriched for known regulatory 
functions, such as recombinational DNA repair, telomere 
replication, and general transcription control. The OCRs 
associated with these multi-target trans-loci coincided with 
recombination hotspots, telomeres, and gene-rich regions 
according to the function of the associated regulators. Our 
findings provide a global quantitative picture of the genetic 
architecture of chromatin regulation.
PMID:23408895

Keywords : Chromatin regulation; Genetic analysis; 
Genetic landscape; Open chromatin; Yeast

Article 240
Inhibition of tyrosinase by gastrodin: An 
integrated kinetic-computational simulation 
analysis

Process Biochem. 48(1):162-8.

Pei CJ, Lee J#, Si YX, Oh S, Xu WA, Yin SJ, Qian GY, 
Han HY

#Co-first: jinhyuk@kribb.re.kr
Korean Bioinformation Center

We studied the inhibitory effect of gastrodin on tyrosinase 
using inhibition kinetics and computational simulation. 
Gastrodin reversibly inhibited tyrosinase in a mixed-type 
manner with Ki = 123.8 ± 20.2 mM. Time-interval kinetics 
revealed the inhibition to be a first-order process with mono- 
and bi-phasic components. Using AutoDock Vina, we 
calculated a binding energy of -6.3 kcal/mol for gastrodin 
and tyrosinase, and we performed a molecular dynamics 
simulation of the tyrosinase-gastrodin interaction. The 
simulation results suggested that gastrodin interacts primarily 
with histidine residues in the active site. A 10-ns molecular 
dynamics simulation showed that one copper ion in the 
tyrosinase active site was responsible for the interaction with 
gastrodin. Our study provides insight into the inhibition of 
tyrosinase by the hydroxyl groups of gastrodin. A 
combination of inhibition kinetics and computational 
calculations may help to confirm the inhibitory action of 
gastrodin on tyrosinase and define the mechanisms of 
inhibition.

Keywords : Docking simulation; Gastrodin; Inhibition 
kinetics; Molecular dynamics; Tyrosinase
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Article 241
Toward the inhibitory effect of acetylsalicylic acid 
on tyrosinase: Integrating kinetics studies and 
computational simulations

Process Biochem. 48(2):260-6.

Wang ZJ, Lee J#, Si YX, Oh S, Yang JM, Shen D, Qian 
GY, Yin SJ

#Co-first: jinhyuk@kribb.re.kr
Korean Bioinformation Center

Acetylsalicylic acid (ASA), generally well known as aspirin, 
has various biomedical functions. In this study, we revealed 
that ASA reversibly inhibits tyrosinase (EC 1.14.18.1) in 
a mixed-type manner with a Ki = 11.778 ± 2.01 mM. 
Time-interval kinetics showed that the inhibition followed 
first-order reaction kinetics. Measurements of ANS-binding 
fluorescence showed that ASA did not induce significant 
detectable changes in the hydrophobic surface of tyrosinase. 
For further insight, we performed molecular dynamics 
simulations to predict the key interactions between tyrosinase 
and ASA and found that the acetate and carboxylic acid 
groups of ASA play a critical role in binding to several 
residues (HIS61, HIS85, HIS94, HIS259, HIS263, and 
ALA286) on tyrosinase that are thought to be pivotal for 
docking. Our study suggested that ASA could be a useful 
depigmentation agent due to the structural functions of the 
acetic and carboxyl groups on tyrosinase.

Keywords : Acetylsalicylic acid; Docking simulation; 
Inhibition; Kinetics; Molecular dynamics; 
Tyrosinase

Article 242
Inactivation and conformational changes in 
methyl parathion hydrolase in 
2,2,2-trifluoroethanol solutions: Inactivation 
kinetics and molecular dynamics simulation

Process Biochem. 48(4):625-32.

Xia Y, Ji S, Park JS, Park I, Khoi PN, Lee J*, Jung YD

*Co-corresponding: jinhyuk@kribb.re.kr
Korean Bioinformation Center

Many improvements have been made in the understanding 
of functional and structural characteristics of proteins in a 
denaturant-based microenvironment. This study reports the 
chemical denaturation of methyl parathion hydrolase (MPH, 
EC 3.1.8.1) using 2,2,2-trifluoroethanol (TFE). MPH is an 
important enzyme that catalyzes the hydrolysis of 
organophosphorus agents. However, the regulation of MPH 
activity and structural changes during unfolding are not well 
studied, particularly for TFE unfolding. We investigated 
MPH unfolding with TFE for the first time. In this study, 
changes in enzymatic activity and unfolding of MPH at 
different TFE concentrations were investigated by enzyme 
activity measurements, intrinsic fluorescence and by 
1-anilino-8-naphthalenesulfonate (ANS) fluorescence 
emission spectral scans. The results showed TFE inactivated 
MPH in a dose-dependent manner. A Lineweaver-Burk plot 
analysis revealed that the type of inhibition was reversible 
noncompetitive inhibition. Intrinsic fluorescence and 
ANS-binding fluorescence showed that TFE induced obvious 
tertiary structural changes in MPH by exposing hydrophobic 
groups. Furthermore, we conducted a docking simulation 
between MPH and TFE. The computer simulation 
successfully showed the binding structure and we estimated 
stability by calculating the binding energy (lowest binding 
energy: -3.18 kcal/mol). The results demonstrate that MPH 
can be inactivated by TFE, and provide new insights into 
the mechanism of TFE-induced unfolding of MPH and 
inhibition of ligand binding.

Keywords : 2,2,2-Trifluoroethanol; Docking simulation; 
Inactivation; Methyl parathion hydrolase; Unfolding
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Article 243
Computational prediction for the protein 
interactions of tyrosinase: Protein experimental 
interactome MAP

Process Biochem. 48(4):638-48.

Wang W, Park D, Ji S, Yin SJ, Qian GY, Chung HY, Yang 
JM, Lee J*, Park YD

*Co-corresponding: jinhyuk@kribb.re.kr
Korean Bioinformation Center

Tyrosinase (EC 1.14.18.1) is a diversely distributed enzyme 
in various organisms with physiological roles related to 
pigment production. Tyrosinase has gained the attention of 
researchers due to its biological functions and potential 
applications. In this regard, studies on the partner proteins 
of tyrosinase are important. In this study, we predicted the 
3D structure of human tyrosinase and simulated the 
protein-protein interactions between tyrosinase and binding 
partners by using the PEIMAP algorithm. As a result, we 
found that tyrosinase is predicted to bind with G 
protein-related proteins, potassium voltage-gated 
channel-related proteins, and vesicle/sorting-related proteins. 
In particular, GIPC1, GIPC2, GIPC3, TYRP1, and DCT were 
predicted to primarily bind with tyrosinase. Interacting 
proteins (103) were secondarily bound to these 5 interacting 
proteins in the PEIMAP network of tyrosinase. An 
involvement in melanogenesis was also newly predicted by 
associating the predicted binding proteins. We simulated 
the protein-protein bindings by probing the residues of each 
complex facing toward the predicted site of interaction with 
tyrosinase. Among the interacting residues, some were 
predicted to dock to the active site of tyrosinase, which 
could affect its activity directly. Our computational 
predictions will be useful for elucidating the protein-protein 
interactions of tyrosinase and for studying its binding 
mechanisms and the melanin biosynthesis pathway.

Keywords : Interactomics; PEIMAP; Protein-protein 
interaction; Simulation; Tyrosinase

Article 244
Effects of piperonylic acid on tyrosinase: 
Mixed-type inhibition kinetics and computational 
simulations

Process Biochem. 48(11):1706-14.

Si YX, Ji S, Fang NY, Wang W, Yang JM, Qian GY, Park 
YD, Lee J*, Yin SJ

*Co-corresponding: jinhyuk@kribb.re.kr
Korean Bioinformation Center

Piperonylic acid is a natural molecule with a benzoic acid 
group and high antioxidant capacity. Based on its aromatic 
acid structure and antioxidant properties, we studied the 
effects of piperonylic acid on tyrosinase by the analysis 
of its inhibitory kinetics and computational simulations. 
Piperonylic acid reversibly inhibited tyrosinase through a 
mixed-type inhibitory mechanism. The time courses of the 
tyrosinase inhibition showed that piperonylic acid binds to 
tyrosinase very quickly and the inactivation processes follow 
first-order kinetics. The continuous substrate reactions 
indicated that piperonylic acid induced a tight-binding 
inhibition and the substrate can promote the inactivation 
process. The ANS-binding fluorescence of tyrosinase 
suggested that piperonylic acid did not detectably disrupt 
the tertiary structure of the enzyme. The results of the 
computational docking and molecular dynamics simulations 
showed that piperonylic acid closely interacts with three 
residues and it might block the active site of tyrosinase.

Keywords : Docking simulation; Inhibition kinetics; 
Molecular dynamics; Piperonylic acid; Tyrosinase
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Article 245
Anti-inflammatory activities of methanol extract 
of Mastixia arborea C.B. Clarke as to mouse 
macrophage and paw edema

Biosci Biotechnol Biochem. 77(12):2356-61.

Kim HS, Kwon OK, Park JW, Jeong HG, Oh SR, Lee HK, 
Bach TT, Hai do V, Ahn KS*

*Corresponding: ksahn@kribb.re.kr
Natural Medicine Research Center

The biological activity of Mastixia arborea (MA) relates 
to inflammation, but the underlying mechanisms are largely 
unknown. We confirmed the anti-inflammatory effects of 
a methanol extract of MA extract on lipopolysaccharide 
(LPS)-stimulated RAW264.7 mouse macrophage cells and 
carrageenan-induced mice paw edema. The MA extract 
significantly inhibited nitric oxide (NO), prostaglandin E2 
(PGE2), interleukin-1β (IL-1β), and IL-6 production in 
LPS-stimulated RAW264.7 cells. In vitro expression of 
inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 
(COX-2) was suppressed by the extract. The extract 
attenuated acute inflammatory responses in 
carrageenan-induced mice paw edema. A mechanism study 
indicated that translocation of the NF-κB (p65) subunit into 
the nucleus and phosphorylation of ERK and JNK were 
inhibited by the extract. These results indicate that the extract 
is an effective suppressor of the inflammatory response, 
blocking the phosphorylation of ERK and JNK and the 
translocation of NF-κB in macrophages, thereby producing 
an anti-inflammatory effect in vivo.
PMID:24317045

Keywords : Inflammation; MAPK; Mastixia arborea; NF-κ
B; Nitric oxide

Article 246
Stem cell differentiation enhancer: KO-202516 
enhances osteoblastogenesis, myogenesis, 
adipogenesis and osteoclastogenesis

Bull Kor Chem Soc. 34(2):673-6.

Lee SU#, Son YH, Lee SH, Bae S, Heo JN, Cho JY, Kim 
SH.

#First: iamsuui@kribb.re.kr
Natural Medicine Research Center

The effect of KO-202516 on stem cell differentiation was 
evaluated using several cell-based models of differentiation. 
We found its enhancing effect on osteoblastogenesis, 
myogenesis, adipogenesis, and osteoclastogenesis. 
Considering that KO-202516 broadly enhanced several
types of differentiation, KO-202516 may regulate the signal 
molecule(s) commonly involved in several differentiation 
regulatory networks. The therapeutic potential of adult stem 
cells is the focus of much scientific research due to their 
ability to be harvested from patients. Therefore, tools or 
methods that control stem cell fate or enhance stem cell 
differentiation should be developed and advanced for novel 
stem cell-based therapeutics. As one of the trials identifying 
small bioactive molecules that enhance the differentiation 
of stem cells, we propose that KO-202516 has the potential 
to enhance the process of differentiation and suggest its 
usefulness for treating the repair and regeneration of tissues 
such as bone, muscle and fat. Additionally, KO-202516 could 
experimentally help reduce the use of expensive cytokines 
such as RANKL.

Keywords : Differentiation; ERK; Regeneration; Stem cell; 
Tissue repair
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Article 247
Anti-allergic flavones frm Arthraxon hispidus

Chem Pharm Bull. 61(9):920-6.

Quan GH, Chae HS, Song HH, Ahn KS, Lee HK, Kim 
YH, Oh SR*, Chin YW

*Co-corresponding: seiryang@kribb.re.kr
Natural Medicine Research Center

Bioactivity-guided fractionation for an EtOAc-soluble 
fraction of methanolic extract of Arthraxon hispidus, using 
primary cell assay with bone marrow-derived mast cells 
(BMMC), led to an isolation of six new flavones and nine 
known compounds. The structures of the new compounds 
were established by one dimensional (1D)- and 2D-NMR 
spectroscopic data, as luteolin 8-C-β-kerriopyranoside (1), 
luteolin 8-acetic acid methyl ester (2), 7-methyl-luteolin 8-C-
β-(6-deoxyxylo-3-uloside) (3), apigenin 8-C-α
-fucopyranoside (4), apigenin 8-C-β-fucopyranoside (5) and 
luteolin 8-C-β-fucopyranoside (6). All the isolates were 
evaluated for inhibitory activities on interleukin-6 release 
in the primary cultures using BMMC. Of the tested 
compounds, compounds 2, 3 and 10 were found to inhibit 
interleukin-6 release. Furthermore, compound 2 displayed 
inhibitory activity against prostaglandin D2, leukotriene C4, 
and β-hexosaminidase releases.
PMID:23995356

Keywords : Arthraxon hispidus; Asthma; Bone-marrow 
derived mast cell; Flavonoid; Inflammatory; 
Interleukin-6

Article 248
Diallyl-disulfide, an organosulfur compound of 
garlic, attenuates airway inflammation via 
activation of the Nrf-2/HO-1 pathway and 
NF-kappaB suppression

Food Chem Toxicol. 62:506-13.

Shin IS, Hong J, Jeon CM, Shin NR, Kwon OK, Kim HS, 
Kim JC, Oh SR, Ahn KS*

*Corresponding: ksahn@kribb.re.kr
Natural Medicine Research Center

Diallyl disulfide (DADS) is a major organosulfur compound 
found in garlic oil that is widely used as a flavoring agent. 
In this study, we evaluated the effects of DADS on airway 
inflammation using an ovalbumin-induced model of allergic 
asthma and RAW264.7 cells. DADS decreased nitric oxide 
production with a reduction in the levels of interleukins 
(IL)-1β and IL-6 in RAW264.7 cells stimulated with LPS. 
DADS also reduced the expression of proinflammatory 
proteins including inducible nitric oxide synthase (iNOS), 
nuclear factor (NF)-κB, and matrix metalloproteinase 
(MMP)-9, and it enhanced the expression of antioxidant 
proteins including Nrf-2 and hemeoxygenase (HO)-1. In in 
vivo experiments, DADS decreased the inflammatory cell 
count in the bronchoalveolar lavage fluid (BALF) with IL-4, 
IL-5, IL-13, and immunoglobulin (Ig) E. These results were 
consistent with the histological analysis. DADS attenuated 
the airway inflammation and mucus hypersecretion induced 
by OVA challenge. In addition, DADS induced the activation 
of Nrf-2 and the expression of HO-1. In contrast, DADS 
reduced the activation of NF-κB, iNOS and MMP-9. In 
conclusion, DADS reduced the airway inflammation via 
regulation of Nrf-2/HO-1 and NF-κB. These results suggest 
that DADS might represent a useful new oral therapy to 
treat allergic asthma.
PMID:24051194

Keywords : Airway inflammation; Allergic asthma; 
Antiinflammation; Antioxidant; Diallyl disulfide
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Article 249
Inhibitory effects of Pycnogenol (French maritime 
pine bark extract) on airway inflammation in 
ovalbumin-induced allergic asthma

Food Chem Toxicol. 62:681-6.

Shin IS, Shin NR, Jeon CM, Hong JM, Kwon OK, Kim 
JC, Oh SR, Hahn KW, Ahn KS*

*Corresponding: ksahn@kribb.re.kr
Natural Medicine Research Center

Pycnogenol® (PYC) is a standardized extracts from the bark 
of the French maritime pine (Pinus maritime) and used as 
a herbal remedy for various diseases. In this study, we 
evaluated the effects of PYC on airway inflammation using 
a model of ovalbumin (OVA)-induced allergic asthma and 
RAW264.7 cells. PYC decreased nitric oxide production 
and reduced the interleukine (IL)-1β and IL-6 levels in 
LPS-stimulated RAW264.7 cells. PYC also reduced the 
expression of inducible nitric oxide synthase (iNOS) and 
matrix metalloproteinase (MMP)-9 and enhanced the 
expression of hemeoxygenase (HO)-1. In the in vivo 
experiment, PYC decreased the inflammatory cell count and 
the levels of IL-4, IL-5, IL-13, and immunoglobulin (Ig) 
E in BALF or serum. These results are consistent with the 
histological analysis findings, which showed that PYC 
attenuated the airway inflammation and mucus 
hypersecretion induced by OVA challenge. In addition, PYC 
enhanced the expression of HO-1. In contrast, PYC inhibited 
the elevated expression of iNOS and MMP-9 proteins induced 
by OVA challenge. In conclusion, PYC exhibits protective 
effects against OVA-induced asthma and LPS-stimulated 
RAW264.7 cells. These results suggest that PYC has potential 
as a therapeutic agent for the treatment of allergic asthma.
PMID:24120901

Keywords : Airway inflammation; Allergic asthma; French 
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Article 250
An approach for simultaneous determination for 
geographical origins of Korean Panax ginseng 
by UPLC-QTOF/MS coupled with OPLS-DA 
model

J Ginseng Res. 37(3):341-8.

Song HH, Kim DY, Woo S, Lee HK, Oh SR*

*Corresponding: seiryang@kribb.re.kr
Natural Medicine Research Center

Identification of the origins of Panax ginseng has been issued 
in Korea scientifically and economically. We describe a 
metabolomics approach used for discrimination and 
prediction of ginseng roots from different origins in Korea. 
The fresh ginseng roots from six ginseng cooperative 
associations (Gangwon, Gaeseong, Punggi, Chungbuk, 
Jeonbuk, and Anseong) were analyzed by UPLC-MS-based 
approach combined with orthogonal projections to latent 
structure-discriminant analysis multivariate analysis. The 
ginsengs from Gangwon and Gaeseong were easily 
differentiated. We further analyzed the metabolomics results 
in subgroups. Punggi, Chungbuk, Jeonbuk, and Anseong 
ginseng could be easily differentiated by the first two 
orthogonal components. As a validation of the discrimination 
model, we performed blind prediction tests of sample origins 
using an external test set. Our model predicted their 
geographical origins as 99.7% probability. The robust 
discriminatory power and statistical validity of our method 
suggest its general applicability for determining the origins 
of P. ginseng samples.
PMID:24198660
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Article 251
Anti-human rhinovirus 2 activity and mode of 
action of quercetin-7-glucoside from 
Lagerstroemia speciosa

J Med Food. 16(4):274-9.

Song JH, Park KS, Kwon DH*, Choi HJ

*Co-corresponding: dhkwon@kribb.re.kr
Natural Medicine Research Center

Human rhinoviruses (HRVs) are a major cause of the common 
cold, but there is currently, no registered clinically effective 
antiviral chemotherapeutic agent for treatment of diseases 
caused by HRVs. In this study, we examined the antiviral 
activity of quercetin 7-glucoside (Q7G) from Lagerstroemia 
speciosa against human rhinovirus 2 (HRV2) using a 
cytopathic effect (CPE) reduction method. Furthermore, to 
elucidate the action of Q7G on HRV2 multiplication in more 
detail, we investigated the effect of Q7G on the infection 
cycle of HRV2 through time-of-addition study, reverse 
transcription-polymerase chain reaction analysis, and effects 
of Q7G on the infectivity of HRV2 particles. Q7G potently 
showed anti-HRV2 activity by reducing the formation of 
a visible CPE. Q7G also inhibited virus replication in the 
initial stage of virus infection by indirect interaction with 
virus particles, and ribavirin had a relative weaker efficacy 
compared to Q7G. Therefore, these data suggest that Q7G 
exerted its anti-HRV2 effect via the inhibition of virus 
replication in the early stage and these findings provide 
important information for the utilization of Q7G for HRV2 
treatment.
PMID:23566054

Keywords : Antiviral activity; Human rhinovirus 2; 
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Chemical Biology Research Center

Article 252
PTP1B inhibitory and anti-inflammatory effects 
of secondary metabolites isolated from the 
marine-derived fungus Penicillium sp. JF-55

Mar Drugs. 11(4):1409-26.

Lee DS, Jang JH#, Ko W, Kim KS, Sohn JH, Kang MS, 
Ahn JS, Kim YC, Oh H

#Co-first: jangjh@kribb.re.kr
Chemical Biology Research Center

Protein tyrosine phosphatase 1B (PTP1B) plays a major role 
in the negative regulation of insulin signaling, and is thus 
considered as an attractive therapeutic target for the treatment 
of diabetes. Bioassay-guided investigation of the 
methylethylketone extract of marine-derived fungus 
Penicillium sp. JF-55 cultures afforded a new PTP1B 
inhibitory styrylpyrone-type metabolite named 
penstyrylpyrone (1), and two known metabolites, 
anhydrofulvic acid (2) and citromycetin (3). Compounds 1 
and 2 inhibited PTP1B activity in a dose-dependent manner, 
and kinetic analyses of PTP1B inhibition suggested that these 
compounds inhibited PTP1B activity in a competitive 
manner. In an effort to gain more biological potential of 
the isolated compounds, the anti-inflammatory effects of 
compounds 1-3 were also evaluated. Among the tested 
compounds, only compound 1 inhibited the production of 
NO and PGE2, due to the inhibition of the expression of 
iNOS and COX-2. Penstyrylpyrone (1) also reduced TNF-α 

and IL-1β production, and these anti-inflammatory effects 
were shown to be correlated with the suppression of the 
phosphorylation and degradation of IκB-α, NF-κB nuclear 
translocation, and NF-κB DNA binding activity. In addition, 
using inhibitor tin protoporphyrin (SnPP), an inhibitor of 
HO-1, it was verified that the inhibitory effects of 
penstyrylpyrone (1) on the pro-inflammatory mediators and 
NF-κB DNA binding activity were associated with the HO-1 
expression. Therefore, these results suggest that 
penstyrylpyrone (1) suppresses PTP1B activity, as well as 
the production of pro-inflammatory mediators via NF-κB 
pathway, through expression of anti-inflammatory HO-1.
PMID:23612372

Keywords : Anti-inflammatory; Heme oxygenase-1; 
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Article 253
Cell-cell communication via extracellular 
membrane vesicles and its role in the immune 
response

Mol Cells. 36(2):105-11.

Hwang I*

*Corresponding: ihwang@kribb.re.kr
Chemical Biology Research Center

The host immune response involves a variety of cell types, 
including specialized immune and non-immune cells. The 
delicate coordination among these cells via close 
communication is central for the proper operation of immune 
system. Cell-cell communication is mediated by a complex 
network that includes soluble factors such as cytokines, 
chemokines, and metabolites exported from cells, as well 
as membrane-bound receptors and their ligands. Cell-cell 
communication is also mediated by membrane vesicles (e.g., 
exosomes, ectosomes), which are either shed by distant cells 
or exchanged by cells that are making direct contact. 
Intercellular communication via extracellular membrane 
vesicles has drawn much attention recently, as they have 
been shown to carry various biomolecules that modulate 
the activities of recipient cells. In this review, I will discuss 
current views on cell-cell communication via extra-cellular 
membrane vesicles, especially shedded membrane vesicles, 
and their effects on the control of the immune system.
PMID:23807045

Keywords : Cell communication; Immune response; 
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Targeted Medicine Research Center

Article 254
Identification and validation of a selective small 
molecule inhibitor targeting the diacylglycerol 
acyltransferase 2 activity

Biol Pharm Bull. 36(7):1167-73.

Kim MO, Lee SU, Lee HJ, Choi K, Kim H, Lee S, Oh 
SJ, Kim S, Kang JS, Lee HS, Kwak YS, Cho S*

*Co-corresponding: sungchan@kribb.re.kr
Targeted Medicine Research Center

Diacylglycerol acyltransferase 2 (DGAT2) is one of two 
distinct DGAT enzymes that catalyze the last step in 
triacylglycerol (TG) synthesis. Findings from previous 
studies suggest that inhibition of DGAT2 is a promising 
strategy for the treatment of hepatic steatosis and insulin 
resistance. Here, we identified compound 122 as a potent 
and selective inhibitor of human DGAT2, which appeared 
to act competitively against oleoyl-CoA in vitro. The selective 
inhibition of DGAT2 was also confirmed by the reductions 
in enzymatic activity and de novo TG synthesis in 
DGAT2-overexpressing HEK293 cells and hepatic cells 
HepG2. Compound 122, as a newly identified inhibitor of 
DGAT2, will be useful for the research on DGAT2-related 
lipid metabolism as well as the development of therapeutic 
drug for several metabolic diseases.
PMID:23585481

Keywords : DGAT2; Isatin; Metabolic disease; Small 
molecule inhibitor; Triacylglycerol
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Article 255
β-arrestin 2 mediates G protein-coupled receptor 
43 signals to nuclear factor-κB

Biol Pharm Bull. 36(11):1754-9.

Lee SU, In HJ, Kwon MS, Park BO, Jo M, Kim MO, Cho 
S, Lee S, Lee HJ, Kwak YS, Kim S*

*Co-corresponding: sunhong@kribb.re.kr
Targeted Medicine Research Center

G-protein coupled receptor 43 (GPR43) serves as a receptor 
for short-chain fatty acids (SCFAs), implicated in neutrophil 
migration and inflammatory cytokine production. However, 
the intracellular signaling pathway mediating GPR43 
signaling remains unclear. Here, we show that β-arrestin 
2 mediates the internalization of GPR43 by agonist. Agonism 
of GPR43 reduced the phosphorylation and nuclear 
translocation of nuclear factor-κB (NF-κB), which was 
relieved by short interfering RNA (siRNA) of β-arrestin 
2. Subsequently, mRNA expression of proinflammatory 
cytokines, interleukin (IL)-6 and IL-1β, was downregulated 
by activation of GPR43 and knockdown of β-arrestin 2 
recovered the expression of the cytokines. Taken together, 
these results suggest that GPR43 may be a plausible target 
for a variety of inflammatory diseases.
PMID:23985900

Keywords : β-arrestin; Cytokine; GPR43; Inflammation; 
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Article 256
Triterpenes with cytotoxicity from the leaves of 
Vernicia fordii

Chem Pharm Bull. 2013;61(6):674-7.

Pei YH, Kwon OK, Lee JS, Cha HJ, Ahn KS, Oh SR, Lee 
HK*, Chin YW

*Co-corresponding: hykylee@kribb.re.kr
Targeted Medicine Research Center

Two new triterpenes, (1α,3β,8α,9β,10α,13α,14
β)-9,10-dimethyl-25,26-dinorolean-5-en-1,3-diol (1) and (1
α,3β,6β)-olean-12-en-1,3,6-triol (2) were isolated from the 
leaves of Aleurites fordii, together with five known 
triterpenes. The structures of isolates were established by 
one dimensional (1D)- and 2D-NMR spectroscopic data 
along with MS analysis. Of the isolated compounds, 1, 2 
and 4 (daturadiol) displayed moderate cytotoxicities against 
two or more human cancer cell lines in HepG2 (hepatocellular 
carcinoma), SK-OV-3 (ovarian carcinoma), A-549 (lung 
carcinoma) and SNU-1 (gastric carcinoma).
PMID:23727783

Keywords : Cancer cell line; Cytotoxicity; Leaves; 
Triterpene; Vernicia fordii
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Article 257
Water-soluble chitosan sensitizes apoptosis in 
human leukemia cells via the downregulation of 
bcl-2 and dephosphorylation of akt

J Food Biochem. 37(3):270-7.

Kim MO#, Moon DO, Kang CH, Choi YH, Lee JD, Kim 
GY

#First: mokim@kribb.re.kr
Targeted Medicine Research Center

Chitosan, a natural polysaccharide, has been reported to 
possess biologically beneficial properties, including 
antitumor, anti-inflammatory, antimicrobial and 
immune-enhancing effects. However, the precise molecular 
mechanism of the anticancer activity of chitosan is poorly 
understood. In this study, we investigated whether 
water-soluble chitosan (WSC) has pro-apoptotic activity on 
the human leukemia cells (U937, K562, HL60 and THP-1). 
Our results showed that treatment with WSC for 24h inhibited 
cell proliferation and induced apoptosis in leukemic cells 
via the mitochondria-dependent pathway. This effect was 
accompanied by a marked increase in caspase activation 
and the cleavage of poly(ADP-ribose) polymerase. In 
addition, WSC decreased Bcl-2 expression in all leukemic 
cells and reversed the ectopic expression of Bcl-2 in U937 
cells. WSC also suppressed the phosphorylation of Akt, 
thereby inhibiting cell proliferation. Taken together, these 
data suggest that WSC inhibits proliferation and induces 
apoptosis in leukemia cells through the suppression of Bcl-2- 
and the Akt-dependent signaling pathways. PRACTICAL 
APPLICATIONS: Chitosan is a linear polysaccharide 
obtained from deacetylated chitin. Usage of this compound 
is significantly increasing because of its immunomodulating, 
anticancerous, antibacterial and antiviral activity. However, 
application of chitosan is limited because chitosan is a weak 
base and is insoluble in water and organic solvent. 
Water-soluble chitosan (WSC) is allowed to be used for 
more convenient administration and might provide new 
strategy to prevent cancer growth. These attempts give 
possibilities for the applications of WSC in economic 
markets.

Keywords : Anticancer; Anti-inflammatory; Antiviral; 
Ectopic expression; Leukemia cell; Natural 
polysaccharide; Water-soluble chitosan

Article 258
Aralia cordata inhibits triacylglycerol 
biosynthesis in HepG2 cells

J Med Food. 16(12):1108-14.

Kim MO, Lee SH, Seo JH, Kim IS, Han AR, Moon DO, 
Cho S, Cui L, Kim J, Lee HS*

*Co-corresponding: leehs@kribb.re.kr
Targeted Medicine Research Center

Glycerol-3-phosphate acyltransferase (GPAT) catalyzes the 
first committed step in triacylglycerol (TAG) and 
phospholipid biosynthesis, and has been considered as one 
of the drug targets for treating hepatic steatosis, insulin 
resistance, and other metabolic disorders. The aim of this 
study was to investigate the GPAT inhibitors from natural 
products and to evaluate their effects. The methanol extract 
of Aralia cordata roots showed a strong inhibitory effect 
on the human GPAT1 activity. A further bioactivity-guided 
approach led to the isolation of 
ent-pimara-8(14),15-dien-19-oic acid, (PA), one of the major 
compounds of A. cordata, which suppressed the GPAT1 
activity with IC50 value of 60.5 μM. PA markedly reduced 
de novo lysophosphatidic acid synthesis through inhibition 
of GPAT activity and therefore significantly decreased 
synthesis of TAG in the HepG2 cells. These results suggest 
that PA as well as A. cordata root extract could be beneficial 
in controlling lipid metabolism.
PMID:24283275

Keywords : Aralia cordata; GPAT; HepG2 cell; 
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Article 259
Leucine-rich repeat-containing G-protein coupled 
receptor 5/GPR49 activates G12/13-Rho GTPase 
pathway

Mol Cells. 36(3):267-72.

Kwon MS, Park BO, Kim HM, Kim S*

*Corresponding: sunhong@kribb.re.kr
Targeted Medicine Research Center

Leucine-rich repeat-containing G-protein coupled receptor 
5 (LGR5/GPR49) is highly expressed in adult stem cells 
of various tissues, such as intestine, hair follicles, and 
stomach. LGR5 is also overexpressed in some colon and 
ovarian tumors. Recent reports show that R-spondin (RSPO) 
family ligands bind to and activate LGR5, enhancing 
canonical Wnt signaling via the interaction with LRP5/6 
and Frizzled. The identity of heterotrimeric G-proteins 
coupled to LGR5, however, remains unclear. Here, we show 
that Rho GTPase is a downstream target of LGR5. 
Overexpression of LGR5 induced SRF-RE luciferase activity, 
a reporter of Rho signaling. RSPOs, ligands for LGR4, LGR5, 
and LGR6, however, did not induce SRF-RE reporter activity 
in the presence of LGR5. Consistently, LGR5-induced 
activity of the SRF-RE reporter was inhibited by Rho inhibitor 
C3 transferase and RhoA N19 mutant, and knockdown of 
Gα12/13 genes blocked the reporter activity induced by LGR5. 
In addition, focal adhesion kinase, NF-κB and c-fos, targets 
of Rho GTPase, were shown to be regulated by LGR5. Here, 
we have demonstrated, for the first time, that LGR5 is coupled 
to the Rho pathway through G12/13 signaling.
PMID:23912594

Keywords : FAK; G12/13 signaling; GTPase pathway; LGR5; 
NF-κB; Rho pathway

Article 260
Discovery of indolyl acrylamide derivatives as 
human diacylglycerol acyltransferase-2 selective 
inhibitors

Org Biomol Chem. 11(5):849-58.

Lee K, Kim M, Lee B, Goo J, Kim J, Naik R, Seo JH, 
Kim MO, Byun Y, Song GY, Lee HS*, Choi Y

*Co-corresponding: leehs@kribb.re.kr
Targeted Medicine Research Center

A series of indolyl acrylamide derivatives was synthesized 
as potential diacylglycerol acyltransferase (DGAT) 
inhibitors. Furfurylamine containing indolyl acrylamide 
derivative 5h exhibited the most potent DGAT inhibitory 
activity using microsomes prepared from rat liver. Further 
evaluation against human DGAT-1 and DGAT-2 identified 
indolyl acrylamide analogues as selective inhibitors against 
human DGAT-2. In addition, the most potent compound 
5h inhibited triglyceride synthesis dose-dependently in 
HepG2 cell lines.
PMID:23242135

Keywords : DGAT inhibitory; Furfurylamine; Hep G2 cell; 
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Triglyceride synthesis
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Article 261
The N-end rule proteolytic system in autophagy

Autophagy. 9(7):1100-3.

Kim ST, Tasaki T, Zakrzewska A, Yoo YD, Sa Sung K, 
Kim SH, Cha-Molstad H, Hwang J, Kim KA, Kim BY*, 
Kwon YT

*Co-corresponding: bykim@kribb.re.kr
World Class Institute Center

The N-end rule pathway is a cellular proteolytic system 
that utilizes specific N-terminal residues as degradation 
determinants, called N-degrons. N-degrons are recognized 
and bound by specific recognition components (N-recognins) 
that mediate polyubiquitination of low-abundance regulators 
and selective proteolysis through the proteasome. Our earlier 
work identified UBR4/p600 as one of the N-recognins that 
promotes N-degron-dependent proteasomal degradation. In 
this study, we show that UBR4 is associated with cellular 
cargoes destined to autophagic vacuoles and is degraded 
by the lysosome. UBR4 loss causes multiple misregulations 
in autophagic pathways, including an increased formation 
of LC3 puncta. UBR4-deficient mice die during 
embryogenesis primarily due to defective vascular 
development in the yolk sac (YS), wherein UBR4 is 
associated with a bulk lysosomal degradation system that 
absorbs maternal proteins from the YS cavity and digests 
them into amino acids. Our results suggest that UBR4 plays 
a role not only in selective proteolysis of short-lived 
regulators through the proteasome, but also bulk degradation 
through the lysosome. Here, we discuss a possible mechanism 
of UBR4 as a regulatory component in the delivery of cargoes 
destined to interact with the autophagic core machinery.
PMID:23628846

Keywords : Angiogenesis; N-recognin; Ubiquitin ligase; 
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Article 262
Osteoporosis regulation by salubrinal through 
eIF2α mediated differentiation of osteoclast and 
osteoblast

Cell Signal. 25(2):552-60.

He L, Lee J, Jang JH, Sakchaisri K, Hwang J, Cha-Molstad 
HJ, Kim KA, Ryoo IJ, Lee HG, Kim SO, Soung NK, Lee 
KS, Kwon YT, Erikson RL, Ahn JS*, Kim BY*

*Co-corresponding: jsahn@kribb.re.kr, bykim@kribb.re.kr
World Class Institute Center

Nuclear factor-κB (NF-κB) ligand (RANKL) was shown 
to induce osteoclast differentiation by increasing the 
expression of c-Fos, NFATc1 and TRAP. Salubrinal 
treatment to bone marrow macrophage (BMM) cells, 
however, significantly blocked NFATc1 expression and 
osteoclast differentiation by RANKL. Overexpression of 
NFATc1 further confirmed that NFATc1 is a key factor 
affected by salubrinal in osteoclast differentiation by 
RANKL. Unexpectedly, NFATc1 and c-Fos mRNA 
expressions were not affected by salubrinal, implicating that 
NFATc1 expression is regulated at a translational stage. In 
support of this, salubrinal increased the phosphorylation of 
a translation factor eIF2α, decreasing the global protein 
synthesis including NFATc1. In contrast, a phosphorylation 
mutant plasmid pLenti-eIF2α-S51A restored 
RANKL-induced NFATc1 expression and osteoclast 
differentiation even in the presence of salubrinal. 
Furthermore, knockdown of ATF4 significantly reduced 
salubrinal-induced osteoblast differentiation as evidenced by 
decreased calcium accumulation and lowered expressions 
of the osteoblast differentiation markers, alkaline 
phosphatase and RANKL in MC3T3-E1 osteoblast cells. 
Salubrinal treatment to co-cultured BMM and MC3T3-E1 
cells also showed reduction of osteoclast differentiation. 
Finally, salubrinal efficiently blocked osteoporosis in mice 
model treated with RANKL as evidenced by elevated bone 
mineral density (BMD) and other osteoporosis factors. 
Collectively, our data indicate that salubrinal could affect 
the differentiation of both osteoblast and osteoclast, and be 
developed as an excellent anti-osteoporosis drug. In addition, 
modulation of ATF4 and NFATc1 expressions through eIF2α 
phosphorylation could be a valuable target for the treatment 
of osteoporosis.
PMID:23178987
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Article 263
Regulation of CEP131 gene expression by SP1

Gene. 513(1):75-81.

Huong PT, Soung NK, Jang JH, Cha-Molstad HJ, Sakchaisri 
K, Kim SO, Jang JM, Kim KE, Lee KS, Kwon YT, Erikson 
RL, Ahn JS*, Kim BY*

*Co-corresponding: jsahn@kribb.re.kr, bykim@kribb.re.kr
World Class Institute Center

Centrosomal proteins play important roles in cell cycle. 
Among them, the centrosomal protein of 131kDa (CEP131) 
has been reported as a critical factor for cilia formation 
which is related with development, signaling, and various 
diseases, the malfunction of cilia leading to cancer. 
Specificity protein 1 (SP1), known as a centrosome regulator, 
is an essential transcription factor regulating the genes 
involved in multiple cellular processes such as cell cycle, 
apoptosis, and DNA damages. In this study, we explored 
the crucial role of SP1 in the regulation of CEP131 gene 
transcription. A deletion analysis of the CEP131 promoter 
region revealed dominant promoter elements within the 
sequence between -400bp and -200bp, which contained 
consensus binding sites for SP1. Electrophoretic mobility 
shift assay (EMSA) and chromatin immuno-precipitation 
(ChIP) assay further confirmed the direct binding of SP1 
to the CEP131 promoter. On the other hand, CEP131 
transcription could be inhibited by mithramycin (a GC-rich 
region inhibitor), but exogenous expression of SP1 could 
increase CEP131 expression as evidenced by a reporter gene 
assay. In addition, mutation of several SP1 binding sites 
revealed four SP1 binding sites at -244/-225, -258/-239, 
-304/-283 and -323/-304 that strongly affect CEP131 
expression. Hence, it is suggested that SP1 is a pivotal 
transcription factor for the regulation of CEP131 expression, 
consequently leading the control of centrosome functions.
PMID:23137637

Keywords : Centrosome function; CEP131; SP1; 
Transcription factor

Article 264
A chrysin derivative suppresses skin cancer 
growth by inhibiting cyclin-dependent kinases

J Biol Chem. 288(36):25924-37.

Liu H, Liu K, Huang Z, Park CM, Thimmegowda NR, Jang 
JH, Ryoo IJ, He L, Kim SO, Oi N, Lee KW, Soung NK, 
Bode AM, Yang Y, Zhou X, Erikson RL, Ahn JS, Hwang 
J, Kim KE, Dong Z, Kim BY*

*Co-corresponding: bykim@kribb.re.kr
World Class Institute Center

Chrysin (5,7-dihydroxyflavone), a natural flavonoid widely 
distributed in plants, reportedly has chemopreventive 
properties against various cancers. However, the anticancer 
activity of chrysin observed in in vivo studies has been 
disappointing. Here, we report that a chrysin derivative, 
referred to as compound 69407, more strongly inhibited 
EGF-induced neoplastic transformation of JB6 P+ cells 
compared with chrysin. It attenuated cell cycle progression 
of EGF-stimulated cells at the G1 phase and inhibited the 
G1/S transition. It caused loss of retinoblastoma 
phosphorylation at both Ser-795 and Ser-807/811, the 
preferred sites phosphorylated by Cdk4/6 and Cdk2, 
respectively. It also suppressed anchorage-dependent and 
-independent growth of A431 human epidermoid carcinoma 
cells. Compound 69407 reduced tumor growth in the A431 
mouse xenograft model and retinoblastoma phosphorylation 
at Ser-795 and Ser-807/811. Immunoprecipitation kinase 
assay results showed that compound 69407 attenuated 
endogenous Cdk4 and Cdk2 kinase activities in 
EGF-stimulated JB6 P+ cells. Pulldown and in vitro kinase 
assay results indicated that compound 69407 directly binds 
with Cdk2 and Cdk4 in an ATP-independent manner and 
inhibited their kinase activities. A binding model between 
compound 69407 and a crystal structure of Cdk2 predicted 
that compound 69407 was located inside the Cdk2 allosteric 
binding site. The binding was further verified by a point 
mutation binding assay. Overall results indicated that 
compound 69407 is an ATP-noncompetitive 
cyclin-dependent kinase inhibitor with anti-tumor effects, 
which acts by binding inside the Cdk2 allosteric pocket. 
This study provides new insights for creating a general 
pharmacophore model to design and develop novel 
ATP-noncompetitive agents with chemopreventive or 
chemotherapeutic potency.
PMID:23888052

Keywords : ATP-noncompetitive; CDK inhibitor; Cell 
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Cyclin-dependent kinase; Natural compound
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Article 265
Oligomycin A enhances apoptotic effect of 
TRAIL through CHOP-mediated death receptor 
5 expression

Mol Carcinog. 52(2):85-93.

He L, Jang JH, Choi HG, Lee SM, Nan MH, Jeong SJ, 
Dong Z, Kwon YT, Lee KS, Lee KW, Chung JK, Ahn 
JS*, Kim BY*

*Co-corresponding: jsahn@kribb.re.kr, bykim@kribb.re.kr
World Class Institute Center

Development of resistance to TNF-related 
apoptosis-inducing ligand (TRAIL) in tumor cells is one 
of the important problems in cancer treatment. Despite the 
previous report demonstrating that oligomycin suppressed 
TNF-induced apoptosis, in our screening of small molecules 
enhancing cancer cell death to TRAIL, oligomycin A (OMA) 
was found to enhance TRAIL-induced apoptosis in HeLa 
cells. CCAAT/enhancer-binding protein homologous protein 
(CHOP) was found to directly bind to death receptor 5 (DR5) 
promoter through endoplasmic reticulum stress (ER-stress) 
signaling and sensitize the cells to TRAIL. Among ER-stress 
associated proteins, OMA triggered the inositol-requiring 
enzyme 1 (IRE1) signaling pathway, leading to X-binding 
protein 1 (XBP1) splicing, CHOP expression and DR5 
upregulation. In contrast, small-interfering RNA (siRNA) 
of CHOP reduced the number of apoptotic cells in response 
to the co-treatment of TRAIL and OMA. Collectively, our 
data suggest that OMA enhances apoptotic death of cervical 
cancer cells to TRAIL through upregulation of 
CHOP-mediated DR5 expression following ER-stress.
PMID:23335397

Keywords : Apoptotic effect; Chemosensitization; CHOP; 
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Article 266
The Bdtf1 gene in Alternaria brassicicola is 
important in detoxifying brassinin and 
maintaining virulence on Brassica species

Mol Plant Microbe Interact. 26(12):1429-40.

Srivastava A, Cho IK, Cho Y*

*Corresponding: yangraec@kribb.re.kr
World Class Institute Center

Brassinin is an antifungal compound induced in Brassica 
plants after microbial infection. Molecular evidence is 
incomplete, however, in supporting the importance of 
brassinin in plant resistance to pathogens. To test the 
importance of brassinin in plant defense, we studied the 
functions of the gene Bdtf1 in the necrotrophic fungus 
Alternaria brassicicola. Several strains of mutants of this 
gene were weakly virulent on Brassica species, causing 
lesions 70% smaller in diameter than the wild type on three 
Brassica species. These mutants, however, were as virulent 
as the wild type on Arabidopsis thaliana. They were similar 
to the wild type in spore germination, colony morphology, 
and mycelial growth in nutrient-rich media, both with and 
without stress-inducing chemicals. Unlike wild-type A. 
brassicicola, however, the mutants failed to germinate and 
their hyphal growth was arrested in the presence of 200 
μM brassinin. When grown in a medium containing 100 
μM brassinin, wild-type mycelium entirely converted the 
brassinin into a nontoxic derivative, of which the precise 
chemical nature was not established. Mutants of the Bdtf1 
gene were unable to perform this conversion. Our results 
support the hypothesis that the ability of A. brassicicola 
to detoxify brassinin is necessary for successful infection 
of Brassica species.
PMID:23945003

Keywords : Alternaria brassicicola; Antifungal agent; 
Brassica species; Detoxify brassinin; Plant disease
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Article 267
Fungal-specific transcription factor AbPf2 
activates pathogenicity in Alternaria brassicicola

Plant J. 75(3):498-514.

Cho Y*, Ohm RA, Grigoriev IV, Srivastava A

*Corresponding: yangraec@kribb.re.kr
World Class Institute Center

Alternaria brassicicola is a successful saprophyte and 
necrotrophic plant pathogen. To identify molecular 
determinants of pathogenicity, we created non-pathogenic 
mutants of a transcription factor-encoding gene, AbPf2. The 
frequency and timing of germination and appressorium 
formation on host plants were similar between the 
non-pathogenic ∆abpf2 mutants and wild-type A. 
brassicicola. The mutants were also similar in vitro to 
wild-type A. brassicicola in terms of vegetative growth, 
conidium production, and responses to a phytoalexin, reactive 
oxygen species and osmolites. The hyphae of the mutants 
grew slowly but did not cause disease symptoms on the 
surface of host plants. Transcripts of the AbPf2 gene increased 
exponentially soon after wild-type conidia contacted their 
host plants . A small amount of AbPf2 protein, as monitored 
using GFP fusions, was present in young, mature conidia. 
The protein level decreased during saprophytic growth, but 
increased and was located primarily in fungal nuclei during 
pathogenesis. Levels of the proteins and transcripts sharply 
decreased following colonization of host tissues beyond the 
initial infection site. When expression of the transcription 
factor was induced in the wild-type during early pathogenesis, 
106 fungal genes were also induced in the wild-type but 
not in the ∆abpf2 mutants. Notably, 33 of the 106 genes 
encoded secreted proteins, including eight putative effector 
proteins. Plants inoculated with ∆abpf2 mutants expressed 
higher levels of genes associated with photosynthesis, the 
pentose phosphate pathway and primary metabolism, but 
lower levels of defense-related genes. Our results suggest 
that AbPf2 is an important regulator of pathogenesis, but 
does not affect other cellular processes in A. brassicicola.
PMID:23617599

Keywords : Alternaria brassicicola; Brassica oleracea; 
Gene induction; Necrotrophic fungus; Pathogenesis; 
Plant response

Article 268
STK295900, a dual inhibitor of topoisomerase 
1 and 2, induces G2 arrest in the absence of DNA 
damage

PLoS One. 8(1):e53908.

Kim SO, Sakchaisri K, Thimmegowda NR, Soung NK, Jang 
JH, Kim YS, Lee KS, Kwon YT, Asami Y, Ahn JS*, Erikson 
RL, Kim BY*

*Co-corresponding: jsahn@kribb.re.kr, bykim@kribb.re.kr
World Class Institute Center

STK295900, a small synthetic molecule belonging to a class 
of symmetric bibenzimidazoles, exhibits antiproliferative 
activity against various human cancer cell lines from different 
origins. Examining the effect of STK295900 in HeLa cells 
indicates that it induces G2 phase arrest without invoking 
DNA damage. Further analysis shows that STK295900 
inhibits DNA relaxation that is mediated by topoisomerase 
1 (Top 1) and topoisomerase 2 (Top 2) in vitro. In addition, 
STK295900 also exhibits protective effect against DNA 
damage induced by camptothecin. However, STK295900 
does not affect etoposide-induced DNA damage. Moreover, 
STK295900 preferentially exerts cytotoxic effect on cancer 
cell lines while camptothecin, etoposide, and Hoechst 33342 
affected both cancer and normal cells. Therefore, STK295900 
has a potential to be developed as an anticancer 
chemotherapeutic agent.
PMID:23349762

Keywords : Antiproliferative activity; Cytotoxic effect; 
DNA damage; G2 phase arrest; Topoisomerases
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Article 269
UBR box N-recognin-4 (UBR4), an N-recognin 
of the N-end rule pathway, and its role in yolk 
sac vascular development and autophagy

Proced Natl Acad Sci. 110(10):3800-5.

Tasaki T, Kim ST, Zakrzewska A, Lee BE, Kang MJ, Yoo 
YD, Cha-Molstad HJ, Hwang J, Soung NK, Sung KS, Kim 
SH, Nguyen MD, Sun M, Yi EC, Kim BY*, Kwon YT

*Co-corresponding: bykim@kribb.re.kr
World Class Institute Center

The N-end rule pathway is a proteolytic system in which 
destabilizing N-terminal residues of short-lived proteins act 
as degradation determinants (N-degrons). Substrates carrying 
N-degrons are recognized by N-recognins that mediate 
ubiquitylation-dependent selective proteolysis through the 
proteasome. Our previous studies identified the mammalian 
N-recognin family consisting of UBR1/E3α, UBR2, 
UBR4/p600, and UBR5, which recognize destabilizing 
N-terminal residues through the UBR box. In the current 
study, we addressed the physiological function of a poorly 
characterized N-recognin, 570-kDa UBR4, in mammalian 
development. UBR4-deficient mice die during 
embryogenesis and exhibit pleiotropic abnormalities, 
including impaired vascular development in the yolk sac 
(YS). Vascular development in UBR4-deficient YS normally 
advances through vasculogenesis but is arrested during 
angiogenic remodeling of primary capillary plexus associated 
with accumulation of autophagic vacuoles. In the YS, UBR4 
marks endoderm-derived, autophagy-enriched cells that 
coordinate differentiation of mesoderm-derived vascular 
cells and supply autophagy-generated amino acids during 
early embryogenesis. UBR4 of the YS endoderm is associated 
with a tissue-specific autophagic pathway that mediates bulk 
lysosomal proteolysis of endocytosed maternal proteins into 
amino acids. In cultured cells, UBR4 subpopulation is 
degraded by autophagy through its starvation-induced 
association with cellular cargoes destined to autophagic 
double membrane structures. UBR4 loss results in multiple 
misregulations in autophagic induction and flux, including 
synthesis and lipidation/activation of the ubiquitin-like 
protein LC3 and formation of autophagic double membrane 
structures. Our results suggest that UBR4 plays an important 
role in mammalian development, such as angiogenesis in 
the YS, in part through regulation of bulk degradation by 
lysosomal hydrolases.
PMID:23431188

Keywords : Autophagy; Cardiovascular system; N-degrons; 
Ubiquitin ligase; UBR4; Yolk sac
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Article 270
Ethanol production using whole plant biomass 
of Jerusalem artichoke by Kluyveromyces 
marxianus CBS1555

Appl Biochem Biotechnol. 169(5):1531-45.

Kim S, Park JM, Kim CH*

*Co-corresponding: kim3641@kribb.re.kr
Biorefinery Research Center

Jerusalem artichoke is a low-requirement sugar crop 
containing cellulose and hemicellulose in the stalk and a 
high content of inulin in the tuber. However, the 
lignocellulosic component in Jerusalem artichoke stalk 
reduces the fermentability of the whole plant for efficient 
bioethanol production. In this study, Jerusalem artichoke 
stalk was pretreated sequentially with dilute acid and alkali, 
and then hydrolyzed enzymatically. During enzymatic 
hydrolysis, approximately 88 % of the glucan and xylan 
were converted to glucose and xylose, respectively. Batch 
and fed-batch simultaneous saccharification and fermentation 
of both pretreated stalk and tuber by Kluyveromyces 
marxianus CBS1555 were effectively performed, yielding 
29.1 and 70.2 g/L ethanol, respectively. In fed-batch 
fermentation, ethanol productivity was 0.255 g ethanol per 
gram of dry Jerusalem artichoke biomass, or 0.361 g ethanol 
per gram of glucose, with a 0.924 g/L/h ethanol productivity. 
These results show that combining the tuber and the stalk 
hydrolysate is a useful strategy for whole biomass utilization 
in effective bioethanol fermentation from Jerusalem 
artichoke.
PMID:23322254

Keywords : Bioethanol production; Jerusalem artichoke; 
Kluyveromyces marxianus; Plant biomass; SSF; 
Stalk hydrolysate

Article 271
Efficient production of ethanol from empty palm 
fruit bunch fibers by fed-batch simultaneous 
saccharification and fermentation using 
Saccharomyces cerevisiae

Appl Biochem Biotechnol. 170(8):1807-14.

Park JM, Oh BR, Seo JW, Hong WK, Yu A, Sohn JH, 
Kim CH*

*Corresponding: kim3641@kribb.re.kr
Biorefinery Research Center

The concentration of ethanol produced from lignocellulosic 
biomass should be at least 40 g l-1 [about 5 % (v/v)] to 
minimize the cost of distillation process. In this study, the 
conditions for the simultaneous saccharification and 
fermentation (SSF) at fed-batch mode for the production 
of ethanol from alkali-pretreated empty palm fruit bunch 
fibers (EFB) were investigated. Optimal conditions for the 
production of ethanol were identified as temperature, 30 
°C; enzyme loading, 15 filter paper unit g-1 biomass; and 
yeast (Saccharomyces cerevisiae) loading, 5 g l-1 of dry 
cell weight. Under these conditions, an economical ethanol 
concentration was achieved within 17 h, which further 
increased up to 62.5 g l-1 after 95 h with 70.6 % of the 
theoretical yield. To our knowledge, this is the first report 
to evaluate the economic ethanol production from 
alkali-pretreated EFB in fed-batch SSF using S. cerevisiae.
PMID:23754558

Keywords : Empty palm fruit bunch fiber (EFB); Ethanol 
production; Lignocellulosic biomass; Pretreatment; 
Saccharomyces cerevisiae; SSF
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Article 272
A novel multifunctional cellulolytic enzyme 
screened from metagenomic resources 
representing ruminal bacteria

Biochem Biophys Res Commun. 441(3):567-72.

Ko KC, Lee JH, Han Y, Choi JH*, Song JJ*

*Co-corresponding: jhchoi@kribb.re.kr, jjsong@kribb.re.kr
Biorefinery Research Center

Metagenomic resources representing ruminal bacteria were 
screened for novel exocellulases using a robotic, 
high-throughput screening system, the novel CelEx-BR12 
gene was identified and the predicted CelEx-BR12 protein 
was characterized. The CelEx-BR12 gene had an open reading 
frame (ORF) of 1140 base pairs that encoded a 
380-amino-acid-protein with a predicted molecular mass of 
41.8 kDa. The amino acid sequence was 83% identical to 
that of a family 5 glycosyl hydrolase from Prevotella 
ruminicola 23. Codon-optimized CelEx-BR12 was 
overexpressed in Escherichia coli and purified using Ni-NTA 
affinity chromatography. The Michaelis-Menten constant 
(Km value) and maximal reaction velocity (Vmax values) for 
exocellulase activity were 12.92 μM and 1.55 × 10-4μmol 
min-1, respectively, and the enzyme was optimally active 
at pH 5.0 and 37°C. Multifunctional activities were observed 
against fluorogenic and natural glycosides, such as 
4-methylumbelliferyl-β-d-cellobioside (0.3 U mg-1), CMC 
(105.9 U mg-1), birch wood xylan (132.3 U mg-1), oat spelt 
xylan (67.9 U mg-1), and 2-hydroxyethyl-cellulose (26.3 U 
mg-1). Based on these findings, we believe that CelEx-BR12 
is an efficient multifunctional enzyme as 
endocellulase/exocellulase/xylanase activities that may prove 
useful for biotechnological applications.
PMID:24184482

Keywords : Cellulolytic enzyme; Enzyme assay; 
Metagenome; Multifunctional enzyme; Ruminal 
bacteria

Article 273
Efficient production of 1,3-propanediol from 
glycerol upon constitutive expression of the 
1,3-propanediol oxidoreductase gene in 
engineered Klebsiella pneumoniae with 
elimination of by-product formation

Bioprocess Biosyst Eng. 36(6):757-63.

Oh BR, Seo JW, Heo SY, Luo LH, Hong WK, Park DH, 
Kim CH*

*Corresponding: kim3641@kribb.re.kr
Biorefinery Research Center

In the present study, we developed an efficient method of 
1,3-propanediol (1,3-PD) production from glycerol by 
genetic engineering of Klebsiella pneumoniae AK mutant 
strains. The proposed approach eliminated by-product 
formation and IPTG induction resulted in maximal 
production of 1,3-PD. A series of recombinant strains was 
designed to constitutively express the dhaB and/or dhaT 
genes, using the bacteriophage T5 PDE20 promoter and the 
rho-independent transcription termination signal of the 
Rahnella aquatilis levansucrase gene. Among these strains, 
AK/pConT expressing dhaT alone gave the highest yield 
of 1,3-PD. Fed-batch fermentation resulted in efficient 
production of 1,3-PD from either pure or crude glycerol, 
without by-product formation.
PMID:23361186

Keywords : 1,3-Propanediol; By-product formation; 
Constitutive expression; Glycerol; Klebsiella 
pneumoniae
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Article 274
Production of lipids containing high levels of 
docosahexaenoic acid from empty palm fruit 
bunches by Aurantiochytrium sp. KRS101

Bioprocess Biosyst Eng. 36(7):959-963.

Hong WK, Yu A, Heo SY, Oh BR, Kim CH, Sohn JH, 
Yang JW, Kondo A, Seo JW*

*Corresponding: jwseo@kribb.re.kr
Biorefinery Research Center

The oleaginous microalga Aurantiochytrium sp. KRS101 was 
cultivated in enzymatic hydrolysates of alkali-pretreated 
empty palm fruit bunches (EFBs), without prior 
detoxification process. The maximal levels of lipid and 
docosahexaenoic acid synthesized were 12.5 and 5.4 g L⁻¹ 
after cultivation for 36 h. Similar lipid levels were also 
obtained via simultaneous saccharification and cultivation. 
The results suggested that EFB is a promising source for 
production of useful lipids by the microalgal strain.
PMID:23053417

Keywords : Aurantiochytrium sp.; Docosahexaenoic acid; 
Empty palm fruit bunch; Heterotrophic oleaginous 
microalga; Lipid

Article 275
A transgene expression system for the marine 
microalgae Aurantiochytrium sp. KRS101 using 
a mutant allele of the gene encoding ribosomal 
protein L44 as a selectable transformation marker 
for cycloheximide resistance

Bioprocess Biosyst Eng. 36(9):1191-7.

Hong WK, Heo SY, Oh BR, Kim CH, Sohn JH, Yang JW, 
Kondo A, Seo JW*

*Corresponding: jwseo@kribb.re.kr
Biorefinery Research Center

In the present study, we established a genetic system for 
manipulating the oleaginous heterotrophic microalgae 
Aurantiochytrium sp. KRS101, using cycloheximide 
resistance as the selectable marker. The gene encoding 
ribosomal protein L44 (RPL44) of Aurantiochytrium sp. 
KRS101 was first identified and characterized. Proline 56 
was replaced with glutamine, affording cycloheximide 
resistance to strains encoding the mutant protein. This 
resistance served as a novel selection marker. The gene 
encoding the Δ12-fatty acid desaturase of Mortierella alpina, 
used as a reporter, was successfully introduced into 
chromosomal DNA of Aurantiochytrium sp. KRS101 via 
18S rDNA-targeted homologous recombination. Enzymatic 
conversion of oleic acid (C18:1) to linoleic acid (C18:2) 
was detected in transformants but not in the wild-type strain.
PMID:23504238

Keywords : Aurantiochytrium sp.; Cycloheximide 
resistance; Gene transformation; Ribosomal protein
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Article 276
Identification and characterization of Klebsiella 
pneumoniae aldehyde dehydrogenases increasing 
production of 3-hydroxypropionic acid from 
glycerol

Bioprocess Biosyst Eng. 36(9):1319-26.

Luo LH, Seo JW, Heo SY, Oh BR, Kim DH, Kim CH*

*Corresponding: kim3641@kribb.re.kr
Biorefinery Research Center

Klebsiella pneumoniae produces 3-hydroxypropionic acid 
(3-HP) from glycerol with oxidation of 
3-hydroxypropionaldehyde (3-HPA) to 3-HP in a reaction 
catalyzed by aldehyde dehydrogenase (ALDH). In the present 
study, two putative ALDHs of K. pneumoniae, YneI and 
YdcW were identified and characterized. Recombinant YneI 
was specifically active on 3-HPA and preferred NAD+ as 
a cofactor, whereas YdcW exhibited broad substrate 
specificity and preferred NADP+ as a cofactor. 
Overexpression of ALDHs in the glycerol oxidative 
pathway-deficient mutant K. pneumoniae AK resulted in a 
significant increase in 3-HP production upon shake-flask 
culture. The final titers of 3-HP were 2.4 and 1.8 g L-1 
by recombinants overexpressing YneI and YdcW, 
respectively. Deletion of the ALDH gene from K. pneumoniae 
did not affect the extent of 3-HP synthesis, implying 
non-specific activity of ALDHs on 3-HPA. The ALDHs 
might play major roles in detoxifying the aldehyde generated 
in glycerol metabolism.
PMID:23297067

Keywords : 3-Hydroxypropionic acid; Aldehyde 
dehydrogenase; Glycerol; Klebsiella pneumoniae

Article 277
The production of 1,3-propanediol from mixtures 
of glycerol and glucose by a Klebsiella 
pneumoniae mutant deficient in carbon catabolite 
repression

Bioresour Technol. 130:719-24.

Oh BR, Hong WK, Heo SY, Luo LH, Kondo A, Seo JW*, 
Kim CH*

*Co-corresponding: jwseo@kribb.re.kr, kim3641@kribb.re.kr
Biorefinery Research Center

In the present study, mutant strain of Klebsiella pneumoniae 
with deletion of the crr gene encoding EIIAGlc (a component 
of the glucose-specific phosphoenolpyruvate-dependent 
transferase system [PTS]) was prepared. This eliminated the 
ability of the strain to mediate carbon catabolite repression 
(CCR). Production of 1,3-propanediol (1,3-PD) from glycerol 
by the crr mutant strain was enhanced (compared to that 
of the parent) in the presence of glucose. Using molasses 
as a co-substrate of glycerol, the maximum yield of 1,3-PD 
was 60.4% greater (81.2g/l) than that obtained when glycerol 
was used alone, under optimum fermentation conditions.
PMID:23334032

Keywords : 1,3-Propanediol; Carbon catabolite repression; 
Glucose; Glycerol; Klebsiella pneumoniae
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Article 278
Optimized production of 2,3-butanediol by a 
lactate dehydrogenase-deficient mutant of 
Klebsiella pneumoniae

Biotech Bioproc Eng. 8(6):1210-5.

Lee SM, Oh BR, Park JM, Yu A, Heo SY, Hong WK, 
Seo JW*, Kim CH*

*Co-corresponding: jwseo@kribb.re.kr, kim3641@kribb.re.kr
Biorefinery Research Center

To obtain high-yield production of 2,3-butanediol (2,3-BD) 
from glucose, we optimized the culture conditions for a lactate 
dehydrogenase-deficient mutant (ΔldhA) of Klebsiella 
pneumoniae using response surface methodology. 2,3-BD 
production was successfully improved by optimizing pH 
(5.6), aeration (3.50 vvm) and concentration of corn steep 
liquor (45.0 mL/L) as a nitrogen source, resulting in a 
maximum level of 2,3-BD production of 148.8 g/L and 
productivity of 2.48 g/L/h. 2,3-BD was also obtained with 
high concentration (76.24 g/L) and productivity (2.31 g/L/h) 
from the K. pneumoniae mutant strain using sugarcane 
molasses as a carbon source.

Keywords : 2,3-butanediol; Klebsiella pneumoniae; Lactate 
dehydrogenasedeficient; Response surface 
methodology; Sugarcane molasses

Article 279
The role of aldehyde/alcohol dehydrogenase 
(AdhE) in ethanol production from glycerol by 
Klebsiella pneumoniae

J Ind Microbiol Biotechnol. 40(2):227-33.

Oh BR, Hong WK, Heo SY, Joe MH, Seo JW*, Kim CH*

*Co-corresponding: jwseo@kribb.re.kr, kim3641@kribb.re.kr
Biorefinery Research Center

Transcriptome analysis of a K. pneumoniae GEM167 mutant 
strain derived by irradiation with gamma rays, which 
exhibited high-level production of ethanol from glycerol, 
showed that the mutant expressed AdhE at a high level. 
Ethanol production decreased significantly, from 8.8 to 0.5 
g l-1, when an adhE-deficient derivative of that strain was 
grown on glycerol. Bacterial growth was also reduced under 
such conditions, showing that AdhE plays a critical role 
in maintenance of redox balance by catalyzing ethanol 
production. Overexpression of AdhE enhanced ethanol 
production, from pure or crude glycerol, to a maximal level 
of 31.9 g l-1 under fed-batch fermentation conditions; this 
is the highest level of ethanol production from glycerol 
reported to date.
PMID:23296976

Keywords : Aldehyde/alcohol dehydrogenase (AdhE); 
Ethanol; Glycerol; Klebsiella pneumoniae
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Article 280
Strategy for screening metagenomic resources for 
exocellulase activity using a robotic, 
high-throughput screening system

J Microbiol Methods. 94(3):311-6.

Ko KC, Han Y, Cheong DE, Choi JH*, Song JJ*

*Co-corresponding: jhchoi@kribb.re.kr, jjsong@kribb.re.kr
Biorefinery Research Center

Exocellulases play a key role in cleaving the accessible ends 
of cellulose molecules to release soluble glucose and 
cellobiose. To date, there have been no screens for 
exocellulase owing to assay protocol limitations, the high 
cost of substrates, and low activity of exocellulases compared 
with endocellulases. This study is the first to demonstrate 
direct screening for exocellulase activity using a robotic, 
high-throughput screening (HTS) system. Cell growth in 
96-well plates was measured by monitoring optical density 
over 11-14h at 37°C with agitation. Fluorescence of 
methylumbelliferyl groups released from 
4-methylumbelliferyl-β-D-cellobioside was determined 
using a VICTOR3 microplate reader. This new HTS system 
enabled activity verification of more than 104 clones per 
day. As a result, we obtained four exocellulases clones 
(CelEx-SF301, CelEx-SF309, CelEx-BR12 and 
CelEx-BR15) from 29,006 metagenomic fosmid clones that 
had previously been prepared from sweet potato field soil 
microbes and rumen fluid. This powerful approach could 
be effectively applied to screen various metagenomic 
resources for new enzymes.
PMID:23892060

Keywords : Cellobiose; Enzyme assay; Exocellulase 
activity; Glucose; HTS; Metagenome

Article 281
Characterization of a squalene synthase from the 
thraustochytrid microalga Aurantiochytrium sp. 
KRS101

J Microbiol Biotechnol. 23(6):759-65.

Hong WK, Heo SY, Park HM, Kim CH, Sohn JH, Kondo 
A, Seo JW*

*Corresponding: jwseo@kribb.re.kr
Biorefinery Research Center

The gene encoding squalene synthase (SQS) of the 
lipidproducing heterotrophic microalga Aurantiochytrium sp. 
KRS101 was cloned and characterized. The krsSQS gene 
is 1,551 bp in length and has two exons and one intron. 
The open reading frame of the gene is 1,164 bp in length, 
yielding a polypeptide of 387 predicted amino acid residues 
with a molecular mass of 42.7 kDa. The deduced krsSQS 
sequence shares at least four conserved regions known to 
be required for SQS enzymatic activity in other species. 
The protein, tagged with His6, was expressed into soluble 
form in Escherichia coli. The purified protein catalyzed the 
conversion of farnesyl diphosphate to squalene in the 
presence of NADPH and Mg2+. This is the first report on 
the characterization of an SQS from a Thraustochytrid 
microalga.
PMID:23676912

Keywords : Aurantiochytrium; Functional characterization; 
Gene analysis; Squalene synthase; Thraustochytrid 
microalga
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Article 282
Bioethanol production using the sequential 
acid/alkali-pretreated empty palm fruit bunch fiber

Renewable Energy. 54:150-5.

Kim S, Kim CH*

*Co-corresponding: kim3641@kribb.re.kr
Biorefinery Research Center

Empty palm fruit bunch (EPFB) contains a rigid and ordered 
fiber structure within a relatively high level of hemicellulose 
and lignin. To enhance poorly enzymatic digestibility and 
fermentability, in this a sequential acid/alkali pretreatment 
strategy was applied to increase the fermentable sugar in 
EPFB fiber. Cellulose content in the biomass was effectively 
increased by using dilute sulfuric acid treatment to eliminate 
hemicellulose followed by highly concentrated sodium 
hydroxide treatment for delignification. The pretreated 
biomass consisted of 85.2 ± 1.9% cellulose, 1.8 ± 0.5% 
hemicellulose, and 9.2 ± 0.3% lignin. Under optimal 
conditions for enzymatic saccharification, 10% (w/v) of 
pretreated EPFB fiber was hydrolyzed completely and 
converted to 70.8 ± 0.8 g/L glucose and 1.8 ± 0.1 g/L xylose 
with a 83.9% yield efficiency. Simultaneous saccharification 
and fermentation of the pretreated biomass by Saccharomyces 
cerevisiae W303-1A produced 37.8 g/L ethanol in 1.5 L 
fermented medium containing 10% (w/v) pretreated EPFB 
fiber after 60 h. The ethanol productivity was 0.378 g 
ethanol/g dry EPFB fiber and 0.45 g ethanol/g glucose after 
fermentation, with a low concentration of xylose and organic 
acid metabolites. Also, 88% of fermentable sugar was used 
by the yeast for ethanol fermentation. These results indicate 
that sequential acid/alkali pretreatment increased enzymatic 
digestibility and ethanol productivity.

Keywords : Bioethanol; Empty palm fruit bunch fiber; 
Enzymatic saccharification; Saccharomyces 
cerevisiae; SSF
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Article 283
Characterization of a novel steviol-producing 
beta-glucosidase from Penicillum decumbens and 
optimal production of the steviol

Appl Microbiol Biotechnol. 97(18):8151-61.

Ko JA, Ryu YB, Kwon HJ, Jeong HJ, Park SJ, Kim CY, 
Wee YJ, Kim D, Lee WS*, Kim YM*

*Co-corresponding: wslee@kribb.re.kr, u9897854@kribb.re.kr
Eco-friendly Biomaterial Research Center

This study aimed to develop an economically viable enzyme 
for the optimal production of steviol (S) from stevioside 
(ST). Of 9 commercially available glycosidases tested, 
S-producing β-glucosidase (SPGase) was selected and 
purified 74-fold from Penicillium decumbens naringinase 
by a three-step column chromatography procedure. The 
121-kDa protein was stable at pH 2.3-6.0 and at 40-60 °C. 
Hydrolysis of ST by SPGase produced rubusoside (R), 
steviolbioside (SteB), steviol mono-glucoside (SMG), and 
S, as determined by HPLC, HPLC-MS, and 1H- and 
13C-nuclear magnetic resonance. SPGase showed higher 
activity toward steviol mono-glucosyl ester, ST, R, and SMG 
than other β-linked glucobioses. The optimal conditions for 
S production (30 mM, 64 % yield) were 47 mM ST and 
43 μl of SPGase at pH 4.0 and 55 °C. This is the first 
report detailing the production of S from ST hydrolysis by 
a novel β-glucosidase, which may be useful for the 
pharmaceutical and agricultural areas.
PMID:23615738

Keywords : β-Glucosidase; Naringinase; Penicillum 
decumbens; Steviol; Stevioside
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Article 284
Chlorogenic acid inhibits osteoclast 
differentiation and bone resorption by 
down-regulation of receptor activator of nuclear 
factor kappa-B ligand-induced nuclear factor of 
activated T cells c1 expression

Biol Pharm Bull. 36(11):1779-86.

Kwak SC, Lee C, Kim JY, Oh HM, So HS, Lee MS, Rho 
MC*, Oh J

*Co-corresponding: rho-m@kribb.re.kr
Eco-friendly Biomaterial Research Center

Excessive osteoclastic bone resorption plays a critical role 
in inflammation-induced bone loss such as rheumatoid 
arthritis and periodontal bone erosion. Therefore, 
identification of osteoclast targeted-agents may be a 
therapeutic approach to the treatment of pathological bone 
loss. In this study, we isolated chlorogenic acid (CGA) from 
fructus of Gardenia jasminoides to discover anti-bone 
resorptive agents. CGA is a polyphenol with 
anti-inflammatory and anti-oxidant activities, however, its 
effects on osteoclast differentiation is unknown. Thus, we 
investigated the effect of CGA in receptor activator of nuclear 
factor-kappa B (NF-κB) ligand (RANKL)-induced osteoclast 
differentiation and RANKL signaling. CGA 
dose-dependently inhibited RANKL-mediated osteoclast 
differentiation in bone marrow macrophages (BMMs) 
without any evidence of cytotoxicity. CGA inhibited the 
phosphorylation of p38, Akt, extracellular signal-regulated 
kinase (ERK), and inhibitor of nuclear factor-kappa B (IκB), 
and IκB degradation by RANKL treatment. CGA suppressed 
the mRNA expression of nuclear factor of activated T cells 
c1 (NFATc1), TRAP and OSCAR in RANKL-treated bone 
marrow macrophages (BMMs). Also, overexpression of 
NFATc1 in BMMs blocked the inhibitory effect of CGA 
on RANKL-mediated osteoclast differentiation. 
Furthermore, to evaluate the effects of CGA in vivo, 
lipopolysaccharide (LPS)-induced bone erosion study was 
carried out. CGA remarkably attenuated LPS-induced bone 
loss based on micro-computed tomography and histologic 
analysis of femurs. Taken together, our findings suggest 
that CGA may be a potential treatment option for 
osteoclast-related diseases with inflammatory bone 
destruction.
PMID:23985829

Keywords : Chlorogenic acid; Differentiation; 
Lipopolysaccharide; NFATc1; NF-κB; Osteoclast

Article 285
Dieckol, a SARS-CoV 3CLpro inhibitor, isolated 
from the edible brown algae Ecklonia cava

Bioorg Med Chem. 21(13):3730-7.

Park JY, Kim JH, Kwon JM, Kwon HJ, Jeong HJ, Kim 
YM, Kim D, Lee WS*, Ryu YB*

*Co-corresponding: wslee@kribb.re.kr, ybryu@kribb.re.kr
Eco-friendly Biomaterial Research Center

SARS-CoV 3CLpro plays an important role in viral replication. 
In this study, we performed a biological evaluation on nine 
phlorotannins isolated from the edible brown algae Ecklonia 
cava. The nine isolated phlorotannins (1-9), except 
phloroglucinol (1), possessed SARS-CoV 3CLpro inhibitory 
activities in a dose-dependently and competitive manner. 
Of these phlorotannins (1-9), two eckol groups with a 
diphenyl ether linked dieckol (8) showed the most potent 
SARS-CoV 3CLpro trans/cis-cleavage inhibitory effects 
(IC50s = 2.7 and 68.1 μM, respectively). This is the first 
report of a (8) phlorotannin chemotype significantly blocking 
the cleavage of SARS-CoV 3CLpro in a cell-based assay 
with no toxicity. Furthermore, dieckol (8) exhibited a high 
association rate in the SPR sensorgram and formed extremely 
strong hydrogen bonds to the catalytic dyad (Cys145 and 
His41) of the SARS-CoV 3CLpro.
PMID:23647823

Keywords : Dieckol; Ecklonia cava; Eckol; Phlorotannin; 
SARS-CoV
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Article 286
In vitro antiviral activity of phlorotannins isolated 
from Ecklonia cava against porcine epidemic 
diarrhea coronavirus infection and 
hemagglutination

Bioorg Med Chem. 21(15):4706-13.

Kwon HJ, Ryu YB, Kim YM, Song N, Kim CY, Rho MC, 
Jeong JH, Cho KO, Lee WS*, Park SJ*

*Co-corresponding: wslee@kribb.re.kr, sjpark@kribb.re.kr
Eco-friendly Biomaterial Research Center

Despite the prepdominat agent causing severe 
entero-pathogenic diarrhea in swine, there are no effective 
therapeutical treatment of porcine epidemic diarrhea virus 
(PEDV). In this study, we evaluated the antiviral activity 
of five phlorotannins isolated from Ecklonia cava (E. cava) 
against PEDV. In vitro antiviral activity was tested using 
two different assay strategies: (1) blockage of the binding 
of virus to cells (simultaneous-treatment assay) and (2) 
inhibition of viral replication (post-treatment assay). In 
simultaneous-treatment assay, compounds 2-5 except 
compound 1 exhibited antiviral activities of a 50% inhibitory 
concentration (IC₅₀) with the ranging from 10.8 ± 1.4 to 
22.5 ± 2.2 μM against PEDV. Compounds 1-5 were 
completely blocked binding of viral spike protein to sialic 
acids at less than 36.6 μM concentrations by 
hemagglutination inhibition. Moreover, compounds 4 and 
5 of five phlorotannins inhibited viral replication with IC₅₀ 
values of 12.2 ± 2.8 and 14.6 ± 1.3 μM in the post-treatment 
assay, respectively. During virus replication steps, 
compounds 4 and 5 exhibited stronger inhibition of viral 
RNA and viral protein synthesis in late stages (18 and 24 
h) than in early stages (6 and 12 h). Interestingly, compounds 
4 and 5 inhibited both viral entry by hemagglutination 
inhibition and viral replication by inhibition of viral RNA 
and viral protein synthesis, but not viral protease. These 
results suggest that compounds isolated from E. cava have 
strong antiviral activity against PEDV, inhibiting viral entry 
and/or viral replication, and may be developed into natural 
therapeutic drugs against coronavirus infection.
PMID:23746631

Keywords : Anti-PEDV; Coronavirus infection; Ecklonia 
cava; Hemagglutinin inhibition; Phlorotannin; Viral 
absorption; Viral replication

Article 287
Rice small C2-domain proteins are 
phosphorylated by calcium-dependent protein 
kinase

Mol Cells. 35(5):381-7.

Kang CH, Moon BC, Park HC, Koo SC, Chi YH, Cheong 
YH, Yoon BD, Lee SY, Kim CY*

*Corresponding: kimcy@kribb.re.kr
Eco-friendly Biomaterial Research Center

We previously reported that OsERG1 and OsERG3 encode 
rice small C2-domain proteins with different biochemical 
properties in Ca2+- and phospholipid-binding assays. 
Os-ERG1 exhibited Ca2+-dependent phospholipid binding, 
which was not observed with OsERG3. In the present study, 
we show that both OsERG1 and OsERG3 proteins exhibit 
oligomerization properties as determined by native 
polyacrylamide gel electrophoresis (PAGE) and 
glutaraldehyde cross-linking experiments. Furthermore, in 
vitro phosphorylation assays reveal the phosphorylation of 
OsERG1 and OsERG3 by a rice calcium-dependent protein 
kinase, OsCDPK5. Our mutation analysis on putative serine 
phosphorylation sites shows that the first serine (Ser) at 
position 41 of OsERG1 may be an essential residue for 
phosphorylation by OsCDPK5. Mutation of Ser41 to alanine 
(OsERG1S41A) and aspartate (OsERG1S41D) abolishes the 
ability of OsERG1 to bind phospholipids regardless of the 
presence or absence of Ca2+ ions. In addition, unlike the 
OsERG1 wild-type form, the mutant OsERG1 
(S41A)::smGFP construct lost the ability to translocate from 
the cytosol to the plasma membrane in response to calcium 
ions or fungal elicitor. These results indicate that Ser41 may 
be essential for the function of OsERG1.
PMID:23456295

Keywords : Ca2+/phospholipid-binding; Calcium-dependent 
protein kinase; Oligomerization; Phosphorylation; 
Small C2-domain protein
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Article 288
Expression of the sweetpotato R2R3-type 
IbMYB1a gene induces anthocyanin accumulation 
in Arabidopsis

Physiol Plantarum. 148(2):189-99.

Chu H, Jeong JC, Kim WJ, Chung DM, Jeon HK, Ahn 
YO, Kim SH, Lee HS, Kwak SS, Kim CY*

*Corresponding: kimcy@kribb.re.kr
Eco-friendly Biomaterial Research Center

R2R3-type MYB transcription factors (TFs) play important 
roles in transcriptional regulation of anthocyanins. The 
R2R3-type IbMYB1 is known to be a key regulator of 
anthocyanin biosynthesis in the storage roots of sweetpotato. 
We previously showed that transient expression of IbMYB1a 
led to anthocyanin pigmentation in tobacco leaves. In this 
article, we generated transgenic Arabidopsis plants 
expressing the IbMYB1a gene under the control of CaMV 
35S promoter, and the sweetpotato SPO and SWPA2 
promoters. Overexpression of IbMYBa in transgenic 
Arabidopsis produced strong anthocyanin pigmentation in 
seedlings and generated a deep purple color in leaves, stems 
and seeds. Reverse transcription-polymerase chain reaction 
analysis showed that IbMYB1a expression induced 
upregulation of several structural genes in the anthocyanin 
biosynthetic pathway, including 4CL, CHI, F3'H, DFR, AGT, 
AAT and GST. Furthermore, overexpression of IbMYB1a led 
to enhanced expression of the AtTT8 (bHLH) and 
PAP1/AtMYB75 genes. High-performance liquid 
chromatography analysis revealed that IbMYB1a expression 
led to the production of cyanidin as a major core molecule 
of anthocyanidins in Arabidopsis, as occurs in the purple 
leaves of sweetpotato (cv. Sinzami). This result shows that 
the IbMYB1a TF is sufficient to induce anthocyanin 
accumulation in seedlings, leaves, stems and seeds of 
Arabidopsis plants.
PMID:23039825

Keywords : Anthocyanin accumulation; Arabidopsis; 
Cyanidin; Sweetpotato

Article 289
Oleanolic acid acetate inhibits atopic dermatitis 
and allergic contact dermatitis in a murine model

Toxicol Appl Pharmacol. 269(1):72-80.

Choi JK, Oh HM, Lee S, Park JW, Khang D, Lee SW, 
Lee WS, Rho MC*, Kim SH

*Co-corresponding: rho-m@kribb.re.kr
Eco-friendly Biomaterial Research Center

Atopic dermatitis (AD) and allergic contact dermatitis (ACD) 
are common allergic and inflammatory skin diseases caused 
by a combination of eczema, scratching, pruritus, and 
cutaneous sensitization with allergens. This paper examines 
whether oleanolic acid acetate (OAA) modulates AD and 
ACD symptoms by using an existing AD model based on 
the repeated local exposure of mite extract 
(Dermatophagoides farinae extract, DFE) and 
2,4-dinitrochlorobenzene to the ears of BALB/c mice. In 
addition, the paper uses a 2,4-dinitrofluorobenzene-sensitized 
local lymph node assay (LLNA) for the ACD model. The 
oral administration of OAA over a four-week period 
attenuated AD symptoms in terms of decreased skin lesions, 
epidermal thickness, the infiltration of immune cells (CD4⁺ 
cells, eosinophils, and mast cells), and serum IgE, IgG2a, 
and histamine levels. The gene expression of Th1, Th2, Th17, 
and Th22 cytokines was reduced by OAA in the lymph 
node and ear tissue, and the LLNA verified that OAA 
suppressed ACD. The oral administration of OAA over a 
three-day period attenuated ACD symptoms in terms of ear 
thickness, lymphocyte proliferation, and serum IgG2a levels. 
The gene expression of Th1, Th2, and Th17 cytokines was 
reduced by OAA in the thymus and ear tissue. Finally, to 
define the underlying mechanism, this paper uses a TNF-α
/IFN-γ-activated human keratinocyte (HaCaT) model. OAA 
inhibited the expression of cytokines and chemokines through 
the downregulation of NF-κB and MAPKs in HaCaT cells. 
Taken together, the results indicate that OAA inhibited AD 
and ACD symptoms, suggesting that OAA may be effective 
in treating allergic skin disorders.
PMID:23499868

Keywords : Allergic contact dermatitis; Atopic dermatitis; 
Inflammatory; Keratinocyte; Oleanolic acid acetate
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Article 290
Anti-rotaviral effects of Glycyrrhiza uralensis 
extract in piglets with rotavirus diarrhea

Virol J. 9:310.

Alfajaro MM, Kim HJ, Park JG, Ryu EH, Kim JY, Jeong 
YJ, Kim DS, Hosmillo M, Son KY, Lee JH, Kwon HJ, 
Ryu YB, Park SJ, Park SI, Lee WS*, Cho KO

*Co-corresponding: wslee@kribb.re.kr
Eco-friendly Biomaterial Research Center

BACKGROUND: Since rotavirus is one of the leading 
pathogens that cause severe gastroenteritis and represents 
a serious threat to human and animal health, researchers 
have been searching for cheap, safe, and effective 
anti-rotaviral drugs. There is a widespread of interest in 
using natural products as antiviral agents, and among them, 
licorice derived from Glycyrrhiza spp. has exerted antiviral 
properties against several viruses. In this study, anti-rotaviral 
efficacy of Glycyrrhiza uralensis extract (GUE) as an 
effective and cheaper remedy without side-effects was 
evaluated in colostrums-deprived piglets after induction of 
rotavirus diarrhea.
METHODS: Colostrums-deprived piglets were inoculated 
with porcine rotavirus K85 (G5P[7]) strain. On the onset 
of diarrhea, piglets were treated with different concentration 
of GUE. To evaluate the antiviral efficacy of GUE, fecal 
consistency score, fecal virus shedding and histological 
changes of the small intestine, mRNA expression levels of 
inflammation-related cytokines (IL8, IL10, IFN-β, IFN-γ 
and TNF-α), signaling molecules (p38 and JNK), and 
transcription factor (NFκB) in the small intestine and spleen 
were determined.
RESULTS: Among the dosages (100-400 mg/ml) 
administrated to animals, 400 mg/ml of GUE cured diarrhea, 
and markedly improved small intestinal lesion score and 
fecal virus shedding. mRNA expression levels of 
inflammation-related cytokines (IL8, IL10, IFN-β, IFN-γ 
and TNF-α), signaling molecules (p38 and JNK), and 
transcription factor (NFκB) in the small intestine and spleen 
were markedly increased in animals with RVA-induced 
diarrhea, but dose- dependently decreased in GUE treated 
animals after RVA-induced diarrhea.
CONCLUSIONS: GUE cures rotaviral enteritis by 
coordinating antiviral and anti-inflammatory effects. Therapy 
of this herbal medicine can be a viable medication for curing 
rotaviral enteritis in animals and humans.
PMID:23244491

Keywords : Anti-rotaviral drug; Enteritis; Glycyrrhiza 
uralensis; Herbal medicine; Rotavirus diarrhea
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Article 291
Charting microbial phenotypes in multiplex 
nanoliter batch bioreactors

Anal Chem. 85(12):5892-9.

Dai J, Yoon SH, Sim HY, Yang YS, Oh TK*, Kim JF, 
Hong JW

*Co-corresponding: otk@kribb.re.kr
Super-Bacteria Research Center

High-throughput growth phenotyping is receiving great 
attention for establishing the genotype-phenotype map of 
sequenced organisms owing to the ready availability of 
complete genome sequences. To date, microbial growth 
phenotypes have been investigated mostly by the 
conventional method of batch cultivation using test tubes, 
Erlenmeyer flasks, or the recently available microwell plates. 
However, the current batch cultivation methods are time- 
and labor-intensive and often fail to consider sophisticated 
environmental changes. The implementation of batch cultures 
at the nanoliter scale has been difficult because of the quick 
evaporation of the culture medium inside the reactors. Here, 
we report a microfluidic system that allows independent 
cell cultures in evaporation-free multiplex nanoliter reactors 
under different culture conditions to assess the behavior of 
cells. The design allows three experimental replicates for 
each of eight culture environments in a single run. We 
demonstrate the versatility of the device by performing 
growth curve experiments with Escherichia coli and 
microbiological assays of antibiotics against the opportunistic 
pathogen Pseudomonas aeruginosa. Our study highlights 
that the microfluidic system can effectively replace the 
traditional batch culture methods with nanoliter volumes of 
bacterial cultivations, and it may be therefore promising for 
high-throughput growth phenotyping as well as for single-cell 
analyses.
PMID:23581968

Keywords : Conventional methods; Culture conditions; 
Culture environments; Environmental change; Micro 
fluidic system; Microbiological assays; 
Pseudomonas aeruginosa; Singlecell analysis

Article 292
Anti-diabetic potential of the essential oil of Pinus 
koraiensis leaves toward streptozotocin-treated 
mice and HIT-T15 pancreatic β cells

Biosci Biotechnol Biochem. 77(10):1997-2001.

Joo HE, Lee HJ#, Sohn EJ, Lee MH, Ko HS, Jeong SJ, 
Lee HJ, Kim SH

#Co-first: 
BioMedical Genomics Research Center

The metabolic syndrome creates risk factors for coronary 
heart disease, diabetes, fatty liver, obesity and several 
cancers. Our group has already reported that the essential 
oil from leaves of Pinus koraiensis SIEB (EOPK) exerted 
antihyperlipidemic effects by upregulating the low-density 
lipoprotein receptor and inhibiting acyl-coenzyme A, 
cholesterol acyltransferases. We evaluated in the current 
study the anti-diabetic effects of EOPK on mice with 
streptozotocin (STZ)-induced type I diabetes and on HIT-T15 
pancreatic β cells. EOPK significantly protected HIT-T15 
cells from STZ-induced cytotoxicity and reduced the blood 
glucose level in STZ-induced diabetic mice when compared 
with the untreated control. EOPK consistently and 
significantly suppressed the α-amylase activity in a 
dose-dependent manner and enhanced the expression of 
insulin at the mRNA level in STZ-treated HIT-T15 cells, 
while the expression of insulin was attenuated. EOPK also 
significantly abrogated the population of reactive oxygen 
species when compared to the untreated control in 
STZ-treated HIT-T15 cells. Furthermore, EOPK significantly 
reduce nitric oxide production, suppressed the 
phosphorylation of endothelial nitric oxide (NO) synthase 
and suppressed the production of vascular endothelial growth 
factor (VEGF) in STZ-treated HIT-T15 cells, implying its 
potential application to diabetic retinopathy. Overall, our 
findings suggest that EOPK had hypoglycemic potential by 
inhibiting reactive oxygene species (ROS), endothelial NO 
synthase (eNOS) and VEGF in STZ-treated mice and 
HIT-T15 pancreatic β cells as a potent anti-diabetic agent.
PMID:24096647

Keywords : Anti-diabetic agent; EOPK; HIT-T15 cell; 
Pinus koraiensis; Streptozotocin; VEGF
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Article 293
Biological features of core networks that result 
from a high-fat diet in hepatic and pulmonary 
tissues in mammary tumour-bearing, 
obesity-resistant mice

Br J Nutr. 110(2):241-55.

Kim EJ, Oh HY, Heo HS, Hong JE, Jung SJ, Lee KW, 
Park JH, Hur CG*, Park JH

*Co-corresponding:
Plant Systems Engineering Research Center

We previously demonstrated that the chronic consumption 
of a high-fat diet (HFD) promotes lung and liver metastases 
of 4T1 mammary carcinoma cells in obesity-resistant 
BALB/c mice. To examine early transcriptional responses 
to tumour progression in the liver and lungs of HFD-fed 
mice, 4-week-old female BALB/c mice were divided into 
four groups: sham-injected, control diet (CD)-fed; 
sham-injected, HFD-fed (SH); 4T1 cell-injected, CD-fed 
(TC); 4T1 cell-injected, HFD-fed (TH). Following 16 weeks 
of either a CD or HFD, 4T1 cells were injected into the 
mammary fat pads of mice in the TC and TH groups and 
all mice were continuously fed identical diets. At 14 d 
post-injection, RNA was isolated from hepatic and pulmonary 
tissues for microarray analysis of mRNA expression. 
Functional annotation and core network analyses were 
conducted for the TH/SH Unique gene set. Inflammation 
in hepatic tissues and cell mitosis in pulmonary tissues were 
the most significant biological functions in the TH/SH Unique 
gene set. The biological core networks of the hepatic TH/SH 
Unique gene set were characterised as those genes involved 
in the activation of acute inflammatory responses (Orm1, 
Lbp, Hp and Cfb), disordered lipid metabolism and 
deregulated cell cycle progression. Networks of the 
pulmonary Unique gene set displayed the deregulation of 
cell cycle progression (Cdc20, Cdk1 and Bub1b). These 
HFD-influenced alterations may have led to favourable 
conditions for the formation of both pro-inflammatory and 
pro-mitotic microenvironments in the target organs that 
promote immune cell infiltration and differentiation, as well 
as the infiltration and proliferation of metastatic tumour cells.
PMID:23234678

Keywords : 4T1 mammary tumour; BALB/c mice; 
Differentially expressed gene; High-fat diet; 
Metastasis

Article 294
Raman spectroscopy and density functional theory 
calculations of β-glucans and chitins in fungal 
cell walls

Bull Kor Chem Soc. 34(3):943-5.

Lee CM, Cho EM, Yang SI, Ganbold EO, Jun J, Cho KH*

*Co-corresponding:
Korean Bioinformation Center

The detection of airborne glucan by Raman spectroscopy 
may be helpful to monitor the indoor glucan levels. We 
performed a combined study of DFT theory and Raman 
spectroscopy to better understand the composition of fungal 
cell walls. Our work may be helpful in indentifying the 
fungal species by means of Raman spectroscopy. The five 
most stable conformers were selected to calculate the 
vibrational frequencies using DFT calculations with the 
B3LYP/6-31G. Our result indicates that the calculated 
vibrational spectra could still be matched to the DFT 
calculations. It is not absolutely certain whether we could 
differentiate the Raman peaks of 1,3-β-glucan from those 
of 1,6-β-glucan. The positions of the glycosidic bands may 
affect the polarizability of their Raman modes. Although 
we could observe dissimilar spectral features between 1,3-β
-glucan and 1,6-β-glucan, it is problematic to identify their 
differences due to many congested spectral lines. Considering 
that our DFT calculations are limited to the 5-mer molecules, 
there may be a little discrepancy from the real polymer 
sample. It is however instructive that our DFT approach 
can produce quite similar spectral patterns to the experimental 
values. Despite the congested spectral lines, the DFT 
calculations are useful in leading a vibrational analysis of 
the fungal cell wall components. Our future work will focus 
on applying the theoretical values in the identification of 
fungal cell walls.

Keywords : β-Glucan; Chitin; Density functional theory; 
Fungal cell walls; Raman spectroscopy
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Article 295
Collagen triple helix repeat containing-1 promotes 
pancreatic cancer progression by regulating 
migration and adhesion of tumor cells

Carcinogenesis. 34(3):694-702.

Park EH, Kim S, Jo JY, Kim SJ, Hwang Y, Kim JM, Song 
SY, Lee DK, Koh SS*

*Corresponding:
Immunotherapy Research Center

Collagen triple helix repeat containing-1 (CTHRC1) is a 
secreted protein involved in vascular remodeling, bone 
formation and developmental morphogenesis. CTHRC1 has 
recently been shown to be expressed in human cancers such 
as breast cancer and melanoma. In this study, we show that 
CTHRC1 is highly expressed in human pancreatic cancer 
tissues and plays a role in the progression and metastasis 
of the disease. CTHRC1 promoted primary tumor growth 
and metastatic spread of cancer cells to distant organs in 
orthotopic xenograft tumor mouse models. Overexpression 
of CTHRC1 in cancer cells resulted in increased motility 
and adhesiveness, whereas these cellular activities were 
diminished by down-regulation of the protein. CTHRC1 
activated several key signaling molecules, including Src, 
focal adhesion kinase, paxillin, mitogen-activated protein 
kinase kinase (MEK), extracellular signal-regulated kinase 
and Rac1. Treatment with chemical inhibitors of Src, MEK 
or Rac1 and expression of dominant-negative Rac1 attenuated 
CTHRC1-induced cell migration and adhesion. Collectively, 
our results suggest that CTHRC1 has a role in pancreatic 
cancer progression and metastasis by regulating migration 
and adhesion activities of cancer cells.
PMID:23222813

Keywords : Cell adhesion; CTHRC1; Migration; Pancreatic 
cancer; Progression; Tumor cells

Article 296
The Cag pathogenicity island and interaction 
between TLR2/NOD2 and NLRP3 regulate IL-1β 
production in Helicobacter pylori infected 
dendritic cells

Eur J Immunol. 43(10):2650-8.

Kim DJ#, Park JH, Franchi L, Backert S, Núñez G

#Co-first: 
World Class Institute Center

Helicobacter pylori colonization of the stomach affects about 
half of the world population and is associated with the 
development of gastritis, ulcers, and cancer. Polymorphisms 
in the IL1B gene are linked to an increased risk of H. pylori 
associated cancer, but the bacterial and host factors that 
regulate interleukin (IL)-1β production in response to H. 
pylori infection remain unknown. Using murine BM-derived 
DCs, we show that the bacterial virulence factors 
cytotoxin-associated genes pathogenicity island and CagL, 
but not vacuolating cytotoxin A or CagA, regulate the 
induction of pro-IL-1β and the production of mature IL-1β 

in response to H. pylori infection. We further show that 
the host receptors, Toll-like receptor 2 (TLR2) and 
nucleotide-binding oligomerization domain 2 (NOD2), but 
not NOD1, are required for induction of pro-IL-1β and 
NOD-like receptor pyrin domain containing 3 (NLRP3) in 
H. pylori infected DCs. In contrast, NLRP3 and the adaptor 
ASC were essential for the activation of caspase-1, processing 
of pro-IL-1β into IL-1β, and IL-1β secretion. Finally, we 
show that mice deficient in caspase-1, IL-1β, and IL-1 
receptor, but not NLRP3, are impaired in the clearance of 
CagA-positive H. pylori from the stomach when compared 
with WT mice. These studies identify bacterial cag 
pathogenicity island and the cooperative interaction among 
host innate receptors TLR2, NOD2, and NLRP3 as important 
regulators of IL-1β production in H. pylori infected DCs.
PMID:23818043

Keywords : Bacterial cag pathogenicity; Helicobacter 
pylori; IL-1β; Inflammasome; NLRP3; NOD2
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Article 297
Time-dependent network analysis reveals 
molecular targets underlying the development of 
diet-induced obesity and non-alcoholic 
steatohepatitis

Genes Nutr. 8(3):301-16.

Oh HY, Shin SK, Heo HS, Ahn JS, Kwon EY, Park JH, 
Cho YY, Park HJ, Lee MK, Kim EJ, Jung UJ, McGregor 
RA, Hur CG*, Choi MS

*Co-corresponding:
Plant Systems Engineering Research Center

Prolonged high-fat diet leads to the development of obesity 
and multiple comorbidities including non-alcoholic 
steatohepatitis (NASH), but the underlying molecular basis 
is not fully understood. We combine molecular networks 
and time course gene expression profiles to reveal the 
dynamic changes in molecular networks underlying 
diet-induced obesity and NASH. We also identify hub genes 
associated with the development of NASH. Core diet-induced 
obesity networks were constructed using Ingenuity pathway 
analysis (IPA) based on 332 high-fat diet responsive genes 
identified in liver by time course microarray analysis (8 
time points over 24 weeks) of high-fat diet-fed mice compared 
to normal diet-fed mice. IPA identified five core diet-induced 
obesity networks with time-dependent gene expression 
changes in liver. These networks were associated with 
cell-to-cell signaling and interaction (Network 1), lipid 
metabolism (Network 2), hepatic system disease (Network 
3 and 5), and inflammatory response (Network 4). When 
we merged these core diet-induced obesity networks, Tlr2, 
Cd14, and Ccnd1 emerged as hub genes associated with 
both liver steatosis and inflammation and were altered in 
a time-dependent manner. Further, protein-protein interaction 
network analysis revealed Tlr2, Cd14, and Ccnd1 were 
interrelated through the ErbB/insulin signaling pathway. 
Dynamic changes occur in molecular networks underlying 
diet-induced obesity. Tlr2, Cd14, and Ccnd1 appear to be 
hub genes integrating molecular interactions associated with 
the development of NASH. Therapeutics targeting hub genes 
and core diet-induced obesity networks may help ameliorate 
diet-induced obesity and NASH.
PMID:23149694

Keywords : Ingenuity pathway analysis; Microarray 
analysis; Network analysis; Non-alcoholic 
steatohepatitis; Obesity; Therapeutic target

Article 298
Bizionia hallyeonensis sp. nov., isolated from 
seawater in an oyster farm

Int J Syst Evol Microbiol. 63(2):685-90.

Yoon JH*, Kang CH, Jung YT, Kang SJ

*Corresponding:
Super-Bacteria Research Center

A Gram-staining-negative, non-spore-forming, aerobic, 
non-flagellated, non-gliding, rod-shaped bacterium, 
designated strain T-y7T, was isolated from seawater collected 
in an oyster farm in the South Sea, South Korea, and subjected 
to a polyphasic study. Strain T-y7T grew optimally at 25 
°C, at pH 7.0-8.0 and in the presence of 2% (w/v) NaCl. 
In phylogenetic analyses based on 16S rRNA gene sequences, 
strain T-y7T fell within a clade comprising Bizionia species. 
It formed a coherent cluster with the type strains of Bizionia 
algoritergicola, B. argentinensis, B. echini and B. 
myxarmorum, with which it exhibited 16S rRNA gene 
sequence similarities of 97.4-98.9% and mean DNA-DNA 
relatedness values of 11-27%. Strain T-y7T had MK-6 as 
its predominant menaquinone and iso-C15:1 G, summed 
feature 3 (C16:1ω7c and/or iso-C15:0 2-OH), iso-C15:0 and 
iso-C17:0 3-OH as its major fatty acids. The major polar 
lipids were phosphatidylethanolamine, one unidentified 
aminolipid and one unidentified lipid. The genomic DNA 
G+C content was 37.1 mol%. Its phylogenetic and genetic 
distinctiveness and differential phenotypic properties 
revealed that strain T-y7T does not belong to any established 
Bizionia species. On the basis of the data presented, strain 
T-y7T is considered to represent a novel species of the genus 
Bizionia, for which the name Bizionia hallyeonensis sp. nov. 
is proposed. The type strain is T-y7T ( = KCTC 23881T  = 
CCUG 62110T).
PMID:22544796

Keywords : Bizionia hallyeonensis; Genomic DNA; 
Menaquinone; Phosphatidylethanolamine; RNA 
16S; Sea water
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Article 299
Gaetbulibacter lutimaris sp. nov., isolated from 
a tidal flat sediment

Int J Syst Evol Microbiol. 63(3):995-1000.

Yoon JH, Lee SY, Oh TK*

*Corresponding: otk@kribb.re.kr
Super-Bacteria Research Center

A Gram-stain-negative, aerobic, non-flagellated, 
non-gliding, rod-shaped bacterial strain, D1-y4T, was isolated 
from a tidal flat sediment of the South Sea in South Korea 
and subjected to a polyphasic study. Strain D1-y4T grew 
optimally at 25 °C, at pH 7.0-7.5 and in the presence of 
2-3% (w/v) NaCl. Phylogenetic trees based on 16S rRNA 
gene sequences revealed that strain D1-y4T belonged to the 
genus Gaetbulibacter, joining the type strain of 
Gaetbulibacter marinus, with which it exhibited 97.8% 
similarity. Sequence similarities to Gaetbulibacter 
saemankumensis SMK-12T and Gaetbulibacter aestuarii 
KYW382T were 96.5 and 96.2%, respectively. Strain D1-y4T 
contained MK-6 as the predominant menaquionone and 
iso-C15:0, iso-C15:1 G and anteiso-C15:0 as the major fatty acids. 
The major polar lipids were phosphatidylethanolamine and 
one unidentified lipid. The DNA G+C content of strain 
D1-y4T was 34.6 mol% and its mean DNA-DNA relatedness 
value with G. marinus KCTC 23046T was 7%. The 
phylogenetic and genetic distinctiveness and differential 
phenotypic properties revealed that strain D1-y4T is 
distinguishable from the three recognized Gaetbulibacter 
species. On the basis of the data presented here, strain D1-y4T 
is considered to represent a novel species of the genus 
Gaetbulibacter, for which the name Gaetbulibacter lutimaris 
sp. nov. is proposed. The type strain is D1-y4T ( = KCTC 
23716T  = CCUG 61504T).
PMID:22685106

Keywords : Ampicillin; Fatty acid; Gaetbulibacter 
lutimaris; Penicillin G; Phosphatidylethanolamine; 
RNA 16S; Sodium chloride; Tetracycline

Article 300
Mariniflexile jejuense sp. nov., isolated from the 
junction between seawater and a freshwater 
spring, and emended description of the genus 
Mariniflexile

Int J Syst Evol Microbiol. 63(4):1329-34.

Jung YT, Yoon JH*

*Corresponding:
Super-Bacteria Research Center

A gram-negative, non-spore-forming, non-flagellated, 
motile-by-gliding rod, designated SSK2-3T, was isolated 
from the junction between seawater and a freshwater spring 
at Jeju island, South Korea. Strain SSK2-3T grew optimally 
at 25-30 °C, at pH 7.0-7.5 and in the presence of 2% (w/v) 
NaCl. Phylogenetic analysis based on 16S rRNA gene 
sequences revealed that strain SSK2-3T clustered with type 
strains of species of the genus Mariniflexile, with which 
it exhibited 97.2-97.8% 16S rRNA gene sequence similarity. 
Sequence similarity between the isolate and the other strains 
used in the phylogenetic analysis was <95.6%. Strain 
SSK2-3T contained MK-6 as the predominant menaquinone 
and iso-C15:0, iso-C15:1 G and C15:0 as the major fatty acids. 
The major polar lipids of strain SSK2-3T were 
phosphatidylethanolamine and one unidentified lipid. The 
DNA G+C content of strain SSK2-3T was 32.4 mol%. 
DNA-DNA relatedness between the isolate and Mariniflexile 
gromovii KCTC 12570T, Mariniflexile fucanivorans DSM 
18792T and Mariniflexile aquimaris HWR-17T was 19, 15 
and 20%, respectively. The differential phenotypic 
properties, together with the phylogenetic and genetic 
distinctiveness, revealed that strain SSK2-3T is separate from 
other members of the genus Mariniflexile. On the basis of 
the data presented, strain SSK2-3T is considered to represent 
a novel species of the genus Mariniflexile, for which the 
name Mariniflexile jejuense sp. nov. is proposed. The type 
strain is SSK2-3T ( = KCTC 23958T  = CCUG 62414T). An 
emended description of the genus Mariniflexile is given.
PMID:22798650

Keywords : Cytosine; Farnoquinone; Fatty acid; Fresh 
water; Genomic DNA; Guanine; Mariniflexile 
jejuense; Phosphatidylethanolamine; RNA 16S; Sea 
water; Sodium chloride
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Article 301
Olleya namhaensis sp. nov., isolated from wood 
falls, and emended description of the genus Olleya 
Mancuso Nichols et al. 2005 emend. Lee et al. 
2010

Int J Syst Evol Microbiol. 63(5):1610-5.

Lee MH#, Jung YT, Park S, Yoon JH

#First:
Super-Bacteria Research Center

A Gram-stain-negative, non-flagellated, gliding, rod-shaped 
bacterial strain, designated WT-MY15T, was isolated from 
wood falls in the South Sea in Korea and subjected to a 
polyphasic taxonomic study. Strain WT-MY15T grew 
optimally at pH 7.0-8.0, at 25 °C and in the presence of 
2.0% (w/v) NaCl. Phylogenetic analyses based on 16S rRNA 
gene sequences showed that strain WT-MY15T clustered 
with the type strains of two Olleya species, exhibiting 16S 
rRNA gene sequence similarity values of 97.7-98.1%. Strain 
WT-MY15T contained MK-6 as the predominant 
menaquinone. The fatty acid and polar lipid profiles of strain 
WT-MY15T were similar to those of Olleya aquimaris L-4T 
and Olleya marilimosa CIP 108537T. The DNA G+C content 
of strain WT-MY15T was 42.8 mol% and its mean DNA-DNA 
relatedness values with O. aquimaris L-4T and O. marilimosa 
CIP 108537T were 8.3 and 5.6%, respectively. The 
phylogenetic and genetic distinctiveness and differential 
phenotypic properties revealed that strain WT-MY15T is 
separate from the two recognized species of the genus Olleya. 
On the basis of the data presented, strain WT-MY15T is 
considered to represent a novel species of the genus Olleya, 
for which the name Olleya namhaensis sp. nov. is proposed. 
The type strain is WT-MY15T ( = KCTC 23673T = CCUG 
61507T). An emended description of the genus Olleya is 
also presented.
PMID:22904221

Keywords : Aryl acylamidase; Cefalotin; Chymotrypsin 
A; Esterase; Fatty acid; Olleya namhaensis; 
Penicillin G; RNA 16S; Tetracycline; Valine

Article 302
Recent advances in target characterization and 
identification by photoaffinity probes

Molecules. 18(9):10425-51.

Sumranjit J, Chung SJ*

*Corresponding:
BioNanotechnology Research Center

Target identification of biologically active molecules such 
as natural products, synthetic small molecules, peptides, and 
oligonucleotides mainly relies on affinity chromatography, 
activity-based probes, or photoaffinity labeling (PAL). 
Amongst them, activity-based probes and PAL have offered 
great advantages in target identification technology due to 
their ability to form covalent bonds with the corresponding 
targets. Activity-based probe technology mainly relies on 
the chemical reactivity of the target proteins, thereby limiting 
the majority of the biological targets to enzymes or proteins 
which display reactive residues at the probe-binding site. 
In general, the probes should bear a reactive moiety such 
as an epoxide, a Michael acceptor, or a reactive alkyl halide 
in their structures. On the other hand, photoaffinity probes 
(PAPs) are composed of a target-specific ligand and a 
photoactivatable functional group. When bound to the 
corresponding target proteins and activated with 
wavelength-specific light, PAPs generate highly reactive 
chemical species that covalently cross-link proximal amino 
acid residues. This process is better known as PAL and 
is widely employed to identify cellular targets of biologically 
active molecules. This review highlights recent advances 
in target identification by PAL, with a focus on the structure 
and chemistry of the photoaffinity probes developed in the 
recent decade, coupled to the target proteins identified using 
these probes.
PMID:23994969

Keywords : Affinity chromatography; Bioorthogonal 
ligation; Chemical proteomics; Click chemistry; 
Photoaffinity labeling; Photo-crosslinking; Protein 
target identification; Two step labeling
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Article 303
A nutrigenomic framework to identify 
time-resolving responses of hepatic genes in 
diet-induced obese mice

Mol Cells. 36(1):25-38.

Heo HS, Kim E, Jeon SM, Kwon EY, Shin SK, Paik H, 
Hur CG*, Choi MS

*Co-corresponding:
Plant Systems Engineering Research Center

Obesity and its related complications have emerged as global 
health problems; however, the pathophysiological 
mechanism of obesity is still not fully understood. In this 
study, C57BL/6J mice were fed a normal (ND) or high-fat 
diet (HFD) for 0, 2, 4, 6, 8, 12, 20, and 24 weeks and 
the time course was systemically analyzed specifically for 
the hepatic transcriptome profile. Genes that were 
differentially expressed in the HFD-fed mice were clustered 
into 49 clusters and further classified into 8 different 
expression patterns: long-term up-regulated (pattern 1), 
long-term downregulated (pattern 2), early up-regulated 
(pattern 3), early down-regulated (pattern 4), late 
up-regulated (pattern 5), late down-regulated (pattern 6), 
early up-regulated and late down-regulated (pattern 7), and 
early down-regulated and late up-regulated (pattern 8) 
HFD-responsive genes. Within each pattern, genes related 
with inflammation, insulin resistance, and lipid metabolism 
were extracted, and then, a protein-protein interaction 
network was generated. The pattern specific sub-network 
was as follows: pattern 1, cellular assembly and organization, 
and immunological disease, pattern 2, lipid metabolism, 
pattern 3, gene expression and inflammatory response, pattern 
4, cell signaling, pattern 5, lipid metabolism, molecular 
transport, and small molecule biochemistry, pattern 6, protein 
synthesis and cell-to cell signaling and interaction and pattern 
7, cell-to cell signaling, cellular growth and proliferation, 
and cell death. For pattern 8, no significant sub-networks 
were identified. Taken together, this suggests that genes 
involved in regulating gene expression and inflammatory 
response are up-regulated whereas genes involved in lipid 
metabolism and protein synthesis are down-regulated during 
diet-induced obesity development.
PMID:23813319

Keywords : Gene expression; Hepatic gene; Microarray; 
Nnutrigenomics; Obesity; Protein synthesis

Article 304
Chitosan-based intelligent theragnosis 
nanocomposites enable pH-sensitive drug release 
with MR-guided imaging for cancer therapy

Nanoscale Res Lett. 8(1):467.

Lim EK, Sajomsang W, Choi Y, Jang E, Lee H, Kang B, 
Kim E, Haam S, Suh JS, Chung SJ*, Huh YM

*Corresponding:
BioNanotechnology Research Center

Smart drug delivery systems that are triggered by 
environmental conditions have been developed to enhance 
cancer therapeutic efficacy while limiting unwanted effects. 
Because cancer exhibits abnormally high local acidities 
compared to normal tissues (pH 7.4) due to Warburg effects, 
pH-sensitive systems have been researched for effective 
cancer therapy. Chitosan-based intelligent theragnosis 
nanocomposites, N-naphthyl-O-dimethymaleoyl chitosan-
based drug-loaded magnetic nanoparticles 
(NChitosan-DMNPs), were developed in this study. 
NChitosan-DMNPs are capable of pH-sensitive drug release 
with MR-guided images because doxorubicin (DOX) and 
magnetic nanocrystals (MNCs) are encapsulated into the 
designed N-naphthyl-O-dimethymaleoyl chitosan 
(N-nap-O-MalCS). This system exhibits rapid DOX release 
as acidity increases, high stability under high pH conditions, 
and sufficient capacity for diagnosing and monitoring 
therapeutic responses. These results demonstrate that 
NChitosan-DMNPs have potential as theragnosis 
nanocomposites for effective cancer therapy.
PMID:24206754

Keywords : Cancer therapy; Drug delivery; Magnetic 
resonance imaging; Nanocomposites; pH-sensitive; 
Theragnosis
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Article 305
miRGator v3.0: a microRNA portal for deep 
sequencing, expression profiling and mRNA 
targeting

Nucleic Acids Res. 41:D252-7.

Cho S, Jang I, Jun Y, Yoon S, Ko M, Kwon Y, Choi I, 
Chang H, Ryu D, Lee B, Kim VN, Kim W, Lee S*

*Co-corresponding: 
Korean Bioinformation Center

Biogenesis and molecular function are two key subjects in 
the field of microRNA (miRNA) research. Deep sequencing 
has become the principal technique in cataloging of miRNA 
repertoire and generating expression profiles in an unbiased 
manner. Here, we describe the miRGator v3.0 update 
(http://mirgator.kobic.re.kr) that compiled the deep 
sequencing miRNA data available in public and implemented 
several novel tools to facilitate exploration of massive data. 
The miR-seq browser supports users to examine short read 
alignment with the secondary structure and read count 
information available in concurrent windows. Features such 
as sequence editing, sorting, ordering, import and export 
of user data would be of great utility for studying iso-miRs, 
miRNA editing and modifications. miRNA-target relation 
is essential for understanding miRNA function. Coexpression 
analysis of miRNA and target mRNAs, based on miRNA-seq 
and RNA-seq data from the same sample, is visualized in 
the heat-map and network views where users can investigate 
the inverse correlation of gene expression and target relations, 
compiled from various databases of predicted and validated 
targets. By keeping datasets and analytic tools up-to-date, 
miRGator should continue to serve as an integrated resource 
for biogenesis and functional investigation of miRNAs.
PMID:23193297

Keywords : Database; Deep sequencing; MicroRNA; 
mRNAs; Sequence analysis; Transcriptome

Article 306
Overexpression of a trehalose-6-phosphate 
synthase/phosphatase fusion gene enhances 
tolerance and photosynthesis during drought and 
salt stress without growth aberrations in tomato

Plant Cell Tiss Org Cult. 112(2):257-62.

Lyu JI, Min SR, Lee JH, Lim YH, Kim JK, Bae CH, Liu 
JR*

*Corresponding: jrliu@kribb.re.kr
Plant Systems Engineering Research Center

Trehalose is a non-reducing disaccharide of glucose that 
confers tolerance against abiotic stresses in many diverse 
organisms, including higher plants. It was previously reported 
that overexpression of the yeast trehalose-6-phosphate 
synthase gene in tomato results in improved tolerance against 
abiotic stresses. However, these transgenic tomato plants 
had stunted growth and pleiotropic changes in appearance. 
In this study, transgenic tomato plants were generated by 
the introduction of a gene encoding a bifunctional fusion 
of trehalose-6-phosphate synthase and trehalose-6-phosphate 
phosphatase genes from Escherichia coli under the control 
of the CaMV35S promoter. Transgenic plants accumulated 
higher levels of trehalose in their leaves and exhibited 
enhanced drought and salt tolerance and photosynthetic rates 
under salt stress conditions than wild-type plants. All of 
the transgenic plants had normal growth patterns and 
appearances. Therefore, the system described in this study 
can be used for practical application of the gene in crop 
improvement.

Keywords : Fusion gene; Photosynthesis; Solanum 
lycopersicum; Stress; Tolerance; Tomato; Transgenic 
plant; Trehalose-6-phosphate
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Article 307
A high-dimensional, deep-sequencing study of 
lung adenocarcinoma in female never-smokers

PLoS One. 8(2):e55596.

Kim SC, Jung Y, Park J, Cho S, Seo C, Kim J, Kim P, 
Park J, Seo J, Kim J, Park S, Jang I, Kim N, Yang JO, 
Lee B, Rho K, Jung Y, Keum J, Lee J, Han J, Kang S, 
Bae S, Choi SJ, Kim S, Lee JE, Kim W, Kim J, Lee S*

*Co-corresponding: 
Korean Bioinformation Center

BACKGROUND: Deep sequencing techniques provide a 
remarkable opportunity for comprehensive understanding of 
tumorigenesis at the molecular level. As omics studies 
become popular, integrative approaches need to be developed 
to move from a simple cataloguing of mutations and changes 
in gene expression to dissecting the molecular nature of 
carcinogenesis at the systemic level and understanding the 
complex networks that lead to cancer development.
RESULTS: Here, we describe a high-throughput, 
multi-dimensional sequencing study of primary lung 
adenocarcinoma tumors and adjacent normal tissues of six 
Korean female never-smoker patients. Our data encompass 
results from exome-seq, RNA-seq, small RNA-seq, and 
MeDIP-seq. We identified and validated novel genetic 
aberrations, including 47 somatic mutations and 19 fusion 
transcripts. One of the fusions involves the c-RET gene, 
which was recently reported to form fusion genes that may 
function as drivers of carcinogenesis in lung cancer patients. 
We also characterized gene expression profiles, which we 
integrated with genomic aberrations and gene regulations 
into functional networks. The most prominent gene network 
module that emerged indicates that disturbances in G2/M 
transition and mitotic progression are causally linked to 
tumorigenesis in these patients. Also, results from the analysis 
strongly suggest that several novel microRNA-target 
interactions represent key regulatory elements of the gene 
network.
CONCLUSIONS: Our study not only provides an overview 
of the alterations occurring in lung adenocarcinoma at 
multiple levels from genome to transcriptome and 
epigenome, but also offers a model for integrative genomics 
analysis and proposes potential target pathways for the 
control of lung adenocarcinoma.
PMID:23405175

Keywords : Deep-sequencing; Genomics analysis; Lung 
adenocarcinoma; Never-smoker; Target pathway

Article 308
Stouffer's test in a large scale simultaneous 
hypothesis testing

PLoS One. 8(5):e63290.

Kim SC#, Lee SJ, Lee WJ, Yum YN, Kim JH, Sohn S, 
Park JH, Lee J, Lim J, Kwon SW

#First: 
Korean Bioinformation Center

In microarray data analysis, we are often required to combine 
several dependent partial test results. To overcome this, many 
suggestions have been made in previous literature; Tippett's 
test and Fisher's omnibus test are most popular. Both tests 
have known null distributions when the partial tests are 
independent. However, for dependent tests, their (even, 
asymptotic) null distributions are unknown and additional 
numerical procedures are required. In this paper, we revisited 
Stouffer's test based on z-scores and showed its advantage 
over the two aforementioned methods in the analysis of 
large-scale microarray data. The combined statistic in 
Stouffer's test has a normal distribution with mean 0 from 
the normality of the z-scores. Its variance can be estimated 
from the scores of genes in the experiment without an 
additional numerical procedure. We numerically compared 
the errors of Stouffer's test and the two p-value based 
methods, Tippett's test and Fisher's omnibus test. We also 
analyzed our microarray data to find differentially expressed 
genes by non-genotoxic and genotoxic carcinogen 
compounds. Both numerical study and the real application 
showed that Stouffer's test performed better than Tippett's 
method and Fisher's omnibus method with additional 
permutation steps.
PMID:23691011

Keywords : Microarray data; Null distribution; Simultaneous 
hypothesis testing; Stouffer test; Z-score
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Article 309
Phosphorylations of Sds23/Psp1/Moc1 by 
stress-activated kinase and cAMP-dependent 
kinase are essential for regulating cell viability 
in prolonged stationary phase

Yeast. 30(10):379-94.

Jang YJ, Won M, Yoo HS*

*Corresponding: yoohyang@kribb.re.kr
BioMedical Genomics Research Center

Under nutritional deprivation caused by prolonged culture, 
actively growing cells prepare to enter stationary phase. We 
showed here that Sds23/Psp1/Moc1 was phosphorylated by 
both cAMP-dependent kinase and stress-activated MAP 
kinase Sty1 upon entry into stationary phase. Overexpression 
of the phosphorylation-defective mutant Sds23/Psp1/Moc1 
induced cell death in prolonged culture and blocked re-entry 
into the cell division cycle. These phosphorylations are likely 
to be required for cell survival during stationary phase and 
for binding of Ufd2, a Schizosaccharomyces pombe 
homologue of multi-ubiquitin chain assembly factor E4. 
Deletion of the Ufd2 gene and overexpression of 
Sds23/Psp1/Moc1 increased cell viability in prolonged 
stationary phase. These results suggested that Ufd2 induces 
cell death in prolonged nutrient deprivation, that 
Sds23/Psp1/Moc1 may be a target protein of the 
ubiquitin-fusion degradation pathway for regulation of cell 
viability under this stress condition, and that Sty1 and PKA 
activity in stationary phase is essential for interaction between 
Sds23/Psp1/Moc1 and Ufd2.
PMID:23640764

Keywords : Cell viability; Phosphorylation; 
Schizosaccharomyces pombe; Sds23/Psp1/Moc1; 
Stationary phase; Sty1
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Nitrogen 168
NK cell activity 57
NLRP3 296
NMR spectroscopy 115
N-Myc downstream-regulated gene 98
Nnutrigenomics 303
NO synthesis 71
NOD2 296
Nodulation 180
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Non-alcoholic steatohepatitis 297
Non-obese diabetes 211
Non-protein sulfhydryl 212
NormFinder 206
Notch 9
Nourseothricin-resistance marker 100
Novel species 171
NQO1 184, 194-5
N-recognin 261
NS/SS/I 233
Nuclear factor-κB 255
Nuclear receptor 190
Nuclear ribosomal DNA 200
Null distribution 308
Nutrient removal 168, 170
Nutritional composition 213
Obesity 115, 126, 130, 133, 

297, 303
Oleaceae 201
Oleanolic acid acetate 289
Oligomerization 287
Oligomycin A 265
Olleya namhaensis 301
One pot synthesis 110
Open chromatin 239
Optical imaging 13
Oral administration 57, 147
Orange gene (IbOr) 155
Orchidaceae 197
Organic chemicals 6
Organic fertilizer 140
Oriental melon 150
Orthogonal projection 250
Oryza sativa 213
Oscillibacter ruminantium 174
Osmolyte 237-8
Osteoblast 204, 262
Osteoclast 262, 284
Osteopontin 230
Osteoporosis 262
Oxidative glutamate toxicity 51
Oxidative stress 69, 186, 192
p21Cip1 80
p38 MAPK 84
p38 phosphorylation 133
p53 67, 69, 75
PA 258
PABA 16
Paenibacillus polymyxa 31
Pancreatic cancer 295
Pancreatic cell 189
Panosialin 24
para-aminobenzoic acid 16
Partial denaturation 128
Partial differential equation 36
Partial hepatectomy 191
Pathogenesis 132, 267
Pathologic response 95

PAUF 132
PBMCs 57
PDK1 51
Pedobacter luteus 156
PEIMAP 243
Pelodiscus sinensis 237-8
Penicillin G 299, 301
Penicillium chryosogenum 32
Penicillium 252
Penicillum decumbens 283
Peptide cytotoxicity 3
Peptide delivery 52
Peptidyl-prolyl cis?trans isomerase 101
Perfluorocarbon 13
Peripheral tolerance 196
Periplasmic expression 39
Peroxiredoxin I 205
Peroxiredoxins 46
PGPR 16, 20, 23, 28, 31
Phagocytosis 50
Pharmacokinetics 135
Phenotype 27
Phlorotannin 285-6
Phosphatase inhibitor 118
Phosphatidylethanolamine 156, 178, 298-300
Phosphatidylinositide substrates 104
Phospholipids 160
Phosphorus 168
Phosphorylates IRF3 55
Phosphorylation 51, 89, 287, 309
Phosphoserine phosphatase 117
Photoaffinity labeling 79, 302
Photo-crosslinking 302
Photosynthesis 306
pH-sensitive 304
Phylogenetic reassessment 21
Phylogenetic relationship 200
Phylogeny 137-8, 156, 160-6, 172, 

174-6, 225
Physical map 218
Physiological property 21, 173, 202
Phytolaccaceae 200
PI3Kγ 51
PINK1 9
Pinus koraiensis 292
Piperonylic acid 244
pIZUMO1 210
PK15 203
PKM2 97
Plant biomass 270
Plant disease 28, 266
Plant extract 25, 62
Plant growth promoting 16, 22, 29, 177
Plant protein 152
Plant regeneration 182
Plant response 267
Pleural effusion 215
Pluripotency deficit 76
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Pluripotency 77
Pluripotent cell 75
Pluripotent stem cell 76-7
Polar lipid 178
Polaribacter sejongensis 175
Poly vinyl pyrrolidone 128
Poly- γ -glutamate 57
Polyethylene imine 136
Polyimides 129
Polymer linkage 131
Polymers 129
Polymorphism marker 95
Polyphasic analysis 162, 178
Polyphasic taxonomy 171
Poly-γ-glutamate 63
Population genetics 232
Porcine epidemic diarrhea virus 225
Porcine IZUMO1 210
Posibacteria 181
Posttranslational modification 34
Potassium 6
Potato transformation 139
Potato-derived antigen 147
Potyvirus 137-8
PP2A 96
PPARc 187
Pre-structured motif 119
Pretreatment 271
PRL-3 81
Prognosis 88
Progression 295
Pro-inflammatory cytokine 50
Promoter regions 27
Promoter 26
Prostate cancer cells 85
Prostate cancer 84
Protective effect 192
Protein expression 7
Protein MDM2 69
Protein secretion 44
Protein structure 54, 106
Protein synthesis 303
Protein target identification 302
Protein transduction domain 37
Protein tyrosine phosphatases 104, 126
Proteinfusion 224
Protein-protein interaction 243
Proteobacterium 161
Proteolysis 54
Proteome 34
Proteomic analysis 111, 121
Proteomic screening 109
Proteomics 130
Protoporphyrinogen oxidase 216
PSCK 237
Pseudomonas aeruginosa 291
Pseudomonas syringae 31
PTM 33, 124

PTP receptor type Q 104
PTP 102
PTP1B inhibitor 252
PTPRQ 104, 118
PTPRT 108
Push-pull dipole 136
Pycnogenol 249
Pyropia tenera 154
Pyropia yezoensis 154
qRT-PCR 92, 206
Quercetin-7-glucoside 251
Quorum sensing 29
RACE 238
Racemic zaltoprofen 214
Raman spectroscopy 294
Random mutagenesis 43
Reactive oxygen species 46
RecA 223
Reclaimed land 177
Recombinant fusion proteins 120
Recombinant protein expression 44
Rectal cancer 95
Redox 64
Reference gene 206, 208-9
Reference genome sequence 218
Reference standard 231
Regeneration 246
Repressor protein 65
Reprogramming 73, 76-7
Resequencing 233
Reservoir water 164-5
Resistance 216
Respiratory disease 227
Response surface methodology 167, 278
Retinoic acid 123
REX1 77
RGD motif 3
Rhizobacteria 31
Rhizobia 180
Rhizobium sp. RH84 177, 180
Rhizosphere 28
Rhizospheric soil 181
Rho pathway 259
RhoB 84
Rhodanine 81
Ribonuclease III (RNase III) 19
Ribosomal protein 275
Richardson's method 36
RNA 16S 298-301
RNA cleavage 217
RNA-seq 90
ROH 233
Root nodule 180
Root-associated microbes 28
ROS 80, 84, 142, 205
Rotavirus diarrhea 290
Rubiaceae 199
Rumen methanogen 173
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Rumen 174, 176
Ruminal bacteria 272
Saccharomyces cerevisiae 111, 221, 271, 282
S-Adenosylmethionine 211
Salicylic acid (SA) 22
Salt distribution 180
Salt stress 155
Salts 1
Salt-stress tolerance 152
Salty condition 177
Salubrinal 262
SAR 20
SARS-CoV 285
Scenedesmus sp. 169
Schizosaccharomyces pombe 48, 100, 209
Scoparone 187
Sds23/Psp1/Moc1 309
Sea water 298, 300
Sediment 202
Selection marker gene 139
Sensors 8
Sequence analysis 156, 160-6, 172, 305
Sequence homology 15, 112, 137-8, 172
Sequence-specific endoribonucleases 217
Serratia marcescens 29
Sesquiterpene 224
Shiga toxin 61
Shikonin-induced apoptosis 80
Sialic acid 40, 42, 65
Sigma factor 26
Signal transducer 191
Signal transduction 15, 27, 46
Signaling complex 55
Signaling pathways 123
Signaling 50, 61
Silane derivative 110
Silicon dioxide 110
Silymarin 212
Simulation 243
Simultaneous hypothesis testing 308
Singlecell analysis 291
Single-step synthesis 131
siRNA 4
Slug 66
Small C2-domain protein 287
Small molecule inhibitor 254
Small scale raceway pond (SSRP) 170
Snail 82, 98
SNARE complex 108
SNP marker 95
SNP 231-2
Sodium chloride 299-300
Soil microbial community 140
Soil 156
Solanum lycopersicum 306
Solanum tuberosum 139
Solid surfaces 12
Soluble polyimides 134

Soluble PrPC 50
Somatic embryogenesis 182
Sortase 7
SOS response 223
Soybean genetic 218
SP1 263
Specific tyrosine residue 108
Spermatozoa 207
Squalene synthase 281
SSF 270-1, 282
SSR marker 150
Stable dispersions 128
Stalk hydrolysate 270
Stalked bacterium 162
Staphylococcus aureus 24
STAT-3 191
Stationary phase 309
Stem cell 72, 246
Steroidogenesis 190
Steviol 283
Stevioside 283
Stomach neoplasms 86
Stouffer test 308
Streptolysins 207
Streptozocin 208
Streptozotocin 189, 194, 202
Stress tolerance 223
Stress 306
Structure-activity relationship 6
Sty1 309
Sub-seafloor 179
Substrate specificity 105-6
Substrate 109
Sugarcane molasses 278
Sulfolobus solfataricus P1 70
Sulfur-amino acid metabolism 211
Sunxiuqinia dokdonensis 179
Superoxide dismutase 142
Surface functionalities 131
Surface-enhanced Raman scattering 8
Sweetpotato transgenic calli 152
Sweetpotato 149, 155, 288
Synaptic formation 116
Synaptic vesicle fusion 108
Syntaxin-binding protein 1 108
Synthesized polyimides 134
Synthetic biology 58
Systematic approaches 28
Systemic acquired resistance (SAR) 16, 22, 25, 30
TA system 217
Target pathway 307
Taxonomic unit 183
Taxonomy 179, 201
TBK1 55
Telomerase 6
Teratoma 75
Tetracycline 299, 301
TFIIB 119
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Theragnosis 304
Therapeutic target 297
Therapy 4
Thermal denaturation 237
Thermal tolerance 17
Thermophile 34
Thermostability 18, 70
Thermotolerant yeast 38
Thioredoxin interacting protein 67, 69
Thioredoxin interacting 71
Thraustochytrid microalga 281
Thylakoid lumen 143
Time factors 2
Tip-burn 148
Tissue repair 246
TLC 113
TMPRSS4 inhibitors 68
Tolerance phenotype 196
Tolerance 155, 306
Tomato 306
Topoisomerases 268
Total variation 36
Toxicity 186
TRAIL 265
Trans-acting regulator 19
Transcription factor 120, 144, 151, 263
Transcription 26, 65
Transcriptional activation 99, 112, 193
Transcriptional activity 187
Transcriptome analysis 38
Transcriptome sequencing 209
Transcriptome 41, 305
Transfer 8
Transgenic animal 207
Transgenic plant 139, 147, 306
Transgenic rice 213, 216
Transgenic tobacco 142
Translation initiation factor 91
Translation initiation 45
Transmissible gastroenteritis virus 147
Transmission 228
Transporter gene 148
Trehalose-6-phosphate 306
Triacylglycerol 254, 258
Triclosan 32
Trifluoromethyl groups 129, 134
Triglyceride synthesis 260
TRIM11 55
Triterpene 256
Triticum aestivum 101
TRX 67
T-T mismatch 5
Tumor cells 295
Tumor necrosis 71
Tumor progression 47, 78
Tumor suppressor protein 112, 120
Tumor targeting 11
Tumor 75, 86

Tunicamycin 139
Turtle 238
Two step labeling 302
TXNIP 67, 69, 71
Tyrosinase 236, 240-1, 243-4
Ubiquitin ligase 261, 269
UBR box 261
UBR4 261, 269
UDP-glucose ceramide 203
Ultrasonication 169
Ultraviolet rays 1
Unclassified drug 7
Underpotential deposition 128
Unfolding 238, 242
Unsymmetrical diamine monomer 129
Untranslated RNA 41
UPLC-MS-based approach 250
UPR signaling pathway 107
Vaccine strain 225
Validamycin A 236
Valine 301
Vancomycin 59-60
Vascular permeability 132
VDUP1 191
VEGF 292
Vernicia fordii 256
Vibrio vulnificus 65
Vietnam 197-9, 201
Viral absorption 286
Viral load 226
Viral replication 286
Virtual screening 114, 118
Virus-induced gene silencing 145
Vitamin A 141
Vitamin Bx 16
Vitamin D3 191
Vitamin E 141
Volatile organic compound 23, 31
Wastewater treatment 170
Wastewater 168
Water-soluble chitosan 257
Wnt signaling pathway 14
Wnt/b-catenin 123
Xanthomonas axonopodis 30
Xenotransplantation 203
Xylitol 219
Xylose fermentation 38
Xylose transporter 219
Yap family 111
Yap2 111
Yeast 239
Yolk sac 261, 269
Z,E-Farnesol 224
Z,E-FPP 224
Zn2+ 238
Z-score 308
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