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The central role of protein kinase C (PKC) in cellular signal transductions has
established it as an important therapeutic target for cancer and other diseases. In
order to elucidare PKC signaling mechanisms, it is useful to develop functional
molecules which can control spatial-temporal activation of PKC. We developed
caged diacviglycerol (DAG)=lactones which can control PKC activation by
photoirradiation based on the application of a caged technology to the highly
potent activating ligands of PKC, DAG-lactone.
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Introduction

Protein kinase C (PKC), which is a serine/threonine-specific protein Kinase,
plays a pivotal role in cell signaling by functioning as a central signal transducing
element [1]. These signals are generated by a broad range of ligands which produce
the lipid second messenger, diacylglycerol (DAG). Marquez, V. E. et al. have
developed DAG-lactone derivatives with a significant increase in binding affinity for
PKC isozymes as possible templates for the construction of conformationally
constrained analogues of DAG [2] (Fig. 1). Since the development of biomolecules,
which are enabled to control PKC activation, might be useful, we attempted to apply
the caging technique to DAG-lactones (Fig. 2). Caged compounds are designed so that
their original biological activity will be temporarily disappeared and then reactivated
by external triggers such as ultraviolet light [3]. In this study, caged DAG-lactones
were synthesized for characterization of their photochemical properties.

Results and Discussion

Caged DAG-lactones were successfully synthesized. The hydroxyl group of
DAG-lactones which is a critical pharmacophore moiety was protected by a
6-bromo-7-methoxycoumarin-4-ylmethoxycarbonyl (Bmcmoc) group. The Bmemoc
group is a suitable phototrigger for alchols with high photochemical efficiency.
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Fig. 1. Development of DAG-lactones by DAG cyclizaton. Rand R; indicate alkyl
groups.
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Fig. 2. Caging technology was applied to DAG-lactones to regulate PKC activation by
photou radiation. R = alkyl groups; compound 1, (i-Pr),CHCH,; compound 2,
CH(CH3)».

Photolysis reaction of caged DAG-lactones by UV irradiation (350 nm) was
monitored by HPLC analysis to find generation of DAG-lactones. The results revealed
that the tgos of compounds 1 and 2 are ca. 6 min and 5 min, respectively. In the kinase
activity assays utilizing Pep Tag® (Promega), caged DAG- lactones didn’t significantly
activate PKC, which would correspond to loss of the binding activity of caged
DAG-lactons to PKC. To further assess the properties of caged DAG-lactones.
confocal laser microscopy analyses were utilized. Activation of PKC by exogenous
ligands can be analyzed by its translocation in cells. The GFP-tagged PKC was
expressed transiently in a CHO cell line. The caged DAG-lactones showed no change
in location of PKC in cells. The results are compatible to the kinase activity of these
compounds. On the contrary, the addition of DAG-lactones without a caging group
showed clear translocation of PKC. These results indicate that photolysis of caged
DAG-lactones could be a trigger of activation of PKC translocation.

It has been showed that caging technology is a powerful tool to investigate
cellular functions. Our results indicate this technology could be applied to exogenous
ligands of protein kinase C. The present results encourage us to further address the
activity control of DAG-lactones with photo-removable protecting groups as useful
tools for elucidation of activation mechanism of PKC in mammalian cells.
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Cytosine methylation plays pivotal roles in gene expression. Methylation pattern
in genome is heritable, then the effect of methylation is largely influence across
generation. Truly specific methylation has been a challenging problem because
fusion methylases with zinc finger domain still methylate the native sites as
background. To avoid this, split methylase domains were constructed. These
domains were designed to assemble only on the zinc finger target site with high
specificity. The split methylase showed it works as specific methylase to the target
sites.
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Introduction

Covalent modification of DNA, such as cytosine methylation, can induce
heritable gene silencing. If epigenetic modifications can be specifically targeted, new
approaches to transcriptional therapy should result. Artificial zinc finger proteins have
been studied as DNA binders with sequence specificity. To address this challenge, we
sought to design methyltransferases that would act only at a desired site by adapting
the sequence-enabled assembly strategy [1]. Methyltransferase Hhal (M.Hhal) was
split into two domains [2], then the N-, and C-terminal domains were fused to HS2 and
HS1 zinc finger domains, respectively.
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Fig.1. (4) Description of domains constructed in this study (B) An assembly model of
split methylase. (C) Sequence of methvlation site flanked by zinc finger target sites.
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Results and Discussion

Protein expression of split methylase domains (N-terminal domain; MeND, and
C-terminal domain; MeCD) were detected by western blotting. To evaluate
methylation activity of split methylase, proteins were expressed for overnight. Target
sequences were inserted to the plasmid coding split methylase domains before
transformation. Detection of site-specific methylation was performed by using Hhal
restriction enzyme digestion. Hhal restriction enzyme has the same target site with
Hhal methyltransferase (5°’-GCGC-3") and is sensitive to methylation at CpG site.
Thus, methylation at the target sites is detected as uncleaved band after digestion. As
the controls, MeND alone and fusion of full length Hhal methylase with a zinc finger
domain (HS2Me) were prepared. After Hhal restriction enzyme reaction, plasmids
were analysed by agarose gel electrophoresis. The results showed split methylase
perform site-specific DNA methylation. The MeND alone didn’t show any
methylation on the plasmid. Additionally, HS2Me showed very high non-specific
methylations. The result of HS2Me indicates that methylation activity of Hbhal
methyltransferase is high even with zinc finger domains as previously shown. This
result indicates that the split domain methodology is effective to avoid the
high-background methylation.

To confirm the site-specific methylation of split methylase, bisulfite sequencing
analyses were performed. At the target sequence with zinc figner binding sites, the
specific methylation was detected accordingly to the result of Hhal restriction enzyme
digestion. To assess the non-specific methylation, three Hhal methylase target sites
were selected for analyses. For split methylase, no methylation was observed on the
off-target site. For HS2Me, methylation at all native GCGC sites were shown
including one with zinc finger binding sites. Our split DNA methylase performed
site-specific CpG methylation in living cells without any background methylation
when appropriately assembled at the target site. This is the first successful application
of the sequence-enable enzyme reassembly approach in vivo. This split domain
re-assembly strategy will allow creation of programmable zinc finger methylases that
act at any specific CpG site in the mammalian genome. Programmable methylases
should orchestrate heritable gene silencing and should find application in DNA
tagging approaches and in nanotechnology.
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Fig. 2. Site-selective DNA methylation models. Split methylase are assembled on the
target sites and Full length methylase fusion recognize native sites.
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WY vEHLEERTH Y. MO gL. WA E G 7 A b= A L v 2 HiEEEEE O #i B S
LTwd, £/ PKCIE, W70 €—%—T&% phorbolester £ 52 £07 304 FILE
DERTTH D AP EMICHEGTHZ 06, VAPRTAIYNA2—RE Lo EBIMb-T
Wahtd, BEALAEY -y bO D THE, Sk, PKCOYH ¥ FELD I 265RLED
DAD YN ==y 7= NRERHND DAG £ v —~IEH T 5 - 912, HEEEHZE & LT PKC OFH
EifiiiTH 2 CIB FAA y2{LFGHR L, SAEEDEAZRAT.
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ROEFICHA L7, NS DEE, SOEMEACIB 37 4 — L7 4 ¥ ZIZfEOEERE & Bk
B A SN2 T, EAEOELNZREOEOBHL TR TES Z b otk, £/,
TR E B OUTEIEE A CIB (2 PDBu ZHMNT % 2 L2 £ h 806 Ic B aiA 6 itz T
Ih, A2V == Y= fFe =G TE RN L LELLND,

76

83



P-08
HIV BADBIREA FHEE S —5 v b & L1z 004 mimic Ny FORIS

CD4 Mimic Small Molecules Targeted for Dynamic Supramolecular Mechanism of
HIV-1 Entry

O H&T#", wair ", --L‘H’fn«'z A ww DO D BH WD, L
REAET D, EEEY, MBART Y, BRTE=Y EMER Y
OChihiro Ochiai, ' Yuko Yamada, ' Kazuhisa Yoshimura, >’ Tomohiro Tanaka, '’ Hiroshi Tsutsumi, "
Wataru Nomura, "’ Hiroyuki Masuno, " Kyoko Itotani, i Junji Shibata, » Makiko Hatada, *
Shuzo Matsushita, >’ Hirokazu Tamamura "'
DR ER M RR S - AR RPE LR, D REARKE oA XER T o4 - )RR R
}<'~7~' « KFBeiR A fn BHERF AL AR

" Institute of Biomaterials of and Bioengincering, Tokyo Medical and Dental University, ¥ Center for AIDS

Research, Kumamoto University, *’ School of Biomedical Science, Tokyo Medical and Dental University

H{E, AIDS 35 XU HIV BEBYEOGRE L LT BClisSRERILER & 7 o7 7 —¥IE
#1% 2.3 AV S highly active anti-retroviral therapy (HAART)2A W 6T 0D | BRI E LD
TWa, Lal, fET A A2 LS, BIBTERY, AHERAH2BOMBEAEH Y, BIO
EREOEL 2MIEXEE L TWAD, B2 3L S HIVIRAERICFR L TBY, aLt 7y
—CXCR4 DT & A= A b & L2 4 OMER AR L T& 7=, AL, £S5 % CD4 mimic
T % NBD-556 A Hi 0 &1, #OMisEMHEEMTE S L U HIV @ AOENYE Y T~ H
RCXCR4 7 ¥ =& b, FlofiksE L "J)f}!“mﬁ);%%’&’%"it:

NBD-556 O i&iE MBI L T “”;Hm IEENAFHFRCDADPhed3 ICRIETHLEEZD
D)5 A% gpl20 @ cavity ICFHAFERA L, I HICHFFRO p-{mﬁ'fﬂ;tté&ﬁ@ -3 fx?"??ﬁmﬁ%’i'@“
HLHEEINL D, HERO p-ri fﬁhm’:‘z‘fﬁgé’ﬁ)’wt B KA AR L, &HHIV #RIC
Tamy4wxﬁﬂ%%mL#wmmﬂ@#@%@&%%dmﬂ it%:ﬁ#ﬁ%mw@ﬁﬂ
Lhi-, Z.CD4 mimic OfF{E F T CXCR4 7 o # = = 2 M(TI140)%°#L V3 HiL&, CD4 induced
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1t PKC 27EHAbT 2 2 E BB SN 2o, KFRIZE T, AOREREEZ BV Y V2 FOBEHE
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Figure. Schematic Drawing of photochemical release of DAG-lactone and activation of Protein Kinase C
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[HiE] WER7 4 o H— F AL %R HRD DNA fR 2 % TH 5 Gin £721F Tn3 ORERIEM
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DERARETH D, £, WEDAS—Y—FFN 5T HEERIENE 2 Rolibd 572912, FRIC SLIPE %
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ERMETIOCATE D aMEER R E N, Figure. Schematic representation of SLiPE.
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Protein kinase C (PKC), which is included in serin/threonine protein kinases and has
11 isozymes, is an important protein in the signal transductions related to cell growth,
differentiation, apoptosis, etc. The PKC activation is mediated by binding of ligands such as
diacylglycerol(DAG)/phorbol esters (tumor promoter) to C1 domains that are constructed by
conserved sequences, His-X12-Cys-X2-Cys-Xn-Cys-X2-Cys-X4-His-Cys-X7-Cys (n = 13 or
14, X is an arbitrary amino acid) and form two Cys3His type zinc finger motifs. PKC is also a
receptor for ligans such as phrbol esters that are known as tumor promoters. Thus, PKC is one
of important targets of drug discovery. To date, several different ligands targeted to PKC Cl1
domains, which are ligand binding domains, have been synthesized.

PK (3 has been widely implicated as a pro-apoptotic and/or growth isozyme in tumor
cells. For example, the levels of PKCS were shown to be increased in human hepatocellular
carcinomas compared to adjacent normal hepatic tissue. On the other hand, the PKCS levels
were shown to be reduced in colon carcinomas. This apparent discrepancy might be explained
by differences in the regulation of PKC3 activity in these different tissues. although this has
not been directly investigated. Thus, in this study, we have synthesized PKC6 regulatory
domain (C1B domain) peptides and their analogs having fluorescent groups. Development of
CIB domain analogs containing fluorescent groups that can be used as screening-tools for
PKC8-specific ligands would be desirable. Use of an environment responsive fluorescent dye
led to detection of fluorescent intensity change or wavelength shift based on folding or
conformational change of domains and binding of ligands to domains. The folding by
coordination of zinc ions or binding of the Ziyavd to a 6Clb with fluorescent change
(wavelength shift and/or increase in fluorescent intensity) might suggest its possibility of

application to ligand screening.
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The chemokine receptor CXCR4 is a membrane-protein, which belongs to the
G-protein  coupled receptor family. While CXCR4 and its endogenous ligand
SDF-1a/CXCL12 have various physiological effects in the embryonic stage, CXCR4 has also
been proven to be related to HIV infection, cancer metastasis, progress of leukemia and
rheumatoid arthritis. Thus, CXCR4 is expected as an attractive drug target. Previously, we
developed a cyclic pentapeptide FC131 as a CXCR4 antagonist. In the present study, we tried
to design novel cyclic pentapeptide libraries based on the FCI131 structure for
structure-activity relationship studies on CXCR4 antagonists.

Based on our previous data, we focused on the p-Tyr' and Arg’ moieties of
FC131. Cyclic pentapeptides, in which p-Tyr' and Arg” of FC131 were replaced with bicyclic
aromatic and cationic amino acids, were synthesized, and their activity was evaluated towards
CXCR4. As a result, novel cyclic pentapeptides 2 and 3 were found as novel CXCR4
antagonist. These cyclic pentapeptides have chiralities and pharmacophore defferent from
those of FC131. Taken together, the information obtained from these peptides would be useful
for the development of CXCR4 antagonist.
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Highly active anti-retroviral therapy (HAART), which utilizes a combination of HIV
protease inhibitors and reverse transcriptase inhibitors, has brought us a great success and
hope in the clinical treatment of HIV-infected patients to date. However, HAART involves
serious clinical problems such as the emergence of multi-drug resistant (MDR) HIV-1 strains,
significant side effects, high costs, etc. These drawbacks encouraged us to develop brand-new
drugs with novel action mechanisms, such as entry and fusion inhibitors. Recently, a molecular
mechanism involved in HiV-entry and -fusion into host cells has been disclosed in detail. The
elucidation of the dynamic supramolecular mechanism in HIV-entry and -fusion has provided
insights into new type of drugs that can block HIV infection. Based on this finding, we have
developed entry inhibitors such as coreceptor CXCR4 antagonists, T22 and T140. In this study,
we focused on CD4 mimic small compounds, such as NBD-556, and performed their
structure-activity relationship study. In addition, effects on the dynamic supramolecular
mechanism of 111V entry and a combinational use with CXCR4 antagonists or neutralizing
antibodies were investigated.

[t is speculated that there is a large space around the para-position of the phenyl ring of
NBD analogues, which might interact with a cavity of a viral surface protein gp120. Thus,
NBD analogues having various substituents on the phenyl ring were synthesized. Some
compounds showed potent anti-lIIV activity. In addition, NBD analogues showed highly
synergic effects with an anti-gp120 antibody and with T140. In the FACS analysis, in the
presence of NBD analogues, the anti-gp 120 antibody strongly binds to the HI'V envelope.

CD4 mimic compounds might expose the epitope region of gpl120, which was hidden
inside These compounds would be important probes directed to the dynamic supramolecular

mechanism of HIV Entry, and useful lead compounds for cocktail therapy of AIDS.
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Highly active anti-retroviral therapy (HAART) s frequentdy adopted as clinical
treatment for AIDS or FHHV-1-infected patients. HAART has brought us a great success in the
chemotherapy of patients by a combination of two or three different agents among reverse
transcriptase inhibitors and protease inhibitors. However, there still remain several serious
problems such as the emergence of the viral strains with multi-drug resistance (MDR).
considerable adverse effects and high costs. Thus. development of novel drugs possessing
action mechanisms difterent from the above inhibitors would be currently desirable. As such.
we tocus on HIV-T integrase and explore finding of effective compounds with inhibitory
activity against integrase.

Previously. we have successfully found inhibitory peptides against HIV-1 integrase
through screening from peptide libraries. which are composed of fragments (overlapping
peptides) of HIV-1 gene products, by a strand transter assay using purified integrase. An
essential hexapeptidic motif’ (Vpr 64-69) for the inhibition of the integrase was identified
from the Vpr-derived peptide library by wn in vitro screening experiment. Then, an
octa-arginine sequence was added to the above Vpr-derived peptides with integrase inhibitory
activity to introduce these peptidic inhibitors into cells. These cell-membrane permeable
hibitors exhibited clear inhibitory activity of HIV replication in vitro. In this study. we have
developed  higher active peptidic inhibitors against the integrase through experiments
involving the systematic replacement of amino acids for structure-activity relationship studies.
suggesting that these peptides are novel lead compounds of anti-HIV agents. The detatls of

these results will be presented in this symposium.
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Development of CXCR4-specific ligands is an important issue in chemotherapy of
HIV infection, cancer metastasis and rheumatoid arthritis, and numerous potential ligands
have been developed to date to discover drugs against intractable diseases described above.
However, it is difficult to screen numerous compounds for CXCR4 antagonists because of
cost and risk in the previous method based on radioisotope(RI)-labeled ligands. To address
this problem, fluorophore labeled Ac-TZ14011, which is derived from a powerful CXCR4
antagonist T140, has been synthesized (Figure).

Interaction of Ac-TZ14011 to CXCR4 on the cell membrane was observed by
fluorescence microscope, and analysis of the binding data yielded ICsy values of several
ligands comparable to those obtained in Rl-based assays. This fluorescence-based assay is
applicable to explore new pharmacophores of CXCR4-specific ligands with high-throughput
screening and also to screening of the other GPCR binding ligands.
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Real time imaging of proteins in living cells is significantly useful for clucidation of
the functions and behavior of proteins in detail. Fluorescent labeling of proteins has been
widely used as one of the most powerful methods for bio-imaging of proteins. However, it is
difficult to label proteins sequentially in different colors (pulse chase labeling) by using
conventional labeling methods such as the fusion of target proteins with fluorescent proteins.
A tag/probe system is a helpful imaging tool, which can label proteins by fluorescent probes
bound specifically to tag peptides incorporated genetically into target proteins. In many cases.
however, removal of excess free probes is required to eliminate the background fluorescence
derived from the free probes and to detect selectively target proteins. Thus, we have
developed fluorogenic tag/probe pairs based on leucine zipper peptides so that we can
distinguish easily the labeled proteins from the free probes. A probe peptide was designed as
an a-helix peptide. which had an solvatochromic fluorescent dye, 4-nitrobenzo-2-oxa-1.3-
diazole (NBD). Tag peptides was designed as an antiparallel 2a-helix peptide, and the leucine
residues, which were located on the complementary position against NBD of the probe
peptide, were replaced replaced by alanines to accommodate the NBD unit in the hydrophobic
area when the tag and probe form the 3a-helical bundle structure. The fluorescent titration
analysis revealed that the probe peptide showed the drastic wavelength shift from 536 nm to
505 nm and approximately an 18-fold increase of the fluorescent intensity at 505 nm in the
presence of the tag peptide. The fluorescent imaging of a tag-fused cell surface protein was
successfully achieved using the probe peptide, clearly demonstrating that our tag/probe system
is a valuable bio-imaging tool of proteins. Furthermore, the available fluorescent color of
probe peptides was extended using the FRET system. The tetramethylrhodamine unit was
introduced into the NBD-probe peptide as an acceptor fluorophore, in which the NBD unit
works as a donor fluorophore. The FRET probe peptide also showed the fluorogenic activity
in the presence of the tag peptide. indicating that our tag/probe pairs might be applicable for

the fluorescent pulse chase imaging of proteins.
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Caged compounds are molecules designed so that their biological activity will be
temporary disappered and then reactivated by applying external triggers such as ultraviolet
light. These compounds receive widespread attention as temporary and spatially controlled
probes of cell-based processes. Protein kinase C (PKC), which is a serine/threonine-specific
protein kinase, plays a pivotal role in cell signaling by functioning as a central signal
transducing element. These signals are generated by a broad range of ligands which produce
the lipid second messenger, diacylglycerol (DAG). Marquez et al have developed DAG-
lactone derivatives with a significant increase in binding affinity for PKC as possible
templates for the construction of conformationally constrained analogues of DAG. In the
present study, caged DAG lactones were synthesized and their photochemically properties
were characterized. We confirmed that caged DAG-lactones are photolysed by ultraviolet
light irradiation with HPLC analysis and that uncaged DAG-lactones activate PKC by
imaging analyses using a confocal xhicroscope system. These results indicate that activity
control of DAG-lactones with photo-removable protecting groups could be a useful tool for
elucidation of activation mechanism of PKC in mammalian cells.
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Covalent modification of DNA, such as cytosine methylation, can induce heritable gene
silencing. If epigenetic modifications can be specifically targeted, new approaches to
transcriptional therapy should result. To address this challenge, we sought to design
methyltransferases that would act only at a desired site by adapting the sequence-enabled
assembly strategy. Methyltransferase Hhal (M.Hhal) was split into two domains and N-,
C-terminal domains were fused to HS2 and HS1 zinc finger domains, respectively. Detection
of site-specific methylation was performed by using Hhal restriction enzyme digestion.
Moreover, the site-specific methylation was determined by bisulfite sequencings. Our split
DNA methylase performed site-specific CpG methylation in living cells without any
background methylation when appropriately assembled at the target site. This is the first
successful application of the sequence-enable enzyme reassembly approach in vivo. This split
domain re-assembly strategy will allow creation of programmable zinc finger methylases that
act at any specific CpG site in the mammalian genome. Programmable methylases should
orchestrate heritable gene silencing and should find application in DNA tagging approaches
and in nanotechnology.
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Figure. Schematic representation of split-methylase binding to the target DNA.

202 —
95



1P-03

HIV {2 A0 i) oy -FHfiE % B2 & L 72 CD4 mimic

QRGETEGA - AMEF, 2REAK oo X, SHEEHE K RBAGRID LN B
ER FUA 2 A P, H O E L EM M 2 MM ERe e e R OGE L B WL
I = O &3

[ 72]

AIDS #3 L U8 HIV BEHRLREOIEIEE & LTIl — AR I o a5 #F ‘Hﬁi“"?'l Lo T —HVIHEAE 23

#1125 highly active anti-retroviral therapy (HAART) AV &40 TE5 1 L2 % KIghREh WD T,
UL, iy 4 a8 s, BIETER2V, BHFRAL L% ”H Ehik . BlOERAO

Y, 3HNT Y HE LTV JBM {ALAET A5 HIV f"i)\&‘éi: HHLTEY, 2274 —CXCR4
OTH A=A {‘rfb.uz: flix OMEAZHRLTEA, ST, 5 R CDA mimic THD
NBD-556 #Ht9 &iF V. #OMETEERBTIZES L0 HIV @ AOSRES - #g~OEER0
CXCR4 7 ¥ =& b, PRKE L OBROBRE BT,

[ 77i%]

NBD-556 DS TEMAEBIZ I U T LRSS £ A ERCDE D Phed3 IZHIET H L EXD
LB)ERAY A gpl20 O cavity (AR L, HERO A AT £ LAY K & 22 SEAAET B L1

FENDHIH, HERO pAicfix OERIELBA LA A SR L, &/ HIV RIS S
G AL AT AT L7, X 50, CD4mimic DIF{EFTO. CXCR4 7 # 7= A MTI40)VHL
V3 Hifk. CD4 induced HUIK? gp120 ~OBUGHE 2 3f~7,

(%% - BE]

BEMOBEASEER Y | EMEEEREOKE G On . £/, CD4 mimic DIF

(ETFCiE, EEET LY fargotcol chemokine receptor
e 1 membrane CCRS/CXCR4
b gp120 ~ORUGHED L I uzzﬁaﬁ:ﬁul.t‘m :i:m; SRcOnO eceptar
L, sCDA DAFLE F & a® i “"su': s rgra‘.:zw
o S B 2 g Q”zcm bindi »
BOBERRLNT, in mg LU@”
. . - | N-region (N36)
iz k9 NBD iFH &N T
‘ S conformatlonai
gpl20 DI 7oA A= B change of gp120 ey :z*::““"
i e THRtE T
3 ;‘/;g:f[/,;;’ !;ltd ‘ {:) - l ;i,h frsipie blndl‘ng of
viral membrane .
HURME S HLfe, £71.CDA anti-V3 Ab or ﬂ‘ ‘,
CXCR4 antagonist

mimic & T140 =471 V3 4L

:::mw: ok
(& %yt CD4 induced m “ o
IRy S o

RO GF TR Y 4 /L A membrane o,
| wion 4 Y
EEA SR L7

u‘
nn i P h. ot
IR ‘] “lmmu It =i
t’} LRt

Fig. | Induction of change of the gp120 conformation by CD4 binding in HIV-1 entry

— 58
96



S I TELNES R CD4 mimic AFEARL gp120 OMER LA FE L . pRIUKO B b

SR RMICHEHSED L EZ LS, £, IROGIEHIVERBADY A4 X o 7 285 FEIE
MY BHMLY —Ioie b borig S h, SRIOHARLAREIZ bl 4 AEOHROGERIA

HThdtBbhd.
(53 k]
I. Ame S, et al. Thermodynamics of binding of a low-molecular weight CD4 mimetic to HIV-1 gp120.
(2006) Biochemistry, 45, 10973-10980.

CD4 mimic small molecules targeted for dynamic supramolecular mechanism of HIV entry
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To date, highly active anti-retroviral therapy (HAART), which utilizes a combination of HIV protease
inhibitors and reverse transcriptase inhibitors, has brought us a great success and hope in the clinical
treatment of HIV-infected patients. However, HAART involves serious clinical problems such as the
emergence of multi-drug resistant strains. These drawbacks encouraged us to develop brand-new drugs
with novel action mechanisms. Recently, a molecular mechanism involved in HIV-entry and -fusion into
host cells has been disclosed in detail. The elucidation of the dynamic supramolecular mechanism in
HIV-entry and -fusion has provided insights into new type of drugs that can block HIV infection. Based on
this finding, we have developed entry inhibitors such as coreceptor CXCR4 antagonists, T22 and T140. In
this study, we focused on CD4 mimic small compounds, such as NBD-556", and performed their
structure-activity relationship study. In addition, effects on the dynamic supramolecular mechanism of HIV
entry and a combinational use with CXCR4 antagonists or neutralizing antibodies were investigated.

NBD analogues having various substituents on the phenyl ring were synthesized, and their anti-HIV
activity was evaluated. Some compounds showed potent anti-HIV activity. In addition, NBD analogues
showed highly synergic effects with an anti-gp120 antibody and with T140. In the FACS analysis, in the
presence of NBD analogues, the anti-gp120 antibody strongly binds to the HIV envelope. It suggests that
CD4 mimic compounds induce a conformational change of gp120.

CD4 mimic compounds might expose the epitope region of gpl20, which was hidden inside. These
compounds would be important probes directed to the dynamic supramolecular mechanism of HIV Entry,

and useful lead compounds for cocktail therapy of AIDS.
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