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Program

DAY-1: Jun. 24, 2021 (Thursday)

14:00~14:45
14:45~15:00

15:00~16:30

15:00~15:30
15:30~16:00
16:00~16:30

16:30~17:00

17:00~18:10

17:00~17:10
17:10~17:40

17:40~18:10

Registration
Opening Ceremony

Education Session: Sponsor Companies Zt%: &4 A HEAL (KBSI)

ES1. BRUKER Korea Session
ES2. JEOL Korea Session (=4

ES3. BKI Session (&Y 4Ah

Break

Scientific Session-A: JEOL Sh= 4k ZpRFE Z kG BEAR (KIST)

A|A+HAL B Photo Time — =4t 215 Al KMRS 3| % (SHYLH)
SC-Al. BFHS = (M Z2LH) — Live NMR metabolomics for realtime
monitoring of metabolism

SC-A2. 0| &2} w4 (AA=EICH) — A Long Journey with NMR and Z-DNA

DAY—-2: Jun. 25, 2021 (Friday)

09:00~09:30

09:30~11:00

09:30~10:10

10:20~11:00

11:00~12:00

11:00~11:10
11:10~11:35

11:35~12:00

12:30~13:00

Registration

Special Lecture: POKY & Al in NMR It OtS| ™ ma (S=CH)
SL1. O| 23| W& (U. of Colorado Denver) — POKY: a software suite for
multidimensional NMR and 3D structure calculation of biomolecules

SL2. O| 23| W< (U. of Colorado Denver) — Al-assisted NMR automation
in the POKY suite

Scientific Session-B: BKI 41 %1 51 X}Af ZHEk OS5I A w s (=)

AlatAl 81 Photo Time — =4 24l KMRS 2|% (9HFLH)

SC-Bl. ZAX|E W= (5=LH) — Structural studies on the membrane protein,
Caveolin3, using NMR

SC-B2. Z XIS} == (DGIST) — Quaternary dynamics of transthyretin
modulates its physiological and pathological features

Lunch
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13:00~14:00

14:00~15:00

14:00~14:15
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15:00~16:30

15:00~15:15
15:15~15:40

15:40~16:05

16:05~16:30

16:30~17:00

17:00~18:00

17:00~17:10
17:10~18:00

18:00~18:30
18:30~20:00

Poster Session (S At 4l 83| =1 0| X| PDF)

Scientific Session-C: Bruker F 2 1}stXxAr XIE: O|F 35t w4 (DA EI0H)

Al&tAl B Photo Time — =4t 3 Al KMRS 2|3 (BHZLH)
SC-C1. | M2| EfAIHE (dat= &0, PI O|&3t W4) — NMR Study of
target DNA recognition of human TALE transcription factor, MEIS1

SC-C2. =8| g EfAl (n2{Clf, PI ¥Y¥= W ==) — Structural study of the
interaction between AIMP2-DX2 and HSP70 on the cancer development
SC-C3. otA A HEAF (MZLY, PI A ™EE 1W4) — Intrinsic disorder is essential
for Cas9 inhibition of anti-CRISPR AcrIIA5

0

Scientific Session-D ZHE: O] 2% w4 (MEZCH)

Al Al 8l Photo Time — =4 Al KMRS 2| & (SHFLH)

SC-D1. 2tXIZ= W=~ (GIST) — Selective DNA recognition and protein-
protein interactions of the human transcription factor FOXO4

SC-D2. 4E3| W= (H|ZCH) — Structure-based design of peptides that
trigger Streptococcus pneumoniae cell death

SC-D3. Al ™ HEAL (KRISS) — Dynamic nuclear polarization system with or
without cryogen toward hyperpolarized MRI

Break
Bruker O| =28t=AF A|AF O ZHH
Alet4] 9 Photo Time — s=4f: }= A KMRS 3| % (3HTH)

=MAA MY W= (124{C}) - Interactions of the aminoacyl tRNA
synthetases: protein-protein interactions suggesting a new way to
suppress cancer

59

Dinner

DAY-3: Jun. 26, 2021 (Saturday)

10:00~11:30

11:30~12:00

Round Table Discussion
- sB] UM @Y QA7 WY XY £o
- Al in NMR

Closing Ceremony
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» Bruker 0| =& stz At

Interactions of the aminoacyl tRNA synthetases: protein-protein
interactions suggesting a new way to suppress cancer

Hye Young Cho?, Ameeq Ul Mushtag?, Ji Seon Kim?!, Dae Gyu Kim?, Semi Lim?, Jin Young Lee?, Nam
Hoon Kwon?, Sunghoon Kim?, Young Ho Jeon?

College of Pharmacy, Korea University, Sejong-ro, Sejong, Republic of Korea, *Medicinal
Bioconvergence Research Center, Seoul National University, Seoul 151-742, Republic of Korea

E-mail: yhjeon@korea.ac.kr

Aminoacyl-tRNA synthetases (ARSs) are enzymes to catalyze the ligation of amino acids to cognate
tRNAs in translation. ARSs as a house keeping gene are pivotal role to exact transfer the amino acids for
protein synthesis. Among 20 mammalian ARSs, 9 ARSs form the macromolecular complex, multi-tRNA
synthetase complex (MSC), with three non-enzymatic factors for efficient translation. Among the three
non-enzymatic factors in MSC, aminoacyl-tRNA synthetase-interacting multi-functional protein2 (AIMP2)
is the major scaffolding molecule to stabilize the MSC for enhancing the efficiency of translation, and
KRS shows the strong binding to AIMP2 in MSC. Here, we show that a component of MSC, the lysyl-
tRNA synthetase enhances cell migration and tumor metastasis through the binding with 67kDa laminin
receptor (67LR), dimerized form of p40/37LRP which is one of the ribosomal components. In addition, a
splicing variant of AIMP2 lacking exon 2, referred as AIMP2-DX2 (or simply DX2) is oncogenic, and the
cellular stability of AIMP2-DX2 is increased by the binding with HSP70, resulting in AIMP2-DX2-
mediated cell proliferation and lung cancer progression. Our results suggest that specific modulation of
protein-protein interaction of the ARSs and MSC components may offer a way to control tumor growth

and metastasis while avoiding the toxicities associated with inhibition of the normal functions of ARSs.



» Scientific Session A (SC-A1l)

Live NMR metabolomics for realtime monitoring of metabolism
Sunghyouk Park”

Department of Pharmacy, Seoul National University, Seoul 01797, South Korea

E-mail: psh@snu.ac.kr

Recent studies point out the link between altered metabolism and various diseases, but metabolic
monitoring of biological systems have mostly been performed at fixed time points on extracted material.
As NMR is a non-destructive technique, we applied heteronuclear 2D NMR to living or functional
biological systems. At the protein level, we present a triple resonance NMR-based approach for specific
detection of glutaminase activity using stable-isotope labeled glutamine in live cells. Compared to
conventional methods involving coupled enzyme assays, the proposed approach is direct because it detects
the presence of the H-N—CO amide spin system. The approach was applied to investigating the effects of
a glutaminase inhibitor and the inhibitory effects of glucose on glutamine metabolism in live cells. The
approach can be extended to other enzymes targeting carbon bonds using HCACO. At the organelle level,
we monitored the mitochondrial metabolism in real time. We used 13C pyruvate as a tracer to monitor its
metabolism in isolated and functional human mitochondria. We found acetyl phosphate synthesis from
pyruvate in live human mitochondria which has been largely forgotten since its first description about 70
years ago in bacteria. The kinetic profile of acetyl phosphate formation was biphasic, and its transient
nature suggested its role as a metabolic intermediate. The method also allowed for the estimation of
pyruvate dehydrogenase (PDH) enzyme activity through monitoring of the acetylCoA formation,
independent of competing cytosolic metabolism. We also detected lactate production from pyruvate in live
mitochondria which is modulated by p53, a well-known tumor suppressor. Although lactate production
has been known only in cytosol, the mitochondrial formation was confirmed with the recovery of lactate
formation upon treatment of specific inhibitor of mitochondrial pyruvate carrier followed by a membrane
permeabililzer. At the cell level, the live metabolomic method allowed for metabolomic differentiation
between cancer and normal cells on the basis of time dependent changes in metabolite concentrations.
Cancer cells were found to have large in- and out-flux of pyruvate as well as increased net production of
alanine and acetate. The method also enabled evaluation of the metabolic effects of galloflavin whose
anticancer effects have been attributed to its specific inhibition of lactate dehydrogenase. Our approach



revealed previously unknown functional targets of galloflavin, which were further confirmed at the protein
levels. How the live metabolomic method can be expanded to other hierarchical biological systems will

be also presented.



» Scientific Session A (SC-A2)

A Long Journey with NMR and Z-DNA

Joon-Hwa Lee”

Department of Chemistry and RINS, Gyeongsang National University, Jinju 52828, South Korea

E-mail: joonhwa@gnu.ac.kr

It has been 50 years since left-handed Z-DNA was found in a polymer of alternating d(CG), under
high salt condition. Z-DNA binding proteins (ZBPs) have been identified in an RNA editing enzyme
(ADARL1), DNA-dependent activator of interferon-regulatory factor (DAL, also known ZBP1 and DLM1),
the viral E3L protein and a fish ZBP-containing protein kinase (PKZ). The crystal structures of ZBPs in
complex with 6-base-paired (6-bp) DNA duplex showed that two molecules of ZBP bind to each strand of
double-stranded Z-DNA with 2-fold symmetry with respect to DNA helical axis. NMR study of Zo. domain
of human ADARL (hZaapar1) complexed 6-bp Z-DNA suggest an active B-Z transition mechanism in
which the hZaapar: first binds to B-DNA and then converts to Z-DNA, a conformation that is then
stabilized by the additional binding of a second hZaapar:. Similar results were observed for the h Za
domain of yatapoxvirus E3L (yabZogs ). In the case of non-CG-repeat DNA, the hZaapar: exhibits the
sequence preference of d(CGCGCG), >> d(CACGTG), > d(CGTACG), through multiple sequence
discrimination steps during the B-Z transition. Chemical shift perturbation and relaxation dispersion
experiments on hZaapar: upon binding to Z-DNA as well as Z-RNA. Our study demonstrates the unique
dynamics of hZaapar:i during the A-Z transition of RNA, in which the hZaapar: forms a
thermodynamically stable complex with Z-RNA, similar to Z-DNA, but kinetically converts RNA to the
Z-form more slowly than DNA. NMR study on the complexes of various hZaapar: mutants with a 6-bp
Z-DNA showed that single mutations at residues K169, N173, or Y177 cause unusual conformational
changes in the hydrophobic faces of helices al, a2, and a3, which dramatically decrease the Z-DNA
binding affinity, whereas single mutations at residues K170, R174, T191, P192, P193, or W195 slightly
affected the Z-DNA binding affinity. In the NMR study of Za domain of goldfish PKZ (caZarkz), global
analysis of chemical shift perturbation data found that increasing [NaCl] from 10 to 100 mM reduced the
binding affinity of caZarkz for both B-DNA (600-fold) and Z-DNA (25-fold) and decreased its B-Z
transition activity (4.6-fold). This study suggested that the structure of the intermediate complex formed

by caZaprkz and B-DNA is modulated by varying salt concentration and thus it could be used as a molecular

4



ruler to determine the degree of B-Z transition



» Special Lecture (SL1)

POKY: a software suite for multidimensional NMR and 3D structure
calculation of biomolecules

Woonghee Lee”

Department of Chemistry, University of Colorado Denver, CO, USA

E-mail: WOONGHEE.LEE@ucdenver.edu

The need for an efficient and cost-effective method is compelling in biomolecular NMR. To tackle
this problem, we have developed the Poky suite, the revolutionized platform with boundless possibilities
for advancing research and technology development in signal detection, resonance assignment, structure
calculation, and relaxation studies with the help of many automation and user interface toolst. This
software is extensible and scalable by scripting and batching as well as providing modern graphical user
interfaces and a diverse range of modules right out of the box. Poky is freely available to non-commercial

users at https://poky.clas.ucdenver.edu.

References
1) Lee, W.; Rahimi, M.; Lee, Y.; Chiu, A. POKY: A Software Suite for Multidimensional NMR and 3D. Structure.
Calculation of Biomolecules. Bioinformatics 2021, btab180. https://doi.org/10.1093/bioinformatics/btab180.



» Special Lecture (SL2)

Al-assisted NMR automation in the POKY
Woonghee Lee”

Department of Chemistry, University of Colorado Denver, CO, USA

E-mail: WOONGHEE.LEE@ucdenver.edu

Methods to solve long-awaited challenges have been devised by the activation of multidisciplinary
studies. Especially, adapting artificial intelligence (Al) technologies from computer science to basic
sciences is the crowning achievement. For instance, deep learning, one area of machine learning, has
astonished the field by exhibiting the top-level accuracy in the global CASP (the critical assessment of
protein structure prediction) competition two times in a row 2 Our group has also achieved many
outstanding results by interfacing Al techniques to the nuclear magnetic resonance (NMR) spectroscopy
that enables investigating structures and functions of biomolecules at the atomic-level *2. In this talk, I

will present Al-assisted NMR automation methods available in our POKY suite %,

References

(1) Senior, A. W.; Evans, R.; Jumper, J.; Kirkpatrick, J.; Sifre, L.; Green, T.; Qin, C.; Zidek, A.; Nelson, A. W. R.;
Bridgland, A.; Penedones, H.; Petersen, S.; Simonyan, K.; Crossan, S.; Kohli, P.; Jones, D. T.; Silver, D.;
Kavukcuoglu, K.; Hassabis, D. Improved Protein Structure Prediction Using Potentials from Deep Learning.
Nature 2020, 577 (7792), 706—710. https://doi.org/10.1038/s41586-019-1923-7.

(2) Kryshtafovych, A.; Schwede, T.; Topf, M.; Fidelis, K.; Moult, J. Critical Assessment of Methods of Protein
Structure Prediction (CASP)—Round XIIl. Proteins 2019, 87 (12), 1011-1020.
https://doi.org/10.1002/prot.25823.

(3) Lee, W.; Bahrami, A.; Dashti, H. T.; Eghbalnia, H. R.; Tonelli, M.; Westler, W. M.; Markley, J. L. I-PINE Web
Server: An Integrative Probabilistic NMR Assignment System for Proteins. Journal of Biomolecular NMR
2019, 73 (5), 213-222. https://doi.org/10.1007/s10858-019-00255-3.

(4) Shao, H.; Boulton, S.; Olivieri, C.; Mohamed, H.; Akimoto, M.; Subrahmanian, M. V.; Veglia, G.; Markley, J.
L.; Melacini, G.; Lee, W. CHESPA/CHESCA-SPARKY: Automated NMR Data Analysis Plugins for SPARKY to
Map Protein Allostery. Bioinformatics 2020, btaa781. https://doi.org/10.1093/bioinformatics/btaa781.
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Wildman, K. A.; Markley, J. L. Integrative NMR for Biomolecular Research. J Biomol NMR 2016, 64 (4),
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Protein 3D Structure Determination from NMR NOE Data. J. Biomol. NMR 2016, 65 (2), 51-57.
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» Scientific Session B, SC-B1

Structural studies on the membrane protein Caveolin3 using NMR
Haejun Park1, Jin-Hwa Jang!, Joonwoo Hwang?, Sung-hee Lee?, Jinhyuk Lee?, Ji-Hun Kim?*

! College of Pharmacy, Chungbuk National University, Cheongju, Chungbuk 28160, Korea, *Genome
Editing Research Center, Korea Research Institute of Bioscience and Biotechnology (KRIBB), Gwahak-

ro, Yuseong-gu, Daejeon 34141, Republic of Korea

E-mail: nmrjhkim@cbnu,.ac.kr

Membrane proteins (MPs) represent ~ 30% of all proteins in living organisms. They play many
important roles in a wide range of cellular functions such as transport, transmission of cell signaling and
scaffold support. Due to their significant participation in physiological processes, MPs constitute ~60% of
drug targets and are the most attractive object of research in the pharmaceutical industry. Therefore,
knowledge about the structure of MP is decidedly important for efficient drug design. Nevertheless,
structure determination of transmembrane protein is still a challenging area even though recently the
number of deposited structures of membrane protein in the PDB were rapidly increased by the efforts
using X-ray crystallography, electron microscopy, solid and solution nuclear magnetic resonance (NMR)
technology. Among these technologies, solution NMR is a powerful tool for studying on protein-protein,
protein-ligand and protein dynamics at the wide range of time scale as well as structure determination of
membrane proteins.

Caveolins mediate the formation of caveolae, which are small omega-shaped membrane
invaginations involved in a variety of cellular processes. There are three caveolin isoforms, the third of
which (Cav3) is expressed in smooth and skeletal muscles. Mutations in Cav3 cause a variety of human
muscular diseases. In this work, we characterized the secondary structure, dynamics, and topology of the
monomeric form of the full-length lipidated protein. Cav3 consists of a series of membrane-embedded or
surface-associated helical elements connected by extramembrane connecting loops or disordered domains.
Our results also reveal that the N-terminal domain undergoes large scale pH-mediated topological
rearrangement between soluble and membrane-anchored forms and several interplays were observed
among residues in the flexible N-terminal. Considering that roughly one-third of pathogenic mutations in
Cav3 influence charged residues located in this domain, we hypothesize that this transition is likely to be
relevant to the molecular basis of Cav3-linked diseases. These results provide insight into the structure of

Cav3 and set the stage for mechanistic investigations of the effects of pathogenic mutations.
9



» Scientific Session B, SC-B2

Quaternary dynamics of transthyretin modulates its physiological
and pathological features

Jin Hae Kim®*

!Department of New Biology, Daegu Gyeongbuk Institute of Science and Technology (DGIST), Daegu
42988, South Korea

E-mail: jinhaekim@dagist.ac.kr

Transthyretin (TTR), in its native tetrameric state, is an essential transporter of thyroxine and holo-
retinol binding protein for human. However, its dissociation into the mis-folded monomer facilitates
abnormal aggregation of TTR, causing deposition of TTR aggregates typically in the peripheral nervous
system or in the heart. Although numerous studies were conducted to elucidate heterogeneous quaternary
features of TTR, it is still elusive to appreciate atomistic details of multiple quaternary structures and
correlate these structural dynamics with its physiological and pathological behaviors. Here, we determined
with nuclear magnetic resonance (NMR) spectroscopy the three-dimensional structures of the two TTR
monomeric variants: amyloidogenic monomeric TTR and its less-amyloidogenic variant, T119M. We
observed that Hsp90 interacts with monomeric TTR more strongly than with tetrameric TTR. In addition,
by employing T119M monomeric variant, we were able to stabilize and characterize the dimeric state of
TTR, whose detailed NMR spectroscopic investigation is currently on-going. Finally, we also reported
that thyromimetic molecules, whose physicochemical properties resemble with thyroid hormones, can
suppress the amyloidogenic propensity of TTR by stabilizing its tetrameric state. Taken together, we
believe that our results provide detailed information for quaternary dynamics of TTR structures, as well

as novel and promising therapeutic strategies for TTR amyloidosis.
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» Scientific Session C, SC-C1

NMR Study of target DNA recognition of human TALE transcription
factor, MEIS1

Seo-Ree Choi?, Joon-Hwa Lee!”

!Department of Chemistry, Gyeongsang National University, Jinju 52828, South Korea

E-mail: seoree@gnu.ac.kr

Transcription factors are proteins that bind specific sites or elements in regulatory regions of
DNA, known as promoters or enhancers, where they control the transcription or expression of target genes.
MEIS1 protein is a DNA-binding domain present in human transcription factors and plays important roles
in various biological functions. This gene encodes a homeobox protein belonging to the TALE (‘three
amino acid loop extension’) family of homeodomain-containing proteins. TALE proteins are distinguished
by the presence of three extra amino acids in the loop binding the first to the second alpha helix of the
homeodomain. . The highly conserved DNA-binding TALE proteins define the family and is responsible
for specific recognition of a common sequence motif, [5'- TGAC- 31.

In order to characterize the molecular recognition of DNA by MEIS1, we performed *H/®°N
HSQC experiment and imino proton NMR experiments between MEIS1 and consensus MEIS1 target
DNA. We also studied perturbations in the backbone of MEIS1 upon binding to DNA. The exchange rate
constants of the imino protons for the wild type and mutant were measured by using water magnetization
experiment. We compared to the dynamics of both wild type and mutant and characterized MEIS1 target

DNA recognition.

11



» Scientific Session C, SC-C2

Structural study of the interaction between AIMP2-DX2 and HSP70 on
the cancer development

Hye Young Cho!, Ameeq Ul Mushtag?, Semi Lim?, Dae Gyu Kim?, Sunghoon Kim?, Young Ho Jeon®”

! College of Pharmacy, Korea University, Republic of Korea, 2 College of Pharmacy, Seoul National
University, Republic of Korea

E-mail: yhjeon@korea.ac.kr

Aminoacyl-tRNA synthetase-interacting multifunctional protein 2 (AIMP2), which is a
crucial component for a Multi-synthetase complex (MSC), is well known to separates from the
complex and acts as a potent tumor suppressor. Recently, it was revealed that an exon 2 deleted
splicing variant of AIMP2 (AIMP2-DX2) is often upregulated in diverse cancers, and 70kda heat-
shock protein (HSP70) is critical to determine the cellular level of AIMP2-DX2. Although the
biological implication of the interaction between AIMP2-DX2 and HSP70 has been suggested,
the structural aspect of the interaction remains elusive. Here, we studied structural details of the
interaction between AIMP2-DX2 and HSP70 by using X-ray crystallography and NMR
spectroscopy. It was found that both N-terminal flexible region and GST domain of AIMP2-DX2
are involved in the interaction with the substrate-binding domain of HSP70, which results in the
stabilization of AIMP2-DX2 by preventing the AIMP2-DX2 from Siahl-dependent
ubiquitination and progression to tumorigenesis. It was confirmed that inhibiting the interaction
between the AIMP2-DX2 and HSP70 by chemical compound, BC-DXI-495, suppressed cancer
cell growth. Structural modeling in which BC-DX1-495 is docked into the hydrophobic pocket of
AIMP2-DX2 was performed and this hydrophobic pocket is close to the HSP70-binding surface,
suggesting an inhibitory effect of BC-DXI1-495 on HSP70-AIMP2-DX2 binding. These results
will provide crucial structural information to elucidate the molecular mechanism of oncogenic

activity of DX2 on cancer development.
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» Scientific Session C, SC-C3

Intrinsic disorder is essential for Cas9 inhibition of anti-CRISPR
AcrllA5

So Young Ant, Donghyun Ka?, lIktae Kim! Eun-Hee Kim?, Nak-Kyoon Kim?, Euiyoung Bae! and Jeong-
Yong Suht*

!Department of Agricultural Biotechnology and Research Institute of Agriculture and Life Sciences,
Seoul National University, Seoul 08826, South Korea, 2Protein Structure Research Team, Korea Basic

Science Institute, 162 Yeongudanji-Ro, Ochang, Chungbuk 28119, South Korea, *Advanced Analysis
Center, Korea Institute of Science and Technology, Seoul 02792, South Korea

E-mail: soyoung77@snu.ac.kr

Clustered regularly interspaced short palindromic repeats (CRISPRs) and CRISPR-associated
(Cas) proteins provide bacteria with RNA-based adaptive immunity against phage infection. As a
countermeasure, phages have developed anti-CRISPR (Acr) proteins that neutralize the bacterial CRISPR
immunity. AcrllA5, encoded by Streptococcus thermophilus strongly inhibits the host Cas9 and orthologs
in vivo, but the molecular mechanism underlying the Cas9 inhibition remains unknown. Here we report
the solution structure of AcrllA5 that reveals a novel o/f3 fold connected to an N-terminal intrinsically
disordered region (IDR).
Remarkably, truncation of the N-terminal IDR abrogates the inhibitory activity against Cas9, revealing
that the IDR is essential for Cas9 inhibition by AcrllA5. Progressive truncations and mutations of the IDR
illustrate that the disordered region not only modulates the association between AcrllA5 and Cas9-sgRNA,
but also alters the catalytic efficiency of the inhibitory complex. The length of IDR is critical for the Cas9—
sgRNA recognition by AcrllA5, whereas the charge content of IDR dictates the inhibitory activity.
Conformational plasticity of IDR may be linked to the broad-spectrum inhibition of Cas9 homologs by
AcrllA5. The results reveals unique structural and functional features of AcrllA5, suggesting its distinct

mode of action and the diversity of the inhibitory mechanisms employed by Acr proteins.
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» Scientific Session D, SC-D1

Selective DNA recognition and protein-protein interactions of the human transcription
factor FOXO4

Jinwoo Kim, Dabin Ahn, Chin-Ju Park”

Department of Chemistry, Gwangju Institute of Science and Technology, Gwangju 61005, South Korea

E-mail: cjpark@gqist.ac.kr

Forkhead box O4 (FOXO4) is a human transcription factor (TF) that involves in cell homeostasis.
While the structure and DNA binding properties of the forkhead domain (FHD) have been thoroughly
investigated, how the transactivation domain (TAD) regulates the DNA binding properties of the protein
remains elusive. Here, we investigated the interaction between FHD and TAD and its implication to DNA
binding properties using solution NMR spectroscopy. We found that TAD and DNA share the same
surface of FHD for binding. Furthermore, TAD-FHD interactions affect differently kinetic function of
FHD depending on the type of DNA. We also studied FOXO4 interaction of p53, which promote cellular
senescence. Our data showed that dual binding sites between two proteins mediate the interaction. Our
works demonstrate the complexities of protein interactions and provide new perspectives on the FOX04

function.
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» Scientific Session D, SC-D2

Structure-based design of peptides that trigger Streptococcus
pneumoniae cell death

Do-Hee Kim?, Sung-Min Kang?, Chenglong Jin3, Bong-Jin Lee*"

College of Pharmacy, Jeju National University, Jeju 63243, South Korea, *College of Pharmacy,

Duksung Women’s University, Seoul 01369, South Korea , *College of Pharmacy, Seoul National
University, Seoul 08826, South Korea

E-mail: doheekim@jejunu.ac.kr

Toxin-antitoxin (TA) systems regulate key cellular functions in bacteria. Here, we report a unique
structure of the Streptococcus pneumoniae HigBA system and a novel antimicrobial agent that activates
HigB toxin, which results in mRNA degradation as an antibacterial strategy. In this study, protein
structure[Ibased peptides were designed and successfully penetrated the S. pneumoniae cell membrane
and exerted bactericidal activity. This result represents the time during which inhibitors triggered S.
pneumoniae cell death via the TA system. Furthermore, we found that the HigBA complex shows a
crossed[Iscissor interface with two intermolecular Bl sheets at both the N and C termini of the HigA
antitoxin. Our biochemical and NMR titration studies provided valuable information regarding the
transcriptional regulation mechanisms associated with the structural variability of HigAs. An inhibition
study with peptides additionally proved that peptide binding may allosterically inhibit HigB activity.
Overall, our results provide insights into the molecular basis of HigBA TA systems in S. pneumoniae,

which can be applied for the development of new antibacterial strategies.
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» Scientific Session D, SC-D3

Dynamic nuclear polarization systems with or without cryogen
toward hyperpolarized MRI

Jeong Hyun Shim*#*, Seung-Hyun Yang?, Donghyuk Jo*, Vladimir V. Kavtanyuk®, Mirae Park®, Hye
Young Son®, Chan Gyu Joo®, Youngbok Lee?*, Yong-Min Huh3>¢

'Korea Research Insitute of Standards and Science, Daejeon 34113, Republic of Korea, 2Department of
Medical Physics, University of Science and Technology, Daejeon 34113, Republic of Korea ,
*Department of Radiology, College of Medicine, Yonsei University, Seoul 03722, Republic of Korea,

*Department of Applied Chemistry, Hanyang University, Ansan 15588, Republic of Korea, *Department
of Biochemistry & Molecular Biology, College of Medicine, Yonsei University, Seoul 03722, Republic of
Korea, ®Severance Biomedical Science Institute, College of Medicine, Yonsei University, Seoul 03722,
Republic of Korea

E-mail: jhshim@kriss.re.kr

Hyperpolarization of nuclear spins provides a subtantial enhancement in signal-to-noise ratio,
which may enable background-free magnetic resonance maging with nuclei other than proton.
Hyperpolarized nanoparticles (HPNP) having endogenous polarization agents and biocompatibility have
been emerged as a condidate overcoming the short T limit of hyperpolarized *3C pyruvates. Here, | first
introduce a fully home-built dynamic nuclear polarization (DNP) system working at 3.3 K and 5 T. The
system can be expoited versatilely for hyperpolarzing silicon nanoparticles or nanodiamonds. In vivo 2Si
MR images obtained from HPNP-injected mouse will be presented.

Second, as an alternative to the cryogenic DNP system, an optical DNP system functioning at room
temperature has developed at KRISS. In diamond, optically-induced electronic polarization can be
transferred to 3C nuclei. A 3C nuclear polarization higher than 0.1 % was achieved only at 0.018 T via

multi-frequency irradiation. Its potential as a low-cost and mobile polarizer will be discussed as well.
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» Poster, PO-01

Substrate binding studies of single mutant adenylate kinase from
mycobacterium tuberculosis (AKmtE122K) by NMR

Gil Hoon Kim, Ho Shik Won*

Environmental Biochemistry and NMR lab, Department of Chemical and Molecular Engineering,
Hanyang University, Hanyang Daehak-Ro 55, Sangrok-Gu, Ansan, Korea

E-mail: kghpotter@hanyang.ac.kr

Adenylate kinase (AK) is an enzyme that catalyzes the Mg?* ion mediated high energy
phosphorylation (Mg?*-ATP + AMP «— Mg?*-2ADP) process producing two ADPs by forming ATP and
AMP complexes with substrates, and these processes are known to be involved in energy metabolism and
nucleotide synthesis. Although AK1 from eukaryotes and AK (AKmt) from mycobacterium tuberculosis
has high homology in amino acid sequences of enzyme active site, the activity of AKmt is about 10% of
AKZ1. Based on the charged amino acids of AK1 has carried an important role in enzyme activity and
substrate affinity, we carried out genetic recombination and cell culture to produce *C, *N-labeled wild
type AKmt and its mutant protein (AKmtE122K) that has similarity to the amino acid sequence of AK1.
The mutant was substituted with the negatively charged Glu[122] of LID domain into the positively
charged Lys[122] and The activity of single mutant AKmtE122K were observed to be 2 fold higher than
that of AKmt. In order to understand the substrate binding mechanism, complete NMR signal assignments
were accomplished for single and double mutants by using 2D and 3D multinuclear multidimensional NMR
experiments and molecular dynamics simulations. The structural changes of the loop and the domain are
important in the mechanism and function of enzyme. The structural relocation of LID domain and AMP
binding domain changing from the open form into the close form during the catalytic process was observed
by NMR. Dissociation constant associated with active binding sites were measured with ATP, AMP
titration. NMR measurements and molecular dynamic studies showed that ATP saturation to AKmtE122K
gave rise to a structural change in LID domain with 0.5 uM strong binding strength than that of AKmt
whereas AMP saturation provide with 0.1 uM strong binding strength and enabled the AMP binding site
to change from the open form into the closed form. In a substrate binding, the saturation may induce
structural stabilization of binding site and finally improve the substrate binding.It implies that the dynamic
behavior of protein has important in its activity.
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» Poster, PO-02

Mechanistic studies on the interaction between lipid vesicles and the
a-synuclein isoforms.

Jong Chan Lee?, Jung Ho Lee!”

!Department of Chemistry, College of Natural Sciences, Seoul National University, Seoul 08826, Korea.
E-mail: lejon0605@snu.ac.kr

Lewy body and Lewy neurite are well-known neuropathological lesions of Parkinson’s
Disease(PD). The main component of these hallmark lesions is alpha-synuclein(aS). Accumulating
evidence tells us that pathologic oligomerization and aggregation of aS is strongly related to the
pathogenesis of PD. Through alternative splicing, the aS gene (SNCA) encodes at least 4 different oS
isoforms: the canonical isoform that consists of 140 amino acid residues and the other three that lack exon4,
exon6, or both. Such splicing of the SNCA gene is assumed to alter aS aggregation properties, and previous
studies have suggested that the expression levels of aS isoforms in brain tissues show a marked difference
between healthy controls and PD patients. However, while a large number of studies have been carried out
on the canonical full-length oS, barely no research is performed on the other three isoforms. It has been
shown that the aggregation propensity and the function of aS is heavily related to how oS interacts with
lipid membranes. Therefore, the main purpose of our research is to identify the mode and mechanism of
the interaction between lipid vesicles and the aS isoforms. We used circular dichroism(CD) and solution
NMR to quantify their lipid-binding affinity. Change in the CD signal of the oS isoforms was measured at
222 nm as a function of [ESC (DOPE:DOPS:DOPC=5:3:2) lipid] / [aS isoform] ratios. Furthermore, H-
1N HSQC and DOSY experiments were performed for oS protein isoforms in the presence of ESC lipid
vesicles with negatively charged headgroups. Relative peak intensities and linewidths were plotted as a
function of aS residue number. Based on these data, it was identified that the lipid-binding affinity of N-
terminus increases in the absence of C-terminal exon6. Our data also indicates the multiple distinct lipid-

binding modes of aS isoforms.
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» Poster, PO-03

Characterization of protein structure and long-term stability of anti-
CRISPR AcrllA8

Sung Hyun Hong and Jeong-Yong Suh”
Department of Agricultural Biotechnology, Seoul National University, Seoul 08826, Korea

E-mail: sfctmxk@snu.ac.kr

The clustered regularly interspaced short palindromic repeats (CRISPR) and CRISPR-
associated (Cas) systems provides adaptive immunity against invading phages in bacteria and
archaea. To overcome against CRISPR-Cas systems, phages have acquired anti-CRISPR (Acr)
proteins that interfere with CRISPR-Cas activity. AcrllA8 is one of the recently discovered Acr
proteins that can mediate inhibition of Cas9 from Streptococcus pyogenes activity. To elucidate
the AcrllA8 of structural characteristics, we purified the recombinant protein and analyzed its
structure using NMR spectra. During this process, We learned that AcrllA8 protein was unstable
with increasing degradation and also aggregations over time. We show that addition of a protease
inhibitor cocktail and higher salt concentration helped long-term protein stability and solubility of
AcrllA8. Structure determination of AcrllA8 is currently in progress.
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» Poster, PO-04

Protein engineering of recombinant position-specific lipase enzymes
Changkon Park and Jeong-Yong Suh”

Biophysics and Nanobiology Laboratory, Biomodulation Major, Department of Agricultural
Biotechnology, Seoul National University, Seoul 151-921, Korea

E-mail: jysuh@snu.ac.kr

Lipase catalyzes the hydrolysis of triacylglycerol into the glycerol and fatty acids. Lipase
can act on a diverse kind of lipid substrates and plays a crucial role in digestion and processing
of dietary lipids, such as triglycerides, fats, and oils. The lipases are used a lot in biotechnological
application such as a modification of lipids, production of biodiesel and synthesis of bioactive
esters. When we overexpressed the Cml (Cordyceps militaris lipase) and Bba (Beauveria bassiana)
lipases using the prokaryotic system, the proteins were mainly produced as an inclusion body. We
then tried different expression vectors and induction temperatures to obtain soluble proteins. We
also co-expressed chaperon proteins with lipases to facilitate folding during induction. Producing
functional lipases in the prokaryotic system would save costs with increases yield, promising

potential biotechnological applications.
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» Poster, PO-05

Investigation of a dual inhibitor against the type I-E and I-F CRISPR-
Cas systems

Changkon Park and Jeong-Yong Suh”
Department of Agriculturural Biotechnology, Seoul National University, Seoul 08826, Korea

E-mail: jysuh@snu.ac.kr

Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR)-Cas are widely
distributed in bacteria and archaea, and can provide adaptive immune defense systems against
invading phages and plasmids. Phages evolved counter-defense systems to neutralize the host
CRISPR-Cas machinery, which are known as anti-CRISPR (Acr) proteins. To date, Acr proteins
have been discovered for various type | (subtypes I-D, I-E, and I-F) and type Il (1I-A and I1-C).
The Acr proteins interact with different components of Cas proteins in a specific manner.
Recently, an Acr protein inhibiting both I-E and I-F CRISPR-Cas systems have been reported,
and the domain analysis indicated a chimera of previously identified AcrlE4 and AcrlF7 (AcrlE4-
F7). We prepared the individual and combined versions of AcrlE4 and AcrIF7, obtained their *H-
15N HSQC spectra, and examined their binding with the Cas targets.
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» Poster, PO-06

NMR-based structural characterization of Tid1-JD and Tid1-eJD.
Jin-wha Jang?', Dong-Hoon Kang?!, Dae-Won Sim?, Kyu-Sung Jo?, Ji-Hun Kim'*, Hyung-Sik Won?"

! College of Pharmacy, Chungbuk National University, Cheongju, Chungbuk 28160, Korea, 2 Department
of Biotechnology, College of Biomedical and Health Science, Konkuk University, Chungju, Chungbuk
27478, Korea

E-mail: zmdidi@naver.com

Heat shock protein 40 (Hsp40) are important co-chaperones of heat shock protein 70 (Hsp70).
Hsp70 chaperone machines are ubiquitously present in all living organisms and play critical roles in protein
homeostasis by temporarily interacting to many different substrates, via an adenine nucleotide—dependent
cycle. Hsp40s are essential for this process. Hsp40s stimulate the hydrolysis of ATP bound to Hsp70 and
stabilize the interaction with substrate poly peptides. In humans, Hsp40s compose a variety of family with
more than 40 different membersz, which vary in their substrate selectivity and in the structural compositions.
Interestingly, although Hsp40s share similar structure, the functions of Hsp40s are diverse in the cell. Every
Hsp40s possess the J-domain which is key region to interact with an Hsp70 and the other distinct regions
which may cause the particularity in the targeting of Hsp70 chaperones to specific substrates. Based on the
structural components, Hsp40 family is divided into three subclasses, class A, B and C. The J-domain of
class A and class B members is located at the N-terminus like DnaJ which was firstly described member
in the literature, whereas this domain exists anywhere in the protein belonging to the class C members. In
Hsp40 class A members, the J-domain is followed by a glycine/phenylalanine (G/F)-rich region, two
homologous B-barrel domains, a zinc-finger-like region, and a C-terminal dimerization domain. Class B
members have similar structural components except a lack of a zinc-finger-like region. Class C members
includes proteins with the functional J-domain that do not belong to Class A or Class B. They may have
various other domains or functional motifs in the protein. In the present study, we designed two different
constructs, one contains only J domain and the other contains J domain and extra residues from G/F rich
domain in the C-terminus, called Tid1-JD and Tidl-eJD, respectively. The structure of Tid1-JD was
determined by using solution NMR, and binding experiments of Tid1-JD and Tid1-eJD to peptide from
P53 and full-length p53 were carried out using NMR. HSQC spectra comparison between Tid1-JD and
Tid1-eJD show that (G/F) rich region was bound to J-domain not like Hsp40 A2 class, which suggests that
(G/F) rich region may play a important role in regulation of binding between J-domain and other binding

partner.
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» Poster, PO-07

Elucidation of the structure and binding interactions of Acinetobacter
baumannii ACP with B-ketoacyl ACP synthase lll as a potential potent
antibacterial target

Sungjae Choi and Yangmee Kim"

Konkuk University, Seoul, 05029, Republic of Korea

E-mail: csj9897 @konkuk.ac.kr

Fatty acids are critical to the survival of all organisms as they are used for storing energy
and forming cell membranes, while also functioning as intermediates in various signaling
pathways. Thus, fatty acid synthases (FASs) represent effective targets for antibiotics.
Nevertheless, multidrug-resistant bacteria, including the human opportunistic bacteria,
Acinetobacter baumannii, are emerging threats. Meanwhile, the FAS pathway of A. baumannii is
relatively unexplored. Considering that acyl carrier protein (ACP) has an important role in the
delivery of fatty acyl intermediates to other FAS enzymes, we elucidated the solution structure of
A. baumannii ACP (AbACP) and, using NMR spectroscopy, investigated its interactions with -
ketoacyl ACP synthase Il (AbKAS I11), which initiates fatty acid elongation. Results show that
AbACP comprises four helices, while Ca2+ reduces the electrostatic repulsion between acid
residues, and the unconserved F47 plays a key role in thermal stability. Moreover, AbACP exhibits
flexibility near the hydrophobic cavity entrance from D59 to T65, as well as in the ala2 loop
region. Further, F29 and A69 participate in slow exchanges, which may be related to shuttling of
the growing acyl chain. Additionally, electrostatic interactions occur between the a2 and a3-helix
of ACP and AbKAS III, while the hydrophobic interactions through the ACP a2-helix are
seemingly important. Our study provides insights for development of potent antibiotics capable of
inhibiting A. baumannii FAS protein-protein interactions.
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» Poster, PO-08

Substrate Specificity of Fatty Acid Synthases of Propionibacterium
acnes

Ahjin Jang and Yangmee Kim"

Konkuk University, Seoul, 05029, Republic of Korea

E-mail: ajin931017@konkuk.ac.kr

Propionibacterium acnes (P. acnes) is a representative bacterium that causes acne
vulgaris which is a serious skin inflammatory disease from adolescents to adults. Recently, it has
been reported that P. acnes is also involved in the various inflammatory response such as an
infection of surgery for artificial joints and the importance of developing antibiotics against P.
acnes has emerged. Fatty acid synthesis (FAS) is essential for bacterial viability and P. acnes
exhibits special cell membrane features to control membrane fluidity by branched-chain fatty acids
(BCFAs). To gain effective control of P. acnes, a deeper understanding of the cellular metabolism
mechanism, we have solved the structure of -ketoacyl ACP synthase Il (PaKAS I1I) which
initiates the fatty acid elongation process. Conformation-sensitive urea polyacrylamide gel
electrophoresis and tryptophan fluorescence quenching experiments confirmed that PaKAS 11
prefers isobutyryl-CoA as the acetyl-CoA, and the unique shape of the active site cavity complies
with incorporation of branched-short chain CoAs. In this study, we determined the solution
structure of acyl carrier protein (PaACP) which is a cofactor in FAS. Furthermore, we investigated
the substrate specificity of PAACP for branched-chain fatty acid in comparison with that of E.coli
ACP. Chemical shift perturbation (CSP) and spin relaxation data revealed that PaACP
accommodates branched isobutyryl chain while E.coli ACP cannot. Unconserved C50 and 146 as
well as flexibility of a2a3 loop provide wider hydrophobic cavity for PAACP to shuttle branched
acyl cargos compared to those of other bacterial ACP. This study clearly illustrates how BCFA
synthesis is achieved in P. acnes and the unique shape of the cavity in PaKAS 11l and PaACP
required for the branched-chain primer and can give insight to design novel inhibitors which target

FAS enzymes of P. acnes specifically.
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» Poster, PO-09

NMR Study of the specific DNA Sequence Recognition Mechanism of
DLX3

Ho-Seong Jint, Joon-Hwa Lee!?*

!Department of Chemistry and “RINS, Gyeongsang National University, Jinju, Gyeongnam, 52828,

Republic of Korea

E-mail: dixl0826@naver.com

Transcription factors (TFs) are proteins involved in the regulation of gene expression at
the transcriptional level. They interact with DNA in a sequence-specific manner through their
DNA-binding domains (DBDs), which are used to classify TFs into structural families. The DNA
binding homeodomain of DIx3 transcription factor bind to consensus TAATT sequence found on
the promoter region of osteogenic genes including osteocalcin, Runx2 bone sialoprotein and
regulate their transcription. For gene transcription to occur, transcription factors must bind to
specific sequences of DNA. The highly conserved DLX3 is responsible for specific recognition
of a common sequence motif, [5'- TAATTG-3']. To understand the molecular mechanisms of
specific DNA recognition of DLX3, We performed 1H-15N HSQC titration with WT-DNA and
T5G-DNA. The exchange rate constants of the imino protons for the wild type DNA, and TF-

DNA complex were measured by using water magnetization experiment.
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» Poster, PO-10

NMR studies of transcription factor HOXA1 complexed with its target
DNA

Hye-bin Ahn, Joon-Hwa Lee”

Department of Chemistry, Gyeongsang National University, Jinju, Gyeongnam, 52828, Republic of

Korea

E-mail: ahb9004@naver.com

In molecular biology, a transcription factor (TF) is a protein that controls the rate of
transcription of genetic information from DNA to mRNA, by binding to a specific DNA sequence.
Homeobox (Hox) genes encode a conserved family of transcription factor proteins that are
critically important in vertebrate development. In humans, the Hox genes are distributed into four
linkage groups (HOXA, HOXB, HOXC, and HOXD) comprising 39 genes located on
chromosomes 7, 17, 12, and 2. Specifically, the HOXA1 may be involved in the placement of
hindbrain segments in the proper location along the anterior-posterior axis during development.
In this study, to understand this molecular mechanism of the HOXAL with specific target DNA,
we performed NMR experiments that HSQC titrations on HOXA1 complexed with 10-bp DNA
duplex, d(5’- CGTAATGGCC -3’)/d(5’- GGCCATTACG -3’), (wt-hxIDNA) and G5T mutant
DNA. Our study will provide DNA recognition pathway of HOXAL.

26



» Poster, PO-11

NMR Study of target DNA recognition of Transcription Factor protein
PBX4

Youyeon Go?, Joon-Hwa Leel?

!Department of Chemistry and 2RINS, Gyeongsang National University, Jinju, Gyeongnam, 52828,

Republic of Korea

E-mail: yuyun1948@naver.com

Transcription factors (TFs) are proteins that bind specific sites or elements in regulatory
regions of DNA, known as promoters or enhancers, where they control the transcription or
expression of target genes. The three amino acid loop extension (TALE) homeodomain proteins
are a family of transcription factor including the mammalian PBX, MEIS and PREP proteins. The
PBC subclass comprises the proteins PBX1, PBX2, PBX3 and PBX4 in mammals. The TALE-
HD differs from the classical HD by the insertion of three additional amino acids. These three
amino acids are almost always a proline-tyrosine-proline (PYP) motif and are located between the
first and second helix of the HD. The highly conserved DNA-binding TALE proteins define the
family and is responsible for specific recognition of a common sequence motif. In prior studies,
packing of spiral 4 for the rest of the PBX homo-domain has been shown to be able to stabilize
spiral 3 and maintain the optimal form for binding to DNA. To understand the molecular
mechanisms of specific DNA recognition of PBX4, we performed NMR experiments on PBX4
complexed with 10-bp DNA duplex, d(CGATGATTGA)/d(TCAATCATCG), (wt-pxDNA) and
its mutants using NMR. We studied the PBX4-DNA interactions using imino proton and HSQC
titrations. We also performed the 15N relaxation dispersion and imino proton exchange

experiments to study the kinetics of target-specific DNA binding of PBX4.
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» Poster, PO-12

Inhibition of tau and AB4. aggregation by ortho-catechol containing
isoflavone

Ji-Na Yoo?, Jong Kil Lee?, Nam-Jung Kim?, Min-Duk Seo!”

!Department of Molecular Science and Technology & College of Pharmacy, Ajou University, Suwon,
Gyeonggi 16499, Republic of Korea, 2College of Pharmacy, Kyung Hee University, Seoul 02447,

Republic of Korea

E-mail: jinajuha@ajou.ac.kr

Alzheimer’s disease (AD) is a neurodegenerative disorder that accompanies memory loss
and cognitive impairment characterized at the molecular level by two lesions: the intracellular
neurofibrillary tangles (NFT) and extracellular amyloid plaque [1]. The tangles and plaque are
caused by deposition of abnormal aggregation of microtubule-associated protein tau and fibrous
assemblies of amyloid beta peptide. Recently, a series of polyhydroxyisoflavones were identified
as novel therapeutic scaffolds for AD [2]. We here designed an isoflavone containing ortho-
catechol moiety which is known to be crucial for inhibiting pathological protein aggregation both
NFT and amyloid plaque [3]. To determine whether the ortho-catechol containing isoflavone is
effective in preventing the aggregation of tau and ABa2, *H-'°N heteronuclear single quantum
coherence (HSQC) nuclear magnetic resonance (NMR) spectroscopy, thioflavin T (ThT)
fluorescence and transmission electron microscopy (TEM) analysis was performed. Through the
results, we identified that this compound could affect the aggregation process of tau and AB42. Our
results would contribute to understanding the mode of action of the catechol containing isoflavone
during fibril formation, which will provide us perspicacity for new potential therapeutics

development for AD.
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» Poster, PO-13

NMR structural studies of human melanocortin-4 receptors and the
syndecan-4

Ji hong Wang, Hyunjin Ko, Minseon Kim, and Yongae Kim"

Department of Chemistry, Hankuk University of Foreign Studies, Yong-In, 17035, Republic of Korea

Email: dhkdwlghd@naver.com, hyuniee0830@naver.com

Human transmembrane proteins (hTMPs) are playing an important role in the
biological system like gateways to permit the transport of a specific substance. Transmembrane
proteins act as receptors, channels, and pumps between cells to transport various ions and
nutrients, and they have been implicated in several diseases. It can also lead to loss of function
as a carrier of substances and failure of signal transmission systems.

Among them, human melanocortin-4 receptor (hMC4R), which is expressed in the
pituitary gland and functions to maintain energy homeostasis, will be deal with. Studies of
melanocortin-4 receptors, which play an important role in appetite control and energy
homogeneity, is valuable because it is directly related to the direction of genetic problem-
solving for human obesity. This study mainly deals with the process of expression, purification,
and optimization, a process to obtain high yield wt/m-hMC4R-TM2 protein for NMR structure
studies. The expressed proteins focus on investigating the structural differences of the wt/m-
hMC4R-TM2 proteins by obtaining high yields and high purity. The resulting wt/m-hMC4R-
TM2 protein was applied to various spectroscopy methods, including solution-state NMR
spectroscopy and solid-state NMR spectroscopy.

Syndecan-4 (Syd4) performs a variety of functions, including cell-to-cell interactions,
extracellular matrix interactions, cancer progression, and cell proliferation. Syndecan-4 is a type
of transmembrane protein and transmits stimulation into cells through PIP>
(phosphatidylinositol-(4, 5)-bisphosphate) phospholipids. Syndecan-4 (Syd4) dimerization is
important for signal transduction. Thus, we demonstrated an optimized method for recombinant

expression and purification of syndecan-4(Syd4). For efficient research, wild-type Syd4-TM
29



(wSyd4), Syd4-eTC (ecto-, TM, Cyto-) and mutant Syd4-TM (mSyd4) were studied to show
dimer formation by the amino acid sequence GxxxG motif. Dimers were shown to be formed by
the GxxxG motif, where wild-type Syndecan-4 TM was a dimer and mutant Syndecan-4 TM
was a monomer. They were also investigated by solution/solid NMR spectroscopy to confirm

their structures and interactions with PIPa.

30



» Poster, PO-14

The NMR structural and mechanismic studies of novel antimicrobial
peptides, LPcin

Minseon Kim, and Yongae Kim*
Department of Chemistry, Hankuk University of Foreign Studies, Yong-In 17035, Republic of Korea

E-mail: alstjs032@naver.com

Naturally derived antimicrobial peptides (AMPs) that can be considered a novel type of
antibiotics being studied for bacteria resistant to antibiotics. AMPs are substances produced to
defend against invasion of external bacterial, and many cationic AMPs have been isolated
therefrom. Lactophoricin-1 (LPcin-1) is also a cationic amphiphilic AMP of the C-terminal region
113-135 of proteose-peptone, a protein derived from cow’s milk. It has antimicrobial activity
against Gram-positive bacteria and Gram-negative bacteria. Based on the amino acid sequence of
LPcin-1, candidate peptides with better antimicrobial activity were designed through peptide
engineering and antimicrobial activity experiments were conducted. Through this, the selected
candidate LPcin analog peptides were expressed in large quantities through a gene recombination

technique and obtained with high purity through an optimized purification method.

The secondary structure of the LPcin analogs were measured by CD, and the three-
dimensional structure and orientation in the presence of a lipid bilayer were measured through
solution/solid-state NMR spectroscopy. In order to identify the topology of the LPcin analogs
and study the mechanism of action, a solid NMR probe for *H->N measurement and *H-3!P
measurement were manufactured in our laboratory. In addition, the actual antimicrobial activity
of the LPcin analogs in the actual bacteria were confirmed through SEM. Through this study, it
will be possible to contribute to the establishment of a new AMP development system and

provide an academic basis for AMP research.
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Validation of anti-inflammatory properties of tIK peptide and
structural study through NMR

Jinhee Jeong, Minseon Kim and Yongae Kim*
Department of Chemistry, Hankuk University of Foreign Studies, Yong-In, 17035, Republic of Korea

E-mail: wisgml1158@gmail.com

Rheumatoid arthritis, an autoimmune disease, becomes inflamed the synovial membrane
around the joint and destroys the ligaments and cartilage. This inflammation spreads to the skins
and blood vessels, causing anemia, vasculitis, and headaches. Imbalance of pro- and anti-
inflammatory cytokines is one of the causes of this disease. A recent study found that truncated-
IK (tIK) protein inhibits the expression of inflammatory cytokines. Therefore, we conducted
research to develop anti-inflammatory peptides using only the inflammatory portion of the tIK
amino acid sequence. We investigated the phosphorylation pattern in macrophages of tIK
transgenic mice and found that the tIK protein phosphorylates the tyrosine 496" of the
interleukin (IL)-10 receptor subunit alpha, and the inflammation disappears. To find the base
sequence of a specific part of the tIK protein that phosphorylated the I1L-10 receptor, the
structure of tIK was predicted using sequence homology modeling using IL-10 and the sequence
of 4 epitopes was assumed. The anti-inflammatory activity of each epitope was examined
through the Tw17 cell differentiation test, and the peptide consisting of 18 amino acids with the
best anti-inflammatory effect was named tIK 18-mer. Referring to the sequence of this peptide,
shorter, anti-inflammatory 9-mer and 14-mer were also found.

Peptide expression was performed by culturing E. coli, and peptides uniformly labeled
with N were analyzed through MALDI-TOF and NMR. It was confirmed that the experiment
was successfully performed, and the experimental procedure was optimized. The secondary
structure of the peptide was confirmed using CD and 2D NMR, and chemical shift perturbation
was studied to confirm the interaction between the receptor and the anti-inflammatory peptide.
Finally, an anti-inflammatory test was performed to prove the anti-inflammatory effect of the

purified peptide.
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» Poster, PO-16

Metabolic changes of Flatfish Infected with Streptococcus parauberis
using HR-MAS NMR-Based Metabolomics

Sujin Lee, Hani Lee, Youzhen Li, Seulbin Ha, Suhkmann Kim*

Department of Chemistry and Chemistry Institute for Functional Materials, Pusan National University,
Busan 46241, Republic of Korea

E-mail: suhkmann@pusan.ac.kr

The interests of marine organisms have been increased as aquaculture industry developed
rapidly. However, there are many kinds of infectious diseases that cause financial damage. The
infectious diseases expand at a rapid rate in the fish farms because of the small area and dense
population of fish. There is a great need for the rapid diagnosis and treatment. This study will be
utilized for the base data of development diagnostic and therapeutic methods by observing the
changes of metabolic profiles. In this study, flatfish (Paralichthys olivaceus) was infected with
Streptococcus parauberis for 1 week. Control group (0 day) and infected groups (3 day and 7 day)
were compared to each other using NMR-based metabolomics. Streptococcus is a mortal pathogen
in fish cause serious economic losses for the aquaculture industry. Serum and liver of flatfish were
measured with HR-MAS (high resolution-magic angle spinning) NMR. Spectral binning was
performed at the Chenomx NMR suite 7.1 (Chenomx Inc., Edmonton, AB, Canada) and the
binning data were analyzed by the Principal component analysis (PCA), Partial least squares
discriminant analysis (PLS-DA) and Orthogonal Partial Least Squares discriminant analysis
(OPLS-DA) using the SIMCA-P* 12.0 software (Umetrics, Umea, Sweden). The metabolites were
assigned using the Chenomx 600 MHz library database. In serum and liver, PCA, PLS-DA and
OPLS-DA score plots showed the clear separation between control group and infected groups.
Acetoacetate, proline, pyruvate and myo-inositol in serum and acetoacetate, creatine, fumarate,
glucose, methionine, O-phosphocholine, phenylalanine, succinate and uridine in liver were

significantly increased.
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» Poster, PO-17

Metabolomics profiling of Vibrio harveyi and WSSV Infection in
Whiteleg Shrimp, Litopenaeus vannamei, using HR-MAS NMR

Seonghye Kim, Yujin Lee, Juyoung Choi, Suhkmann Kim®

Department of Chemistry and Chemistry Institute for Functional Materials, Pusan National University,
Busan 46241, Republic of Korea

E-mail: suhkmann@pusan.ac.kr

The shrimp industry in Korea is thriving as to meet the demands. However, there is a
growing concern over the industry that infectious disease causes a massive economic loss. It is
necessary to set up new strategy to prevent the disease. Among the infectious disease in white leg
shrimp (Litopenaeus vannamei), White spot syndrome virus (WSSV) and Vibrio harveyi was
studied in this research. In this study, white leg shrimp was infected with WSSV and Vibrio harveyi
for a week. The blood and the hepatopancreas of white leg shrimp were analyzed by High
Resolution Magic Angle Spinning Nuclear Magnetic Resonance (HR-MAS NMR) based
Metabolomics. Spectral binning was performed at the Chenomx NMR suite 7.1 (Chenomx Inc.,
Edmonton, AB, Canada) and the binning data was analyzed by the Principal component analysis
(PCA), Partial least squares discriminant analysis (PLS-DA) and Orthogonal Partial Least Squares
discriminant analysis (OPLS-DA) using the SIMCA-P* 12.0 software (Umetrics, Umed, Sweden).
The metabolites were assigned using the Chenomx 600 MHz library database. With the
multivariate analysis, choline and uracil was the most significant metabolite in the study. This was
supported by the Variable Importance Projection (VIP) Score that the score was over 2.0. In the

result of the correlation analysis, glycine-serine-threonine metabolism was affected.
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