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Several effective compounds that inhibit HIV-1 integrase activiry have been found
by screening overlapping peplide libraries derived from HIV-1 gene products.
Among these compounds. two peptides showed significant anti-HIV activity by
Sfusing an octa-arginine sequence. which added the cell membrane permeability. In
addition, higher potent inhibitors against the integrase were oblained by
introducing intramolecular salt bridges to stabilize their a-helical structures.
suggesting that these peptides are novel lead compounds of anti-HIV agents
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Introduction
A great success in the chemotherapy of AIDS or HIV-I-infected patients has
been brought by highly active anti-retroviral therapy (HAART). which involves 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
«mergence of the viral strains with multi-drug resistance (MDR), considerable adverse
zfTects and high costs. It is strongly desirable to develop novel drugs possessing action
mechanisms different from the above inhibitors. Recently, enfuvirtide (fuzeon, T-20,
Trimers & Roche) has been used as a fusion inhibitor in USA. Selective antagonists
zzainst the chemokine receptor CXCR4, which plays a role of the co-receptor of an
N<-HIV-1 entry, have been developed in our previous study. HIV-1 integrase, which
-atalyses the integration step in which viral cDNA is inserted into the host
-“romosome, has been focused as a next target protein (Fig. 1). Raltegravir (Isentress,
“12r¢K) has been used as the integrase inhibitor in the clinical field. In our previous
:.ds. several inhibitory peptides against HIV-1 integrase were successfully found by
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Fig. 1. Life cvcle of HIV-1. The integration step is represented by a bold arrow.

screening peptide libraries of HIV-1 gene products. Among these peptides.
Vpr-derived peptides have an essential hexapeptidic motif (Vpr 64-69). In addition.
Vpr-derived peptides with an octa-arginyl sequence, which added the cell membrane
permeability, showed significant anti-HIV-1 activity. In this study, we have
developed higher active inhibitors against HIV-1 integrase based on the Vpr-derived
peptides.

Results and Discussion

The essential hexapeptidic motif for the inhibitory activity is included in an
a-helical structure of the parent Vpr protein. Then, the intramolecular salt bridges
between Glu and Lys are introduced into the Vpr-derived peptides to stabilize the
a-helical structure. Seven Vpr-derived peptide analogs, in which salt bridges were
systematically introduced, were synthesized. In CD spectra, four analogs showed more
stable a-helical structures than the original Vpr-derived peptide, however, other
analogs showed less stable a-helical structures. However, interestingly, Vpr-peptide
analogs with less stable a-helical structures showed the same or slightly higher
inhibitory activity against the integrase compared with the original Vpr-derived
peptide in the strand transfer assay in vitro. On the other hand, the Vpr-derived peptide
analogs with enhanced a-helicity showed lower activity than that of the original
peptide. Furthermore, a peptide analog with a less stable a-helical structure showed
higher inhibitory activity against HIV-1 replication than the original Vpr-derived

ptides, indicating that a-helical structures might not be required or that Glu and or
ys residues introduced to form salt bridges might play an important role for the
inhibitory activity against HIV-1 replication.

In conclusion, we have developed Vpr-peptide analogs with the intramolecular
salt bridges and obtained the analogs with the remarkable anti-integrase activity. In
addition, a Vpr-peptide analog showed higher inhibitory activity against HIV-]
replication than the original peptide. These Vpr-peptide analogs will be new lead
compounds with the inhibitory activity against HIV-1 replication.
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In the fluorescent imaging of proteins in living systems, several pairs of peptide
tags and their complementary probes have been used as useful tools. New tag and
probe pairs with fluorogenic activity based on leucine zipper peptides have been
developed. In this study. fluorescent colors applicable to our tag-probe pair have
heen extended by using a different solvatochromic fluorescent dve or a fluorescent
resonance energy transfer system.

Keywords: fluorescent probe, FRET. leucine zipper, protein imaging, tag

Introduction

Time lapse imaging of proteins in living cells gives us detail information about
dynamics and functions of target proteins. In general, target proteins are genetically
fused with fluorescent proteins. However, the labeling method using fluorescent
proteins is not suitable for pulse chase labeling of target proteins. Recently, a
tag-probe system has been reported as a new helpful imaging tool, which can label
proteins by fluorescent probes specifically bound to tag peptides genetically
incorporated into target proteins [1]. In this system, the timing of labeling and the
type of fluorescent dyes can be chosen arbitrarily. In addition, the binding of the
probe to a target protein via its complement tag with a fluorescent color change and/or
an increase in fluorescent intensity might enable us to clearly distinguish the labeled
proteins from the free probes. The fluorogenic tag-probe pairs based on leucine
zipper peptides have been successfully developed in our previous study. Thus, the
expansion of fluorescent colors in our leucine zipper type tag-probe pairs has been
performed by using other solvatochromic fluorescent dyes or fluorescence resonance
energy transfer (FRET) systems.

Results and Discussion

A probe peptide is designed as an a-helix peptide, which has a solvatochromic
fluorescent dve on the side chain of L-u-2.3-diaminopropionic acid (Dap). Tag
peptides are designed as an antiparallel 2a-helix peptide and the amino acids, leucines
(L2), which are located on the complementary position against a fluorescent dye of the
probe peptide. are replaced by alanines (A2) or glycines (G2) to form a hydrophobic
pocket. Previously, 4-nitrobenzo-2-oxa-1.3-diazole (NBD). which shows a green
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fluorescence, was used as a solvatochromic fluorescent dye in a probe peptide.
Instead of an NBD unit, 7-diethvlaminocoumarin-3-carboxylic acid (DEAC) is
adopted as another solvatochromic dye, which shows a blue fluorescent color, in this
study (Fig I(a)). In addition, an FRET system using an NBD unit and a
tetramethylrhodamine (TAMRA) unit is constructed, in which NBD acts as a
fluorescent donor and TAMRA acts as a fluorescent acceptor (Fig 1(b)). All peptides
were synthesized by Fmoc solid phase peptide synthesis, purified by reversed phase
HPLC and identified with ESI-TOFMS.

In the titration of the tag peptides into the probe peptide having a DEAC unit.
the A2 tag and probe peptide pair showed the wavelength shift from 480 nm to 471nm.
The fluorescent intensity of the tag-probe complex at 471 nm is approximately 11-fold
higher than that of the probe peptide alone. These results are compatible with those
of the pair of A2 tag and the probe peptide having an NBD unit. Interestingly, the G2
tag and the probe peptide with a DEAC unit showed the largest fluorescent change.
The emission maximum of the probe peptide with a DEAC unit shifted from 480 nm
10 459 nm, and the fluorescent intensity at 459 nm showed an approximately 60-fold
increase in the presence of the G2 tag. These results suggest that the probe peptide
with a DEAC unit can be used as a blue-color fluorogenic probe. Furthermore, the
FRET type probe peptide showed a remarkable increase in the fluorescent intensity
due to the TAMRA unit in the presence of the tag peptides when the NBD unit was
excited at 456 nm. This result indicated that FRET from the NBD unit to the
TAMRA unit effectively occurred and that the FRET type probe peptide can be used
as a red-color fluorogenic probe.

In conclusion, we have demonstrated that the probe peptide with the DEAC unit
and the FRET type probe peptide are new probe molecules available for the
fluorescent imaging of proteins using our tag-probe system. Three types of probe
peptides with blue (DEAC), green (NBD) and red (NBD-TAMRA FRET system)
fluorescent colors are available in combination with several tag peptides. These
tag-probe pairs will be potent tools for pulse chase imaging of target proteins.
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Fig. I. (a) Helical wheel model and chemical structures of fluorescent amino acids.
(b) The represented scheme of the FRET type tag-probe system.
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The central role of protein kinase C (PKC) in cellilar signal wansductions has
established it as an impaortant therapeutic target for cancer and other diseases. In
order 1o elucidate PKC signaling mechanisms, it is useful to develop functional
molecules which can control spatial-temporal activation of PKC. We developed
caged diucyviglveerol (DAG-lactones which can control PKC activation by
photoirradiation based on the application of a caged technology to the highly
potent activaring ligands of PKC, DAG-lactone.

Keywords: caging technology, diacylglycerol (DAG)-lactone. protein kinase C

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. er 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 (Bmcemoc) 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. R and R; indicate alkyl
groups.
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Fig. 2. Caging technology was applied to DAG-lactones to regulate PKC activation by
photoirradiation. R = alkyl groups; compound 1, (i-Pr) ;CHCH;; compound 2,
CH(CH .

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 toos 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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Cvtosine methylation plays pivotal roles in gene expression. Methylation pattern
in genome is heritable, then the efiect of methylation is largely influence across
generation. Truly specific methylation has been a challenging problem because
fusion methylases with zinc finger domain siill 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 methvlase showed it works as specific methvlase to the 1arget
sies.

Keywords: DNA binding. methylation, zinc finger protein

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. (A) Description of domains constructed in this study (B) An assembly model of
split methyvlase. (C) Sequence of methylation 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 Hhal
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
lagging 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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Development of Site-Specific Split DNA Methylase
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Synthesis and Characterization of Caged Diacylglycerol-Lactone Derivaives. (Institute of Biomaterials and
Bioengineering, Tokyo Medical and Dental University) SERIZAWA, Yuki: NOMURA, Wataru; OHASHI, Nami;
OKUDA, Yoshiaki: MATSUMOTO, Hironori; TSUTSUMI, Hiroshi: TAMAMURA, Hirokazu

[#E] WRAICEIs7TAGERE, 13 7BOBRGEMSEL S FA v Yy—iZ L2080
2 R WOERE/ FAERILBE I URELLIC L THRENATWS, LALE2AL, “ntoRamibi
HBCHRTED, TLHFBCFBEREZIUEN, YR W A/ h P2 2 Py DOREL BT
DY TATALUIRIFL, 26103 bo—n LES 432 2B EMNS. RURTH, YHAE
CTHMBLEEY Y/ ALF=BAMY BB TaT 4 5+ — C5 (PKC3) BRI HFETEL
FTwnZVta—i (DAG) — 72 b BB kL RIZ PKC OEREEABBICL s Tar bo—n T 5H
BT OSSR L MIEREHL T 7,

[HiE] DAG—7 ¥ b SRIE® PKC EMERBIZEE A2 OH Re e MRz e r— 7 Ltk
SHEAANL. SEBEROXAFMHIZLY OH BRABREE SN, DAG—F 7 F 24V ElRT 442 5 2% HPLC
o THIEELE, REENARI-L-TDAG—F7 b HEBEROTMIZL % PRCIOERMBEIZYO L
SR ES AL ERMLE, —ORBTIH, RELOART DAG—7 7 b ERKEHRMIZSRL,
PKC3-GFP &2 MRS ¢ - @RS BRI EHEHEML, @M RO E (LA L E AMMET L -
THEL:, £/, REBSAT DAG—F 2 -8 K2 PRKCSIZ it 28 551 & L U PKCHEME(LRE S
EHLTWAME IDE 5L F 4 YT 2% 435 L5 Pep Tag® Kinase Assay 1= & = THEI L7,

[#2]) XOMEREEIZENVS— DY LEDAG—F 7 FATBEARRMIZ L2 TT o r—J -7 AR
A EHNHPLCIZ L ARKEUBM T 6257, Kinase Assay O, BIRH L= DAG—F 7 + BN
1L PKC £i&MEiLT A - LA E iz, RRRICE-T, XOMEREEL B U A FoEEEY
1Y CEEMEOFEHERIBORVI- TR FETHS - EAnant,

I
S

signal transduction
Figure. Schematic Drawing of photochemical release of DAG-lactone and activation of Protein Kinase C

signal transduction
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Development of A Target-Specific DNA Recombinase By SLiPE (Substrate-Linked Protein Evolution). (/nstitute of
Biomaterials and Bioengineering, Tokyo Medical and Dental University) NOMURA, Watany; KATO, Mai; MASUDA,
Akemi; TSUTSUMI, Hiroshi; TAMAMURA, Hirokazu
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Y-20 FLUORESCENT LABELING FOR PKC DELTA Clb DOMAIN AND
ITS APPLICATION TO SENSING BIOLOGY

Nami_Ohashi', Wataru Nomura', Mai Kato'?, Hiroshi Tsutsumi'. Kyoko
Itotani', Teikichi Ikura’, Nobutoshi Ito’, Kiyotsugu Yoshida'. Nancy Lewin'.
Peter M. Blumberg®, and Hirokazu Tamamura'*

'Institute of Biomaterials and Bioengineering, Tokyo Medical and Dental University,
Chiyoda-ku, Tokyo 101-0062, Japan, School of Biomedical Science, Tokyo Medical and
Dental University, Bunkyo-ku, Tokyo 113-8510. Japan, *Medical Research Institute, Tokvo
Medical and Dental University. Bunkyo-ku, Tokyo 113-8510, Japan, *Laboratory of Cancer
Biology and Genetics, Center for Cancer Research, NCI. National Institutes of Health.
Bethesda, MD 20892, USA.

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, ete. The PKC activation is mediated by binding of ligands such as
diacylglycerol{DAG)/phorbol esters (tumor promoter) 1o 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 1s an arbitrary amino acid) and form two Cys3His type zine 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 C|
domains, which are ligand binding domains, have been synthesized.

PKCd has been widely implicated as a pro-apoplotic 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 PKC3 levels
were shown o be reduced in colon carcinomas. This apparent discrepancy might be explained
by differences in the regulation of PKCS activity in these different tissues, although this has
not been directly investigated. Thus, in this study. we have synthesized PKCS 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
PKCé-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 Awyavdto @ 8CIb with fluorescent change
(wavelength shift and/or increase in fluorescent intensity) might suggest its possibility of
application to ligand screening.



P-056  STRUCTEUR-ACTIVITY RELATIONSHIP STUDY OF CXCR4
ANTAGONISTS BASED ON THE CYCLIC PENTAPEPTIDE
SCAFFOLD: IDENTIFICATION OF NEW PHARMACOPHORE
MOIETIES

Tomohiro Tanaka', Hiroshi Tsutsumi', Wataru Nomura'. Yasuaki Tanabe'?,
Nami Ohashi', Ai Esaka’. Chihiro Ochiai', Jun Sato', Kyoko Itotani', Tsutomu
Murakami®, Kenji Ohba’, Naoki Yamamoto', Nobutaka Fujii®, and Hirokazu

- 2
Tamamura'?

'Institute of Biomaterials and Bioengineering, Tokyo Medical and Dental University,
Chiyoda-ku, Tokyo 101-0062, Japan, *School of Biomedical Science, Tokyo Medical and
Dental University, Chiyoda-ku, Tokyo 101-0062, Japan, *Graduate School of Pharmaceutical
Sciences, Kyoto University, Sakyo-ku, Kyoto 606-8501, Japan, "AlDS Research Center,
National Institute of Infectious Diseases, Shinjuku-ku, Tokyo 162-8640, Japan

The chemokine receptor CXCR4 is a membrane-protein, which belongs to the
G-protein coupled receptor family. While CXCR4 and its cendogenous ligand
SDF-1a/CXCLI12 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. [n the present study, we tried
to design novel cyclic pentapeptide libraries based on the FCI31 structure for
structure-activity relationship studies on CXCR4 antagonists.

Based on our previous data, we focused on the p-Tyr' and Arg’ moicties of
FC131. Cyclic pentapeptides, in which b-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.

FC131 (1) 2 3
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P-067 SMALL-SIZED CD4 MIMICS TARGETED FOR DYNAMIC
SUPRAMOLECULAR MECHANISM OF HIV-1 ENTRY

Chihiro Ochiai!, Yuko Yamada', Kazuhisa Yoshimura?, Tomohiro Tanakal,
Hiroshi Tsutsumi!, Wataru Nomura', Hiroyuki Masuno!, Kyoko Itotani', Junji
Shibata?, Makiko Hatada2, Shuzo Matsushita?, and Hirokazu Tamamura'-3

'Institute of Biomaterials and Bioengineering, Tokyo Medical and Dental University, Chiyoda-
ku, Tokyo 101-0062, Japan, “Center for AIDS Research, Kumamoto University, Kumamoto
860-0811, Japan, 'School of Biomedical Science, Tokyo Medical and Dental University,
Chiyoda-ku, Tokyo 101-0062, Japan

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 (usion 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 HIV entry and a combinational use with CXCR4 antagonists or neutralizing
antibodies were investigated.

It 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-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.

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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P-072 DEVELOPMENT OF INHIBTORY PEPTIDES AGAINST HIV-1
INTEGRASE

Yuta Nakanishi'’. Atsushi Komano'. Hiroshi Tsutsumi'. Toru Nakahara'’
Takayuki Yanagisawa"z, Shintaro Suzuki'. Nami Ohashi', Tomohiro Tanaka',
Wataru Nomura', Emiko Urano™'. Yan Han'. Hideyoshi Fuji’. Makiko
Hamatake’. Kosuke Miyauchi'. Yoko Morikawa'. Tyuji Hoshino®. Wataru
Sugiura’. Naoki Yamamoto®, and Hirokazu Tamamura '~

'Institute of Biomaterials and Bioengineering, lokyo Medical and Dental University.
Chiyoda-ku, Tokyo 101-0062, Japan, *School ol Biomedical Science. Tokyo Medical and
Dental University, Chivoda-ku, Tokyo 101-0062. Japan. ‘AIDS Research Center. National
Institute of Infectious Diseases, Shinjuku-ku, Tokyo 162-8640, Japan, *Kitasato Institute of
Life Science. Kitasato University, Minato-ku. Tokyo 108-8641. Japan. ‘Graduate School of
Pharmaceutical Sciences. Chiba University. Inage-ku, Chiba 263-8522, Japan

Highly active anti-retroviral therapy (HAART) is frequentdy adopted as clinical
treatment for AIDS or HIV-1-infected patients. HAART has brought us a great success in the
chemotherapy of patients by a combination of two or three dillerent agents among reverse
transeriptase 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 different from the above inhibitors would be currently desirable. As such,
we focus on HIV-1 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 transfer 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 an in vitro screening experiment. Then. an
octa-arginine sequence was added 1o the above Vpr-derived peptides with integrase inhibitory
activity to introduce these peptidic inhibitors into cells. These cell-membrane permeable
inhibitors exhibited clear inhibitory activity of HIV replication in vireo. 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 details of
these results will be presented in this symposium.
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P-117 DEVELOPMENT OF FLUORESCENT LABELED CXCR4 SPECIFIC
LIGAND FOR IMAGING AND FLUORESCENCE-BASED
SCREENING

Tomohiro Tanaka', Wataru Nomura', Yasuaki Tanabe'?, Hiroshi Tsutsumi',
Chihiro Ochiai', Jun Sato', Kyoko Itotani', Kenji Ohba’, Naoki Yamamoto®,

and Hirokazu Tamamura'”?

'Institute of Biomaterials and Bioengineering, Tokyo Medical and Dental University,
Chiyoda-ku. Tokyo 101-0062, Japan, *School of Biomedical Sciences, Tokyo Medical and
Dental University, Chiyoda-ku, Tokyo 101-0062, Japan, *AIDS Rescarch Center, National
Institute of Infectious Diseases, Shinjuku-ku, Tokyo 162-8640, Japan

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(R1}-labeled ligands. To address
this problem, fluorophore labeled Ac-TZ14011, which is derived from a powerful CXCR4
antagonist 1140, has been synthesized (Figure).

Interaction of Ac-TZ14011 o 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 Ri-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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P-128 DEVELOPMENT OF A NOVEL TAG-PROBE SYSTEM FOR
FLUORESCENT IMAGING OF PROTEINS IN LIVING CELLS

Seiichiro Abe!-2, Hiroshi Tsutsumi'. Tomoaki Mino'-2, Masaki Haseyama!.
Nami Ohashi!, Tomohiro Tanaka'. Wataru Nomura!. and Hirokazu
Tamamura!?

'Institute of Biomaterials and Bioengineering, Tokyo Medical and Dental University,
Chiyoda-ku. Tokyo 101-0062, Japan. *School of Biomedical Science, Tokyo Medical and
Dental University, Chiyoda-ku. Tokyo 101-0062. Japan

Real time imaging ol proteins in living cells 1s significantly uselul tor elucidation 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 luorescent proteins.
A tag/probe system is a helpful imaging tool. which can label proteins by fluorescent probes
bound specifically to tag peptides incorporated genctically into target proteins. In many cases.
however. removal of excess Iree probes is required 1o 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 1ag and probe form the 3a-helical bundle structure. The fluorescent titration
analysis revealed that the probe peptide showed the drastic wavelength shift from 336 nm o0
505 nm and approximately an 18-fold increase of the fluorescent intensity at 505 nm in the
presence of the tag peptide. The Huorescent 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 Huorophore, 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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