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Summary

In this study, we aim to create new drug seeds on the basis of better understanding of the
structure, interaction, life cycle, and variability of HIV. In the first year, we created a new
cross-sectoral collaboration network for conducting (i) structural biology of HIV, (ii) identification
of new drug targets, and (iii) structure based drug design (SBDD). By using the platform, we
identified new anti-HIV seeds #1~#3, with collection of novel virological information.

1. Creation of a new research platform of HIV for SBDD

(1) In collaboration with the members of this study, Dr. Sato’s group (National Institute of
Infectious Diseases) created a new research platform that allows for SBDD with results of
the HIV life-cycle study under the cross-sectoral cooperation among the 11 research groups,
with each being integrated by in silico structural analysis.

(2) Dr. Masuda’s group (Tokyo Medical and Dental Univ.) demonstrated a critical contribution of
evolutionally conserved Tyr15 within HIV-1 integrase to form functional multimer-complex
and infectious virus particle, providing a novel target to develop HIV-1 inhibitors.

(3) Dr. Miyakawa’s group (Yokohama City Univ.), in collaboration with Drs. Morikawa
(Kitasato Univ.) and Ono (Univ. Michigan Med. School), found that the tumor suppressor
adenomatous polyposis coli protein is a Gag-binding protein that leads to enhancement of
cell-to-cell HIV transmission.

(4) Dr. Nomaguchi’s group (Tokushima Univ.) found that HIV-1 Gag capsid linker domain,
SPTSI, are important for maintaining capsid function/structure in the primate lentiviral
virion assembly.

(5) Dr. Sakuragi’s group (Osaka Univ.) found that the release of Gag p1(Sp2) peptide from a
NC-p1 precursor is required for the stabilization of viral core.

(6) Dr. Morikawa’s group (Kitasato Univ.) found that Gag was transported through binding of
MA helix5 to Syntaxin and that The W184,M185 and 1.189,1.190 of CA CTD helix9 in GagPol
was responsible for GagPol incorporation into HIV particles.

(7)  Dr. Kubo’s group (Nagasaki Univ.) found that a host factor, GILT, restricts infections of
various viruses including HIV via digesting disulfide bonds on viral envelope proteins.

(8) Dr. Takeuchi’s group (Tokyo Medical and Dental Univ.) found that S149E mutation in capsid
protein induced synthesis of an early type I interferon with premature capsid disassembly.

2. Identification of anti-HIV compounds

(1) Research group of Drs. Sato, Tamamura (Tokyo Medical and Dental Univ.), and Murakami
(National Institute of Infectious Diseases) constructed a SBDD platform and identified an
antiviral #1 that targets HIV-1 capsid protein (ECso= 8.0nM).

(2) Research group of Drs. Tamamura and Murakami screened a Gag peptide library and
identified an antiviral #2 against HIV-1 (ECso= 13uM).

(3) Dr. Aida (Riken) screened a chemical library and identified an antiviral #3 that inhibits
interaction between Tsg101 and Gag p6, and thereby HIV-1 replication (ECs0= 0.6pM).



III. FRDOHN~DFEFE

(1)

1.

(2)

TGRS - MEEEICR Y D% (AWEE 14 EESEE 6 1)

M. HE - HRAZoRIEHIC X 2mBEAA 3 o BB %K. IASR
2016.37(9) :10(176)-11(177).

Sakuragi S, Yokoyama M, Shioda T, Sato H, Sakuragi JI. SL1 revisited: functional
analysis of the structure and conformation of HIV-1 genome RNA. Retrovirology. 2016
Nov 11;13(1):79.

Takahata, T., Takeda, E., Tokunaga, K., Yokoyama, M., Huang, Y-L., Hasegawa, A.,
Shioda, T., Sato H, Kannagi, M., Masuda T. Critical Contribution of Tyr15 in the HIV-1
Integrase (IN) in Facilitating IN Assembly and Nonenzymatic Function through the IN
Precursor Form with Reverse Transcriptase. J Virol. in press.

Yokoyama, M., Nomaguchi, M., Doi, N., Kanda. T., Adachi, A., Sato, H. In silico Analysis
of HIV-1 Env-gp120 Reveals Structural Bases for Viral Adaptation in Growth-Restrictive
Cells. Front Microbiol. 7:110, 2016.

Alam, M., Kuwata, T., Shimura, K., Yokoyama, M., Ramirez Valdez, KP., Tanaka, K.,
Maruta, Y., Oishi, S., Fujii, N., Sato., H., Matsuoka, M., Matsushita, S. Enhanced
antibody-mediated neutralization of HIV-1 variants that are resistant to fusion
inhibitors. Retrovirology. 13:70, 2016.

Hikichi, Y., Yokoyama, M., Takemura, T., Fujino, M., Kumakura, S., Maeda, Y.,
Yamamoto, N., Sato, H., Matano, T., Murakami, T. Increased HIV-1 sensitivity to
neutralizing antibodies by mutations in the Env V3-coding region for resistance to
CXCR4 antagonists. J Gen Virol. 97:2427-40, 2016.

Miyatake, H., Sanjoh, A., Murakami, T., Murakami, H., Matsuda, G., Hagiwara, K.,
Yokoyama, M., Sato H, Miyamoto, Y., Dohmae, N., Aida, Y. Molecular Mechanism of
HIV-1 Vpr for Binding to Importin-a. J Mol Biol. 2836:30140-1, 2016.

e VURTY T LEIIBIT A O« RAX —RE

[0 AV AREGYE & GHRFF ). DB, BRI, 55 374 [B] CBI “F~RAFJElHE. REUYE
WFIEDFFR ~ 27 10— VL~V ZIZHBRT DA~ 2016 427 H 22 B (&), H ORETKR
Sl B E)

[0 A v ZEGHERFFE~OFHREFFOFNE ) DA, R, RIEMSE e ma ot 7esT
FralE, 2016 4F 10 A 7 A (&), & (CohmAlEAT7EaT)

[ Accumulation of MHC-I-associated viral genome mutations in multiple SIV
transmissions], AN A4 —, Seki S, Nomura T, Nishizawa M, Yokoyama M, Sato H, Matano
T, # 156 MHHO U LERYYE - oE 7 +—T 5, 2016 49 H 6 H (k) ~9 A (&), L

(RS L ERR 2% S)

[HEFER Env BRRUBHLEAIZ 4 77 U — OS] A, JRHESE, TR, IR I, AL,
ATHE R, Wz, FIREE, AN, SIHER, RS, EAEFn, REEE, &
FAA, 55 30 [l A AT A XA iidiss - #e, 2016 4F 11 H 24 H (OK) -26 B (). &
RE I LERERRE S Z—)

THIV-1 Env = ®KIZHB T DHHIR S NIEEP S E ) RAAZ— ML, BEH B, PAE
FE. IRIE, B EEERTE, 2B 39 M A AS AW RFES. 2016 £ 11 A 30 B (K)
~12H 2R (&), @)l (ONv 7 4 ki)

[SIVEBLOHIVIZBIT DT Ty AX VX7 O] RAX— ZHME KH
A, EHP, CEERE SIFIEIR 39 B A A TAWERFES. 2016 48 11 A 30 H (OK)

~12H 28 (&), MR (7 0 akiik)

(3) THEEORZ - BAlahitha ) (2842 B0



H28. 7. 22 I HEFAF & — X N & *I G Bl &7z TCBT 2Rl ISR W CREH L, =
VE a— RV R YYER RIS Lo HIV 252) Z#aP Lz, (s Tv
A NVAREYE & FHERNE ), B 374 [B] CBI PPl S, YYEMIORR ~ 7 m—
NIV AZERNT DA~ 2016 457 A 22 B (&), Hal AR B2 .

H28. 7. 31 1T N &t I B Sz TENLEYYERFZEATAT LT & — R AR BT, =
A AWFEE 2 — LR TR A 2 — & HIV oy PR 4 J@oR L7z, HIV/AIDS R, NI Z D
R ANT P2 HR W MR D —D & LT, 2 Ea—FB2OEMA 250 Uiz, ENRYENZE
FIAT IS — e AR CNRIE. BRILES. (R TE, (LATEZ)

(4) FFFrHE

AL



(A4 )

I EAER
E

WFFERAJE RS

WFFERASEH 4 &

ATl ek K4

ES i}

gy OB SR

B 2 3k & 4

WHFERASE S A

ATl ek K4

-1/

[16fk0410104h0101]
TRk 2 94 5H 2 2H

YRk 2 8 £ EFE ML B % KR - E E

(BAGE) —A AXPIRFER LR
(#  F8&) Research Program on HIV/AIDS

(FAH) HIV Gag 2 FUELOOHERE & HE(LREOHEE A IS IS < KRR DAl
— ZHIBL
(£ F&) Creation of new research bases of structural and evolutionary biology

of HIV Gag proteins for drug seeds discovery

(AARGE) ENKRFENESRY: Bz B O

(= F8) Tokushima University, Professor, Masako Nomaguchi

W2 84 4H 1H ~ k294 3H31H

(AAGZE) Gag-CA~Y w7 AT LV T— RAA L OREREMBAIZEESL
BIFE S — RERER

(I F8) Seed search for anti-viral drugs based on functional elucidation of
the helix 7-linker region in HIV-1 Gag—CA

(A AGE

Ca

I FROBME (RIEHERE)

WHFERAFE R

ESLEGENTIEET RIS ) DRATRESEE v 2 — PR

MR T 2 2,

ITII. RO/~ DFEE

(1) "_%l'/ﬁ\%jﬁ . %%%L:%c#b%@

—% (EWNEE  off, EESE 510

1. *Yokoyama M, *Nomaguchi M, Doi N, Kanda T, Adachi A, Sato H. In silico analysis of HIV-1

Env-gp120 reveals structural bases for viral adaptation in growth-restrictive cells. Frontiers

in Microbiology. 2016, 7, article 11. *, Co-first author

2. Sultana T, Nakayama EE, Tobita S, Yokoyama M, Seki Y, Saito A, Nomaguchi M, Adachi A,



Akari H, Sato H, Shioda T. Novel mutant HIV-1 strains with high degree of resistance to
cynomolgus macaque TRIMCyp generated by random mutagenesis. Journal of General
Virology. 2016, 97, 963-76.

Nomaguchi M, Doi N, Sakai Y, Ode H, Iwatani Y, Ueno T, Matsumoto Y, Miyazaki Y, Masuda
T, Adachi A. Natural single-nucleotide variations in the HIV-1 genomic SAlprox region can
alter viral replication ability by regulating Vif expression levels. Journal of Virology. 2016,
90, 4563-78.

Sakai Y, Miyake A, Doi N, Sasada H, Miyazaki Y, Adachi A, Nomaguchi M. Expression
profiles of Vpx/Vpr proteins are co-related with the primate lentiviral lineage. Frontiers in
Microbiology. 2016, 7, article 1211.

Sakai Y, Doi N, Miyazaki Y, Adachi A, Nomaguchi M. Phylogenetic insights into the
functional relationship between primate lentiviral reverse transcriptase and accessory

proteins Vpx/Vpr. Frontiers in Microbiology. 2016, 7, article 1655.

(2) %5 VURVTULEICREITDAHE - RAXY —JFK

1.

Effects of mutations HIV-1 Gag-CA helix 7 and linker domain on the virion production, 7~ A
% —, Fujimoto K, Doi N, Sakai Y, Adachi A, Nomaguchi M, # 64 [5] H A ™ A )L A 224
2, 2016/10/23-25, [EN.

An ultra-low vif type of HIV-1 SA1D2prox variant can adapt and evolve under the high level
of APOVEC3G. 7K A % —, Adachi A, Doi N, Sakai Y, Fujimoto K, Nomaguchi M, % 64 [a] H A
U A VAR S, 2016/10/23-25, [E.

Identification of cis-elements involved in the HIV-1 vif mRNA production, "~ A % —,
Nomaguchi M, Doi N, Fujimoto K, Sakai Y, Nakanishi S, Adachi A, % 64 [ H K™ A L A5
SIS, 2016/10/23-25, [EN.

Replication and pathogenicity of HIV-1rmt: towards evaluation of viral growth ability in
gut-derived cells, 78 A % —, Doi N, Ishifune C, Yasutomo K, Miura T, Sakai Y, Fujimoto K,
Harada S, Yoshimura K, Nomaguchi M, Adachi A, & 64 [BEIAAR T A ) RAZEEZEfiES
2016/10/23-25, [EN.

Studies on the adaptation process of HIV-1 Env in macaque cells, 8 A % —, Sakai Y,
Fujimoto K, Doi N, Nomaguchi M, Adachi A, % 64 [ H K7 1 L A Z XL ES,
2016/10/23-25, [EAN.

RFIREUE S>> CCRA FEIAIMEDFE HIV-1rmt OFEE, RN A X —, JI| EBAZ, EEE:, 511658
T, AR, BEOET, RVEK, ST, B 64 MAATY AV AFERFNER,
2016/10/23-25, [EAN.

(3) TEER & DR « Heffrdahittz ) (x4 20 A

(4) Frafii



(A4 )

I EAER
E

WFFER JEARE S

— XAk

[16fk0410104h0201)
TRk 2 9% 5H 2 3H

YRk 2 8 S EFEH R O RR B E E

(AAGE) —A ZAXPRERLHIIEEE
(& F&) Research Program on HIV/AIDS

(BT HIV Gag & [ EOHHE & (L AEDHEE DT IS < KUK OAIE S

(% F&) Creation of new research bases of structural and evolutionary biology of HIV Gag

proteins for drug seeds discovery

WFFERASEH 4 &

P Bk K4n

(RAH) BRIRTSLAS R FBEE SRR, i, )11 4

(& %) Department of Microbiology, Yokohama City University Graduate School of

Medicine, Assistant professor, Kei Miyakawa

ES i}

gy HOBF g8
D )i

B 2 3k & 4

WHFERASE S A

ATl ek K4

-1/

TR 284 40 1H ~ 304 3 H31H
(HAGE) Gag FAAVEFK ¥ O GAERIFEE OBISE & RE1D Gag HEREHI A AZIT~

(J  FE) Identification and functional characterization of Gag-binding factors

(A AGE

Ca



II. FBROME (RIEHERE)
WFEBAFRANGEE « _ ENZRAYENTZERT - WIUER ST/ DRATRIESE o 2 — 0 5 - ViRl i HhAT
Lk s & 2,

I BRDOIE~DFEEK
(1) %R0 - MEEFICB T 2m—5 (ENEE 0 fF EESRE 3 1P

1. Miyakawa K, Nishi M, Matsunaga S, Okayama A, Anraku M, Kudoh A, Hirano H, Kimura H, Morikawa
Y, Yamamoto N, Ono A, Ryo A: The tumor suppressor APC promotes HIV-1 assembly via interaction
with Gag precursor protein. Nature Communications. 2017, 8, 14259.

2. Kudoh A, Miyakawa K, Matsunaga S, Matsushima Y, Kosugi I, Kimura H, Hayakawa S, Sawasaki T, Ryo
A: H11/HSPBS8 Restricts HIV-2 Vpx to Restore the Anti-Viral Activity of SAMHDI. Frontiers in
Microbiology. 2016, 7, 883.

3. Ichiyama K, Yang C, Chandrasekaran L, Liu S, Rong L, Zhao Y, Gao S, Lee A, Ohba K, Suzuki Y,
Yoshinaka Y, Shimotohno K, Miyakawa K, Ryo A, Hedrick J, Yamamoto N, Yang YY: Cooperative
Orthogonal Macromolecular Assemblies with Broad Spectrum Antiviral Activity, High Selectivity, and
Resistance Mitigation. Macromolecules. 2016, 49 (7), 2618-2629.

(2) %= VURVYLFICRIT DA - RAZ —FR

1. Identification of a host factor that restores the antiviral activity of APOBEC3G by disrupting HIV-1
Vif-mediated counteraction, 7~ A % —, Miyakawa K, Matsunaga S, Kudoh A, Ryo A, RAI Amsterdam,
2016/4/9, [E5h.

2. NanoBRET 7£% F\W 72 A MIAN HIV-1 Gag O % &R(LARNT I X O%E &1 R 7%, n8d, =)0
W R ILE—RR, AT B B, B BIF, DL EIRRAHE 2 —, 2016/11/26, [EA.

3. IS FuT—r W HIV FHEMHALD A 1 = X Wi fr, A, S, =) 8k, T
BRI, e WF5, T L ERRZHE > 2 —, 2016/11/25, [HA.

(3) TEERE DR « Hefrdahittz ) (x4 20 #A

(4) Frafii



(AR 4)
[16fk0410104h0301]
TRk 2 945 H 1 8 H

YRk 2 8 £ EFEHFJE B % R W E E

I EAER
X 4 0 (BARH BUYEFEAEOIIEERE A HREMLhITeEE
(Y& #BE) Research Program on HIV/AIDS

WFFEBATE R4, (AAFE) HIV Gag B HAE OBERE & HELREDOREE LW 0T 7RI D < IR D A1
— XAk
(& F&) Creation of new research bases of structural and evolutionary biology of HIV Gag

proteins for drug seeds discovery

IR (HAGE) #AEDmRsERT B BA 15—
e &hk K4 . (3& FE) Research Institute for Microbial Diseases *

Assistant Professor * Junichi Sakuragi

E e B M Fk28HF4H1IH ~ Fk2943H31H

IL FROBE (RIETTZRRE)
WF7EBA A - ENLEGYENTIERT JRIFIR S ) DRITIEGEE o 2 — (R
T e o & 2

25

I BRDOIE~DFEEK
(1) %R0 - MEEFIZB T 2 —% (EWNES 0, EHEGE 11F)
1. Sakuragi S, Yokoyama M, Shioda T, Sato H, Sakuragi JI. SL1 revisited: functional analysis of the structure
and conformation of HIV-1 genome RNA. Retrovirology. 2016 Nov 11;13(1):79.

(2) %= VURVYLFICRIT DA - RAZ —FR
1. SL1 revisited: functional analysis of the structure and conformation of HIV-1 genome RNA. Poster
Presentation, Sakuragi JI., Frontiers of Retrovirology Conference 2016, 20160912-14, Erlangen, Germany.
ZZAS
2. SL1 revisited: functional analysis of the structure and conformation of HIV-1 genome RNA. Oral
10



Presentation, Sakuragi JI., 10" IRNCAS, 20160918-21, Montpellier, France. ¥4}

3. Functional Analysis of HIV-1 Gag p1. Oral Presentation, Sakuragi JI., & 64 [a]|H A ™ A /L A%
RFIEES, 2016102325, FLIR, [EHN

4. HIV-1 Gagpl OERERIMENT, BKIE —. % 30 B B AR= A4 X ES . 20161124-26, IR
5. BN

(3) THEREORZ - Sificlaitta ) 1ICxb3 2000 fA
L

(4) FReeFHE
L

11



(A4 )

[16fk0410104h0401)
PRk 2945 H 24 A

YRk 2 8 S EFEH R O RR B E E

I. EARE#H
E (AAGE) BYYEREREFESEE =1 xR IR e R
(#  F8&) Research Program on HIV/AIDS
WFERBRREREES © (AARGE) HIV Gag & HE OBERE & AL RE DOREE AW PR 58I 355 < IR oD
Bl S — XAk
(F& EE) Creation of new research bases of structural and evolutionary biology
of HIV Gag proteins for drug seeds discovery

WFZERR TSP (BAGE) RIGRPRFPLE R AR - HEEER - ARFE
g &k K4 0 (98 3B

Nagasaki University, Graduate School of Biomedical Sciences
Associate Professor, Yoshinao Kubo

£ ofE # M PR 28F4A1H ~ FEK2943 H 31 H
5 OB %R

(AARGEE) HIV OGRS & BT R A Bl 2 8riias EBAEIA 7 D[R eIz -5 <
AL — RERR
B % R B 4 . (3& FE) Searching a therapeutic seed based on host defense factors

WHFERASE S A

that inhibit HIV-1 infection and virion formation.
(A AGE
g ik K4

"

CI=]

12



II. FBROME (RIEHERE)
WFIERRSE KA« [ESLRESYENTIERT - IR/ LREFTIE e o 2 — - Vegientl
MR T 2 2,

Fng

A =7z (IFN) 1 ZHT A NVATERZROTA N4 T, ZREROEENZELY 1, 11,
I AN T Hivd, TR IFN IZ K D U A L A HEREM I I FE SR JE S v T 5203, 11 AU TFN
DEFUL, 1 FEAERPA ST, —F, FAIFLRENZ, b MREARRIE Y A /LA HIV) & [F
CLhRIANAZEBT I~ ZAAMBEYA LA (MLV) BTy KY—L%&0 L CHaNIZR AT
HZEHEEXIEDE, Ko THAIT, 1T 8 IFN FHEME T K Y — AIZ/RHET 5 thiolreductase

(GILT) 25 HIV R0 MLV ORG24l 5 O TIX W& & 2 72, GILT 2384 2/ T, HIV &
GupMET U7z, #ER@oD TT B TFN ALPRIE HIV EGL 2 4] L7223, GILT &/ v 7' & 0 o LAl 11
HTEN LB 3N L7g o e, 20D OfERIZ, 1T B IFN 23 GILT B4 8T 5 2 L2k HIV
AT 5 2 & 2R L TWA, GILT @ thiolreductase BEEIGVET L TH DT AT A LM%
T U AZEB LT BRI, HIV G2 Bl L7e o 7o, ZORERIE, GILT @ thiolreductase {if
PEDS HIV & 24095 = & 2R LTV %, Thiolreductase & [FIFEIZ, & FVE S-S &AL A HiH
T L&D LG 4-PDS & HIV RYEINHI9 5 2 & 222 & 1k, FHEIEEED U — ML L b
ATREME A RIR LT,

F 72 GILT [Z HIV EYLZ1T T <L U A VAR TR 2207275 F IR+ CD63 0 S-S i3 2 B4~
HZ LT HIVRL B A IHI 35 Z & 228X k=, LarL, D63 A ED L H I LT HIV L1
FERIZE D > TV D OMEI ST, ZORBEE RIS 2728, CD63 IZHEE T D MR 1D
[ Z 3k 2 7=, T & 1% Rab3a A% CD63 IZHEA L. CD63 DAy fRZ e+ 2 Z L 222X Ik 7-, £7- (D63
X HIV R R CERVIAE N DAY, Rabla IFHVIAENRNZ A2 R LTz, 2D DORERD
5. Rab3a 2fES L7 CD63 [T iFARIZHEAA, Rab3a 23 A L TV 2L CD63 2% HIV R T-IZHL Y A
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Interferons (IFNs) are anti-virus cytokines, and are divided to three types. The anti-virus
mechanism of type I IFN is vigorously studied, but that of type II IFN is not. On the other hand,
we previously reported that murine leukemia virus (MLV), a member of retroviruses including
human immunodeficiency virus (HIV), enters into host cells via endosomes. Thus, we speculated
that IFN-g-inducible, endosome-localized thiolreductase, GILT, inhibits HIV and MLV infection.
HIV infection was attenuated in GILT-expressing cells. Treatment with IFN-g inhibited HIV
infection in control cells, but not in GILT-silenced cells. These results showed that IFN-g
restricts HIV infection by inducing GILT. A GILT mutant containing amino acid substitutions at
the thiolreductase active sites of GILT did not inhibit HIV infection, indicating that the
thiolreductase activity of GILT suppresses HIV infection. Like GILT, a low molecular size
compound, 4-PDS, which inhibits S-S bond formation, also suppressed HIV infection. 4-PDS is
the possible lead compound for development of novel therapeutic drugs.

In addition, GILT inhibited HIV virion formation by digesting the disulfide bonds of CD63
that is involved in the virion formation. However, it is not elucidated how CD63 is involved in

the HIV virion formation. To understand the mechanism, we tried to identify CD63-binding
13



proteins. We found that Rab3a binds to CD63 and induces CD63 degradation. Although CD63
was efficiently incorporated into HIV particles, Rab3a was not detected in the virion-containing
fractions. These results showed that Rab3a-bound CD63 is degraded and Rab3a-free CD63 is

incorporated into HIV particles.
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(HSM3) , 2.31 + 0.88 pM (HSM4) , 2.90 + 1.34pM (HSM1) , 3.68 + 0.74pM (HSM10), #i\ T, 51H
DALEM DTsgl01 & Gag pbDFEABLERNF % . 6GST-pull downik (2 WREEA) THER L7= & Z A, HSM4, HSM9
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HSMOHS L UHSMIOfL & ¥y & F 72 DIRFE Tt L7- & 2 A, HSM9IS K UMSMIO01 TeMfEH FE E 5037, 53 uMis LY
0.13 pMTGag pBIZHEE L7o, HEWNT, Gag pb EALAMDO Ry X 7o I o b—3 a UITFEBROFE R,
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Since the introduction of combination antiretroviral therapy, both morbidity and mortality
associated with acquired immunodeficiency syndrome caused by HIV-1 infection have fallen
significantly. However, a new class of anti-HIV-1 drugs is still required to combat drug-resistant
viruses and remove the need for life-long treatment. The assembly/budding of HIV-1 particles is
initiated by the interaction between viral Gag and cellular tumor suppressor gene 101 (TSG101)
proteins via their p6 PTAP motif and ubiquitin E2 variant (UEV) domain, respectively. Interfering
with the Gag-TSG101 interaction by mutating the Gag PTAP motif and overexpression of TSG101
clearly inhibit viral release by tethering viral particles to the plasma membrane. Depleting or
mutating TSG101 at sites associated with Gag PTAP motif binding also results in defective viral
release. Taken together, the results of previous studies suggest that the Gag-TSG101 interaction is a
promising target for a new class anti-HIV-1 drugs.

Here, we used an ELISA assay based on Gag and TSG101 to develop a high-throughput
screening (HTS) system to test for candidate compounds that inhibit the Gag-TSG101 interaction.
The HTS finally identified 11 compounds that inhibited the Gag-TSG101 interaction at a
concentration of 10 pM. Out of 11 compounds, five hit compounds that inhibited the Gag-TSG101
interaction in a dose-dependent manner were then identified as hit compound (HSM-1, HSM-3,
HSM-4, HSM-9, and HSM-10 at ECs0 values, 3.37 £ 1.12, 4.90 £ 1.72, 2.31 £ 0.88, 2.90 + 1.34, and
3.68 = 0.74 uM, respectively). Out of 6 compounds, HSM-4, HSM-9, and HSM-10 were verified for
inhibitory effect on Gag-TSG101 interaction by pull-down and western blot analysis of bound
TSG101. Furthermore, out of three compounds, two hit compounds, HSM-9 and HSM-10, inhibited
HIV-1 replication with ICso values of 0.59 + 0.13 and 9.41 + 2.44 uM, respectively, while affected cell
viability at CCso values of 11.52 £ 0.51 and > 20 uM, respectively.

The above results clearly demonstrate that HSM-9 and HSM-10 suppress HIV-1 replication by
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targeting the Gag-TSG101 interaction. Therefore, we next examined the mechanism by which
HSM-9 and HSM-10 inhibit viral replication. Photo-crosslinked small-molecule affinity binding
assays and Biacore analyses suggested that both HSM-9 and HSM-10 target the Gag protein to block
the Gag-TSG101 interaction. In addition, in silico docking studies predicted that HSM-9 bound to a
region within the p6 domain of Gag, whereas HSM-10 may interact with the Thr456 or Ala457
residues within the Gag PTAP motif via hydrogen bond. VLP produced by pCAGGS/Gag-transfected
HEK293T cells in the presence of HSM-9 or HSM-10 was detected by western blot analysis of VLP
Gag in the culture medium. This study demonstrates that Gag-TSG101 interaction is a promising

target for a new class of anti-HIV-1 drugs and provides a core structure of hit compounds.
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