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(54) INHIBITORS FOR VIRAL INFECTION TARGETING INTEGRASE N-TERMINAL REGION

(57) The object of the present invention is to provide
a screening method of a new integrase inhibitor being
able to inhibit an HIV infection before the reverse tran-
scription step and having a pharmaceutical site of action
totally different from those of traditional integrase inhib-
itors, a new integrase inhibitor being obtainable by the
screening method, and pharmaceutical constituents
containing the integrase inhibitor and DNA encoding the
integrase inhibitor being greatly expected as new rem-
edies for AIDS. A peptide which specifically binds to a
peptide at N-terminal domain of retroviral integrase was
screened by phage display method, and as a result of
the screening, a peptide being able to inhibit the infec-
tion and the proliferation of retroviruses such as HIV-1
before the reverse transcription reaction is obtained.
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Description

Technical Field

[0001] The present invention relates to an infection inhibitor against a retrovirus such as an AIDS virus or the like,
which can be obtained by targeting N-terminal domain of integrase of a retrovirus such as an AIDS virus or the like, a
screening method of the viral inhibitor, and a therapeutic compound or AIDS vaccine containing the viral inhibitor.

Prior Art

[0002] Human immunodeficiency virus (HIV) which belongs to lentivirus, a kind of retrovirus, is classified into two
groups; one is human immunodeficiency virus type-1 (hereinafter "HIV-1") and another is human immunodeficiency
virus type-2 (hereinafter "HIV-2"), and it is known that the two groups show 40% homology at gene level. Lentivirus is
a pathogenic virus which kills its host cell, and as many other lentiviruses, HIV brings about persistent infection, and
shows low activity through most of the infection route. During this process, infectees show almost no symptom and do
not notice they are infected, the incubation period lasts 10 years or longer, then finally, almost all of the HIV infectees
show the onset of acquired immune deficiency syndrome (AIDS), and meet their death.
[0003] It has been known that retroviruses including HIV-1 establish an infection by the following process comprising
the steps of; adsorption to targeting cells for the infection, penetration and uncoating, transformation of single stranded
RNA genes packaged in viral particles into double stranded DNA by reverse transcriptase, and integration of them to
host chromosomes (integration reaction) after nuclear localization. The reverse transcription reaction and the integra-
tion reaction in earlier process of a viral infection, which are necessary for the proliferation of HIV-1, are virus-specific
reaction processes, it is also known that these reactions are catalyzed by reverse transcriptase (RT), which is a product
of polymerase (pol) gene of virus, and by integrase (IN).
[0004] As shown in Fig. 1, the integration reaction process of a retrovirus comprises three processes of; 1 a 3'-
processing reaction in which each terminal of LTR domain on both terminals of viral DNA transformed into DNA by
reverse transcriptase is worked on and 2 nucleotides on both 3'-terminals (GT in case of HIV-1) are excised; 2 a
joining reaction in which viral DNA completing the 3'-processing reaction enters into nucleus and associates with the
host chromosome DNA, and each of 5'-terminal phosphoryl groups of the host chromosome DNA, being cut off simul-
taneously with being nicked by a nucleophilic reaction of both 3'-terminal-OH groups of the viral DNA, and 3'-termi-
nal-OH groups of the viral DNA are ester bound, 3 repair in which each 5'-terminal of the viral DNA and each 3'-
terminal of the host chromosome DNA are bound respectively (Annu. Rev. Biochem. 63, 133-173, 1994). It is presumed
that the 3' -processing reaction and the joining reaction are reactions directly catalyzed by integrase, and that repair
is performed by DNA repair enzyme system of the host cell.
[0005] An integrase protein of HIV-1 comprises 288 amino acids in total, and as shown in Fig. 2, has three domains
being able to compliment functionally. The three domains are N-terminal domain (peptide containing 1st to 50th amino
acids from N-terminal side), central enzyme activity domain (peptide containing 51st to 212th amino acids), and C-
terminal domain (peptide containing 213th to 288th amino acids) (In Fig. 2, amino acids conserved in all retrovirus
integrase and their positions are shown, and H, C, D and E represent histidine, cystein, aspartic acid and glutamic acid
respectively.).
[0006] It is said that the enzyme activity domain located at central part of integrase is important for integration reac-
tions, in particular, it has been reported that three amino acid residues of 64th and 116th aspartic acids and 152nd

glutamic acid at the enzyme activity domain are essential for an integration reaction involved in binding to Mg2+ or
Mn2+, and that these amino acids are the center of the enzyme activity of integrase (J. Virol. 66, 6361-6369, 1992),
(Mol. Cell. Biol. 12, 2331-2338, 1992), (J. Virol. 65, 5624-5630, 1991). In addition, it has been also reported that 136th,
156th and 159th lysin residues at this enzyme activity domain and strongly conserved between retroviruses are important
for specific binding to viral DNA terminal regions.
[0007] C-terminal domain of integrase has DNA binding ability, and the amino acid sequences in this domain show
an abundant variety. Its functions including the formation of integrase polymer and nuclear localization are known so
far, however, the details are still unknown. Based on a structural analysis by NMR, recently it has been presumed that
there is an SH3 (Src-homology 3)-like structure in this C-terminal domain, and that the structure is involved in the
formation of dimer of the SH3 or nonspecific DNA binding ability (Nature Structural Biology 2, 807-810, 1995), (Bio-
chemistry 34, 9826-9833, 1995), and as to nonspecific DNA binding ability, the significance of some basic amino acid
residues including 264th lysin residue has been suggested (Nucleic Acids Research 22, 4125-4131, 1994), (Biochem-
istry 34, 9826-9833, 1995).
[0008] Further, in N-terminal domain of integrase, there is HHCC motif comprised of two histidine residues (H) and
two cystein residues (C), which are conserved in integrase of all retroviruses, and because this amino acid motif is
similar to Zn finger motif observed in DNA binding domain of some transcriptional regulators, its function was thought
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to be specific DNA binding region of integrase, however, it is thought to be involved in the formation of dimer or polymer
of integrase (Proc. Natl. Acad. Sci. USA. 93, 13659-13664, 1996).
[0009] Besides, based on a structural analysis of said N-terminal domain of integrase by NMR, it has been reported
that this N-terminal domain has a helix-turn-helix (HTH) structure comprised of four α helix structures shown by α1 to
α4 in Fig. 3, that each of two histidine residues and two cystein residues of HHCC motif play an important role for the
stabilization of the structure, in other words, the skeletal formation, by being oriented to encompass zinc ions, and that
this N-terminal domain forms dimer in liquid (Nature Structural Biology 4, 567-577, 1997). It has been shown that this
N-terminal domain is important for the stabilization of dimer formation of integrase molecules, and is involved in inte-
gration reactions indirectly, however, its true function is still unknown.
[0010] The HTH structure of N-terminal domain is quite similar to the HTH structure represented by a DNA binding
region of a tryptophan reppressor protein. As the difference between the HTH structure of N-terminal domain of inte-
grase and the HTH structure represented by a DNA binding region of a tryptophan reppressor protein, it is shown that
a domain corresponding to the second helix, which is presumed to be a DNA binding region of a tryptophan reppressor
protein, is an interface domain between integrase molecules in dimer formation in HIV-1 integrase.
[0011] The inventors of the present invention have analyzed HIV-1 mutant stocks to which amino acid substitution
mutants of histidine residues or cystein residues which form the skeleton of HHCC motif at integrase N-terminal domain
had been introduced, and found that the viral infectivity would be lost almost completely, and reported the fact that the
step after the viral adsorption/penetration and before the reverse transcription (uncoating process) would be inhibited
as caused by this point mutation, at the first time in the world (J.
Virol. 69, 6687-6696, 1995). Further, on the basis of these studies, now it is presumed that the structure of N-terminal
domain having HHCC motif of integrase proteins as its skeleton plays an extremely important role for maintaining the
viral infectivity.
[0012] Besides, there have been many reports concerning treatment methods for human immunodeficiency virus
(HIV). For example, in Published Japanese Translations of PCT International Publication No. 8-503488, there is a
description of a treatment method in which patients infected with human immunodeficiency virus (HIV) are injected
with polypeptide being subjected to mutation of HIV substrate (MA) polypeptide, which is core protein (Gag polyprotein)
of HIV. In Published Japanese Translations of PCT International Publication No. 9-501143, there is a description of
biologically active peptide fragments of nef protein of human immunodeficiency virus (HIV), pharmaceutical constitu-
ents including these peptides or its biologically active analogues, pharmaceutical constituents including antagonists
of peptides and antagonists, and methods for treatment and screening using said compounds and constituents, and
in Published Japanese Translations of PCT International Publication No. 10-503654, there is a description of a treat-
ment method in which transdominant negative integrase genes being able to inhibit the replication of retroviruses were
used in order to make at least one cell resistant to a retroviral infection.

Summary of the Invention

[0013] For further study of N-terminal domain of integrase, the inventors of the present invention have examined the
homology of amino acid sequences of N-terminal domains of integrase among HIV-1, or its relative HIV-2, SIV, heter-
ogeneous retroviruses, and found that there is α-helix-3, a hydrophobic amino acid motif being comprised of hydro-
phobic amino acid and strongly conserved between species in a domain corresponding to an interface domain in dimer
formation of integrase, as shown in Fig. 4 (in Fig. 4, "NL43" indicates N-terminal of integrase gene domain contained
in HIV-1 gene, "HIV-2ROD" indicates that of integrase gene domain of HIV-2 ROD stock, "SIVAGM" indicates that of
integrase gene domain of SIV derived from African green monkey, "FIV" indicates that of integrase gene domain of
feline immunodeficiency virus, and "MoMuLV" indicates that of integrase domain of murine leukemia virus). Some
mutant HIV-1 where amino acid substitutions were introduced to the hydrophobic amino acid motif were constructed
and analyzed, and it has been newly found that same as the case of said HIV-1 mutant stocks wherein a substitution
mutant has been introduced into each amino acid residue of HHCC, the viral infectivity is lost almost completely at the
step before the reverse transcription reaction.
[0014] In addition, complete loss of the viral infectivity at the step before the reverse transcription reaction has been
also confirmed in HIV-1 mutant stocks wherein four amino acids of HHCC at N-terminal domain of integrase have been
respectively substituted with HHCH, HHHC, HHHH, CCHH and CCCC, which are sequences being able to bind to zinc
ions, and in HIV-1 mutant stocks to which a substitution mutant of 15th tylosin residue, where a phosphorylation reaction
is expected, has been introduced.
[0015] Based on the analysis of a series of amino acid substitution mutant HIV-1, it has been confirmed that the
structure of N-terminal domain of HIV-1 integrase is influenced even by one amino acid substitution and apts to be
functionally unstable, resulting in fatal influence on the viral infectivity. Further, the inventors of the present invention
have constructed and analyzed substitution mutants of amino acids conserved between species not only for N-terminal
domain of HIV-1 integrase, but also for other enzyme activity domain and C-terminal domain, and confirmed that mu-
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tants whose viral infectivity is lost almost completely at the step before the reverse transcription reaction are limited to
those mutants wherein N-terminal domain of HIV-1 integrase is substituted.
[0016] These new findings shown by the inventors provide an extremely helpful suggestion for developing new in-
tegrase inhibitors, that is, for developing new remedies and new therapies of AIDS which inhibit the infection of human
immunodeficiency virus before the reverse transcription step. Unlike traditional screening methods of integrase inhib-
itors, which have been focused only on the inhibition of enzyme activity and have been targeting central enzyme activity
domain, which is the core of integrase protein, it becomes possible to obtain a new HIV-1 inhibitor having a pharma-
ceutical site of action totally different from those of traditional inhibitors by targeting N-terminal domain of an integrase
protein.
[0017] The object of the present invention is to provide a screening method of a new integrase inhibitor being able
to inhibit an HIV infection before the reverse transcription step and having a pharmaceutical site of action totally different
from those of traditional integrase inhibitors, to provide a new integrase inhibitor being obtainable by the screening
method, and to provide a pharmaceutical constituent including the integrase inhibitor and DNA encoding it, which are
greatly expected as new remedies for AIDS.
[0018] The inventors have given their attention not to the integration step of viral genes, an original field of enzyme
activity of integrase proteins, but to N-terminal domain which plays an extremely important role for maintaining the viral
infectivity. With integrase mutant clones originally designed and confirmed that they can make viruses lose the infectivity
completely, the structure of integrase mutant was analyzed, and it has been found that synthetic peptides having amino
acid sequences of the domain where mutation was observed inhibit the replication of HIV-1 with an action different
from those of integrase inhibitors reported so far, and thus the present invention has been completed.
[0019] The present invention relates to a screening method of a retroviral infection inhibitor characterized in targeting
a domain comprised of a whole or a part of N-terminal domain of retroviral integrase or a domain including the N-
terminal domain (claim 1), a screening method of a retroviral infection inhibitor characterized in detecting a subject
material which binds to a peptide comprised of a whole or a part of N-terminal domain of retroviral integrase or a peptide
including the N-terminal domain (claim 2), the screening method of a retroviral infection inhibitor according to claim 2,
wherein the binding subject material is a peptide or a protein (claim 3), the screening method of a retroviral infection
inhibitor according to claim 3, wherein the peptide or the protein contains an amino acid sequence where one or a few
amino acids are deficient, substituted or added in a part of 1st to 55th amino acid sequences among amino acid se-
quences shown in Seq. ID No. 2 or in a peptide containing said amino acid sequences or a part of said amino acid
sequences (claim 4), the screening method of a retroviral infection inhibitor according to claim 3 or 4, wherein the
detection of the peptide or the protein is conducted with a method selected from phage display method, immunopre-
cipitation method, two-hybrid assay and Far Western analysis (claim 5), a screening method of a retroviral infection
inhibitor characterized in detecting a subject material which binds to RNA encoding a peptide comprised of a whole or
a part of N-terminal domain of retroviral integarase, or a peptide containing the N-terminal domain (claim 6), the screen-
ing method of a retroviral infection inhibitor according to claim 6, wherein the binding subject material is DNA or RNA
(claim 7), the screening method of a retroviral infection inhibitor according to claim 6, wherein the binding subject
material is a peptide or a protein (claim 8), a screening method of a retroviral infection inhibitor characterized in that a
wild-type retrovirus is infected to a host cell in the presence of a subject material, and in case the subject material is
a peptide, under the condition that DNA encoding the peptide can express, and then the amount of viral gene expression
in the host cell after the infection is compared to the case using noninfected control (claim 9), a screening method of
a retroviral infection inhibitor characterized in that two-hybrid assay with an integrase gene of a wild-type retrovirus is
conducted in the presence of a subject material, and in case the subject material is a peptide, under the condition that
DNA encoding the peptide can express, and the inhibition of integrase dimer formation is detected (claim 10), and the
screening method of a retroviral infection inhibitor according to any one of claims 1 to 10, wherein the retrovirus is HIV-
1 (claim 11).
[0020] The present invention also relates to a retroviral infection inhibitor being obtainable by the screening method
of a retroviral infection inhibitor according to any one of claims 1 to 11 (claim 12), the retroviral infection inhibitor
according to claim 12, wherein the obtainable retroviral infection inhibitor is DNA or RNA (claim 13), the retroviral
infection inhibitor according to claim 12, wherein the obtainable retroviral infection inhibitor is a peptide or a protein
(claim 14), a retroviral infection inhibitor characterized in comprising a peptide shown in any one of Seq. ID No. 3 to
11, or a peptide or a protein containing said peptide (claim 15), a retroviral infection inhibitor characterized in comprising
a peptide having 26th to 39th amino acid sequences among amino acid sequences shown in Seq. ID No. 2, or a peptide
or a protein containing said peptide (claim 16), a retroviral infection inhibitor characterized in comprising a monoclonal
antibody being obtainable by using a peptide having 1st to 55th amino acid sequences among amino acid sequences
shown in Seq. ID No. 2 as an antigen (claim 17), a retroviral infection inhibitor characterized in comprising a complex
where the peptide or the protein according to any one of claims 14 to 17 is bound to other peptide or protein, or
nonprotein (claim 18), the retroviral infection inhibitor according to claim 18, wherein other peptide or protein, or non-
protein is CD4 glycoprotein, which is T cell antigen (claim 19), the retroviral infection inhibitor according to claim 18,
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wherein other peptide or protein, or nonprotein is a coat protein of a retrovirus (claim 20), the retroviral infection inhibitor
according to any one of claims 18 to 20, wherein the complex is protease-resistant or is chemically modified for intra-
cellular introduction (claim 21), a retroviral infection inhibitor characterized in comprising DNA construct capable of
expressing DNA encoding a peptide or a protein, or a part of a protein comprising the retroviral infection inhibitor
according to any one of claims 14 to 21 (claim 22), the retroviral infection inhibitor according to claim 22, wherein the
DNA construct capable of expression includes a viral vector (claim 23), a retroviral infection inhibitor characterized in
comprising DNA which encodes mutant integrase in which one or a few amino acids are deficient, substituted, or added
in a peptide comprising a whole or a part of N-terminal domain of retroviral integrase or a peptide including said N-
terminal domain, or DNA which hybridizes with said DNA under a stringent condition, wherein the DNA inhibits the
replication of retroviruses before the reverse transcription reaction of a retroviral mutant stock containing these DNA
(claim 24), the retroviral infection inhibitor according to claim 24, wherein the mutant integrase is selected from some
of the amino acid sequences shown in Seq. ID No. 2, which are:

C43H, where 43rd cystein is substituted with histidine;
C40H, where 40th cystein is substituted with histidine;
C40H, C43H, where 40th and 43rd cysteins are substituted with histidines;
H12C, H16C, where 12th and 16th histidines are substituted with cysteins;
H12C, H16C, C40H, C43H, where 12th and 16th histidines are substituted with cysteins, and 40th and 43rd cysteins
are substituted with histidines;
P29F, where 29th proline is substituted with phenylalanine;
V32E, where 32nd valine is substituted with glutamic acid;
I36E, where 36th isoleucine is substituted with glutamic acid;
Y15A, where 15th tylosin is substituted with alanine; and
Y15T, where 15th tylosin is substituted with threonine (claim 25), the retroviral infection inhibitor according to any
one of claims 12 to 25, wherein the retrovirus is HIV-1 (claim 26).

[0021] Further, the present invention relates to a therapeutic constituent characterized in containing the retroviral
infection inhibitor according to any one of claims 12 to 26 (claim 27), the therapeutic constituent according to claim 27,
wherein the therapeutic constituent containing the retroviral infection inhibitor further contains other antiviral drug (claim
28), the therapeutic constituent according to claim 28, wherein the antiviral drug contains any one of nucleoside or
non-nucleoside reverse transcriptase inhibitor, HIV protease inhibitor, and tat inhibitor (claim 29), the therapeutic con-
stituent according to claim 29, wherein the reverse transcriptase inhibitor comprises azidothymidine, dideoxyinosine,
dideoxycytosine and d4T (claim 30), the therapeutic constituent according to any one of claims 27 to 30, wherein the
retrovirus is HIV-1 (claim 31), a vaccine for a retrovirus characterized in comprising a retrovirus mutant stock having
DNA which encodes mutant integrase in which one or a few amino acids are deficient, substituted, or added in a peptide
comprising a whole or a part of N-terminal domain of retroviral integrase or a peptide including said N-terminal domain,
or DNA which hybridizes with said DNA under a stringent condition, and inhibiting the replication of retroviruses before
the reverse transcription reaction of the mutant stock (claim 32), the vaccine for a retrovirus according to claim 32,
wherein the mutant integrase is selected from some of the amino acid sequences shown in Seq. ID No. 2, which are:

C43H, where 43rd cystein is substituted with histidine;
C40H, where 40th cystein is substituted with histidine;
C40H, C43H, where 40th and 43rd cysteins are substituted with histidines;
H12C, H16C, where 12th and 16th histidines are substituted with cysteins;
H12C, H16C, C40H, C43H, where 12th and 16th histidines are substituted with cysteins, and 40th and 43rd cysteins
are substituted with histidines;
P29F, where 29th proline is substituted with phenylalanine;
V32E, where 32nd valine is substituted with glutamic acid;
I36E, where 36th isoleucine is substituted with glutamic acid;
Y15A, where 15th tylosin is substituted with alanine; and
Y15T, where 15th tylosin is substituted with threonine (claim 33), the vaccine for a retrovirus according to claim 32
or 33,

wherein the retrovirus is HIV-1 (claim 34), and a therapy characterized in using the retroviral infection inhibitor according
to any one of claims 12 to 26, the therapeutic constituent according to any one of claims 27 to 31, or the vaccine for
a retrovirus according to any one of claims 32 to 34 (claim 35).
[0022] As the retrovirus of the present invention, any retrovirus can be used as long as it has RNA as a gene, and
can convert genomic RNA into DNA with reverse transcriptase. Specific examples are human immunodeficiency virus
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type 1 (in particular, HIV-1), human immunodeficiency virus type 2 (HIV-2), simian immunodeficiency virus, feline im-
munodeficiency virus, murine leukemia virus, equine infectious anemia virus, caprine arthritis virus, sheep visna virus,
bovine immunodeficiency virus, Mason-Pfizer monkey virus, mouse mammary tumor virus, Rous sarcoma virus, bovine
leukemia virus, human T cell leukemia virus, reticuloendotheliosis virus, feline leukemia virus, and human spuma ret-
rovirus. In the present invention, integrase means a protein produced in an infected cell by said retrovirus, and any
integrase can be used as long as it can catalyze an integration reaction where viral genome replicated by reverse
transcriptase in a host is integrated into a host chromosome.
[0023] N-terminal domain of retroviral integrase in the present invention means a domain which binds to a zinc ion
or a part of C-terminal side adjacent to the domain in an amino acid sequence of a retroviral integrase protein. For
example, in the amino acid sequence of HIV-1 integrase described in Seq. ID No. 2, the domain includes not only N-
terminal domain (domain of 1 to 50 amino acid sequences) usually called Zn finger-like domain, but also its adjacent
10 residues or so on C-terminal side. Further, a retroviral infection inhibitor of the present invention means a substance
which inhibits a viral infection before the reverse transcription reaction, and the retroviral infection inhibitor of the present
invention makes it possible to inhibit the replication and the proliferation of retroviruses.
[0024] As the screening method of the retroviral infection inhibitor of the present invention, any method can be used
as long as the method targets a domain comprised of a whole or a part of N-terminal domain of retroviral integrase or
a domain including the N-terminal domain. For instance, there are detecting methods of subject materials such as
peptides or proteins which bind to peptides comprised of a whole or a part of N-terminal domain of retroviral integrase
or peptides including the N-terminal domain, which are obtainable through recombinant DNA technology, by utilizing
interaction between protein molecules. The examples of such methods include phage display method, immunoprecip-
itation method, two-hybrid assay and Far Western analysis. Further, peptides or proteins containing amino acid se-
quences where one or a few amino acids are deficient, substituted or added in a part of amino acid sequences of N-
terminal domain of HIV-1 integrase (from 1st to 55th) or in a peptide containing said amino acid sequences or a part of
said amino acid sequences are exemplified as possible subject materials of peptides or proteins.
[0025] As random oligopeptides, pSKAN system (Mo Bi Tec) can be used in the phage display method, and as for
constructing cDNA library, Surf ZAP Cloning kit (Stratagene), and phage library (NEB) where random peptides are
inserted into phages can be used. For two-hybrid assay, commercial systems including MATCHMAKER (Clontec) or
HybridZAP (Stratagene) can be used. In addition, with Far Western analysis, it becomes possible to detect binding
proteins as bands on the membrane directly, and to clone them directly when using expression library such as λ gt11
or the like. With these methods, it becomes possible to find new inhibitors with different pharmaceutical sites of action
easier than with traditional screening methods where the inhibition of enzyme action is observed.
[0026] As subject materials of the present invention, materials which bind to RNA encoding peptides comprised of
a whole or a part of N-terminal domain of retroviral integrase or peptides including the N-terminal domain are exemplified
other than said materials. DNA or RNA, or, peptides or proteins are examples of the materials which bind to viral RNA,
and it is possible to confirm regions in base sequences of viral RNA to which proteins are specifically bound, for instance,
by foot printing analysis using ribonuclease.
[0027] Examples of the screening methods of the present invention include a method wherein a wild-type retrovirus
is infected to a host cell in the presence of a subject material, and in case the subject material is a peptide, under the
condition that DNA encoding the peptide can express and then the amount of viral gene expression in the host cell
after the infection is compared to the case using noninfected control (Mock), and a method wherein two-hybrid assay
with an integrase gene of a wild-type retrovirus is conducted in the presence of a subject material, and in case the
subject material is a peptide, under the condition that DNA encoding the peptide can express and the inhibition of
integrase dimer formation is detected.
[0028] As retroviral infection inhibitors of the present invention, substances obtainable by said screening methods
of retroviral infection inhibitors, for example, DNA or RNA, or, peptides or proteins; nine peptides described in Seq. ID
No. 3 to 11, revealed by phage display method targeting recombinant purified proteins in integrase N-terminal domain
that they are bound to said recombinant purified proteins, or peptides or proteins including said peptides; peptides
having 26th to 39th amino acid sequences among amino acid sequences described in Seq. ID No. 2, which are peptides
in the vicinity to α3 in N-terminal domain of HIV-1 integrase, or peptides or proteins including said peptides are exem-
plified. Further, monoclonal antibodies specifically recognizing N-terminal domain of retroviral integrase are exemplified
as retroviral infection inhibitors.
[0029] In addition, as retroviral infection inhibitors of the present invention, a complex where said peptides or proteins
having retroviral infection inhibiting activity are bound to other peptides or nonproteins including proteins or glycopro-
teins can be exemplified. Specific examples of said complex are complexes to which CD4 glycoproteins, which are T
cell antigens, or coat proteins of retroviruses are bound, and it is preferable to use complexes being modified to be
protease-resistant or have improved permeability to cells by chemical modification or the like.
[0030] Besides, it is possible to make proteins or the like which comprise said retroviral infection inhibitor present in
cells by expressing them in the cells. In other-words, as DNA encoding peptides or proteins, or a part of protein, it is
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possible to use DNA construct being able to express said DNA, for example, DNA construct in which said DNA is
incorporated into a viral vector or the like so that the DNA would be able to express.
[0031] Other than the above-mentioned inhibitors, an example of the retroviral infection inhibitors of the present
invention is a transdominant negative integrase gene lacking its activity which can inhibit the replication of retroviruses,
for example, a gene comprising DNA which encodes mutant integrase in which one or a few amino acids are deficient,
substituted, or added in a peptide comprising a whole or a part of N-terminal domain of retroviral integrase or a peptide
including said N-terminal domain, or DNA which hybridizes with said DNA under a stringent condition, that inhibits the
replication of retroviruses before the reverse transcription reaction of a retroviral mutant stock containing these DNA.
[0032] Specific examples of the inactivated mutant integrase genes are mutant integrase genes selected from some
of the amino acid sequences of wild-type HIV-1 integrase described in Seq. ID No. 2, which are; (C43H), where 43rd

cystein is substituted with histidine; (C40H), where 40th cystein is substituted with histidine; (C40H, C43H), where 40th

and 43rd cysteins are substituted with histidines; (H12C, H16C), where 12th and 16th histidines are substituted with
cysteins; (H12C, H16C, C40H, C43H), where 12th and 16th histidines are substituted with cysteins and 40th and 43rd

cysteins are substituted with histidines; (P29F), where 29th proline is substituted with phenylalanine; (V32E), where
32nd valine is substituted with glutamic acid; (I36E), where 36th isoleucine is substituted with glutamic acid; (Y15A),
where 15th tylosin is substituted with alanine; (Y15T), where 15th tylosin is substituted with threonine, or the like.
[0033] As the therapeutic constituents of the present invention, constituents containing said retroviral infection in-
hibitors are exemplified, and the constituents include antiviral drugs such as a tat inhibitor, an HIV protease inhibitor,
and nucleoside or non-nucleoside reverse transferase inhibitors comprising azidothymidine, dideoxyinosine, dideox-
ycytosine, d4T and the like. The therapeutic constituents of the present invention are useful as remedies for AIDS.
[0034] Further, examples of AIDS vaccines or other such vaccines for retroviruses of the present invention include
vaccines comprised of retroviral mutant stocks having DNA which encodes mutant integrase in which one or a few
amino acids are deficient, substituted, or added in a peptide comprising a whole or a part of N-terminal domain of
retroviral integrase or a peptide including said N-terminal domain, or DNA which hybridizes with said DNA under a
stringent condition, that inhibits the replication of retroviruses before the reverse transcription reaction of the mutant
stock. Specifically, vaccines comprising mutant stocks which have mutant integrase genes selected from said (C43H),
(C40H), (C40H, C43H), (H12C, H16C), (H12C, H16C, C40H, C43H), (P29F), (V32E), (I36E), (Y15A), (15T) and the
like, are exemplified.
[0035] Said retroviral infection inhibitors, therapeutic constituents or vaccines for retroviruses can be used in the
therapies in the present invention.

Brief Explanation of Drawings

[0036] Fig. 1 is a view showing the process of the integration reaction of retroviruses.
[0037] Fig. 2 is a view showing amino acids conserved between retroviral integrases and their positions.
[0038] Fig. 3 is a view showing the regions of α helix of α1 to α4 in N-terminal domain of HIV-1 integrase.
[0039] Fig. 4 is a view showing amino acid residues conserved in N-terminal domain of retroviral integrase being
targeted.
[0040] Fig. 5 is a view showing the release of viral particles after cell infections in HIV-1 integrase mutant clones.
[0041] Fig. 6 is a view showing the amount of viral gene expression after COS cell infections in HIV-1 integrase
mutant clones.
[0042] Fig. 7 is a view showing the amount of viral gene expression after RD cell infections in HIV-1 integrase mutant
clones.
[0043] Fig. 8 is a view showing that the infection was inhibited before the reverse transcription in HIV-1 integrase
mutant clones.
[0044] Fig. 9 is a view showing the protein interaction of HIV-1 integrase mutant clones upon two-hybrid assay.
[0045] Fig. 10 is a view showing the specific binding of viral infection inhibitors upon phage display method.

Best Mode for Carrying out the Invention

[0046] The present invention will now be explained in detail with examples, but the technical scope of the present
invention is not limited to those examples.

Example 1 (Generation of mutant clones of HIV-1 integrase)

[0047] Mutagenetic DNA fragment of HIV-1 integrase was obtained from pNL4-3, which is an infectious clone, by
the method previously described (J. Virol. 59, 284-291, 1986). As mutagenetic DNA fragment of HIV-1 integrase, 4.3kb
fragment covering from SPeI site to SalI site of the pNL4-3 was subcloned into pBluescript SK (Stratagene). This vector
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DNA was prepared to be single-stranded DNA, and the single-stranded DNA was subjected to site-directed mutagen-
esis with helper phage M13K07 according to the instructions in the protocol of T7-GEN in vitro mutagenesis kit (Bio-
chemical, U.S.A.), and mutant clones of HIV-1 integrase such as said (C43H), (C40H), (C40H, C43H), (H12C, H16C),
(H12C, H16C, C40H, C43H), (P29F), (V32E), (I36E), (Y15A), (15T) and the like were obtained (see Fig. 4).

Example 2 (Generation of a pseudotype virus from each HHCC motif mutant clone and amphotropic envelope of murine
leukemia virus)

[0048] 1 µg mutant clones of HIV-1 integrase (pNLluc∆BgIII) obtained by the method described in Example 1, and
1 µg amphotropic envelope expression vector of murine leukemia virus (pDJ-1) were mixed in 10 µl Lipofect amine
(BRL), then brought into reaction for 30 minutes at 30°C. The reactant was added to COS cells and transfected. Six
hours after the transfection, 4 ml DMEM (Dulbecco's modified Eagle's medium) supplemented with 10% of bovine
serum was added and then cultivation was conducted. 24 hours later, the culture liquid was replaced by 4 ml new
culture liquid of the same type, and the cultivation was continued to generate pseudotype viruses released from COS
cells to culture liquid, and the amount of viral particle release in the viruses was determined by p24 solid phase enzyme
immunoassay (Fig. 5). The obtained culture liquid was used as viral solution, and for control, COS cell culture liquid
where no plasmid was transfected was used as non-viral solution (Mock) in the following experiments.
[0049] By examining the amount of provirus gene expression, the influence of mutant clones of each virus on the
generation of said pseudotype viruses was investigated. Six hours after the above-stated transfection, all COS cells
were washed in PBS (phosphate buffered saline) three times, and the COS cells were added with 200 µl 13luciferase
solution (Promega) and dissolved, then with luminometer Monolight 2010 (Analitical luminescence laboratory, San
Diego, California), 10 µl of the solution was subjected to luciferase assay, and the amount of provirus expression was
measured (Fig. 6). Collectively, it was shown that mutant clones of each virus did not influence on the expression of
provirus genes and the release of viral particles.

Example 3 (Infectivity of each mutant virus)

[0050] About 50 ng of each viral solution determined by p24 solid phase enzyme immunoassay descrived in Example
2 was added with deoxyribonuclease I and treated for 30 minutes in the presence of 10 mM magnesium chloride. The
viral infection was conducted by inoculating the obtained DNA of each mutant virus to RD cells (human rhabdomyosa-
rcoma cells). Two days and six days after the infection, virus genes emerging in the infected cells were measured by
said luciferase assay (Fig. 7). As a result, all mutant viruses excluding one example (the mutant virus of P30N) showed
smaller values than Mock, indicating that the viral infectivity is severely inhibited by the viral mutation.

Example 4 (Confirmation of severe inhibition of infectivity by each mutant virus before the reverse transcription reaction)

[0051] Whether the viral infectivity was completely lost before the reverse transcription reaction in each of these
mutant viruses was confirmed by the following method. Whole DNA was extracted from RD cells two days after the
viral infection described in Example 3 by urea lysis method. The extract liquid containing DNA was treated with phenol
and chloroform, then subjected to ethanol precipitation to purify DNA, and subsequently added to 100 µl ultra pure
water to be redissolved. Viral genes contained in the DNA solution were amplified by PCR with HIV-1-specific primers
(R/U5, R/gag) (the amplification was conducted by 30 cycles; one cycle comprises heat-denaturation at 94°C for 1
minute, annealing at 55°C for 2 minutes, and synthetic reaction at 72°C for 2 minutes). The resulted PCR product was
fractionated by 2% agarose gel electrophoresis, then stained by cyber green and visualized (Fig. 8). As a result, no
viral DNA was detected in all mutant viruses excluding one example (the mutant virus of P30N) even with R/U5 and
R/gag as primers, indicating that the viral infectivity is severely inhibited before the reverse transcription reaction.

Example 5 (Yeast two-hybrid assay)

[0052] As to wild-type HIV-1 integrase and its mutant, dimer formation ability and protein interaction in association
with other viral structural proteins were examined with Gal-4 yeast two-hybrid system, and the results are shown in
Fig. 9. WTIN, D64EIN and C43LIN shown in DB of Fig. 9 mean each complex with a GAL4DB vector constructed by
inserting a gene of wild-type integrase, a D64E mutant gene of integrase and a C43L mutant gene of integrase re-
spectively into MCS (multiple cloning sites) of pPC97 (GAL4DB vector) in accordance with the frame of the GAL4DB
vector. In addition, WTIN (gene of wild-type integrase), D64EIN (D64E mutant gene of integrase), C43LIN (C43L mutant
gene of integrase), MA (p17 gene contained in a gag domain), CA (p24 gene contained in the gag domain), NC (p7
or p9 gene contained in the gag domain), RT (reverse transferase gene), Vif (viral infectious gene), and Vpr (viral
protein r gene) indicated in AD of Fig. 9, mean pPc-86cDNA constructed by inserting DNA being complimentary to
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each of said genes into MCS of pPC86 (GAL4AD vector). These results indicate that dimer formation ability between
integrase molecules is inhibited by C43L mutants.

Example 6 (Inhibitive activity of a partial peptide at N-terminal domain of HIV-1 integrase)

[0053] Chemically synthesized peptides of MZ-1, NZ-2, N-ITFcc and NZ-4 shown in Fig. 3 were diluted with physi-
ological saline to be 20 µM at final concentration, and added to RD cells for 2 hours' treatment. Subsequently, 50 ng
NHIV-1 determined by p24 solid phase enzyme immunoassay was inoculated to the treated RD cells to cause a viral
infection. Three days after the viral infection, viral genes expressing in the infected cells were measured by the above-
stated luciferase assay. In the RD cells treated with the peptides of NZ-1, NZ-2, or NZ-4 showed 10% to 30% suppres-
sion, whereas in the RD cells treated with the peptides of NITFcc showed near 80% suppression, indicating that it
would be applicable as antiviral drugs.

Example 7 (Screening of antiviral drugs by phage display method with peptides binding to N-terminal domain of HIV-
1 integrase)

[0054] PCR amplification was conducted with HIV-1 clone (pNL4-3) as a template (the amplification was conducted
by 30 cycles; one cycle comprises heat-denaturation at 94°C for 1 minute, annealing at 60° C for 1 minute, and synthetic
reaction at 72° C for 2 minutes). DNA fragments at N-terminal domain of HIV-1 integrase (a domain encoding 55 amino
acid sequences from N-terminal side) were taken out of the PCR product and inserted into regions such as BamHI or
EcoRI in the expression vector pGEX-2T (Pharmacia) to construct the HIV-1 integrase expression vector (pGEX2T-
zinc). The constructed vector was introduced into Escherichia coli BL21 (DE3). The transformed Escherichia coli was
added to culture liquid, then IPTG (isopropyl-1-thio-β -D-galactoside) was added to be 100 mM at final concentration,
and the expression was induced for 5 hours at 37°C. 5 hours later, the Escherichia coli was centrifuged at 3000 rpm
for 10 minutes and then collected. Next, Escherichia coli collected from medium per 1L was redissolved in physiological
saline containing 100 ml of 1 M NaCl and 3 mM DTT (A solution), and crushed by an ultrasonic treatment (at 500 W
for 10 minutes). The obtained solution containing crushed Escherichia coli was centrifuged at 12000 rpm for 30 minutes
to collect crude fractions of proteins , and integrase N-terminal proteins fused with GST (glutathione-S-transferase)
contained in the protein crude fractions were purified by glutathione sepharose beads (Pharmacia).
[0055] Next, from phage library (NEB) wherein random peptides with various lengths are inserted into phages, a
phage containing a peptide which specifically binds to N-terminal domain of HIV-1 integrase was screened by repeating
a panning operation (an operation wherein phage particles which do not bind to GST proteins in each phage library
are collected, an operation wherein phage particles which bind to said prepared GST-fused integrase N-terminal protein
are collected from selected phages) three to seven times. The obtained phage was cloned and sequenced. It was
confirmed by solid phase enzyme immunoassay whether the peptides obtained by phage display method bind to N-
terminal domain of HIV-1 integrase as target in vitro (Fig. 10). In detail, a 96-well plate was coated with 100 µg/ml GST-
fused integrase N-terminal proteins, GST proteins or nonproteins, and after blocking, cloned phages having each
peptide of 1011pFU were added to cause a reaction, and then secondary reaction was caused by anti-M13-HRP anti-
bodies (horseradish peroxidase-labeled anti-M13). After the reaction completed, the 96-well plate was made to react
with 2,2'-azinobis (3-ethylbenzthiazoline sulfonic acid) (ABTS; Sigma) as a substrate to cause a color reaction, and
determined at absorbance of 405 nm. These results have confirmed that each peptide binds to GST-fused integrase
N-terminal protein specifically.

Industrial applicability

[0056] The present invention makes it possible to screen a new integrase inhibitor being able to inhibit an HIV infection
before the reverse transcription step and having a pharmaceutical site of action totally different from those of traditional
integrase inhibitors. Further, it becomes possible to obtain a new integrase inhibitor being able to inhibit the infection
and the proliferation of retroviruses completely through the screening. Pharmaceutical constituents containing these
new integrase inhibitors are expected as remedies for AIDS.
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Claims

1. A screening method of a retroviral infection inhibitor characterized in targeting a domain comprised of a whole
or a -part of N-terminal domain of retroviral integrase or a domain including the N-terminal domain.

2. A screening method of a retroviral infection inhibitor characterized in detecting a subject material which binds to
a peptide comprised of a whole or a part of N-terminal domain of retroviral integrase or a peptide including the N-
terminal domain.

3. The screening method of a retroviral infection inhibitor according to claim 2, wherein the binding subject material
is a peptide or a protein.

4. The screening method of a retroviral infection inhibitor according to claim 3, wherein the peptide or the protein
contains an amino acid sequence where one or a few amino acids are deficient, substituted or added in a part of
1st to 55th amino acid sequences among amino acid sequences shown in Seq. ID No. 2 or in a peptide containing
said amino acid sequences or a part of said amino acid sequences.

5. The screening method of a retroviral infection inhibitor according to claim 3 or 4, wherein the detection of the
peptide or the protein is conducted with a method selected from phage display method, immunoprecipitation meth-
od, two-hybrid assay and Far Western analysis.

6. A screening method of a retroviral infection inhibitor characterized in detecting a subject material which binds to
RNA encoding a peptide comprised of a whole or a part of N-terminal domain of retroviral integarase, or a peptide
containing the N-terminal domain.

7. The screening method of a retroviral infection inhibitor according to claim 6, wherein the binding subject material
is DNA or RNA.

8. The screening method of a retroviral infection inhibitor according to claim 6, wherein the binding subject material
is a peptide or a protein.

9. A screening method of a retroviral infection inhibitor characterized in that a wild-type retrovirus is infected to a
host cell in the presence of a subject material, and in case the subject material is a peptide, under the condition
that DNA encoding the peptide can express, and then the amount of viral gene expression in the host cell after
the infection is compared to the case using noninfected control.

10. A screening method of a retroviral infection inhibitor characterized in that two-hybrid assay with an integrase
gene of a wild-type retrovirus is conducted in the presence of a subject material, and in case the subject material
is a peptide, under the condition that DNA encoding the peptide can express, and the inhibition of integrase dimer
formation is detected.

11. The screening method of a retroviral infection inhibitor according to any one of claims 1 to 10, wherein the retrovirus
is HIV-1.

12. A retroviral infection inhibitor being obtainable by the screening method of a retroviral infection inhibitor according
to any one of claims 1 to 11.

13. The retroviral infection inhibitor according to claim 12, wherein the obtainable retroviral infection inhibitor is DNA
or RNA.

14. The retroviral infection inhibitor according to claim 12, wherein the obtainable retroviral infection inhibitor is a pep-
tide or a protein.

15. A retroviral infection inhibitor characterized in comprising a peptide shown in any one of Seq. ID No. 3 to 11, or
a peptide or a protein containing said peptide.

16. A retroviral infection inhibitor characterized in comprising a peptide having 26th to 39th amino acid sequences
among amino acid sequences shown in Seq. ID No. 2, or a peptide or a protein containing said peptide.
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17. A retroviral infection inhibitor characterized in comprising a monoclonal antibody being obtainable by using a
peptide having 1st to 55th amino acid sequences among amino acid sequences shown in Seq. ID No. 2 as an
antigen.

18. A retroviral infection inhibitor characterized in comprising a complex where the peptide or the protein according
to any one of claims 14 to 17 is bound to other peptide or protein, or nonprotein.

19. The retroviral infection inhibitor according to claim 18, wherein other peptide or protein, or nonprotein is CD4
glycoprotein, which is T cell antigen.

20. The retroviral infection inhibitor according to claim 18, wherein other peptide or protein, or nonprotein is a coat
protein of a retrovirus.

21. The retroviral infection inhibitor according to any one of claims 18 to 20, wherein the complex is protease-resistant
or is chemically modified for intracellular introduction.

22. A retroviral infection inhibitor characterized in comprising DNA construct capable of expressing DNA encoding a
peptide or a protein, or a part of a protein comprising the retroviral infection inhibitor according to any one of claims
14 to 21.

23. The retroviral infection inhibitor according to claim 22, wherein the DNA construct capable of expression includes
a viral vector.

24. A retroviral infection inhibitor characterized in comprising DNA which encodes mutant integrase in which one or
a few amino acids are deficient, substituted, or added in a peptide comprising a whole or a part of N-terminal
domain of retroviral integrase or a peptide including said N-terminal domain, or DNA which hybridizes with said
DNA under a stringent condition, wherein the DNA inhibits the replication of retroviruses before the reverse tran-
scription reaction of a retroviral mutant stock containing these DNA.

25. The retroviral infection inhibitor according to claim 24, wherein the mutant integrase is selected from some of the
amino acid sequences shown in Seq. ID No. 2, which are:

C43H, where 43rd cystein is substituted with histidine;
C40H, where 40th cystein is substituted with histidine;
C40H, C43H, where 40th and 43rd cysteins are substituted with histidines;
H12C, H16C, where 12th and 16th histidines are substituted with cysteins;
H12C, H16C, C40H, C43H, where 12th and 16th histidines are substituted with cysteins, and 40th and 43rd

cysteins are substituted with histidines;
P29F, where 29th proline is substituted with phenylalanine;
V32E, where 32nd valine is substituted with glutamic acid;
I36E, where 36th isoleucine is substituted with glutamic acid;
Y15A, where 15th tylosin is substituted with alanine; and
Y15T, where 15th tylosin is substituted with threonine.

26. The retroviral infection inhibitor according to any one of claims 12 to 25, wherein the retrovirus is HIV-1.

27. A therapeutic constituent characterized in containing the retroviral infection inhibitor according to any one of
claims 12 to 26.

28. The therapeutic constituent according to claim 27, wherein the therapeutic constituent containing the retroviral
infection inhibitor further contains other antiviral drug.

29. The therapeutic constituent according to claim 28, wherein the antiviral drug contains any one of nucleoside or
non-nucleoside reverse transcriptase inhibitor, HIV protease inhibitor, and tat inhibitor.

30. The therapeutic constituent according to claim 29, wherein the reverse transcriptase inhibitor comprises azidothy-
midine, dideoxyinosine, dideoxycytosine and d4T.
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31. The therapeutic constituent according to any one of claims 27 to 30, wherein the retrovirus is HIV-1.

32. A vaccine for a retrovirus characterized in comprising a retrovirus mutant stock having DNA which encodes mutant
integrase in which one or a few amino acids are deficient, substituted, or added in a peptide comprising a whole
or a part of N-terminal domain of retroviral integrase or a peptide including said N-terminal domain, or DNA which
hybridizes with said DNA under a stringent condition, and inhibiting the replication of retroviruses before the reverse
transcription reaction of the mutant stock.

33. The vaccine for a retrovirus according to claim 32, wherein the mutant integrase is selected from some of the
amino acid sequences shown in Seq. ID No. 2, which are:

C43H, where 43rd cystein is substituted with histidine;
C40H, where 40th cystein is substituted with histidine;
C40H, C43H, where 40th and 43rd cysteins are substituted with histidines;
H12C, H16C, where 12th and 16th histidines are substituted with cysteins;
H12C, H16C, C40H, C43H, where 12th and 16th histidines are substituted with cysteins, and 40th and 43rd

cysteins are substituted with histidines;
P29F, where 29th proline is substituted with phenylalanine;
V32E, where 32nd valine is substituted with glutamic acid;
I36E, where 36th isoleucine is substituted with glutamic acid;
Y15A, where 15th tylosin is substituted with alanine; and
Y15T, where 15th tylosin is substituted with threonine.

34. The vaccine for a retrovirus according to claim 32 or 33, wherein the retrovirus is HIV-1.

35. A therapy characterized in using the retroviral infection inhibitor according to any one of claims 12 to 26, the
therapeutic constituent according to any one of claims 27 to 31, or the vaccine for a retrovirus according to any
one of claims 32 to 34.
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