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[PLA]

Protein Structure Modeling/Determination by Global Optimization using
Ambiguous NOE restraints

Jooyoung Lee
Center for In Silico Protein Science

School of Computational Sciences
Korea Institute for Advanced Study, 130-722, Korea
Email: jlee@kias.re.kr

In the recent CASP (Critical Assessment of Protein Structure Prediction) 11 experiment, a new
challenge, the contact assisted category (called Ts target) using simulated sparse NMR contacts was
tested. Contacts based on simulations (carried out by the Gaetano Montelione's group) reflect the
situation in the initial stage of the NMR experiment. For a fairly large protein (> 160 residues) for NMR,
data is typically collected from deuterated samples, which usually results in much spectral overlaps
that are difficult to assign properly. The number of simplified spectra straightforward to assign is rather
small. Therefore, in the early stage of the protein structure determination by NMR, one is faced with
the combinatorial optimization problem to properly assign ambiguous NOE peaks to their
corresponding hydrogen atom pairs, which is followed by subsequent structure optimization satisfying
all the distance constraint arranged by a given set of the peak assignment. With sparse constraints
and the ambiguous distance information, standard NMR structure calculation programs fail to
generate accurate protein 3D models, and the protein structure determination in such a situation
remains as a challenge. In CASP11, 19 Ts targets with the chain length in the range 108 to 462
residues were tested. We solved the two-level optimization to generate 3D protein models consisent
with provided ambiguous restraints, for which we have applied the global optimization method of
conformational space annealing. In most of the cases, accurate 3D models were generated typically
within 1.0 — 3.0 A RMSD from the native structure. Proper application of the proposed method can
greatly reduce the time and the cost of protein 3D structure determination using NMR data. Finally, a
brief discussion on our overall CASP11 performance will be provided.

[1] Keehyoung Joo, InSuk Joung, Jinhyuk Lee, Jinwoo Lee, Weontae Lee, Bernard Brooks, Sung
Jong Lee and Jooyoung Lee, Protein Structure Determination by Conformational Space
Annealing Using NMR Geometric Restraints (submitted).

[2] Keehyoung Joo, Juyong Lee, Sangjin Sim, Sun Young Lee, Kiho Lee, Seungryong Heo, In-Ho
Lee, Sung Jong Lee and Jooyoung Lee, Protein structure modeling for CASP10 by multiple layers
of global optimization, Proteins: Structure, Function, and Bioinformatics, 82, 188—195 (2013).

[3] Juyong Lee, Steven P. Gross and Jooyoung Lee, Improved network community structure
improves function prediction, Scientific Reports, 3, 2197 (2013).

[4] Juyong Lee, Steven P. Gross and Jooyoung Lee, Modularity optimization by conformational
space annealing, Phys. Rev. E, 85, 056702 (2012).

[5] Jooyoung Lee, Harold A. Scheraga, and S. Rackovsky, New Optimization Method for
Conformational Energy Calculations on Polypeptides: Conformational Space Annealing, J.
Comput. Chem., 18, 1222-1232 (1997).
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Keehyoung Joo, Juyong Lee, Sangjin Sim, Sun Young Lee, Kiho Lee, Seungryong Heo, In-Ho Lee,
Sung Jong Lee and Jooyoung Lee, Protein structure modeling for CASP10 by multiple layers of
global optimization, Proteins: Structure, Function, and Bioinformatics, volume 82, 188—195 (2013)
Juyong Lee, Steven P. Gross and Jooyoung Lee, Improved network community structure improves
function prediction, Scientific Reports, 3, 2197 (2013)

Keehyoung Joo, Jinwoo Lee, Sunjoong Lee, Joo-Hyun Seo, Sung Jong Lee, and Jooyoung Lee,
High Accuracy Template Based Modeling by Global Optimization, Proteins: Structure, Function, and
Bioinformatics, Vol. 69, 83- 89 Suppl. 8 (2007)

Julian Lee, In-Ho Lee, and Jooyoung Lee, Unbiased global optimization of Lennard Jones clusters
for N <= 201 by conformational space annealing method, Phys.Rev.Lett., Vol. 91, 080201 (2003)
Jooyoung Lee, Harold A.Scheraga, and S.Rackovsky, New Optimization Method for Conformational
Energy Calculations on Polypeptides: Conformational Space Annealing, J.Comput.Chem., Vol. 18,
1222-1232 (1997)
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FITGE-Based Target Identification: New Tool in Chemical Biology

Seung Bum Park
Department of Chemistry, Seoul National University, Seoul 151-747, Korea
Email: sbpark@snu.ac.kr

The importance of molecular diversity has been clearly recognized to identify specific bioactive small
molecules for the elucidation of mysterious biological processes. The diversity-oriented synthesis
(DOS) was introduced for efficient population of molecular diversity in untapped chemical space using
complexity-generating synthetic route. To maximize the molecular diversity with high relevance in
biological space, we pursued privileged-substructure-based DOS (pDOS) strategy to emphasize the
importance of maximized skeletal diversity through the creative reconstruction of core skeletons
containing privileged substructures. The efficiency of hit discovery from pDOS libraries was
envisioned due to their enhanced relevance to biological space. This is the first systematic study to
demonstrate the importance of privileged structures for the construction of molecular diversity through
a series of high-throughput screening processes and subsequent biological evaluations. Our
divergent pDOS strategy can provide an efficient approach for the discovery of novel small-molecule
modulators with excellent specificity in chemical biology and drug discovery. Secondly, a systematic
study of Seoul-Fluor will be presented. During our continuous efforts on the construction of drug-like
small-molecule libraries using pDOS strategy, we aimed to develop a novel fluorescent core skeleton
for the development of bioprobes, applicable for image-based screening. Guiding with computational
simulation, we constructed a novel collection of fluorophores, which covers the full-color emission
range with predictability. Seoul-Fluor analogs were Negative
successfully applied in HCS. Lastly, we developed a @ % S gl oo @O‘

new target identification platform, FITGE, which aims @
to preserve protein-small molecule interactions under @528‘ @i%
the intact cellular environment. After a series of ' Slick

e Chtfk Negative Probe il o N
failures using conventional target ID methods, we 1°"°’“""’ %: - e "yl
successfully identified the protein target of anti- @@ P, Cy5 asice @@%jﬂt

proliferative compound with FITGE only under the live @‘Y‘SD*
the environment- e @Q%‘

cell condition and observed S

dependent binding events of a functional small 2D gel electrophoresis

molecule by direct comparison between live cells and |¥ 4 il * "
cell lysates. Even though it still requires the synthesis ‘e 9 e
of bioactive probes with photo-crosslinker moiety, we - ™ - — -
believe our FITGE strategy can provide a unique e [~
technology platform for target identification in live : ™

Cel |S . Ima.::,;::y . Mass Analysis

[1] Kim, E.; Koh, M.; Lim, B.J.; Park, S.B.* J. Am. Chem. Soc., 2011, 133, 6642-6649; Choi, E.; Kim,
E.; Lee, Y.; Jo, A,; Park, S. B.* Angew. Chem. Int. Ed. 2014 53(4), 1346-1350; Kim, E.; Lee, Y;
Lee, S.; Park, S. B.* Acc. Chem. Res. In press (Seoul-Fluor).

[2] Park, J.; Oh, S.; Park, S. B.* Angew. Chem. Int. Ed. 2012, 51, 5447-5451; Koh, M.; Park, J.; Koo,
J.Y.; Lim, D.; Cha, M.Y; Jo, A.; Choi, J.H.; Park, S. B.* Angew. Chem. Int. Ed. 2014, 53(20),
5102-5106 (selected as Cover Article); Lee, S.; Nam, Y.; Koo, J.Y.; Lim, D.; Park, J.; Ock, J.; Suk,
K.*; Park, S.B.* Nature Chemical Biology 2014 10(12), 1055-1060 (FITGE).

[3] Kim, J.; Kim, H.; Park, S.B.* J. Am. Chem. Soc. 2014 136(42), 14629-14638; Oh, S.; Park, S.B.*
Chem. Commun. 2011, 12754-12761. (pDOS)

[4] Cho, T.-J.¥; Kim, J.¥; Kwon, S.-K,; Lee, D.-S.; Cho, J.; Park, S.B.* Chem. Sci. 2012, 3(10), 3071-
3075; Lee, S; Kim, E.; Park, S.B.* Chem. Sci. 2013 4, 3282-3287; Jo, A, Park, J.; Park, S.B.*
Chem. Comm., 2013 49(45), 5138-5140 (Phenotypic Screening).
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Representative Publications

» Target Identification Revealed a Direct HMGB2-binding Small Molecule with an Anti-
neuroinflammatory Effect. Lee, S.; Nam, Y.; Koo, J.Y.; Lim, D.; Park, J.; Ock, J.; Suk, K.*; Park,
S.B.* Nature Chemical Biology 2014 in press.

* Privileged Structures: Efficient Chemical “Navigators” toward Unexplored Biologically Relevant
Chemical Space. Kim, J.; Kim. H.; Park, S.B.* J. Am. Chem. Soc. 2014 in press.

» Phenotypic Screening to Identify Small-Molecule Enhancers for Glucose Uptake: Target
Identification and Rational Optimization of Their Efficacy. Koh, M.; Park, J.; Koo, J.Y.; Lim, D;
Cha, M.Y.; Jo, A.; Choi, J.H.; Park, S. B.* Angew. Chem. Int. Ed. 2014, 53(20), 5102-5106
(Cover Atrticle).

* Rational Perturbation of Fluorescence Quantum Yields in Emission-tunable and predictable
Fluorophores (Seoul-Fluors) by a Facile Synthetic Method Involving C-H Activation. Choi, E.; Kim,
E.; Lee, Y.; Jo, A.; Park, S. B.* Angew. Chem. Int. Ed. 2014 53(4), 1346—1350

 Discovery of an antiproliferative agent and its target identification in live cells using fluorescence
difference in two dimensional gel electrophoresis. Park, J.; Oh, S.; Park, S. B.* Angew. Chem. Int.
Ed. 2012, 51(22), 5447-5451.

* Emission Wavelength Prediction of a Full-Color-Tunable Fluorescent Core Skeleton, 9-Aryl-1,2-
dihydropyrrolo[3,4-bJindolizin-3-one. Kim, E.; Koh, M.; Lim, B. J.; Park, S. B.*J. Am. Chem. Soc.
2011, 133(17), 6642—6649.

» A Two-Photon Tracer for Glucose Uptake. Tian, Y.S.; Lee, H.Y.; Lim, C. S.; Park, J. ; Kim, H. M;
Shin, Y. N.; Kim, E. S.; Jeon, H.J.; Cho, B.R.*; Park, S. B.* Angew. Chem. Int. Ed., 2009, 48,
8027-8031.

» Combinatorial Discovery of Full-color-tunable Emissive Fluorescent Probes Using Novel Core
Skeleton. Kim, E.; Koh, M.; Ryu, J.; Park, S. B.* J. Am. Chem. Soc., 2008, 130, 12206-12207.
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[PL3]
Structural proteomics of human protein tyrosine phosphatases
Seong Eon Ryu

Department of Bioengineering, Hanyang University, Seoul 133-791, Korea
Email: ryuse@hanyang.ac.kr

Protein tyrosine phosphatases (PTPs) dephosphorylate the phosphorylated proteins. The PTP-
mediated dephosphorylation regulates protein activities either negatively or positively, and play vital
roles in various diseases including cancers, vascular diseases, immune diseases and neurological
diseases. Although originally characterized PTPs have dephosphorylating-enzyme activities towards
phosphor-tyrosines only, there are a number of PTPs that dephosphorylate both phosphor-
serines/threonines and phosphor-tyrosines. Mitogen activated protein kinase phosphatases (MAPK
phosphatases or MKPs), which are dual-specificity phosphatases, dephosphorylate threonine-X-
tyrosine (TXY) motif of MAPKs. They contain a MAPK binding domain (MKB) at their N-termini and a
phosphatase catalytic domain at their C-termini. By regulating activity of MAPK signaling pathways,
MKPs are pivotal players in cell growth and are implicated in the cell growth-related diseases.
Atypical dual-specificity phosphatases (A-DUSPs) were found through their homologies to vaccina
virus H1 gene product (VH1). Dual specificity protein phosphatases (DUSPs), which
dephosphorylate both phosphor-serines/threonines and phosphor-tyrosines, play vital roles in immune
activation, brain function and cell growth signaling. We constructed the family-wide structural library
Ceterminaton supplemented i nomology modeing. < S} G4 R €0 &5

: o R b e
The catalytic domain of individual DUSP has
characteristic features in the active site and surface &}
charge distribution, indicating substrate interaction o

specificities. The active site loop-to-strand switch A
occurs in a subtype-specific manner, indicating that “° (g, %L %{@ ﬁ‘
the switch process is needed for the corresponding ouses ovea
DUSPs’ characteristic substrate interactions. A ' %‘f'» B Wit %:
comprehensive analysis of the activity-inhibition " @ o ﬁ*"f 3&?’ ; o8
profile and active site geometry of DUSPs reveals a ‘ - .

novel role of active pocket structure in the substrate e fﬁ# ;‘ffﬁ;‘ ﬁgﬁ

o
specificity of DUSPs. The structure-based analysis pey

of re.dox responses indicates .that the extra cyste.m.es - f@ 5;}{‘;, mr ﬁ% "
are important for the protection of enzyme activity. Cetad ‘JE&EJ Ugpact T %d*
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understanding of phosphorylation-mediated signal @ g Cw eg@
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transduction and the development of therapeutics.
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Jeong et al. The family-wide structure and function of human dual-specificity protein phosphatases.
Acta Cryst. D70, 421-35 (2014)

Ryu et al. Targeting allosteric sites for protein tyrosine phosphatase inhibition. Biodesign 2, 81-90
(2014)

Yu et al. Structural basis for the dephosphorylating activity of PTPRQ towards phosphatidylinositide
substrates. Acta Cryst. D69, 1522-9 (2013)

Lee et al. Redox regulation of OxyR requires specific disulfide bond formation involving a rapid
kinetic reaction path. Nature Struct. Biol. 11, 1179-85 (2004)

Choi et al. Structural basis of the redox switch in the OxyR transcription factor. Cell 105, 103-13
(2001)
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Jeong et al. The family-wide structure and function of human dual-specificity protein
phosphatases. Acta Cryst. D70, 421-35 (2014)

Yu et al. Structural basis for the dephosphorylating activity of PTPRQ towards

phosphatidylinositide substrates. Acta Cryst. D69, 1522-9 (2013)
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Lee et al. Redox regulation of OxyR requires specific disulfide bond formation involving a rapid

kinetic reaction path. Nature Struct. Biol. 11, 1179-85 (2004)

Choi et al. Structural basis of the redox switch in the OxyR transcription factor. Cell 105, 103-13
(2001)
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Investigating the Regulatory Interaction of Linker Region of Ciona intestinalis
Voltage-sensitive Phosphatase with Lipid Membrane

Young Jun Kim

Department of Applied Biochemistry, Konkuk University, Chungju 380-701, Korea
Email: ykim@kku.ac.kr

Ci-VSP is a transmembrane enzyme. It has a voltage sensor domain and a phosphatase domain
that was originally discovered in Ciona intestinalis. Its enzymatic function is induced by cell
membrane dislocation and the structural change of the dislocation sensor territory. Depolarization
triggers the selective dephosphorylation of phosphoinositides. This enzyme is related to sea squirt
of exercise flagellum. TPTE/TPIP, located mainly in the spermatozoa of humans, is similar to Ci-
VSP. We studied the construction of His-tagged phosphatase-like domain of Ci-VSP, its
recombinant expression and purification, and its enzymatic activity in order to examine the
biochemical functions of the Ci-VSP phosphatase domain without interference. We found that Ci-
VSP (248-576)-His can be eluted with an elution buffer containing 25 mM NaCl and 100 mM
imidazole during His-tag purification. In addition, we found the proper measurement conditions for
the kinetic study of Ci-VSP (248-576)-His activity on p-nitrophenyl phosphate (pNPP). The C-
terminus was attached to the 6x His tag in both, Ci-VSP and mutated proteins. The activity
change was confirmed by the malachite green assay. Furthermore, to find the binding affinity of
the linker site (KRR) and phosphatidylinositol-3,4,5-triphosphate (PI(3,4,5)P3), a quartz crystal
microbalance (QCM) was used. In this study, we found that the K252 residue is very important for
membrane binding. Our data also suggest that R253 and R254 residues control the structural
relationship.

Ci-VSP WT Ci-VSP K252E
-0.04-————————————
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Young Jun Kim, Md. Mahbubur Rahman, and Jae-Joon, Lee (2013) “Ultrasensitive and label-free
detection of Annexin A3 based on quartz crystal microbalance” Sensors and Actuators B 177:172—
177.

Bahk, Young Yil, Bari Mohamed, and Young Jun Kim (2013) “Biomedical application of
phosphoproteomics in neurodegenerative diseases” J Microbiol Biotechnol. 23(3):279-88.

Keum Ran Yu, Young Jun Kim, Suk-Kyeong Jung, Bonsu Ku, Hwangseo Park, Sa Yeon Cho, Hyeyun
Jung, Sang J. Chung, Kwang Hee Bae, Sang Chul Lee, Bo Yeon Kim, Raymond L. Erikson, Seong
Eon Ryug and Seung Jun Kim (2013) “Structural Basis for the Dephosphorylating Activity of PTPRQ
for Phosphatidyl Inositide Substrates” Acta Crystallographica Section D Biological Crystallography
69:1522-1529

Nusrat Jahan, Taeseong Park, Young Hwan Kim, Dongsun Lee, Hackyoung Kim, Kwangmo Noh, and
Young Jun Kim (2013) “Analysis of Phosphatidylinositol 3,4,5-Trisphosphates of PTEN Expression on
Mammalian Cells“ Mass Spectrometry Letters 4(3): 41-46

Kim YJ, Bahk YY (2014) “A study of substrate specificity for a CTD phosphatase, SCP1, by proteomic
screening of binding partner” Biochem Biophys Res Commun.448(2):189-94.
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Metabolomics approach for discovering biomarkers and understanding
metabolic pathway

Geum-Sook Hwang

Western Seoul Center, Korea Basic Science Institute, Seoul 120-140, Korea
Email: gshwang@kbsi.re.kr

Metabolomics is the study of low molecular weight molecules or metabolites found within cells and
biological systems, and profiling and fingerprinting of metabolites in various physiological states. This
approach has recently demonstrated enormous potentials in many fields such as genotype
discrimination, toxicological mechanism, disease processes, and drug discovery, and has been used
to generate comprehensive biochemical profiles of endogenous metabolites for biofluides, cell, and
tissue. This metabolic profile is perturbed in a characteristic fashion in disease, toxic process and
drug efficacy, and this shift in position can be readily visualized and modeled using chemometric
techniques. Understanding the biochemical reason for such a shift in metabolic space leads to the
identification of biomarkers of disease or drug efficacy.

'"H NMR and Mass spectrometry e 1
were used to generate a |=Biofluids - |
molecular fingerprint of biofluid, |= Cell extracts |
tissue, cell extract samples, and | = Tissue .' |
then pattern recognition samples = | Normal ABreriiil
technique was applied to identity Profile _Profle
molecular signatures associated
with the specific diseases or drug
efficiency. Several metabolites
that differentiate disease or drug
treated samples from the control
were thoroughly characterized ' L arJp AR,
and the metabolic changes in T —m |
human and animal model were '
investigated using '"H NMR and MGG athive & Rtk
MS. Spectral data were applied to targeted profiing and spectral binning method, and then
multivariate statistical data analysis (MVDA) was used to examine in detail the modulation of small
molecule candidate biomarkers. The metabolic profiling produces robust models, generates accurate
metabolite concentration data, and provides data that can be used to help understand metabolic
differences between healthy and disease or drug treated models. Such metabolic signatures could
provide diagnostic markers for a disease state or biomarkers for drug response phenotypes, and
mechanistic information on cellular perturbations and pathways.

Analytical approach Metabolic profiling Statistical analysis

! 2
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[1] Metabolic responses to Orientia tsutsugamushi infection in a mouse model. Jung J, Jung Y, Gill, B,
kim C, Ju YR, Lee HJ, Chu H, Hwang GS* PLoS Neglected Troical Diseases, 2014 In press

[2] Noninvasive Diagnosis and Evaluation of Curative Surgery for Gastric Cancer by Using NMR-
based Metabolomic Profiling. Jung J, Jung Y, Bang EJ, Cho SI, Jang YJ, Kwak JM, Ryu do H, Park S,
Hwang GS*. Ann Surg Oncol. 2014 4:736-42.

[3] "H NMR-based metabolite profiling of plasma in a rat model of chronic kidney disease. Kim JA,
Choi HJ, Kwon YK, Ryu do H, Kwon TH, Hwang GS*. PLoS One. 2014 9(1):e85445.

[4] Serum metabolomics reveals pathways and biomarkers associated with asthma pathogenesis.
Jung J, Kim SH, Lee HS, Choi GS, Jung YS, Ryu DH, Park HS, Hwang GS* Clin Exp Allergy. 2013
43(4):425-33.
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Representative Publications

Noninvasive Diagnosis and Evaluation of Curative Surgery for Gastric Cancer by Using NMR-based
Metabolomic Profiling, Jeeyoun Jung, Youngae Jung, Eun Jung Bang, Sung-il Cho, You-Jin Jang,
Jung-Myun Kwak, Do Hyun Ryu, Sungsoo Park, Geum-Sook Hwang*, Annals of Surgical Oncology.
2014.08 Web Pub.

Metabolomic Signatures in Peripheral Blood Associated with Alzheimer’s Disease Amyloid-B-Induced
Neuroinflammation, Eosu Kim, Young-Sang Jung, Hyunjeong Kim, Jin-Sup Kim, Minsun Park, Jihyeon
Jeong, Su Kyoung Lee, Ho-Geun Yoon, Geum-Sook Hwang*, Kee Namkoong*, Journal of Alzheimer’s
Disease. 2014.42(2), 421-433

'"H NMR-Based Metabolite Profiling of Plasma in a Rat Model of Chronic Kidney Disease. Ju-Ae Kim,
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Aptides is a novel class of high-affinity peptides that recognize diverse molecular targets with high
affinity and specificity. Here we report the solution structure of an aptide APT specifically bound to
fibronectin extradomain B (EDB), a prominent marker of tumor angiogenesis. The complex structure
reveals an unusual protein—protein interaction via coupled unfolding and binding. APT binding is
accompanied by unfolding of the C-terminal B strand of EDB, permitting APT to interact with fresh-
exposed hydrophobic interior surfaces of EDB. The B-hairpin scaffold of APT drives the interaction by
a PB-strand displacement mechanism, such that an intramolecular B sheet is replaced by an
intermolecular B sheet. Binding thermodynamics reveals an enthalpic and entropic balance during the
unfolding and binding. Unfolding of EDB perturbs the tight domain association between EDB and FN8
of fibronectin, highlighting its potential use as a scaffold that switches between stretched and bent
conformations.

APT EDB

EDB APT
. . g unfoldmg D . bmdlng
Y

[1] Yu, T.K,; Shin, S.A,; Kim, E.H.; Kim, S.; Ryu, K.S.; Cheong, H.; Ahn, H.C.; Jon, S.; Suh, J.Y.*
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Protein cages, including ferritins, viral capsids, and encapsulins, are biomolecule-based
supramolecular polymers and attractive candidates for nano-scale cargo delivery vehicles. While the
interior surfaces of the protein cages have been used for encapsulation, attachment and synthesis of
organic and inorganic materials, their exterior surfaces have been used for multivalent presentations
of molecules, including affinity tags, antibodies, fluorophores, carbohydrates, nucleic acids, and
peptides, for molecular targeting and hierarchical structure formation.

We genetically and chemically modified various types of protein cage nanoparticles and functional
proteins to use them as multifunctional delivery nanoplatforms and multifunctional modules. The
engineered protein cage nanoparticles could acquire various targeting ligands and selectively carry
diagnostic or/and therapeutic cargos to target diseases, including cancers, in multiple ways using a
mixing-and-matching strategy. Combined with antibody-binding domains and protein cage
nanoparticles or functional proteins, antibodies are used as ligands for targeted delivery of
therapeutics and/or diagnostics, enrichment of low abundant molecules in complex samples, and
specific detections of biomarkers in vitro and/or in vivo.

[1] Moon, H., Lee, J., Min, J., and Kang, S. Developing Genetically Engineered Encapsulin Protein
Cage Nanoparticles as a Targeted Delivery Nanoplatform. Biomacromolecules, 2014, 15, 3794-3801
[2] Han, J., Kang, Y. J., Shin, C., Ra J., Shin, H., Hong, S. Y., Do, Y., and Kang, S. Ferritin Protein
Cage Nanoparticles as Versatile Antigen Delivery Nanoplatforms for Dendritic Cell (DC)-based
Vaccine Development. Nanomed-Nanotechnol. 2014, 10, 561-569

[3] Min, J., Jung, H., Shin, H-H., Cho, G., Cho, H., and Kang, S. Implementation of P22 Viral Capsids
as intravascular MR T1 Contrast Conjugates Via Site-selective Attachment of Gd (lll)-chelating agents,
Biomacromolecules, 2013, 14, 2332-2339

[4] Kang, H.J., Kang, Y.J., Lee, Y.M., Shin, H., Chung, S.J., and Kang, S. Developing an Antibody-
binding Protein Cage as a Molecular Recognition Drug Modular Nanoplatform. Biomaterials, 2012, 33,
5423-5430

[5] Kang, S. and Douglas, T. Some Enzymes Just Need a Room of Their Own. Science 2010, 327,
42-43.
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Both the Wnt/B-catenin pathway and the p53 pathway play important roles in a variety of biological
processes, such as cell proliferation, differentiation and homeostasis. Here we used cell-based
chemical screening systems to identify ilimaquinone (1Q) and ethylsmenoquinone (ESQ), the marine
sponge metabolits, as modulators of the Wnt/ B-catenin pathway and the p53 pathway. 1Q and ESQ
inhibited B-catenin response transcription (CRT), which had been induced with Wnt3a-conditioned
medium (Wnt3a-CM), by down-regulating the level of intracellular B-catenin. Degradation of -catenin
was consistently found in RPMI1890 multiple myeloma (MM) cells after IQ and ESQ treatment. IQ and
ESQ repressed the expression of cyclin D1, c-myc and axin-2, which are B-catenin/T-cell factor-
dependent genes, and inhibited the proliferation of MM cells by induction of Go/G1 cell cycle arrest. On
the other hand, 1Q and ESQ activated p53 response transcription by stabilizing the p53 protein in both
HCT116 and RKO colon cancer cells. Both compounds up-regulate the expression of p21WAF/CIP1 g
p53-dependent gene, and suppress proliferation of colon cancer cells. , IQ and ESQ induced G2/M
cell cycle arrest, and increased caspase-3 cleavage and the population of cells that positively stained
with AnnexinV-FITC, both of which are typical biochemical markers of apoptosis. Furthermore,
autophagy was elicited by both compounds as indicated by microtubule-associated protein 1 light
chain 3 (LC3) puncta formations and LC3-ll turnover in HCT116 cells. Our findings suggest that 1Q
and ESQ exert their anti-proliferative activity by inhibition of the Wnt/3-catenin pathway and activation
of the p53 pathway and may have therapeutic potential as therapeutic agents.

[1] Park, S., Yun, E., Hwang I.H., Yoon, S., Kim, D.E., Kim, J.S., Na, M., Song, G.Y., Oh S. Mar
Drugs., 2014, 12, 3231-44

[2] Lee, H.-Y.; Chung, K.J.; Hwang, I.H.; Gwak, J.; Park, S.; Ju, B.G.; Yun, E., Kim, D.E.; Chung, Y.-H.;
Na, M., Song, G.-Y.; Oh, S. Mar Drugs, in press
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A UDP-glycosyltransferase, YjiC from Bacillus licheniformis DSM13 was exploited for the
glycosylation of a number of small molecules. The in-vitro glycosyltransferase assay using YijiC lead
to the production of multiple glucosides of polyhydroxyl groups containing aromatic/phenolic as well
as aliphatic small molecules exhibiting wide substrate flexibility of the enzyme. We tested the activity
of the enzyme with different classes of flavonoids (flavonoid, isoflavonoids, stilbenes, xanthonoids,
benzoates) and polyketides (anthraquinone and macrolide). Moreover, we have found the wide donor
substrate flexibility of YjiC with different NDP-sugars transferring a range of modified sugars including
L- and D-sugars to the selected acceptors
which guide to the production of a number of
novel derivatives of natural products. But, it is
found that YjiC could transfer only at limited
positions of the polyhydroxylated compounds
with diverse NDP-sugar donors. We further
successfully applied YjiC for the in-vivo
biotransformation of different flavonoids using
engineered E. coli in large scale fermentor to
produce  glucosylated  derivatives. In
conclusion, it is found that YjiC has wide ! J
donor as well as acceptor substrates flexibility with high catalytic activity. The further exploitation of
such glycosyltransferases could help to efficient production of glycosylated derivatives of natural
products which might have potential therapeutic as well as cosmetic applications.
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A new approach to study membrane proteins
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Difficulties in the production, extraction of membrane proteins from cell membrane and their
solubilization in native conformations have hindered their structural and biochemical analysis. To
facilitate high-level expression of membrane proteins in E. coli, a P9 fusion system has been
developed. Using this system, a rhodopsin-type GPCR (endothelin receptor) and a ligand gated ion
channel (serotonin receptor type 3) have been successfully expressed and purified. Also, an
amphipathic polypeptide was synthesized by the conjugation of octyl and glucosyl groups to poly- -
glutamic acid (PGA). This polymer, called amphipathic PGA or APG, self-assembles as mono-
disperse oligomers with a low critical micelle concentration. Endothelin receptor complexed with APG
specifically interacts with endothelin suggesting that the amphipathic polymer stabilized the GPCRs in
their active cofnrotmation. The membrane proteins complexed with APG are readily reconstituted in
liposomes without disrupting the integrity of lipid bilayer structure.
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