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Figure 1. Uncaging of DAG-lactones (A) and activation of translocation (B) by UV irradiation.
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The antibody therapy of AIDS is a promising treatment. As a new approach for this
therapy, artificial antigen molecules were synthesized based on the dynamic structures of
envelope proteins during HIV-1 entry. HIV-1 gp41 plays a pivotal role in membrane fusion
process of HIV-1 initial infection, and is divided by the N-terminal helix region (N36) and the
C-terminal helix region (C34). In membrane fusion process, a six-helical bundle that consists
of a trimeric coiled-coil of N36 surrounded by C34 in an antiparallel fashion is formed. Thus,
the antibody which recognizes N36 trimer in a structure-specific manner could block
HIV-1-entry. To construct a peptidomimetic of N36 trimer, the N36 peptides, which were
synthesized by solid-phase peptide synthesis, were assembled on a three-blanched template.
The template is C3-symmetric form with three equivalent linkers. The equivalency of linker
length is important for the formation of triplet helix which is truly corresponding to a gp41
pre-fusion form. This synthetic approach uses thiazolidine ligation for chemoselective
coupling of Cys-containing unprotected N36RE (N36REGC) with aldehyde
scaffold-containing three arms, which produces triN36e. The antiserum produced by
immunization of an N36 trimeric form antigen showed structural preference in binding to N36

trimer. Moreover, it was revealed

cell

that the antiserum has more potent
inhibitory activity against HIV-1
infection than that of N36

monomer. Our results imply an

S -aa effective strategy of HIV vaccine

membrane

. ) design based on the
Figure. Development of a structurally corresponding

. ) L correspondence to the native
antigen of an HIV-1 protein gp41 and fusion inhibition

. — . ) structure of proteins correlated to
by induced antibodies specific to gp41 trimer

HIV fusion mechanisms.
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Recently, highly active anti-retroviral therapy (HAART), which involves a
combinational use of reverse transcriptase inhibitors and HIV protease inhibitors, has brought
us a great success in the clinical treatment of AIDS patients. However, HAART has serious
clinical problems including the emergence of multi-drug resistant HIV-1 strains. These
drawbacks encouraged us to find novel drugs and increase repertoires of anti-HIV agents with
various action mechanisms. The recent disclosing of the dynamic supramolecular mechanism
in HIV-entry has provided potentials to find a new type of drugs. To date, we have
synthesized HIV-entry inhibitors, especially coreceptor CXCR4 antagonists. In addition,
protease inhibitors based on a combinatorial design, and CD4 mimics in consideration of
synergic effects with other entry inhibitors or neutralizing antibodies have been developed.
The development of the above anti-HIV agents is based on the concept of reverse chemical
genomics, in which target molecules are fixed. On the other hand, based on the concept of
forward chemical genomics, in which active compounds are searched according to the
screening of random libraries, effective peptide leads such as integrase inhibitors have been
discovered. As such, from a point of view on chemical biology, anti-HIV leads have been
found utilizing reverse and forward chemical genomics. Furthermore, antibody-based therapy
is still thought to be a promising treatment for AIDS. Thus, peptidic antigen molecules based
on artificial remodeling of the dynamic structures of surface proteins in HIV-entry have been
synthesized and evaluated for induction of neutralizing antibodies. These anti-HIV agents
might be important and useful compounds in consideration of cocktail therapy of AIDS. In
addition, the present concept of chemical biology for the development of anti-HIV agents

would be essential for drug discovery in medicinal chemistry.
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P-087 CAGED DAG-LACTONES FOR STUDY OF CELLULER SIGNALING
IN A SPATIAL- AND TEMPORAL-SPECIFIC MANNER

Wataru Nomura', Yuki Serizawa', Nami Ohashi'?, Yoshiaki Okuda'® .
Tetsuo Narumi', Kiyotsugu Yoshida4, Toshiaki Furuta"s, and Hirokazu

Tamamura ">°

'Institute of Biomaterials and Bioengineering, “Graduate School of Medical and Dental
Sciences, 3School of Biomedical Science, *Medical Research Institute, Tokyo Medical and
Dental University, Chiyoda-ku, Tokyo 101-0062, Japan, *Faculty of Science, Toho University,
2-2-1 Miyama, Funabashi, Chiba 274-8510, Japan

Photo-activatable protecting groups have been demonstrated their compatibility in a
cell biology field as tools for discovery of physiological functions such as cell signaling.
Protein kinase C (PKC) has 11 family members. Our research is focused on PKCS, which is
correlated to diverse diseases such as tumor progression and neurological disorders. This
kinase is located on upstream of signaling for cell proliferation or transcription, thus it is
difficult to detect the effects of ligand binding in time-resolved ways. It is known that the
response to ligand binding could be detected by observing translocation in cytosol.
Isozyme-specific ligands must be synthesized in a systematic manner. This structure-activity
relationship approach is very powerful strategy for the discovery of optimized ligands,
however, the mechanisms of cellular signaling occurred by ligand binding is still unclear. To
tackle these problems, photo-activatable groups (6-bromo-7-methoxycoumarin (Bmc) and
6-bromo-7-hydroxycoumarin (Bhc)) were attached to the ligands giving “caged compounds”.
The synthetic caged molecules showed a 100- to 400-fold decrease in binding affinity for
PKC, compared to the corresponding parent compounds. The effects on PKC translocation by
the binding of compounds were assessed by confocal laser scanning microscopy. The results
indicated that caged compounds have no effects on translocation of PKC and that the

translocation occurs after photo-irradiation by specific wave lengths (365 nm for Bmc and

Ry

o= 405 nm for Bhc). This method could be applied to

a O\(,}C(: uvleht & detect the signaling which is caused by ligand

8 ’ J_L HDC‘C binding in a spatial- and temporal-controlled
s 294 DAG-actone " manner. The present data could reveal details of

cellular signaling correlated to PKC activation.

Figure. Schematic representation of photo-triggered
uncaging reaction of caged DAG-lactones and
translocation of PKC3 upon uncaging.
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Protein kinase C (PKC), which is a serine/threonine protein kinase and has 11
isozymes, mediates signal transduction correlated to cell growth, differentiation, apoptosis,
etc. Regarding its central roles in cellular signaling, PKC is a promising target for drug
discovery. Currently, several PKC-directed drugs are progressed in clinical trials. The PKC
activation is triggered by binding of ligands such as diacylglycerol (DAG)/phorbol esters
(tumor promoters) to C1 domains. Thus, ligands with high binding affinity could be lead
compounds for the drug development. To evaluate ligand binding or to search a new lead
compound, two different approaches utilizing fluorescent sensing were developed instead of
conventional methods using radioisotops. The first method utilizes the synthetic C1b domain
derivatives bearing an environmentally responsive fluorescent group (Dansyl). The results
indicated that this method could detect ligand binding affinity by change of fluorescent
intensity and wavelength shift. The second method involves competitive ligand replacement
by a fluorophore-labeled DAG-lactone. The fluorophore is a coumarin derivative, which is
also environmentally sensitive. More than 10 compounds were tested to evaluate the
compatibility of the above method. The obtained data showed that this detection is correlated
to that of radioisotope methods. To evaluate the advantage of fluorescent-utilized methods,
multi-well plate assays were performed. The results suggested the fluorescent ligand method
could be utilized for screening of new compounds. Take together, the combinational use of

these  fluorescent-labeling Figure. A fluorescent-labeled

methods would lead to ' N DAG-lactone utilized in a

detailed and  reliable /! \?Q competitive ligand

evaluation of lead o 5 b replaqemgnt mothod. A green
part indicates a fluorescent

compounds  for  PKC CoHig group and blue circles show

ligands. critical pharmacophores the pharmacophore of DAG-
lactones.
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Development of inhibitors against HIV-1 integrase based on peptide libraries
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Highly active anti-retroviral therapy (HAART) is frequently 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 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 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, which
are identified from the Vpr-derived peptide library by an in vitro screening experiment. Then,
an octa-arginine sequence was added to Vpr-derived peptides with integrase inhibitory
activity to introduce these peptidic inhibitors into cells. These cell'-membrane permeable
inhibitors exhibited significant inhibitory activity of HIV replication in vive. In this study, we
have developed higher potent 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.
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Chemical biology approach utilizing novel bivalent ligands for GPCR CXCR4
leads to the elucidation of a dimeric structure

Tomohiro Tanaka!*, Wataru Nomura!, Tetsuo Narumi!, Hirokazu Tamamural?

IInstitute of Biomaterials and Bioengineering, Tokyo Medical and Dental
University, 28chool of Biomedical Science, Tokyo Medical and Dental University

The chemokine receptor CXCR4 is a membrane protein, which belongs to the G-protein
coupled receptor (GPCR) family. Interaction of CXCR4 with its endogenous ligand,
stromal-cell derived factor-1 (SDF-1)/CXCLI12, induces various physiological functions:
chemotaxis, angiogenesis, neurogenesis, efc. in an embryonic stage. On the other hand,
CXCR4 is relevant to multiple diseases: AIDS, cancer metastasis, progression of leukemia,
rheumatoid arthritis, etc. in adulthood. Recent studies have indicated a pivotal role of homo-
and hetero-oligomerization of CXCR4 in cancer metastasis.

These studies were mostly performed with BRET analysis. The results indicated the
limitation of this method in the elucidation of the native state of receptors in living cells
because of the conformational or functional changes due to the mutations.

Estimation of the precise distance between receptors in a dimer form will bring us the
efficient development of bivalent ligands of GPCRs, which have advantages in binding affinity
and specificity. However, challenges in design of bivalent ligands have showed its difficulty
because of the unclearness in dimerie forms of GPCRs. Therefore, there is an increasing
demand for a novel strategy for this analysis.

In this study, we designed and synthesized novel CXCR4 bivalent ligands with two FC131
analogues leyelo(-D-Tyr-Arg-Arg-Nal-D-Cys-)] (Nal = L-3-(2-naphthylalanine) connected by a
polyproline or a PEGylated polyproline linker. A cyclic pentapeptide FC131
[eyelo-D-Tyr-Arg-Arg-Nal-Gly-)] was plieviously found as a potent CXCR4 antagonist. The
linkers were expected to sustain a certain constant distance between the ligands. Our
bivalent ligands with various linkers were applied to measure the distance between two
binding sites of ligands in CXCR4 dimers.

Here, we present experimental results concerning the native state of CXCR4 dimer
utilizing our bivalent ligands, leading to a clear comprehension of the precise structure. This
approach could be utilized to other GPCRs as a molecular measure in design of Bivalent
ligands. Furthermore, an application of fluorescent-labeled bivalent ligands to cancer

diagnosis will be discussed.
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Development of synthetic antigen molecules based on HIV-1 co-receptor CXCR4

Chie Hashimoto!2*, Wataru Nomura!, Tomohiro Tanaka!, Tetsuo Narumi!, Kenji Ohba3,

Naoki Yamamoto?3, Hirokazu Tamamura!2

Institute of Biomaterials and Bioengineering, Tokyo Medical and Dental University, 2School
of Biomedical Science, Tokyo Medical and Dental University, 3AIDS Research Center,

National Institute of Infectious Diseases

To treat AIDS or HIV-infected patients, a therapy designated as highly active
anti-retroviral therapy (HAART) has achieved a remarkable clinical success to date. In the
therapy, reverse transcriptase inhibitors and protease inhibitors are used in combinations.
However, these antiretroviral agents cannot remove virus completely from infected
individuals and escape mutations of virus strains occurred during the treatment. Thus,
demands for different strategies of AIDS chemotherapy are increasing.

HIV-1 vaccine is a promising alternative treatment of AIDS. Despite enormous efforts in
basic and clinical researches, the development of HIV-1 vaccine targeting viral proteins is
greatly hampered by viral mutation. Therefore, the second receptor CXCR4 on host cells was
selected as a new target. CXCR4 is composed of an extracellular N-terminal region and three
extracellular loops (Ecl 1, 2, and 3). The N-terminal region contains by 39 amino acid residues,
and was segmented into three parts (Nt-1, 2, and 3) as antigen molecules. The peptides were
synthesized by solid phase peptide synthesis (SPPS). For an efficient induction of antibodies,
these peptides were conjugated to a multi-antigen peptide (MAP) template. The antigen
molecules, Nt-2 and 3 were inoculated into mice and sera were collected at regular intervals.
The induction of antibodies in the sera was monitored by enzyme-linked immunosorbent
assay (ELISA). The results indicated antibodies were induced strongly by Nt-3. Additionally,
a competitive binding assay suggested that the induced antibodies significantly bind to
CXCR4. The synthetic antigens based on cellular proteins of host cells would lead to

development of efficacious vaccine of AIDS.
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Development of fluorescent-based wash-free assay methods for PKC ligands

Yoshiaki Okuda"r, Wataru Nomura', Tetsuo Narumi', Nami Ohashi', Hirokazu Tamamura'*

'Institute of Biomaterials and Bioengineering, Tokyo Medical and Dental University, *School of

Biomedical Science, Tokyo Medical and Dental University

Protein kinase C (PKC) is serine/threonine-specific kinase. Under physiological condition, PKC is
activated by binding of diacylglycerol (DAG) as a second messenger and the activation is correlated to
important cellular signaling such as cell growth, differentiation, and apoptosis. PKC is also known as the
target of tumor promoters such as phorbor dibutylate (PDBu). Thus, PKC is one of the attractive targets in
cancer drug development.

DAG-lactone derivatives have been developed based the strategy that the pharmacophores of DAG is
steadied by cyclization. The resulting DAG-lactones show increased binding affinity for PKC as phorbor
esters such as PDBu. The binding affinity of PKC ligands have been evaluated by competitive assay against
radio isotope (RI) labeled ligand, [204HIPDBu. For high-throughput screening of PKC ligands, simple
assay is required as an alternative method to RI assay. In this study, fluorescent DAG-lactones were
designed and synthesized by substitution of environment-sensitive fluorescent group for Ry or R; group.
The fluorescent DAG-lactone showed spectrum changes by binding to PKC and addition of competitive
ligand, PDBu. The results indicated the synthetic DAG-lactone could be utilized as a fluorescent probe for
binding to PKC C1b domain. Evaluation of binding affinity of known PKC ligands by fluorescent titration
showed a reasonable correlation to RI assays. Furthermore, it was proved that the competitive assay could
be applied to the assay on multi-well plates. The present results suggest that the environment-sensitive

fluorescent probe would be utilized for high-throughput screenings of drug leads targeting PKC.
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Figure 1. Development of an antigen péptide inducing neutralizing antibodies specific to
the HIV-gp41 trimer
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Figure 2. Results of Serum titer ELISA of antibodies induced by N36 trimeric antigen

Development of an antigen peptide inducing neutralizing antibodies specific to
the HIV-gp41 trimer
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Hashimoto! 2, Tetsuo Narumi!, Tsutomu Murakami3, Naoki Yamamoto3, Hirokazu

Tamamural 2

ITnstitute of Biomaterials and Bioengineering, Tokyo Medical and Dental University, 2School
of Biomedical Science, Tokyo Medical and Dental University, 3AIDS Research Center,

National Institute of Infectious Diseases

Highly active anti-retroviral therapy (HAART), which utilizes a combination of HIV
protease inhibitors and reverse transcriptase inhibitors, is an effective therapy of AIDS.
However, HAART involves serious problems such as the emergence of multi-drug resistant
strains and the high cost of therapy. As a new approach for AIDS therapy, artificial antigen
molecules were synthesized based on the dynamic structures of envelope proteins during
HIV-1 entry. HIV-1 gp41 plays a pivotal role in membrane fusion process of HIV-1 initial
infection, and contains the N-terminal helix region (N36). Thus, the antibody which
recognizes N36 trimer in a structure-specific manner could block HIV-1-entry. To construct a
mimetic of N36 trimer, the synthesized N36 peptides were assembled on a C3-symmetric
template. The antiserum produced by immunization of an N36 trimeric form antigen showed
higher affinity for N36 trimer than for N36 monomer. Moreover, it was revealed that the
antiserum has more potent inhibitory activity against HIV-1 infection than that of N36
monomer. Our results indicate the effectiveness of antigen design for to HIV vaccine.

[1] L. M. Walker, et. al., Science, 3 September 2009 (10.1126/science.1178746).
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