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[0001] The present inventionlkelates to a nucleic

-acid construct that is useful for treatment or mwmuwmummwmm
prevention of a 10 di sease caused by i mmunodef ligl

virus. infection. Background Art [0002] Human *G00002*
i mmunodefi ci ency virus (PES§RIRTE@ENs a. cell 15
expressing a C4 nolecule (e.g., a T cell) to destroy
the cell. Therefore, the nunber of CD4-positive T

cells (helper T cells) is decreased and the cellul ar

I muni t yYNUSLELOWRCEO FORaATREABMENDJQRI RREUVENTIONt DF

H V. The infection finally |leads to severe

i munodef i ci enpMuN@IHHICIENC Y207 TRl INFREC T TOMNS et of

an opportunistic infection such as carinii pneunonia.

The conditions are called acquired immnodeficiency
~syndronme (AIDS). [0003] As to nethods for treating

thdhh DESEL FPB14

[0001]

The present invention relates to a.nucleic écid
consfruct that ié useful for treatmént of_prevention of a

disease caused by immunodeficiency virus.infection.

Background Art

[0002]

Human immunodeficiency wvirus (HIV) infects_a_éell
expressing a CD4 molecule (e.g., a T cell) to destroy the
cell. Therefore, the number of CD4-positive T cells

{helper T cells) is dedfeased and the cellular immunity is

lowered in a human body infected with HIV. The infection

finally leads to severe immunodeficiency conditions,
resulting in onset of an opportunistic infection such as
carinii pneumonia. The conditions are called acquired
immunodeficiency syndrome (AIDS).

[0003]

As to methods fo: treating HIV infection,

antiviral agents that block the 1life cycle of the HIV
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25 antiviral agents that block the life cycle of the
HV 2 (reverse transcriptase inhibitors, protease
inhibitors, etc.) and vacci nes have been devel oped,
and several antiviral agents have been put to
practical use. However, sincezthe mut ati on frequency
inthe HV is high, a nutant 5% agai nst which the
above-nmenti oned agents are not effective may energe
in an infected individual. Thus, it cannot be

ecessarll sai d that a spe c renmedy has been
L RSReRey, triRsidbres Sap Rttt e SHSfevarbitors
ene t herapy drugs u5|ng nuclelc aci ds_(an _RNA decoy

tCi-Bo )ﬂﬂ?{o efacdings 100t PR (t HEHSdBRPAaNt 2Rk arﬂeveral
protelns |ntracellular anti bodies, etc.) as
SPtdvitad BUGIEE A%e tREGTHHPBE t tPhBraghiERpl MESt oflowever,
of HI'V have not attained the stage of conpletion.
Foocgl thes mutatt el freaneray cénl theattHV sleabigd, a mutant
specifically in a cell infected with H 'V has been
doriinst whdcdy theatabpvedoremeivndd adpenpat eme not effective
Docunents 1, 2 and 3). According to such a nethod, a
gee esreayd nign aapr odfietteatindgxtiidoiatls cyTloioxi ttt ganhaot be
connect ed downstream of an LTR 20 pronoter from H V.
hecdakarillfesaidashheen Bpekidir casedywWharse bk completed.
nethod is clinically applied. Use of a ribonucl ease

an thetpeedupbrbhah, ©xRitkinps sCyboliexiedicpy getie therapy drugs
described in Patent Docunment 2 (United States Patent

Neingb8Ardld)e akthsudtarderiil fedd V-1 Af eGliRE &Rl Setc.) or

caused by
proteins (transdominant mutant proteins, intracellular

antibodies, etc.) as effective ingredients to inhibit the
multiplication of HIV have not attained the stage of
completion.

[0004]

A method in which cell death is caused
specifically in a cell infected with HIV has been devised
(e.g., Patent Document 1, Non-patent Documents 1, 2 and 3).
According to such a method, a gene encoding a product that
exhibits cytotoxicity is connected downstream of an LTR
promoter from HIV. Tco date, there has been no known case
where the method is <c¢linically applied. Use of a
ribonuclease as the product that exhibits cytotoxicity is
described in Patent Document 2 (United States Patent No.
5837510), although death of HIV-infected cells caused by

the ribonuclease has not been confirmed. It is known that
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25 the ribonucl ease has not been confirned. It is
known that 3 human pancreatic ribonucl ease (RNase 1),
which is a representative ribonuclease, is inhibited
by a ribonuclease inhibitor in cytoplasm (Non-patent
Docunent 4). Thus, it cannot be said that it is

sui table for the above-nentiomed 5 purpose. [0005]

It has been reported that several prokaryotic

pl asm ds have a post segregation killing (PSK)
function to kil host.s fram whi ch, the plasm ds have
SRR SRRSF et qr1ﬁk?%ﬂ e3¢ i N3N the plggﬁFBs is

in the hosts. Such plasm ds have toxin-antitoxin
56ﬁ5§seﬂﬁa§ﬁﬁﬁt6%PPnHFH&§SFo &st dpbAbitgdabyely riponuclease
i.nactivate the toxin. The antitoxin is labile to
deriad&crori hyc R bages (NpRgPaleRt oROSHMERE #nti t oXhns, it
by proteases results in activation of the toxin which
iCannRts togh| s idsudrrt ot nianswibabhe géaes thesebeviesment ioned
chronosones of nost prokaryotes. They respond to

Parpeg$e - stresses and have functions in programred

cell death. Although the functions of the toxins have

not been fUlOlopSlproven, it is known that both MazF,

which is a toxin of the 20 mazE- mazF system

(Non- pat entt tDohaserdecs) , rapdrbPedk, thdit Chsevesral t xokaryotic
of the penl -penK system (Non-patent Docunent 6), have

pRqseide- $Ree fd pddbaupteanssi ACtkVili®$. (PSK) function to
Furthernore, a nethod for obtaining a highly pure

RhiQuehdstef firohewdsthhasebpenspraBORBYe( BREBNHropped out in
Docunent 3). In this

order to maintain the plasmids in the hosts. Such plasmids
have toxin-antitoxin genes. An antitoxin binds to a toxin
in a cell to inactivate the toxin. The antitoxin is labile
to degradation by proteases. Degradation of the antitoxin
by proteases results in activation of the toxin which is
stable. Such toxin-antitoxin genes also exist on
chromosomes of most prokaryotes. They respond to various
stresses and have functions in programmed cell death.
Although the functions of the toxins have not been fully
proven, it is known that both MazF, which is a toxin of the
mazE-mazF system (Non-patent Document 5), and PemK, which
is a toxin of the pemI-pemK system (Non-patent Document 6),
have sequence-specific ribonuclease activities.
Furthermore, a method for obtaining a highly pure protein

of interest has been proposed (Patent Document 3). In this

method, mRNA is degraded utilizing such a toxin, and only
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25 nmethod, nRNA is degraded utilizing such a toxin,
and only 4 an nRNA encoding the protein of interest
fromwhich the sequences cleaved by the toxin have
been elimnated beforehand is translated. [00061 5
Patent Docunent 1: United States Patent No. 5554528
Pat ent Docunent 2: United Statés Patent No. 5837510
Pat ent Docunent 3: WD 2004/113498 10 Non- pat ent
Docunment 1: Hum Gene Therapy, 2: 53- 61 (1991)

Non- t Do t_ 2. P . .Natl_ Acad. Sci._ USA .
5 SBENE S TCIHID NDRE paCErE Poctre A CSF oAt m E@hevhich the

Therapy, 10:103- 1 12 (1999) Non- patent cunent _4:
SRRHGRT | LA de DY USARS b5OTOR0 Y NE0R1 2 BeFSog)eL
Non- pat ent  Docunent 5: Mblecular Cell, 12:913-920
efeyerndds faadtlassdment 6: J. Biol. Chem,

279: 20678- 20684 (2004) Disclosure of Invention

Probl ems tolX¥€dol ved by the Invention 25 [00071

Patent Document 1: United States Pate
5554528

Patent Document 2: United States Pate
5837510

Patent Document 3: WO 2004/113498

Non-patent Document 1: Hum. Gene Therapy,
61 (1991)

Non-patent Document 2: Proc. Natl. Acad. Sc
91:365-369 (1994)

Non-patent Document 3: Hum. Gene Therapy,
112 (1999)

Non-patent Document 4: Proc. Natl. Acad. Sc
95:10407-10412 (1998)

Non-patent Document 5: Molecular Cell, 12:
(2003)

Non-patent Document 6: J. Biol. Chem., 279

20684 (2004)

Disclosure of Invention
Problems to be Solved by the Invention

[0007]

minated

nt No.

nt No.

2: 53-

i. Usa,

10:103-

i. UsA,

913-920

:20678-
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5 The present invention has been made in view of the
above-nentioned prior art. The nmain object of the

present invention is to provide a nore highly

effective nethod for treating an HV infection. 5

Means to Solve the Problens [0008] The present

i nventors have found that expression of a pol ypeptide
havi ng a singl e-stranded RNA-specific 10

endori bonucl ease activity is induced to degrade nmRNA

ina cell on infectiogn with HHY in the cell. whjch .

has a trar: perﬁ?]é%s%tcl éPXeHEil8ncg'r?§ rRRERi ARG cH qview of

ne encodi n t he pol ypepti de having a i )
gi gl *PeY P 3N Hlmgséi;éiqri carEndoriTgSndH’e"ésébJeCt of the

activity is connected downstream of a 15 transcription
Pé”&l?leéltti ORISR LR e 1 t%ommr@wlldlean%cmoﬁlei opighty effective
induced by a trans activator of human i munodefi ci ency
Wetheodader Aseatisguln HIdplin€gctéenof the HV in the
cell and infection to other cells can be prevented.
Thus, the present invention has been conpleted. 20
[ 0009] The present invention relates to: [1] a
Meelnsi ¢oaiod veotyei Probpleast ranscri pti on regul ation
sequence wWith which transcription is induced by a
trans actiVvabos]of human 25 i nmmunodefi ci ency virus;
and

The present inventors have found that expression
of a polypeptide having a single-stranded RNA-specific
endoribonuclease activity is induced to degrade mRNA in a
cell upon infection with HIV in the cell which has a
transferred nucleic acid construct in which a gene encoding
the polypeptide haviﬁg a single-stranded RNA-specific
endoribonuclease activity is connected downstream of a
transcription regulation sequence with which transcription
is induced by a trans activator of human immunodeficiency
virus and, as a result, replication of the HIV in the cell
and infection to other cells can be prevented. Thus, the
present invention has been completed.

[0009]

The present invention relates to:

[1] a nucleic acid comprising:

a transcription regulation sequence with which

transcription is induced by a trans activator of human

immunodeficiency virus; and
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6 a gene encoding a pol ypeptide having a single
stranded RNA-specific endoribonucl ease activity,
wherein the gene is placed so that its expression can
be controlled by said sequence; 5 [2] the nucleic acid
according to [1], which conpr&ses a transcription
regul ati on sequence with which™ transcription is

i nduced by Tat protein and/or Rev protein; [3] the
nucl eic acid according to [1], wherein the gene

encodi ng a polypeptide having a single-stranded 10

RNA- speci {15 RAGT I(BORIAFEhed ROLYPEFY LFE ik a single-
downstream _of LTR of human inmunaqdefi ci ency virus;

[T HIRE S ROV S SOOI RS oSS ARy 1 he

pol ypepti de having a single-stranded, RNA-specific )
endor i bonud SRS EhY i8R dS - a6@d \Ba Fhet diteaexmryession
an 15 RNA in _a nucl eotide sequence-specific manner;

[HA" thfe sARARGId ety &6t Aasrensgil], wherein the

pol ypepti de having a single-stranded RNA-specific

endor i bonucldasehect huclgics agkd mastagiding 6Fot héll, which
nucl eic acid according to any one of [1] 20 to [4],

wingr lises ngortparstadiptitan aregelatjion7]sesgyuerideodwioh which
producing a cell in which replication of hunman

itranmrsedefptdicendys Vindigedds suTatessedein adyerth®dyv protein;
conprising transferring the nucleic acid defined by
any one of [31] tthd GhutéDc aaeell acrding heo MELNOd wherein

according to [7], wherein the

the gene encoding a polypeptide having a single-stranded
RNA-specific endoribonuclease activity is placed downstream
of LTR of human immunodeficiency virus;

[4] the nucleic acid according to [1], wherein
the polypeptide having a single-stranded RNA-specific
endoribonuclease activity has an activity of cleaving an
RNA in a nucleotide sequence-specific manner;

(5] the nucleic acid according to [1], wherein
the polypeptide having a single-stranded RNA-specific
endoribonuclease activity is MazF protein;

[6] the nucleic acid according to any one of [1]
to [4], which is incorporated into a vector;

[7] a method for producing a cell in which
replication of human immunodeficiency virus is suppressed,
the method comprising transferring the nucleic acid defined
by any one of [1] to [6] into a cell;

[8] the method according to [7], wherein the
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7 cell is a cell population containing a T cell or a
T cell precursor; [9] the nethod according to [7],
wherein the nucleic acid is transferred into the cel
using a virus 5 vector; [10] the nethod according to
[9], wherein the nucleic acid.,is transferred into the
cell using a retrovirus vectof or an adenovirus
vector; [11] a nethod for treating or preventing human
10 i munodefi ciency virus infection, the nethod

GRPor of 74} 1 BoBrap CPRto CR bR LAg: Fuch oot (HE & T cell

Invention 15 [0010] The present invention provides a
PISHE4Ci d  construct that enabl es suppression of
replication of human i pmmunodeficiency virus_(H in
a cell. Thd%ucltéiec BEFROdcAREPERING s tssefldll / f ovherein the
treatment of H 'V infection. 20 Brief Description of
pugdiedgs atod1ip apskenred| dsteattdie arslAt 1fng a virus
HI V-derived proteins in culture supernatants of cells
viecgeored with H'V. 25 Figure 2 illustrates anobunts of
HI V-derived 8

[10] the method according to [9], wherein the

nucleic acid is transferred into the cell using a
retrovirus vector or an adenovirus vector;

[11] a method for treating or preventing human
immunodeficiency wvirus infection, the method comprising
transferring the nucleic acid defined by any one of [1] to

[6] into a cell.

Effects of the Invention

[0010]

The present invention provides a nucleic acid
construct that enables suppression of replication of human
immunodeficiency virus (HIV) in a cell. The nucleic acid

construct is useful for treatment of HIV infection.

Brief Description of Drawings

[0011]

Figure 1 illustrates amounts of HIV-derived
proteins in culture supernatants of cells infected with HIV.

Figure 2 illustrates amounts of HIV-derived
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proteins in culture supernatants of cells infected
wth HV. Figure 3 illustrates tine course of viable
cell nunbers in cultures of cells infected with H V.
5 Best Mode for Carrying Qut the Invention [0012] The
nucl ei c acid construct of the present I nvention is
conposed of a transcription regulation sequence wth
whi ch transcription is induced by a trans 10 acti vator
of human i munodefici ency virus; and a gene encoding

| vpept.i de_having a_single-stranded_ RNA- specific.,
SR eiBh oo Sad e Dy MRETe T felgendntEothfheddh HIV.
so that its, .expressipn can be controlled by sajd .
sequence. T3998613) THhEPRLTRESD SPBEI oM YSEn étVbﬁble cell
con ernin%%th? transcription regul ation sequence wth
RO E6r diis CHHEH46R Of s CRAdgcdatBytadt wakl HéVi-vat or
of human i mmunodeficiency virus. For exanple, a
transcription regul ati on sequence 20 wi th which
transcription is induced by Tat protein of HV may be
Besd. Mrde for FesrwingbPudsthe TARepitians- activation
responsi ve el enent) sequence in an RNA of which the
transcriptil@@12d initiated by the action of LTR
pronoter of the H'V to activate transcription of a
regi on 25 dbenstredmicf taeideguenseruthus,ofa the present
transcription 9 regulation sequence that has a
inveattiotde sequeccepofedheof a transcription regulation
sequence with which transcription is induced by a trans
activator of human immunodeficiency wvirus; and a gene
encoding a polypeptide having a single-stranded RNA-
specific endoribonuclease activity, wherein the gene is
placed so that its expression can be controlled by said
sequence.

[0013]

There is no specific limitation concerning the
transcription regulation sequence with which transcription
is induced by a trans activator of human immunodeficiency
virus. For example, a transcription regulation sequence
with which transcription is induced by Tat protein of HIV
may be used. The Tat protein binds to TAR (trans-
activation responsive element) sequence in an RNA of which
the transcription is initiated by the action of LTR

promoter of the HIV to activate transcription of a region

downstream of the sequence. Thus, a transcription
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TAR regi on downstream of the transcription initiation

site can be used according to the present invention.

In particular, LTR of HI'V or a transcription

regul ati on 5 sequence obtai ned by subjecting LTR to an
appropriate nodification can pe preferably used.

Exanpl es of the nodifications”include deletion of a
binding site for a host cell-derived transcription

factor in a pronoter, . and deletion of a region that

I.S _unnecessary for Tat-specific 10 transcription.

BB AT RIS FReht AR, A (Sl SHotas predignee of the
reduce the level of transcrjption by the host . . . ,
¢é TRk W%%%??fbt?gntjflsc%ﬁnﬁﬁr&ﬁtilgni Afgrdasden site

to the HV infection. For exanple, such a

- 76 f Pat M§Rf 25COFHARICr FBt | BRe r SRff M on WBeRIHQD - In

is described in Non 15 patent Docunent 2. The latter
peditiicddaEiton iLSRex@fpl iHiVed oty adelte@nsiF o iRy eglegwlation
or a region downstream of TAR sequence in LTR (a part
sfeqRenggi opbaadnede LY regbdaftinFhelTRicl &b c aci cppfropriate
the present invention that has such deleted LTRis
adddftiagedon t oapr oddectporfexfalal thi gisetd.t er ER8mples of the
retrovirus vector having the nucleic acid. [00141 It
moddfdwa thilosils RRE 1udey -dedstdrs kife aclbdmelitng isiteHif¥r a host
genone interacts with an H V-derived trans activator,

Bel lpdeirdivied t @ aryEr i hirdat ei fa&xdr esshona( N@ropatert  and
25 Document 3). It is known that a region called INS

de1@ad okl ofingd pebigaNehaTUPIN e988ScéE3A5¢! EBY @R tlfspecific
H'V nRNA in the
transcription. Using the former modification, it is
possible to reduce the level of transcription by the host
cell-derived transcription factor which is irrelevant to
the HIV infection. For example, such a modification of a
transcription regulation sequence is described in Non-
patent Document 2. The latter modification is exemplified
by deletion of U5 region or a region downstream of TAR
sequence in LTR (a part of R region and the U5 region).
The nucleic acid of the present invention that has such
deleted LTR is advantageous to production of a high-titer
retrovirus vector having the nucleic acid.

[0014]

It is known that RRE (Rev-responsible element) in
HIV genome interacts with an HIV-derived trans activator,

Rev protein, to promote protein expression (Non-patent

Document 3). It is known that a region called INS in gag
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absence of the Rev protein, but the suppressive action
is canceled by the interaction between the RRE and
the Rev protein (J. Virol., 66:7176-7182 (1992)).
Thus, if such a 5 transcription regulation sequence is
incorporated at a position 3'_to a foreign

pol ypepti de- encodi ng gene in tH nucl ei c acid of the
present invention, it is possible to express the
polypeptlde encoded by the nucleic acid in a nmanner

en t on the Rev protei on H \/ infectj

P R0 1999 <SR ER PHat TRASEEIBE LR PGty MRS in che
HL V- derived trans activator may be used in

&t iYn We hREY PEHEtelanalb“J‘eq"Je%c%uE\P?ﬁs%Y%haFﬁéon is

sequence Is inherently incorporated (e.g
FRETSHed) BY thecoHiTiasorP™ PREYSED r@%eersﬁsgwsd the Rev
functional sequence. For exanple, the "transcription
PEQEFeAT @'séﬁueﬂceyﬁﬁﬁﬂiﬂQuﬁkﬁalh@9$% t he ThueseAf such a
i nvention include a sequence constructed by conbining
thhenseqiptdeonandeguproioner seguence nbs dmdoxpbritedn at a
H 'V and that is capable of initiating mRNA 20
Posisdonptl 'onté naa foeleli ghorpathipedp tt rdensfrerodifng hgene in the
nucleic acid of the present invention is desired.
h@le)ic Hweidust eitheagprbdntt hénpeaseoh, i ivenis opoksible to
constructed by connecting a gene encoding a

eosdpyeepRt itlee 2bohpwepgide Sienglodest andeHe R34 fd€id in a
endori bonucl ease 11 activity to the above-nenti oned
hb&ﬁ&%rHﬁbbﬁﬂeheg@baEE@nRev protein, i.e., on HIV infection.

[0015]

The sequence that interact with an HIV-derived
trans activator may be wused in combination with a
functional sequence with which the sequence is inherently
incorporated (e.g., a promoter) or in combination with a
heterologous functional sequence. For example, the
"transcription regulation sequences" used according to the
present invention include a sequence constructed by
combining the sequence and a promoter that is not derived
from HIV and that 1is capable of initiating mRNA
transcription in a cell for which transfer of the nucleic
acid of the present invention is desired.

[0016]

The nucleic acid of the present invention is

constructed by connecting a gene encoding a polypeptide

having a single-stranded RNA-specific endoribonuclease
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sequence so that the expression of the gene can be
controlled by the transcription regul ati on sequence.
[0017] 5 As used herein, a single-stranded

RNA- speci fic endori bonucl ease activity neans an
activity of hydrolyzing a ph fghodiester bond 3' to a
ri bonucl eotide in a single- nded nucleic acid
contai ning at | east one ribonucleotide nol ecul e as a
constituting nucleotide. A 10 nucleic acid hydrolyzed

w t h tQ@ agovgznent oned ac |vit§ enerates t he lat
R A ADRYST gk RPEF o SA 07 Lt i o ion

d h hosphat : d h
%%aga?%{%gge?»oﬁg ? %?gr?&%%rﬁa?\ﬁlﬁ&eg%g\ré | Sgrsupcan  be

haV|n% -cyclic phosphate and a
W@F&@l b Ehes T afw&efgwtmora Legiil aticen geguesce -

l[imt the present i nvention, a polypeptide that

cannot cl edP®1ddubl e- stranded nucleic acids such as a
doubl e-stranded RNA or an RNA-DNA hybrid may be used
accordi ng B¢ thee@r dwain nvents e lsustranddt Riide specific
specificity is suitable for the present invention 20
iemdpirdworfucdehisel et idddnadegdmn afi ant Hritgepdnbydrolyzing
which is single-stranded RNA. In particular, one
ka\phupodictstart yoorod 8l e&w g MHWonurleoticdeoinde single-
sequence-speci fic manner or capabl e of degradi ng nRNA

istt randieldo s oezd Istiependeai dmanrentainipgef erabl y Le&dt one
according to the present invention. 25 Exanples of

sUenuellepeiidedatol sl lsleagnzy mesnsaitedinfNAubl eotide. A
interferases such as MazF or PenK as described bel ow

nucleic acid hydrolyzed with the above-mentioned activity
generates the following: a 3' end having a hydroxyl group
and a 5' end having a phosphate group; a 3' end having a
phosphate group and a 5' end having a hydroxyl group; or a
5' end having 2',3'-cyclic phosphate and a hydroxyl group.
Although it is not intended to limit the present invention,
a polypeptide that cannot cleave double-stranded nucleic
acids such as a double-stranded RNA or an RNA-DNA hybrid
may be used according to the present invention. Such
substrate specificity is suitable for the present invention
in view of efficient degradation of an HIV genome which is
single-stranded RNA. 1In particular, one having an activity
of cleaving RNA in a nucleotide sequence-specific manner or
capable of degrading mRNA in a ribosome-independent manner

is preferably wused according to the present invention.

Examples of such polypeptides include enzymes called mRNA
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(Patent Docunent 2). [0018] Although it is not
intended to limt the present 5 invention, for
exanpl e, the polypeptide having an activity of
degradi ng a single-stranded RNA in a sequence-specific
and ri bosomne-i ndependent nanne£ used according to the
present invention nmay be deriv % froma m croorgani sm
In this case, a gene encoding the pol ypeptide can be
isolated 10 froma m crobial genone or a plasmd. For

| e, di E whi _
SRR oacaThate COREE, { Bfes aM o (ogtribed below

toxi n-antitoxin systemas described in Non-patent

DEARTEt DPYMSRE & be used according to the present

i nvention. MazF is an enzyne that 15 cl eaves a

sequence 5'LORA-3' in a single-stranded RNA, and

PenK is an _enzyne that mainly cleaves a sequence

5 -U A(C, BAdtdough 3t j¥s anet ngneesdedned IRNAL |Ghe present
al so possible to select a gene encoding an am no acid
jayearderhi iy exammlogotlet polipenhide hevdngeguemstrivity
of MazF or PenK from 20 a known database and to
iofoldegradidmrausengdeostiragded tRNA pnesersdequence-specific
i nvention. Polypeptides having such activities have

een frddvos ome -redle peincleotr garirsey | ndadli rg-ddndiagy eeio the
al gae and archaebacteria [Bacillus subtilis 168 (NP

B3GR iMvddtACA Ry  bdedssevéd Pfeoinngi hidir®organism. In
ATCC13090 (NP 275029; 25 5'-/ACU- 3'), Deinococcus

tadiso e S ﬂ%érNP 9438bng 5Ehé3po%@§\:@@e3'c)an be isolated

M cobact eri um bovis BCG (NP 855664; 5'-

from a microbial genome or a plasmid. For example, a gene
encoding MazF or PemK, which is an endoribonuclease that
constitutes a toxin of a toxin-antitoxin system as
described in Non-patent Document 4 or 5, can be used
according to the present invention. MazF is an enzyme that
cleaves a sequence 5'-A/CA-3' in a single-stranded RNA, and
PemK is an enzyme that mainly cleaves a sequence 5'-U/A(C,
A or U)-3' in a single-stranded RNA. It is also possible
to select a gene encoding an amino acid sequence highly
homologous to the amino acid sequence of MazF or PemK from
a known database and to isolate it for use according to the
present invention. Polypeptides haying such activities
have been found in many microorganisms including blue-green
algae and archaebacteria [Bacillus subtilis 168 (NP_388347;

5'-U/ACAU-3'), Neisseria meningitidis ATCC13090 (NP_275029;

5'-/ACU-3'), Deinococcus radiodurans R1 (NP 294385; 5'-



W CCUU-3"), Nostoc sp. PCCr7120 (NP 487251,

5'-U ACA-3'), Enterococcus faecalis V583 (NP 816859;
"-U ACAU-3'), Nitrosonponas europaea ATCC19718 (NP
841355; 5 -GA/AU-3', 55 -G AAU-3', 5 -ANAU 3 or
"-A AAU-3'), Pyrococcus horikoshii ATCC700860 (NP
143082; 5'-UGG3', 5'-UUG3 5 5 -UCGA3,
'"-ANGG3 or 5 -A/AG3'): accession nos. of

pol ypepti des having the activities in NCBI Protein

nd the nucl eotjde sequences_rec nlzed an

P 7 e cpo&rweepe%s BORS nbCat edMPato06et; 51
par ent hes . Pr ef erabl y, gene encodi ng MazF i

&ﬂzUycéoSdi nyof b heSRyr eESHF 2PnvER B 25he §M'N6ACA‘3')
aci d sequence of MazF and a nucl eot i de sequence of a
FEHE TSGRy MFCat &5 shmd3i n (G198, B 'afd AEAU-3")
respectively. 15 [0019] Since the endoribonucl ease
tH&rosemeriasut egrapapsxi AT SFLY7 1dHxi R R4 1355 in §ysﬁé\nhAU 3!
is not inhibited by a cytoplasm c ribonucl ease
iSRS 3such aS-AlARHE-PI acerrt al 5 'rHA/RRILI¥adse Pyrococcus
i nhibitor (Patent Docunent 3), it is suitable 20 for
Ue iZosdridi YTTO7 Q0%s Ppr d¥@entL4B308ent i HN-U/dGihe, 5'-U/UG-3',
endori bonucl ease is persistently expressed, de novo
pBr'olUIGA - 33y nt hesA AGGloes pat 3 ake/xbaxe) i natkesedbn, nos. of
resulting in inhibition of cell growth and induction

polypleptddaish haviiaywerie, agtioettibe ¢AzNIBIdPRStRANh Database,
degrade rRNA 25 constituting ribosome or tRNA form ng

and ghes midelotlile ddditdnbes tdeoq@bitdd YaRd &DheaveH! by the
to grow can be restored
polypeptides are indicated in parentheses]. Preferably, a
gene encoding MazF is wused according to the present
invention. The amino acid sequence of MazF and a
nucleotide sequence of a gene encoding MazF are shown in
SEQ ID NOS. 1 and 2, respectively.

[0019]

Since the endoribonuclease that constitutes a
toxin of a toxin-antitoxin system is not inhibited by a
cytoplasmic ribonuclease inhibitor such as human placental
ribonuclease inhibitor (Patent Document 3), it is suitable
for use according to the present invention. If the
endoribonuclease is persistently expressed, de novo protein
synthesis does not take place in the cell, resulting in
inhibition of cell growth and induction of cell death.

However, since the enzyme does not degrade rRNA

constituting ribosome or tRNA forming a higher order
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once the HV RNA is degraded and el i m nated, and
expression of the endonuclease is termnated in the
cell into which the nucleic acid of the present
invention is transferred. 5 Thus, even if HV is
integrated as a provirus into f chronosone in a cell
the cell in which the replicat dn of the virus is
prevented retains its ability to grow. The use of the
above- nenti oned endori bonucl ease i s advantageous in

that replication.of, an H nd onset of AIDS can,be 10
SHEVSIET i o B et 19 r S0P RALL RE HERBorag) bf restored
cells in i.vi.ng body. [00201 endori bonucl ease ,
B it Ht RS o R At A TR el R Srges s on
recogni zes .a short nucl eotide 15 sequence (about 3 to ,
7’%&%’!‘%0??8@&”?8%%&\% eEinteed stfafddd gl into which
Therefore, if the endoribonuclease is expressed in a

&8s nuitiofaghd RRNARS PreRerte| inyertidgegigdédamsderred.
protein synthesis in the cell and growth of the cel

dbaisi,nhp¥epedi £ Fdi‘hedfor éntegnzeedheaRNA aprovergg into a
H V genone is al so cleaved, replication of the HV and
calreacsofieuddi riy)cafl t hehedl &eblit inf whihehcehke aeplakstion of
prevented. In addition, since expression of

pbleypeptusiess pmevedadedn tdtmiMis/ Jesoabilstal s@ grow. The
i nhibited, for exanple, induction of apoptosis in a

aslel ofotthienfabeived marith onleel Hndo23 bdumidleaae is advantageous
extracellularly released Tat protein is 15 suppressed

4% Wehdt replication of an HIV and onset of AIDS can be
prevented without greatly reducing the number of T cells in
a living body.

[0020]

An endoribonuclease that constitutes a toxin of a
toxin-antitoxin system recognizes a short nucleotide
sequence (about 3 to 7 nucleotides) to cleave a single-
stranded RNA. Therefore, 1if the endoribonuclease 1is
expressed in a cell, most of the mRNAs in the cell are
degraded and protein synthesis in the cell and growth of
the cell are inhibited. Furthermore, since the RNA as the
HIV genome is also cleaved, replication of the HIV and
release (budding) of the HIV out of the cell are also
prevented. In addition, since expression of polypeptides
encoded in the HIV genome is also inhibited, for example,

induction of apoptosis in a cell not infected with the HIV

due to an extracellularly released Tat protein is
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[00211 For treating or preventing H'V infection, it
is desirable to transfer the nucleic acid construct
of the 5 present invention into cells (or a cel

popul ation) containing a cell that can be infected
with HV, that is, a CD4-posi£'ve cell. Thus, gene
transfer is carried out accortiing to the present
invention targeting a CD4-positive cell (e.g., a T
cell), a precursor cell that is capable of 10
differenti tlng%%ﬁ:o a CD4-positive cell (e.g., a

et o161t i3 ‘cel 1), or a cell population
containing _such a cell. It is preferable to target a
hemat opoi eti%2dt em cel | or a cell popul ation
containing said cell according to the present

i nventi on iFPYi eI IRDNPF e PERYICPE 1T thildhsiRfeeEiphe it 1is
nucl eic acid construct into cells that can be -
idefsdaadd ani £@ &rapsferThehe mid@ispearifc dandtirardtonof the
concerning the cells as long as they contain a
Coeseadi t ienvegdlioror intpr ecoekbs cébk thereefll population)
Exanpl es of cells include blood cells (periphera

lrlcndeh igelnigs a wellill ithalt cand b20 iblfeadt eckeWith eiIhorthat is, a
marrow cells collected froman individual, as well as
CD4—pesiittiive ceels, prabussorgere | raafsfeX- pesi taveied out
cells and hematopoietic stemcells fractionated from

S@icd reiines tac ebledipi@ dedita iRt iRl RRG:get[itR2 21 At -positive
There is no specific limtation concerning the 16

{a‘_ﬁgﬂOd(ef.@. transfesring 4 hgravetebe ashd eonst idClapfable of
differentiating into a CD4-positive cell (e.g., a
hematopoietic stem cell), or a cell population containing
such a cell. It is preferable to target a hematopoietic
stem cell or a cell population containing said cell
according to the present invention in view of comprehensive
transfer of the nucleic acid construct into cells that can
be infected with an HIV. There is no specific limitation
concerning the cells as long as they contain a CD4-positve
cell or a precursor cell thereof. Examples of cells
include blood cells (peripheral blood cells, umbilical cord
blood cells) or bone marrow cells collected from an
individual, as well as CD4-positive cells, precursor cells
of CD4-positive cells and hematopoietic stem cells
fractionated from said cells according to a known method.

[0022]

There 1is no specific limitation concerning the
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present invention into a cell. For example, the
nucleic acid of the present invention nay be
incorporated into a plasmd vector or a virus vector
and transferred into a 5 cell using an appropriate
method. If a plasmd vector is,_to be used, a gene
transfer nethod such as a phosb%ate cal ci um net hod, a
cationic lipid method, a |iposone nethod or an

el ectroporati on nethod may be used. If the nucleic

aci.d | o _be incor orate% into Vi rus_vector (e.q.
3had d 8 PrefBerer S afnaaahsaiise et aronghtude’ of che
adeno-tﬁssociated er%s vecto 1 0 %,herggs Vj rus lei
WEGHNE TRESRREP? P PnifereSt! nay H5F | ¥R €T uhBEr nucleic
cond'tigns suitable for the virus to transfer the )

A% of athg FTrasidtor REFRELIPRHYBAY| Hif MWFERRKAFRRS into a
vector which is capable of 15 integrating the nucleic,
LA t HeChPESOFt & nVéAMSoVeHir andnhrigimsdirryed into a
pref erabl e according to the present invention. [0023] _
I ldn wsingli aenapPProRkieheameshedyi r Usf iz pbagmid2@ector is
there is no specific limtation concerning the

tet rogi mgediecaogans berageflencowtdiady sechheasprasemosphate
invention. According to the present invention, a

redldicat inetldef ed i vetioric oVipid method, i a pAriebepakl method
for preventing unlimted infection or gene transfer.

Suchara eketioropsramilen 2hethpli mati @ defett i vEf s@hthafucleic
it cannot autononously 17 replicate in an infected

eelild ansl thensf oifcaypoubesl. into a virus vector (e.g., a
retrovirus vector, an adenovirus vector, an adeno-
associated virus vector or a herpes virus vector), the cell
of interest may be infected under conditions suitable for
the virus to transfer the nucleic acid of the present
invention. A retrovirus vector which is capable of
integrating the nucleic acid of the present invention into
a chromosome is preferable according to the present
invention.

[0023]

In an embodiment in which a retrovirus is used,
there is no specific limitation concerning the retrovirus
vector to be used according to the present invention.
According to the present invention, a replication-defective
retrovirus vector is preferable for preventing unlimited

infection or gene transfer. Such a wvector 1is made

replication-defective so that it cannot autcnomously
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Such a vector can invade a host cell such as a

vertebrate <cell (in particular, a mammalian cell) to

stably integrate a foreign gene, which is inserted
into the vector, into the 5 chronosomal DNA. Exanpl es

of known replication-defective 7retrowrus vectors

i nclude retrovirus vectors (e. b MFG vector, a-SCC

vector (WD 92/07943), pBabe (Nucleic Aci ds Research,
18: 3587-3596 (1990)), pLXIN (C ontech) or pDON Al

%_a ara B|o Ex | ent.ivi rus ectqQrs an dlflf ations
&} <

¢5R %10 atpl e C&tdi vAPHs TReFoiere avirulent.
i ncl.ude, but are not n1te
%ﬁ%&uéﬁ%‘}%ﬁcgam ﬂaga(iﬁu ) q&aﬁ v%%ﬂa veuERr 88(an *ﬁvebrate
vector havin wld-type LTR (e.qg., Unlted State

ssttdnt (ixp . Pax W) %rm%ﬂm#wvee%il h&@i ﬁga@ly “integrate
nmodi fied LTR (e.qg., plLenti6/V5, Invitrogen)) and

§i FOXSLED gemEnodBHich dfcyinFeried SMPQ dhe WaFtRtot o the
(e.g., Human GCene Therapy, 11:1863-1874 (2000)).
[chgzrpsomad A ovi Exampdetsorofrajinpwnprgrdrietion-defective
according to a known nethod and used according to the
pessonti r2@ | veendrsn.infflede i sehovogpresf ivedtonst afeog., MFG
concerning the preparation nethod. A culture

yegeorat antSGO| vected f (Wwoin a2/0ubta) ¢ afBabe etiNavleis Acids
producer cell suitable for the retrovirus vector to

e sesedhGan she s8yed sa6C qrdiong )t,0 gIXEN prcdseitech) or pDON-AI
i nvention. The retrovirus producer cell may be 25

qiraRafra0Be o hat 1ehahhi 0 1éeceD e @V idds AR idRS thereof .
in the 18 supernatant or one that transiently

PAGBIGS &f I @Wel UBentivirus vectors include, but are not
limited to, human immunodeficiency virus (HIV)-derived
vectors (an HIV vector having a wild-type LTR (e.g., United
States Patent No. 5,665,577) or an HIV vector having a
modified LTR (e.g., pLenti6/V5, Invitrogen)) and simian
immunodeficiency virus (SIV)-derived vectors (e.g., Human
Gene Therapy, 11:1863-1874 (2000)).

[0024]

The retrovirus vector may be prepared according
to a known method and used according to the present
invention. There is no specific limitation concerning the
preparation method. A culture supernatant collected from a
culture of a retrovirus producer cell suitable for the
retrovirus vector to be used can be used according to the

present invention. The retrovirus producer cell may be

either one that stably produces retrovirus particles in the



particles upon transfection with a retrovirus vector
plasm d. [00251 5 A known packaging cell Iine such as

PGL3 (ATCC CRL-10686), PA317 (ATCC CRL-9078), GP+E-86

or GP+envAm 12 (US 5,278,056), or Psi-Crip (Proc.

Natl. Acad. Sci. USA, 85:6460-6464 (1988)) may be

used for preparing a retrovirus producer cell. 293

cell or 293T cell of which the 10 transfection

efficiency is high may be used for preparing a

retrovirus producer cell. [00261, According.to the )
ﬁlué’?gﬁ’?tiaﬁ’\tfgn?f:orﬁne?t tb’?tal EBAnBLERFbY ¢ RIPIGeES retrovirus
retrqvirus prepared by pseudotyped 15 packagi ng which
Pﬁt&ﬁ%ﬁvel’“ﬁ’ﬁ@ déry §ForA™ Wit @i f FEFERViFHEm vector
t he one from which the genone of the retrovirus

Pe@SBidi-s derived. For exanple, a pseudotyped

retrovirus having an envel ope derived from Ml oney

nmuri ne | edRERBA virus (MOMV), gibbon ape |eukenia

virus (GLV), 20 vesicular stomatitis virus (VSV) or

feline endégdwmumn viaokaging zeddotkime t bathcas PG13 (ATCC
function as an envel ope can be used. Furthernore, one

PR -196 8&¢GOorRAYY t (ATBE@ PFRESONT8I) NVERHENB6 aor GP+envAm-12
retrovirus vector having on its surface a. protein

tust 3 L785ulféE)ct edrt ®sivgaripcheProdrpdikttat iZzarad . Theci. USA,
retrovirus 25 vector may be prepared using a

Bat: E@gio-6g 6pr qdusen ) cakl B8 ubadi figrapiepasfiay’ ad r¢erevirus
for an enzyme involved in

producer cell. 293 cell or 293T cell of which the
transfection efficiency is high may be used for preparing a
retrovirus producer cell.

[0026]

According to the present invention, it is also
possible to wuse a retrovirus prepared by pseudotyped
packaging which has an envelope derived from a virus
differenﬁ from the one from which the genome of the
retrovirus vector is derived. For example, a pseudotyped
retrovirus having an envelope derived from Moloney murine
leukemia virus (MoMLV), gibbon ape leukemia virus (GalV),
vesicular stomatitis virus (VSV) or feline endogenous virus,
or a protein that can function as an envelope can be used.
Furthermore, one may use according to the present invention
a retrovirus vector having on its surface a protein that is
subjected to sugar chain modification. The retrovirus

vector may be prepared using a retrovirus producer cell
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gl ycosylation or the Iike. [0027] According to the
present invention, a 5 transcription regulation
sequence with which transcription is induced by a
trans activator of a human i nmunodeficiency virus,
and a gene encoding a polypept%ge havi ng a singl e-
stranded RNA-specific endoribontcl ease activity placed
downstream of the transcription regulati on sequence
are 10 inserted into one of the above-nentioned

ari.ous vectors referably, the above-nmenti oned .
:rﬁ P r s VERRSIHEES urg[e‘%er m#oéf, 2o ST t Havolved  in

regul ates the transcripti on of the gene (an operator,
é%%?gﬁ@&‘,onaqre%%&t * etc.) may be included.

Furt hernore, thj nucleic acid of the present 15

i nvention Zldve, i ndependent of the gene, an

appropriate marker gene which enabl es sel ection of a

cel | havi ngcgondiagsferfed géhe (e.REesentdruginvention, a
resi stance gene, a gene encoding a fluorescent o
prensicripdion gasillaicionn ngeawenezyibht Whticbartranscription
function as a reporter such as (3 20 gal actosi dase or
ligciiheiugsg) bya ar ¢éremtsoraayenator tdfe d ibgan limmunodeficiency
addition, the nucleic acid of the present invention

veyushe drohdedgeneh eacediinigdea gevkypeptoidier hdoing a single-
elimnate cells having the transferred gene fromthe
Isittiamgleldo d \RNA sxpesceisf i svheerddhtboneal exgé wWathitrhey placed
cells having the transferred 25 gene is conpleted or
doynsitdeatf f 6€t tite CaUSRGBcrdQril[028kgulation sequence are
inserted into one of the above-mentioned various vectors
(preferably, the above-mentioned retrovirus ~vectors).
Furthermore, a sequence that regulates the transcription of
the gene (an operator, an enhancer, a terminator, etc.) may
be included. Furthermore, the nucleic acid of the present
invention may have, independent of the gene, an appropriate
marker gene which enables selection of a cell having a
transferred gene (e.g., a drug resistance gene, a gene
encoding a fluorescent protein, or a gene encoding an
enzyme that can function as a reporter such as B-
galactosidase or luciferase), a receptor gene or the like.
In addition, the nucleic acid of the present invention may
be loaded with a suicide gene in order to eliminate cells
having the transferred gene from the living body in cases

where the treatment with the cells having the transferred

gene is completed or any side effect is caused.
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In one enbodi nent of the present invention, ex Vivo
gene transfer in which a vector is transferred into a
cell collected froma biological individual outside
the 5 living body is used. If a virus vector is to be
used, gene transfer is achiev by m xi ng the target
cells collected froma Iivingjf ody with a virus
vector (e.g., a culture supernatant of a virus
producer cell or a virus vector purified fromsuch a
cul ture su " ant) and incubating 10 the m xture
under appr E i“ate conditions. If a vector that can be

used to transfer a ne.in vivo an adenovi rus

vector) isfo TEFu§gg°gﬁﬂén€eéﬂﬁrtb%nﬁﬁﬁﬂ%ﬁftﬁﬁventlon' ex
nycleic acid of the present invention na¥
a&mqﬂgﬁﬂﬁwﬁ¥%ﬂ%§ﬁﬁlﬁp Yt eh o YReFordisl ! rﬁBSFGGZQF into a
If a retrovirus vector is to be used for ex vivo gene
Ceddsfeplleeted Foam bRe Riplogical aindigéduad IOWF*Phde the

the retrovirus vector with high efficiency in the

pAedage dodyf ig ugect-i oAl asybigusnvechari ig 4o be used, gene
retrovirus-binding 20 activity. [0030] For exanpl e,
trensderofiggemechievedf by mdixigga tHaintargeal cslbst aedd ected
having a retrovirus-binding activity are described in
WDoa5/ L6200 indOEdAY]1 8818h and WNatws evabtbedi (& re,, a culture
2:876-882 (1996). The methods include a nethod 21 in
wlhipehnathuactodnal sibas apedirdmgcbdth & r at reviisisvector
purified from such a culture supernatant) and incubating
the mixture under appropriate conditions. If a vector that
can be used to transfer a gene in vivo (e.g., an adenovirus
vector) 1s to be used, the vector containing the nucleic
acid of the present invention may be administered directly
into an individual.

[0029]

If a retrovirus vector is to be used for ex vivo
gene transfer, it is possible to infect a target cell with
the retrovirus vector with high efficiency in the presence
of a functional substance having a retrovirus-binding
activity.

[0030]

For example, methods of gene transfer using a
functional substance having a retrovirus-binding activity

are described in WO 95/26200, WO 97/18318 and Nature

Medicine, 2:876-882 (1996). The methods include a method
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bi nding site and a target cell-binding site in a
single nolecule is used, and a nethod in which a

m xture of a functional substance having a
retrovirus-binding site and a 5 functional substance
havi ng a target cell-binding s%%e Is used. Both

nmet hods can be used accordi ng t he present
invention. [00311 There is no specific limtation
concerning the 10 functional substance as long as it

has retrovirus-hindin ctivity and/or a target .
CaY 19t o R EHEEEFO L RS talaR IRVl ParRt RorgtroviTus-
ubst.ance having a retrovirus- hindjing activity is ,
N ahtE, M L bt et S | piRe” i & single
fihronectin (heparin-11l domain), fibroblast gromh 15
SHle P adivett otndype WP E addn WhH Her v AtiRfaILy of a
a varjant of such a polypeptide, polylysine, _
laguhistange M ndady raiBsvanes -bdpaliing sfite and a
bi nding to the target cell of interest can be used as _
Fungtdongdal seedangr ehatiangng & araefetcekl tbbpdthagsite is
activity. Although it is not 20 intended to limt the
prseskent  Bavbnmeghodsorcagx bl ssetheicdanbimionad the present
substance having a target cell-binding activity 1is
exemgitiifared by a pol ypepti de having a cel |l -binding
activity (e.g., a cytoskeletal protein), an antibody
that recodgmozad a cell or a biological nolecule on a
cell 25 surface, a growh factor, a cytokine or a
sugar chai Ithez2 1903Q] specific limitation concerning the
functional substance as long as it has a retrovirus-binding
activity and/or a target «cell-binding activity. For
example, the functional substance having a retrovirus-
binding activity is exemplified by a heparin-binding domain
from fibronectin (heparin-II domain), fibroblast growth
factor, a fragment of type V collagen, a derivative or a
variant of such a polypeptide, polylysine, DEAE-dextran or
the like. Any substance capable of binding to the target
cell of interest can be used as a functional substance
having a target cell-binding activity. Although it is not
intended to limit the present invention, for example, the
functional substance having a target cell-binding activity
is exemplified by a polypeptide having a cell-binding
activity (e.g., a cytoskeletal protein), an antibody that

recognizes a cell or a biological molecule on a cell

surface, a growth factor, a cytokine or a sugar chain.
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A nmethod in which a gene is transferred into a target
cell in the presence of a functional substance

conpri sing a heparin-binding domain fromfibronectin 5
exenplifies one preferable enbodi nent of the present

i nvention. A preferable exanpleg, of the functiona
substance is a fibronectin frd%%ent havi ng both a cel
adhesi on domai n and a hepari n-bi ndi ng domain. In
particul ar, a pol ypeptide of a region of binding to
VLA-5 10 ag%@gr]VLA-4 is preferably used as the cel
adhesion d P Such a fibronectin fragnent can be

prepared from fib onectin purified froma |living bod
using a me&ndie 58 HPED: i DroSRE 18 prtRsterres into a

Eroduced usi ng, reconmbi nant DNA techni ques. For

REAGCe, CBhE rRoihaRresERCEnelti n? 15 YNGRl substance
commercially avail able from Takara Bi o under the namne _
6PMRELEERECt i%h (hepRrsteredrdingemsdanain pfeper afflibronectin
according to the present invention. [0033] As
gesmplbédesbowae t Inrgfraaadnte | nempedorents 20 usbkul present
for production of a cell conposition that is useful
fioventéannent ok ppeeértribieof enample nmemhodeheci dugyrtional
virus infection. Furthernore, the present invention
pubsitdesea isretshodibepnereahi nfiragmeuevénrtviingy Hb¥th a cell
i nfection using the cell conposition. Admnistration,
adhesabni ndaniadital , aall 2% cehépahaniF-bgnibrgnuaiciLin. In
acid of the present invention 23 being transferred
pazblieslaeduct gyl ypedl Md nbechedeedldrS of binding to VLA-5
and/or VLA-4 is preferably used as the cell adhesion domain.
Such a fibronectin fragment can Dbe prepared from
fibronectin purified from a living body using a means such
as digestion with a protease, or produced using recombinant
DNA techniques. For example, the recombinant fibronectin
fragment commercially available from Takara Bio under the
name of RetroNectin (registered trademark) is preferable
according to the present invention.

[0033]

As described above, the present invention is
useful for production of a cell composition that is useful
for treatment or prevention of human immunodeficiency virus
infection. Furthermore, the present invention provides a
method for treating or preventing HIV infection using the

cell composition. Administration, into an individual, of

cells having the nucleic acid of the present invention
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in the individual or suppression of HV replication in
the <cells.. [0034] 5 If a CD4-positive cell having
the nucleic acid of the present invention being
transferred, or a CD4-positive cell differentiated
froma precursor cell of a CD4-positive cell (e.g., a
hemat opoi etic stemcell) havi the nucleic acid of
the present invention being transferred, is 10
infected with an H'V and an HI V-derived trans
ctivator_ is enerated.in the cell, expression_of a
B R e S OBy RBDE P o ST o R SHFSRBEE cells
RNA- specj fjc |, anribonuclease,activit¥ pl aced , )

S %ﬁlé;a AN sTHPRE ¢ o PR gof alt ¥nrse4deptdops in the
i nduced, nRNA in the 15 cell is degraded by the

ted pol ypeptide, and protein biosynthesis is
inhibited. At the sane tine, an RNA genone which is
generated #9348 course of HIV replication is al so
degraded. Since translation of polypeptides encoded by
the HV gdforme Cavddpospltiivat iced lohavhagHtYegenoie iar @ecid of
i nhi bited 20 as descri bed above, de novo production of
itdnfee girementHl Mvegdriare | lesiram dt rafiefé roed pf ovt helCDdelplositive
are prevented. [0035] The activity of an
erddr ididifecleatdatiedatf romoas pbrecuesoxr teliln off aaCh4-positive
toxin-antitoxin system (e.g., MazF 25 or PenK) is

wr egsefl byat hemaoepbseenee seemt 2124 KHE1IRSPOREI MBcleic
antitoxin (e.g., MazE or Peml) Thus, if a
acid of the present invention being transferred, is
infected with an HIV and an HIV-derived trans activator is
generated in the cell, expression of a gene encoding a
polypeptide having a single-stranded RNA-specific
endoribonuclease activity placed downstream of a
transcription regulation sequence is induced, mRNA in the
cell is degraded by the generated polypeptide, and protein
biosynthesis is inhibited. At the same time, an RNA genome
which is generated in the course of HIV replication is also
degraded. Since translation of polypeptides encoded by the
HIV genome and replication of the HIV genome are inhibited
as described above, de novo production of infectious HIV
particles and infection of other cells are prevented.

[0035]

The activity of an endoribonuclease that

constitutes a toxin of a toxin-antitoxin system (e.g., MazF

or PemK) is suppressed by the coexistence of the
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gene for an endori bonucl ease which is a toxinis to be
used according to the present invention, exertion of
cytotoxicity due to the endoribonucl ease activity in
cells 5 not infected with an H 'V can be suppressed or
controlled by wusing an antitog'n gene in conbination.
In one exenplary enbodi nent, e activity of a toxin
may be suppressed by the action of an antitoxin by
expressing, in cells not infected wwth HV, a trace
amount of the antitoxin froma 10 gene for t

€ .
§ﬁﬁqﬁ539?4ﬁﬁ%uﬂﬂ§&f?ﬁﬁ%sf?é%n1oMa Epﬂﬁnﬁ%ﬂ{}forTEHs' if a
o ace GO bR A Y. et ot 18 Fp be used

such a cell is infected with H'V, expression of the
BEEORGLET pr &ifot edhsy t BEFeg@miton dnviemd inans exertion  of
activator, and the 15 cytotoxicity is exhibited only
sytetopieigrodne dic Expresdediboninlexeeecdstivety in cells
amount of expressed antitoxin. Thus, it is possible

netf dnfiegit eidnorisds ent HE Vs elagc tiev istappafe s sedt otroxionitiryplled by
to HV-infected cells. [00361 20 According to a

psengows] yanteportiad getdodn rombhindt ildind- | nfecbad exemplary
cells are destroyed by the action of a cytotoxic
pmbbdiimefe., g.theli pbtheitg dxia) toxianmayzbe stpptessed by
activates a nontoxic precursor into a cytotoxic

ehepoatti . @f &Y itekimase) ,eddiedOid), rehease€s not
from 25 destroyed cells or the activated conpound nay

eAfettiedt idh KBS/ Sanetatlf ambesdtWdh the/ 40t exbkPht from a
cytotoxicity. On
gene for the antitoxin connected downstream of a promoter
for an appropriate housekeeping gene (e.g., glyceraldehyde
3-phosphate dehydrogenase gene, f-actin gene). If such a
cell is infected with HIV, expression of the toxin is
promoted by the action of the trans activator, and the
cytotoxicity is exhibited only after the amount of
expressed toxin exceeds the amount of expressed antitoxin.
Thus, it is possible to further increase the selectivity of
cytotoxicity to HIV-infected cells.

[0036]

According to a previously reported method in
which HIV-infected cells are destroyed by the action of a
cytotoxic protein (e.g., diphtheria toxin) or an enzyme
that activates a nontoxic precursor into a cytotoxic

compound (e.g., thymidine kinase), the toxin released from

destroyed cells or the activated compound may enter into
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t he other hand, the possibility of damaging the
surrounding cells is Iow according to the nethod of
the present invention in which a polypeptide having a
singl e-stranded 5 RNA-specific endoribonucl ease
activity is used. [0037] NMIt% | e drug conbi nati on
therapy in which 3 or 4 antivital agents (reverse
transcriptase inhibitors, protease inhibitors, etc.)
are used in conbination (HAART) 10 is currently the

Iinstream of _H V i.nfe &? reat ment.. .net hods. Such
Rt dprasr saedri ol (B8 B midurty coreti o on
f a patient infected with.the HV, resulting. in ,
3 (P G G PORS yreE BT (Hhq surrounding
difficult to conpletely elimnate HV due_to the
Shildfendd 15°8f RFCOFALREL ebCcetre tMREDRD Mt the present
actively produce virus particles (long-term survival
iIRVERTePTc el swhieRepy gidlyPeptiige phastrg Anwdmdler stranded
may be carried out in conbination wth HAART. [0038]
Axspeicyfdst eadomabongcdrasedactiontiyl dssasact.i vity
is expressed in response to expression of Tat in a
cell havi A§0BAé nucleic acid construct of the present
invention being transferred. If the nucleic acid
construct MsltppésedirugncambéhlatiionmthelraihyV ins which 3 or 4
integrated into a 25 chronbpsone as a provirus,
anaisdriapt i oagehtBNA f(refetrlse 26 trph@virigptas®  inhibitors,
initiated, expression of a pol ypeptide having
protease inhibitors, etc.) are used in combination (HAART)
is currently the mainstream of HIV infection treatment
methods. Such therapy remarkably decreases the HIV amount
in blood of a patient infected with the HIV, resulting in
amelioration of clinical symptoms. However, it 1is
difficult to completely eliminate HIV due to the existence
of HIV-infected cells that do not actively produce virus
particles (long-term survival infected cells; reservoirs).
The present invention may be carried out in combination
with HAART.

[0038]

A polypeptide having an endoribonuclease activity
is expressed in response to expression of Tat in a cell
having the nucleic acid construct of the present invention
being transferred. If the nucleic acid construct is

present in a cell in which HIV is integrated into a

chromosome as a provirus, transcription of RNA from the
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an endori bonucl ease activity is induced by Tat which

is transcribed fromthe RNA, and single-stranded RNA

inthe cell (including the HV genone) is degraded.

As a result, 5 replication and budding of the HV are

inhibited in such a cell. Vhe the H V-derived RNA is

degraded to termnate the Tat %xpre53|on and Tat

expressed prior to the ternmination disappears in the

cell, expression of the polypeptide having an

endar. honucl ease. ac 1S S0 10 termn ted

A Dosont of® thﬁﬁtﬁﬁESECeﬁxPE?Sﬁ On'éait?o§8 YBSBBFGanaVIng

to the resent invention.n which a oly tide ) ,

i §ﬁl§ﬂaafﬁﬁaﬁﬁc@ecateéﬂatcyt.wt¢ﬁ§ef e lAtcarhicn is

acts on (g ﬁ stranded RNA is used (Non- patent
%5 b WthﬁnﬁQﬁm apdt FéES e|§tﬁéﬂﬂﬁiiﬁﬁﬁ in the

once the expressi ogn of the pol ypeptide is _term nated,

&l grigtiibme e Hhatoerere tq tspdearadsdr oydg at result,

this time point is resuned. Exanples 20 [0039] The

frsimlowatg e ansl denddingtofat ehe hBIPr eseninhihieadi 6n such a

in nore detail, but are not to be construed to limt

tqqﬂellscop@heherté@f HIV0detived ENanplse degiGoiesd r tiot iterminate

of Tat expression plasmd 27 A region encoding Tat

aie sdgGRP wespressved f aot aTpltasmxpbyERled atfFPr to the

(Quant um Bi ot echnol ogi es I nc.) by

termination disappears in the cell, expression of the

polypeptide having an endoribonuclease activity is also
terminated. Since ribosome or tRNA in a cell is not
destroyed according to the present invention in which a
polypeptide having an endoribonuclease activity that
specifically acts on single-stranded RNA is used (Non-
patent Document 5), normal protein synthesis is resumed
once the expression of the polypeptide is terminated, and
growth of cells that have not been destroyed at this time

peoint is resumed.

Examples

[0039]

The following Examples illustrate the present
invention in more detail, but are not to be construed to
limit the scope thereof.

[0040]

Example 1: Construction of Tat expression plasmid
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doubl e digestion with Sacll and EcoRI, and a

Tat -encodi ng sequence to which an initiation codon
and a term nation 5 codon had been attached on the 5
side and 3' side, respectively, was inserted into the
plasm d. The plasmd construg% d as descri bed above
was desi gnated as pQBI - TAT. plasmd is a plasmd
that can be used to express the Tat protein under the
control of CW pronoter/enhancer. 10 [0041] Exanple 2:

ConstructiqQn of MazF expression | asm d_A region
encodi ng g&gfgﬁﬁ§ﬂ3%ﬂﬁ§) Wﬁ%trgﬂavﬁaGFPrU gremoved from
pl asm d p%BI-LTR GFP_(Quant um Bi ot echnol ogi es 15
PncP}ayido R ¢ R orl QA Yes B PEEFBRCSADY REs Inc.) by
Sal | _and. Xbal, and a chem cally synthesized_ DNA .
srvddienigeat ign oretlh £8edl| BANOESOREs #Rdept d&Rt1ansoding
the plasmd. The plasmd constructed as described '
seavenges esiwiigshedars ingCRLIPRVEZFAOR. ax@l [ @04Frmination
The plasmd is a plasmd that can be used to express
clhdomhzRagr odbeen umdsrchd@d cont tdle ob 't hei@kV MATR' side,
The nucl eoti de sequence of SEQ I D NO 3 encodes the
aeispectiaviedysequencinadrivdd FIiH68QthE N &dgmidn tfRe plasmid
nucl eoti de 25 sequence, ACA nucl eoti de sequences
poaseriucited s Madcgidnel 2dbovs ewa€pliasegnhyedt Ber pQBI-TAT.
nucl eotide sequences without altering the _
raeu il d 9imiQT CUs r ang 1MRai ANE e aghfl HRAUNKE. t S B&Press the
Tat protein under the control of CMV promoter/enhancer.

[0041]

Example 2: Construction of MazF expression
plasmid

A region encoding gag, sgGFP and RRE was removed
from a plasmid pQEBI-LTRgagGFP (Quantum Biotechnologies
Inc.) by double digestion with restriction enzymes Sall and
XbaI, and a chemically synthesized DNA encoding MazF
protein (SEQ ID NO:3) was inserted into the plasmid. The
plasmid constructed as described above was designated as
pPRBI-LTRMazFcvl.

[0042]

The plasmid is a plasmid that can be used to
express the MazF protein under the control of the HIV 5'LTR.
The nucleotide sequence of SEQ ID NO:3 encodes the amino

acid sequence of MazF (SEQ ID NO:1). In the nucleotide

sequence, ACA nucleotide sequences present in the MazF gene



10

15

20

25

the RNA for MazF transcribed fromthis plasmd is not

cl eaved with the MazF activity, it can stably express

MazF 5 in a cell. [0043] Exanple 3: Transfer of

plasmd into cell 1 x 105 of human 293T/ 17 cells (ATCC

CRL-11268) were added to eact&svvell of a 24-well

col | agen-coated plate 10 and“cultured for 24 hours.

Dul becco's nodi fied Eagl e nedi um (DVEM Si gnma)

containing 10%fetal calf serum (G bco) was used as a
ium-0,2 Q | - LTRVBzEcvl _or 0.25 each of

325 Ebrasen.BF BhnBpopret At S fas senbrncepaniPuphtqattering

Egto cells in each well. Transl T-293 (Mrus) 15 was .

&d O 4 HE IS el AMdroneAptdceggrence.  Since
followed the attached instructions. The procedure was
Eg?ri%t‘&ip‘mftori nMaap| i RS Fotbedc rgouphia giagmitit ¢s not
whi ch Q.25 pg each of p@Bl-LTRgagGFP (Quant um
sﬂsegeﬁnw&& &del MazF, aghioH tdoesi thatar orfprlpke ®aRFess MazF
gene, 20 and pQBI-TAT was transferred was used as a
&éBnéreel1l[0044] The cells into which the plasmd(s)
had been transfected were cultured at 37C with 5% CO2
for 48 houl8043The cells were observed under a
m croscope after 25 cultivation. In the control group
i nt o whi chEp&Bp1293 : LTRgagfEP afidppaBhidAInbadcdEEn
transfected, expression of the GFP protein by
si nul t aneolis xt riadtsfeft lofim@EBRoBTRYAgGR 1s (ATCC CRL-11268)

were added to each well of a 24-well collagen-coated plate
and cultured for 24 hours. Dulbecco's modified Eagle
medium (DMEM, Sigma) containing 10% fetal calf serum
(Gibco) was used as a medium. 0.25 pg of pQBI-LTRMazFcvl
or 0.25 pg each of pQEBI-LTRMazFcvl and pQBI-TAT was then
transferred into cells in each well. TransIT-293 (Mirus)

was used for the plasmid transfer and the procedure

followed the attached instructions. The procedure was
carried out in duplicate for each group. A group into
which 0.25 ug each of pPQBI-LTRgagGFP (Quantum

Biotechnologies Inc.), which does not comprise MazF gene,
and pQBI-TAT was transferred was used as a control.

[0044]

The cells into which the plasmid(s) had been
transfected were cultured at 37°C with 5% CO, for 48 hours.
The <cells were observed under a microscope after

cultivation. In the control group into which pQBI-
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and pQBI - TAT was confirned. Thus, it was confirned
that the pronoter activity of the LTR was i nduced in
a TAT 5 dependent manner. In wells with transfer of
pQBl - LTRVazFcvl alone, no difference was recogni zed
as conpared wth the control.2 n the group with
simul taneous transfer of pQBI-LTRMazF and pQBI - TAT,
suppression of cell growh was clearly recognized as
conpared with the control. This 10 shows t hat

j f f | ;: LTRVazFE dependent .
R e o TR 8T Prliattenthsten ererepndon of
t t_in which MazF [ I d der_ th
E5i% (G TN kY pF SPRT Rl ROHE ! GFENETRCEl PA ISRgagOFP
t th wt h of Ils infected with CHI V.
P9 GOAEE TALIHRE AOTERErct | SRUSH it 1¥AF 1 ONJAETSH that
plasmd (1) Construction of MazF expression _retrovirus

V&G oP T PRRsPT d AeSANIYTRO R AR 0L Re WRSaskduced in a TAT-
p@Bl - LTRMazFcvl constructed in Exanple 1 was cl eaved

wWeplendesity | aameenzynebn Stweldad wikbhl tsaobfeirn ef PQBI-
expressi on cassette of about 1340 bp that expresses
WERMazidarl tHersontnol| dofferancgRyvashirehognd zell ast edmpared
using DNA Blunting Kit (Takara Bio). 25 [00461 30 For
eliitin rrdte nopritee1LTR nonbé egraupi wiith isimalteneowvisr txransfer
vector plasm d pDON-Al (Takara Bi o), a portion
of pQBI-LTRMazF and pQBI-TAT, suppression of cell growth
was clearly recognized as compared with the control. This
shows that expression of MazF from pQBI-LTRMazF was
dependent from the Tat protein. Thus, it was suggested
that the construct in which MazF gene is placed under the
control of the Tat protein-inducible LTR could be used to
suppress the growth of cells infected with an HIV.

[0045]

Example 4: Construction of retrovirus vector
plasmid

(1) Construction of MazF expression retrovirus
vector plasmid pSIN-HLTR-MazF

The plasmid pOBI-LTRMazFcvl constructed in
Example 1 was cleaved with restriction enzymes Stul and
XbaI to obtain an expression cassette of about 1340 bp that
expresses MazF under the control of HIV-LTR, which was

blunted using DNA Blunting Kit (Takara Bio).

[0046]
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fromthe Nhel site to the Sacl site in the U3 region
of the 3'LTR was deleted and the plasm d was
reconstructed to 5 obtain a self-inactivating
retrovirus vector plasmd pSIN which [ost the LTR
pronoter activity. pSIN was clg ved at the Pnel site
and dephosphoryl ated using Al kaline Phosphatase E
coli C75 (Takara Bio), and the expression cassette
was inserted thereinto using DNA ligation kit 10
Mghty Mx (Takara Bio). The. pl 1 d_constructed as, .
descr) bod A56yeeEnt L nRattl deePROPPFRENSRE TVity in a
5933]1. 2) Construc ionﬁgf MazF _expressi on retrovirus ,

SHEGT IFVEs - PRvrpa2 SRS VRPN id p{ﬁl%a-%ﬁﬁ? zB Bprtion
A plasm d vector pMID3 was constructed b deleting a

O &irer NGR Lt 156 tA3E e SGldE1tte tiffe t%’(%tq%" region of the
nucl eotide in the 3'LTR U3 region of a vector pMI
CAIR wasr fgrletied 9andg theophasmid3wRsr eppepnapEugted to
U3-TAR region of HV to be used as internal pronoters
Whtaizo absal fednpdgt PORt iBEngetthrovilrasnidector plasmid pSIN
pSI N HLTR- MazF constructed in Exanple 4-(1) as a
wirpghatles tTHdean TR ab i eleot seqaentest pf  t PEINr waer sleaved at
used for anplifying the U3-R region, 5 H V1l U3 and
3hidl V1PRedr e shioawn iamdSEQiephdEShdryaade8, wusing Alkaline
respectively. A conbination of 5 HV U3 and a 25
Phiosphalaskl \&. TARL{ SEQS D(TNk&HYa waioysethddr the expression
anplifying 31 the U3-TAR region. Each of the

ReBsatpl fwed fimgpErdd Waeredirdest edingt hpMLUIl Bfkion kit
BamH and inserted between Mlul and
Mighty Mix (Takara Bio). The plasmid constructed as
described above was designated as pSIN-HLTR-MazF.

[0047]

(2) Construction of MazF expression retrovirus
vector plasmids pMTD3-U3R-MazF and pMTD3-U3TAR-MazF

A plasmid vector pMTD3 was constructed by
deleting a portion from the 43rd nucleotide to the 309th
nucleotide in the 3'LTR U3 region of a vector pMT (Gene
Therapy, 11:94-99 (2004)). A U3-R region and a U3-TAR
region of HIV to be used as internal promoters were
obtained Dby PCR using the plasmid pSIN-HLTR-MazF
constructed in Example 4-(1) as a template. The nucleotide
sequences of the primers used for amplifying the U3-R
region, 5'HIV1 U3 and 3'HIV1 R are shown in SEQ ID NOS:4

and 5, respectively. A combination of 5'HIV U3 and a

primer 3' HIV1 TAR (SEQ ID NO:6) was used for amplifying
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BamH sites in pMID to construct two retrovirus vector
pl asm ds pMID3- U3R and pMID3- U3STAR. 5 [0048] A gene
encodi ng MazF was obtai ned by PCR using the plasnd
pSI N-HLTR- MazF as a tenplate. The nucl eoti de
sequences of the two priners U?Rfd for anplification,
5'MazF and 3' MazF, are shown Tnh SEQ I D NGs: 7 and 8,
respectively. 10 The resulting anplified fragnment was
di gest ed vvith Bglll and BanH, and inserted into the

nHI Sl MID3 R.or E ression
B el Ry H f A L L KT
ove desi S R-MazF gn
ﬁ%ﬁiquérmi%a Side c%g%gfi?n S pBBEBpa Bptveen Mlul and
Construction of control retrovirus vector plasmd An
S s sPARSH| aldhi @YFRvi Y £ Yt WitcolVRg BFtrovirus vector
fl.uorescent protein eGP bei ngml nserted i nto pMID3- U3R

wa& smiglse GYEDBUBEEd andy PYEE3a¥3FA8ont r ol .
Specifically, a DNA fragnment conprising eGP gene

exci sed frd048)l asm d pGenT- Easy-eGFP (J. Gene Med.,
6: 724-733 (2004)) by digestion wth BamH and Bgll|
was insertéd gene eheoBantl Msizke vas pbEB3nE@Rlyr PCR using
pMID3- TAR to construct two retrovirus vector 25
trhes rp Jdss npidl O3S USSR IZHR- ManzlE p VB Da- WER-d8eR asTh&FRud2eotide
expression plasmds. [00501
sequences of the two primers used for amplification, 5'MazF
and 3'MazF, are shown in SEQ ID NOS:7 and 8, respectively.
The resulting amplified fragment was digested with BglII
and BamHI, and inserted into the BamHI site in pMTD3-U3R or
pMTD3-TAR. MazF expression retrovirus vector plasmids
constructed as described above were designated as pMTD3-
U3R-MazF and pMTD3-U3TAR-MazF, respectively.

[0049]

(3) Construction of control retrovirus vector
plasmid

An expression plasmid having a gene encoding a
fluorescent protein eGFP being inserted into pMTD3-U3R was
constructed for use as a control. Specifically, a DNA
fragment comprising eGFP gene excised from a plasmid pGemT-
Easy-eGFP (J. Gene Med., 6:724-733 (2004)) by digestion
with BamHI and BglII was inserted into the BamHI site in

pMTD3-U3R or pMTD3-TAR to construct two retrovirus vector

plasmids pMTD3-U3R-GFP and pMTD3 -U3TAR-GFP as eGFP
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Exanpl e 5: Establishnment of MazF-expressing CEM SS
cell line 5 (1) An envel ope expression plasmd to be
used for preparing GaLV pseudotyped virus was
constructed as follows. First, a DNA fragnent

encodi ng a GLV virus envel ope, ., pr ot ein was anplified
by PCR using genom c DNA prepared from PGL3 cells
(ATCC CRL-10686) as a tenplate. The 10 nucl eoti de
sequences of two primers used for anplification,
5e'xKrrélssa:1Lnd 3'19 ali, are shown in SEQ I D NCS: 9 and 10,
respectl Vel 35’ R gﬁphot ropi ¢ envel ope expression

pl asm d pV{XL é% (CGene Therapy, 10:706-711 (2003)) was
di gest ed wi O kpnl and Clal to prepare a plasmd
fragment from which 15 envel ope protein-encodin

{ g .

regi ons exEEFMPAepott | BREFRILITMENR BEpPGE -RXBTEEEANT CEM-
el imnated. The above-nentioned anplified fragnent
w&s C6ildedti®® with Kpnl and G al, and inserted into
the plasmd fragment to obtain a GaLV envel ope
expressi on (B) adwi enyelMopeRexprepgdon] plasmidy trobe29@ed for
cells were placed in a 6-cm plate containing DVEM
pyppherpgt 64l Plsetd¥tipeal viousneasseomstEBSed as follows.
Transfection was carried out by a cal cium phosphate
Fetrstd usi NBNA pHragmehe retcodimgs aveddaliv 25 iphesmethvelope
(one of the plasm ds constructed in Exanple 4), 4 33
pgotkia peakagmpd ifiliasim sy p PRRGR 4 {3eyme gEhemdRy, DNA prepared
10: 706-711 (2003)) and the GaLV envel ope expression
pragm HepYM&ERs (ATCC CRL-10686) as a template. The
nucleotide sequences of two primers used for amplification,
5'KpnI and 3'Clal, are shown in SEQ ID NOS:9 and 10,
respectively. An amphotropic envelbpe expression plasmid
PVM-AE (Gene Therapy, 10:706-711 (2003)) was digested with
KpnI and Clal to prepare a plasmid fragment from which
envelope protein-encoding regions except a portion for the
R peptide had been eliminated. The above-mentioned
amplified fragment was digested with KpnI and ClaI, and
inserted into the plasmid fragment to obtain a GalLVv
envelope expression plasmid pVM-GeR.

[0051]

(2) 2 x 10° 293T cells were placed in a 6-cm
plate containing DMEM supplemented with 10% fetal bovine
serum (FBS). Transfection was carried out by a calcium

phosphate method using 4 ug of the retrovirus vector

plasmid (one of the plasmids constructed in Example 4), 4
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The medi um was exchanged for a fresh one 6 hours after
initiation of transfection, and the cultivation was 5
conti nued. The culture supernatant was collected after
two days and filtrated through a 0.45-pmfilter, and
the filtrate was used as a virus supernatant in
subsequent experinents. [005213 10 CEM SS cells were
cultured in RPM 1640 (Life Technol ogi es)

suppl enented with 10% FBS at 37C in the presence of

5%C(£ 1 n, of, one gf thg retrovirus vectors (virus
ot PGP PP LASPHI RUMRFR éSepe) Thegapy, 10:706-711
poI brene at a final concentration of 8 pg/m were

¢ )00 a5 5ERE 168 LUEIATYS LR SSXRF 25 oif PLABTARIPIM-GeR
|n each well of a 6-well cell culture plate. The
hg emadiueemas f egeldanged ndox arR3frestnten¢ uge hours after
(Jouan) at 25C at 2800 rpmfor 99 minutes to pronote
dasidrigtiion ofof hetrangbectionveciod t the hecudtlivation was
After centrifugation, the cells were incubated 20 at
FBtiimuelde pThseced tofresHupeZ nhoan? wasr solTketed kfter two
were then transferred into T25 fl asks, and the
calyts vanhdonfilhasatedt i thedugh 3¥C 0 mg-hen pricidaiwee ofand the
5% CO2. After two days, cells having a transferred

deane raere sebeatssll UakNga §eEARId ChOpéEAdBinat in NBuMsequent
to produce polyclonal cell 25 lines transfornmed with

hperanpatisive viruses. 34 [0053] Exanple 6: HV
I nfection

[0052]

CEM-SS cells were cultured in RPMI 1640 (Life
Technologies) supplemented with 10% FBS at 37°C in the
presence of 5% CO,. 1 ml of one of the retrovirus vectors
(virus supernatants) prepared in Example 6-(1) and
polybrene at a final concentration of 8 ug/ml were added to
5 x 10° CEM-SS cells in 2 ml of the medium in each well of
a 6-well cell culture plate. The plate was centrifuged
using a CR322 éentrifuge (Jouan) at 25°C at 2800 rpm for 99
minutes to promote adsorption of the retrovirus vector to
the cells. After centrifugation, the cells were incubated
at 37°C in the presence of 5% CO, for 2 hours. The cells
were then transferred into T25 flasks, and the cultivation
was continued at 37°C in the presence of 5% CO,. After two
days, cells having a transferred gene were selected using
geneticin (G418) at 1 mg/ml to produce polyclonal cell

lines transformed with the respective viruses.
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2 x 106 of one of the cell |lines produced in Exanple
5inl1lmM of the nediumin each well of a 24-well 5
cell culture plate were inoculated with a varyi ng
amount of HIV-1 111b (corresponding to 0.2, 2, 20 or
200 ng of the p24 protein), and the cells were
cultured at 37C for 2 hours. e cells were washed in
PBS and suspended in 10 mMl of RPM supplenmented with
10% FBS and transferred into a 10 T25 flask. Portions
of the cult r%g upernatant were collected fromthe
flask over ., and amounts of p24 were quantified
usi ng an EL] SA thodﬁ_{ 2 SA kit Per ki nEl mer) to
esti mat e tﬁécaqﬁea j @ lE&Erl‘?é%xrlr?é’ntaI results are
shown in Flgures 1 and 2. Figures 1 and 2 15
i | lustrate? e$ult®s obk aPRed %%vérl?ean%le%%n lines apreduced in
i nfecti on respectively. In the figures, CEMSS

5 in h£ néseft $hromadiss kepach wehbupfaa 24-well
transferred gene, Control represents the results for
sellils crrlmateo pred eniwerre FMERRLLE3RAGRR thi ruyargricigAam@unt of
and C represent results for 20 cells transforned with
PSVNIHLITR VR Eor pdEiD3ndBRg MapF Ovi,us2, aRd or 200 ng of the
pMID3- USTAR- MazF virus, respectively. The |ongitudi nal
arids pepregent sahbe tdruoelds tearep2dubtwied nakn 37°C for 2
ng/m. Furthernore, viable cell nunbers were counted

houbay 4 ThBayellsowelay wh@hald ah ipEseahidoBudspeided in 10 ml
trypan blue exclusion 25 test. The results are shown

bf M esdppl 8mEhB8EE wdth351 09l BBBNANEH LS S8 into a
results for CEMSS cells without a transferred gene,

X2EEPEEEBRLS t hBoresohss &0 08l | Sulture supernatant were
collected from the flask over time, and amounts of P24 were
quantified using an ELISA method (p24 ELISA kit,
PerkinElmer) to estimate the HIV amounts. Experimental
results are shown in Figures 1 and 2. Figures 1 and 2
illustrate results obtained seven and ten days after
infection, respectively. In the figures, CEM-SS represents
the results for CEM-SS cells without a transferred gene,
Control represents the results for cells transformed with
PMTD3-U3R-GFP virus, and A, B and C represent results for
cells transformed with pSIN-HLTR-MazF, pMTD3-U3R-MazF virus
and pMTD3-U3TAR-MazF virus, respectively. The longitudinal
axis represents the amount of the p24 protein in ng/ml.
Furthermore, viable cell numbers were counted on Day 4, Day

7 or Day 10 after infection using a trypan blue exclusion

test. The results are shown in Figure 3. In Figure 3,
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transformed with pMID3- U3R- GFP virus, and square,
triangle and circle represent results for cells
transfornmed with 5 pSIN HLTR- MazF, pMID3- U3R- MazF
virus and pMID3- USTAR- MazF virus, respectively. The

| ongi tudi nal axis represents the viable cell nunber

(104). [0054] As shown in Figltes 1 and 2, it was
shown that 10 the H V anount in the culture
supernatant of the cells transformed with the

retrovirus containing the MazF gene was ver oW as
S3RPSPE TR ST S ‘Eﬁ?i%sw%f’ﬁmﬁmb'sst r%‘ﬁi*%r pafhout a
gene %r the cells transformed with pMID3- USR- GFP

RS TRTERGut IERE Ve XF GERESRRICE wabieus&gsydts for cells
control. 15 Furthernore, conparison of growh rates
fepngérraed, witd BMEIHREUIRASRR otibsusas 8RBWAIHATE glirdangle
3 shows that gromh rate of cells transforned with
2RE rei¥ole r ¥ereesesitni rgsulhe Mer gehddswetransfewmed with
seven days after infection. This suggests that cel
283ANhHEIRsMd zPy tHNTTH \UIRMP4LF sypprues satd | pMIDP8sF3TAR-MazF
cells. In addition, cells transformed wth
pSkNsHL TRebezE ivelpD3- U3fe Mazkgitudisnal ahiO3rETARents the
MazF virus were infected wth the HV and the

vibbileatedd nwabeeorntohued for 60 days. Although the

H 'V was not detected in the culture supernatants,

HI V- derivedobblds were 25 detected in DNAs extracted
fromthe cells. Thus, it was 36 shown that the HV

was retaingg ighdwhe €l Fgased Rr Ad Us, ifhivas shown that
suggests that the cells transforned with the nucleic

the HIV amount in the culture supernatant of the cells
transformed with the retrovirus containing the MazF gene
was very low as compared with the CEM-SS cells without a
transferred gene or the cells transformed with pMTD3-U3R-
GFP virus without the MazF gene which was used as a con;rol.
Furthermore, comparison of growth rates for cells in the
respective groups as shown in Figure 3 shows that growth
rate of cells transformed with the retrovirus containing
the MazF gene was increased seven days after infection.
This suggests that cell death caused by the HIV was
suppressed in these cells. In addition, cells transformed
with pSIN-HLTR-MazF, pMTD3-U3R-MazF virus or pMTD3-U3TAR-
MazF virus were infected with the HIV and the cultivation
was continued for 60 days. Although the HIV was not

detected in the culture supernatants, HIV-derived DNAs were

detected in DNAs extracted from the cells. Thus, it was
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acid of the present invention were grow ng after
infection with the HV while replication and buddi ng
of the HV were 5 prevented. [0055] Furthernore,
simlar infection tests were carried out except that
t he amount of inoculated HV S increased up to an
anount corresponding to 1000 ﬁg of p24, and the 10
anmounts of p24 in culture supernatants were neasured
16 days after infection. Also in this case, the

anount qf i cul ture supernatant of cells .
R s The R R AN o CHM s paBFovirus.

ne was 1/1000 or |ess of _ the anpbunt observed for _
tHE ShoPHILERT Dr At céhes Gl isheE ramsiQyied| wieh | she nucleic
[0056] _Example 7: Cell growth inhibition by _ '
Gk R orhe PreaepbusnHENAL PRt ¥RFer §56wWing after infection
Tat - dependent manner (1) Isolation of NE1181 gene from
N1ty rtdigaddlV 2ghilreaierl Beaptore onrd r beddongobf the HIV were
retrovirus vector plasmd An am no acid sequence of a

idde encoded in Nitrosononas europaea

ATCC19718-deri ved NE1181 gene as well as the
nucl eoti de [¥@HBdnce t herefor were obtained from NCB
dat abase (accession nos. NP 841237 and NC 004757). A
25 prinmer FakEermdr8EQsimiN@rl infard idnptied®ls were carried
NE1181-R (SEQ 37 |ID NGO 12) were synthesized for PCR
ap iddeit ahad thdNdnoliei 60 €A668d188e8NBIONWLEE increased

pol ypepti de based on the
up to an amount corresponding to 1000 ng of p24, and the
amounts of p24 in culture supernatants were measured 16
days after infection. Also in this case, the amount of p24
in a culture supernatant of cells transformed with each
retrovirus vector having MazF gene was 1/1000 or less of
the amount observed for the nontransformed cells or the
control cells.

[0056]

Example 7: Cell growth inhibition by expression
of various mRNA interferases in Tat-dependent manner

(1) Isolation of NE1181 gene from N. europaea
ATCC19718 and construction of retrovirus vector plasmid

An amino acid sequence of a polypeptide encoded
in Nitrosomonas europaea ATCC19718-derived NE1181 gene as
well as the nucleotide sequence therefor were obtained from

NCBI database (accession nos. NP_841237 and NC_004757). A

primer NE1181-F (SEQ ID NO:11) and a primer NE1181-R (SEQ
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i nformati on about the nucl eotide sequence of NE1181.
[0057] 5 Nitrosonpnas europaea ATCC19718 genom c DNA
was obtained from ATCC (ATCC No. 19718D). [0058] PCR
was conduct ed usi ng Pyrobest DNA pol ynerase (Takara
Bio) as well as 50 ng of the ggponic DNA from 10

Ni t rosononas europaea ATCCl9718 and the priners
NE1181-F and NE1181-R to obtain a 362-bp anplified
DNA fragment. The anplified fragnent was di gested

it friction epzynmes Ndel a hol and. subj ecte
05 Ao Gere "evebREShreRecry KR SMRhat 1A TIGh of a DN
fragnent was yecovered 15 fromthe_gel. A_reconbi nant
PEESAPY RS néd'%y eRFHER i ngot¥ReRE1dgp PRAed on  the
fragnent to a vector pET2la (Novagen) which had been
dngesmad ipnt RorEst thet NyFlerijAes seyencan@EXAEL18thi s
reconmbi nant plasm d was used to transform Escherichia
coli JML09.[0R5FNasnmi d was prepared 20 from a col ony of

a transformant obtained as described above and the

nucl eot i de Ng¢queooeomnass cordpaerdATTReA7 1BhagenguiasnbNA was
was designated as an expression vector pET-NE1181.
pdeB3hedhé romec RFCC dATSEqiienca 9gnéddi.ng t he

Ni trosonobnas 25 europaea ATCC19718-derived NE1181

pol ypepti ddoossérted into 38 the expression vector
PET-NE1181 and the anmino acid sequence of the

pol ypept i decar evashonndiic & LBiNGS: Byaraltskt DNA polymerase
(Takara Bio) as well as 50 ng of the genomic DNA from
Nitrosomonas europaea ATCC19718 and the primers NE1181-F
and NE1181-R to obtain a 362-bp amplified DNA fragment.
The amplified fragment was digested with restriction
enzymes NdeIlI and XhoI and subjected to agarose gel
electrophoresis, and a 341-bp DNA fragment was recovered
from the gel. A recombinant plasmid was obtained by
ligating the 341-bp DNA fragment to a vector pET2la
(Novagen) which had been digested with restriction enzymes
NdeI and XhoI. This recombinant plasmid was used to
transform Escherichia coli JM109. A plasmid was prepared
from a colony of a transformant obtained as described above
and the nucleotide sequence was confirmed. Then, the
plasmid was designated as an expression vector pET-NE1181.

[0059]

The nucleotide sequence encoding the Nitrosomonas

europaea ATCC19718-derived NE1181 polypeptide inserted into
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14, respectively. In the pol ypepti de expressed using
the expression vector pET-NE1181, a histidine tag
that consists 5 of eight ami no acid residues including
six histidine residues is attached at the C term nus
of the polypeptide of the anﬂﬂg aci d sequence of SEQ
IDNO 1. It was confirmed usinhg synthetic

ol i gori bonucl eoti des as substrates that the

pol ypeptide transcri bed from NE1181 10 recogni zes a

- | eoti de . GAAU t I RNA. . .
b0 SR R REL T e POk TEbtn (75h sbhfenfbino  acid
| f

cl eaved b%FN§#%$1 ol ypeptjde its in the nRNA a
PERETE S TS AU RRRIGHS RS FAPYE cHAI F59 1D NOS:13 and
s%nthesized_so t hat _such recaqgnition sequences were,

efti M TRARAE EE the efCod8E RANYRSPICIAR sefRietreedaysing the
not altered. The nucl eotide sequence of the gene is .
SHERIST SiSA OSEYSFBONOPES -NFRd 81ar i hisraripesFashébnptegonsists
NE1181 gene was inserted into the 20 BantHl site in the
Pét r §dPhGs pBéper pradni degimpesuU3TArRluddngt r gdedhiigtidine
Exanpl e 4. The NEL181 expression retrovirus vector

pegdiug scastatuctdibdsatesbei Fedeatrovmsnast thei goaypeptide
as pMID3- U3TAR-N4. [0061] 25 (2) Isolation of DR0O662
pfonthei nacmcusa@id  rsediuetharean®fRl SEQd TDNNO ULt i onIt was
of retrovirus vector plasmd

confirmed using synthetic oligoribonucleotides as
substrates that the polypeptide transcribed from NE1181
recognizes a 4-nucleotide sequence GAAU or AAAU to cleave
RNA.

[0060]

Since NE1181 gene has recognition sequences
cleaved by NE1181 polypeptide itself in the mRNA, a gene
with mutated codons was artificially synthesized so that
such recognition sequences were eliminated and the encoded
amino acid sequence was not altered. The nucleotide
sequence of the gene is shown in SEQ ID NO:15. The
artificially synthesized NE1181 gene was inserted into the
BamHI site in the retrovirus vector plasmid pMTD3-U3TAR
constructed in Example 4. The NE1181 expression retrovirus
vector plasmid constructed as described above was
designated as pMTD3-U3TAR-N4.

[0061]

(2) Isolation of DR0662 from Deinococcus
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[00621 Isolation of DRO662 from D. radi oduran Rl and
5 Mb2014c honolog fromM bovis BCG and construction
of expression plasm ds The ami no acid sequence and
the nucl eotide sequence for Deinococcus radi oduran

Rl -derived DR0662 were obtaing% from NCBI dat abase
(accession nos. NP 294385 and NC001263). A pri ner
DR0662-F (SEQ I D NO 16) and a priner DR0O062-R (SEQ ID
NO 17) were synthesized for PCR anplification of a

region encadin he entjre ol ypepti de based an
CREIHSHRA | GH abBi |« FEAREERGBERe CBequardoiarus  vector
DRO662., 15 [ 00631 Dei nococcus radi oduran R genom c
BNASTHS obt ai ned from ATCC (ATCC No. 13939D). PCR was
conducted using Pyrobest DNA pol ynerase (Takara Bi0)
as wel | as (596 of the genom c DNA from Dei nococcus
radi oduran R _and the 20 prinmers DR0662-F and DR0662- R
to obtain &sP8@tBeranpfi fHRAP6 DNArPRaghentradiipduran R1 and
anplified fragnent was digested with restriction _
UR2PHés Ndenodpd Xhosim afd shoyéet &F3.0 agdr ocsensiection of
el ectrophoresis, and a 347-bp DNA fragment was
expressednf pdmsmialsgel . A reconbi nant plasnm d was
obtained 25 by ligating the 347-bp DNA fragnent to a
vect or pETZbe 4GmirNovageid whegheheel berd dithest evicleotide
with restriction enzynes Ndel and Xhol. The
seqoehicearfiop| Bsinccd@susiSeddi 6duran Rl-derived DR0662 were
obtained from NCBI database (accession nos. NP 294385 and
NC_001263). A primer DR0662-F (SEQ ID NO:16) and a primer
DRO0O62-R (SEQ ID NO:17) were synthesized for PCR
amplification of a DNA region encoding the entire
polypeptide based on the information about the nucleotide
sequence of DR0662.

[0063]

Deinococcus radioduran Rl genomic DNA was
obtained from ATCC (ATCC No. 13939D). PCR was c¢onducted
using Pyrobest DNA polymerase (Takara Bio) as well as 50 ng
of the genomic DNA from Deinococcus radioduran R1 and the
primers DR0O662-F and DR0662-R to obtain a 368-bp amplified
DNA fragment. The amplified fragment was digested with
restriction enzymes NdeI and Xhol and subjected to agarose
gel electrophoresis, and a 347-bp DNA fragment was

recovered from the gel. A recombinant plasmid was obtained

by 1ligating the 347-bp DNA fragment to a vector pET2la
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transform Escherichia coli JML09. The plasm d was
prepared froma colony of a transfornmant obtai ned as
descri bed above 5 and the nucl eoti de sequence was
confirmed. Then, the plasmd was designated as an
expressi on vector pET-DRO662. 0064] The nucl eoti de
sequence encodi ng the Delnocod% radi odur an
R1-derived DR0662 pol ypepti de |nserted into the 10

t hus obtained expressi on vector pET-DR0662 and the

no aC| f the_pol t|d are homn

B Rethes TR A et cptoe e, viFR "rRetr1etion enzymes

t|de ressed usin t he expression, yectors
SI%‘?%DR%B%Z KR S b, A feoBinsatl iRt s L Waf, used  to
consi sts of ei ght, anm no aC|d resi dues 15 i ncluding six
ERSpsdrne FochatdsTie £OldcHMa 0% 1 ABeCPlagmveh yespfprepared
t he polypeptide of SEQID NO 1. It was confirmed
k&g as ¢RLREY €foki §FrnsédRTTRast cbéaiaed ashsessrdded above
that the polypeptide transcribed from DR0O662
racoghhe esnucIeotideotdaimenmpemas Uooabidbmed. cl edfleen, the
RNA. 20 [0065] DR0662 gene obtai ned by PCR using
pPEZsPRI6@2sasleaignenplbabe was expsestedn vegtblre pBArER0662 .
site in the retrovirus vector plasmd pMID3- U3TAR
construct edoioda4fkExanpl e 4. The DR0662 expression
retrovirus vector plasmd constructed as 25 descri bed
above was kel giuailedtdiep MdpddidARABod Biggnehe 4k inococcus
used for anplifying the DR0O662 gene are shown in SEQ
kRdiaGrad ®dddkived DR0O662 polypeptide inserted into the
thus obtained expression vector pET-DR0662 and the amino
acid sequence of the polypeptide are shown in SEQ ID NOS:18
and 19, respectively. In the polypeptide expressed using
the expression vectors pET-DR0662 and pET-Mb2014Hlg, a
histidine tag that consists of eight amino acid residues
including six histidine residues is attached at the C
terminus of the 'polypeptide of SEQ 1ID NO:1. It was
confirmed using synthetic oligoribonucleotides as
substrates that the polypeptide transcribed from DR0662
recognizes a 7-nucleotide sequence UUCCUUU to cleave RNA.

[0065]
DR0662 gene obtained by PCR using pET-DR0662 as a

template was inserted into the BamHI site in the retrovirus
vector plasmid pMTD3-U3TAR constructed in Example 4. The

DR0662 expression retrovirus vector plasmid constructed as

described above was designated as pMTD3-U3TAR-D3. Primers
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[0066] (3) Construction of Tat expression retrovirus
5 vector pQBl-Tat as described in Exanple 1 was
digested with restriction enzynmes Sacll and EcoRV,
blunted and inserted into the Pnel site in the
retrovirus vector plasmd p Al to construct

pDON- Tat. pDON- Tat was 10 di geSsted with BanH and Xhol
to elimnate the SV40 pronoter and the neomycin
phosphot ransf erase gene. An | RES-ZsG een gene

fr was _Qqbtai.ned fro hg $Z-Zscieenl E%ﬁgfech)

éln% I:I[ ngéFt eaa]pgolvj\slla%ﬂgeatfﬁl%?b? Eatgeé"éene‘-’q'ﬁ?\ Tt SEQ ID

| §§6d1¥%E3 the restriction enzymes to construct
Q@nfhitlrsGreen. [0067] G3T-hi cells (Takara

Bi o) were pﬁgceq in a 6-cm plate containing DVEM

suppl enent e Q%% 10% fetal bovine serum ( FBS)

Transfection was carried out bé a cal ci um 20 phosphate

met hod usi ngt )10 PGSEFUCRd OPet PEVi Tals \RIASSipmsAaFrovirus

pDON- Tat - ZsGreen and Retrovirus Packagi ng Kit Anpho

(VP&&Ta Bi o). The nedi um was exchanged for a fresh one

8 hours after initiation of transfection, and the

cul tivati oPQBAaSatoms ndedcr Thed madi Bnamsl eexthangedligested

again 24 hours 25 after initiation of transfection.

Afittdy 24 sligucs ionheed2ymesl t SaelupandatBrdRWAS blunted and

collected and filtrated through a 0.45-pmfilter, and

timesefritleidr atiatwas tueedP@sIa witels in the retrovirus vector

plasmid pDON-AI to construct pDON-Tat. pDON-Tat was

digested with BamHI and XhoI to eliminate the SV40 promoter

and the neomycin phosphotransferase gene. An IRES-ZsGreen

gene fragment was obtained from pIRES2-ZsGreenl (Clontech)

and inserted downstream of the Tat gene in pDON-Tat

digested with the restriction enzymes to construct pDON-

Tat-ZsGreen.

[0067]

G3T-hi cells (Takara Bio) were placed in a 6-cm
plate containing DMEM supplemented with 10% fetal bovine
serum (FBS). Transfection was carried out by a calcium
phosphate method using 10 ug of the retrovirus vector
plasmid pDON-Tat-ZsGreen and Retrovirus Packaging Kit Ampho
(Takara Bio). The medium was exchanged for a fresh one 8
hours after initiation of transfection, and the cultivation

was continued. The medium was exchanged again 24 hours

after initiation of transfection. After 24 hours, the



10

15

20

25

supernatant in subsequent experinents. A Tat protein
and a green fluorescent protein ZsGeen are expressed
froma cell 5 having this virus being transferred.
[0068] (4) Establishnment of CEMcell |ines having
transferred gene encodi ng MazF,,NE1181 or DR0662
G3T-hi cells (Takara Bio) were placed in a 6-cm 10

pl ate cont ai ni ng DVEM suppl enented with 10% feta
bovine serum (FBS) . Transfection was carried out by

| Ci had [ 10 f-th
RGBS, IELRS 80051000 Py eg phrouan

MI'D3- USTAR- or D3-, USTAR-D3), and Retrovirus .
%aéggéﬁ"hg%kilyéﬁnph%qua%‘?a féﬁot)r.a?% YRE nBGPtm d@s @ Virus
exchanged for, a fresh one 8 hours after _initiation of
EREIPAEER ST 1o RUDEREUERAY SFRETIRRES - candiau SFOLRI@ and a
medi um was exchanged again 24 hours after initjation
G SCrafs OCEFGRIEAPEOESIR KEFrSen RE s GrPtiegsed from a cell
supernatant was collected and filtrated through a
daxydngmthd sf viigeys, beaas kaamisifersed .was used as a
Vvirus supernatant in subsequent experinents. [0069]

CEM cel | s v@P&8dul tured in RPM -1640 suppl emrent ed
with 10% FBS at 37C in the presence of 5% CO2. A
24-wel | 25 (Aon- tHd=dd imlintante- tofeat €8Mpl aedlwad inest edhaving
with 43 RetroNectin (Takara Bi o) according to the
pranetelrred. Hemle eaicodiagoMatzife aEAUS-1ment DROS@2VI I us
supernat ants was added

G3T-hi cells (Takara Bio) were placed in a 6-cm

plate containing DMEM supplemented with 10% fetal bovine
serum (FBS). Transfection was carried out by a calcium
phosphate method using 10 ug of the retrovirus vector
plasmid (either pMTD3-U3TAR-MazF, pMTD3-U3TAR-N4 or pMTD3-
U3TAR-D3) and Retrovirus Packaging Kit Ampho (Takara Bio).

The medium was exchanged for a fresh one 8 hours after

initiation of transfection, and the cultivation was
continued. The medium was exchanged again 24 hours after
initiation of transfection. After 24 hours, the culture

supernatant was collected and filtrated through a 0.45-um
filter, and the filtrate was used as a virus supernatant in
subsequent experiments.

[0069]

CEM cells were cultured in RPMI-1640 supplemented
with 10% FBS at 37°C in the presence of 5% CO,. A 24-well

non-tissue culture-treated plate was coated with
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to the well. The plate was centrifuged at 32C at 2000
x g for 2 hours to adsorb the retrovirus vector to
the 5 RetroNectin-coated plate. After the supernatant
was renmoved, 1 m of a CEMcell suspension at 1 x 105
cells/mM was added thereto and the plate was

i ncubated at 37C in the preséﬁ%e of 5% CQ2 for 24
hours. Cells having a transferred gene were cultured
in a nediumcontaining 10 geneticin (418) at 1 ng/n

for three . weeks to prodyce polyclonal cell |ines
LA SF%Q& Wﬁ?ﬁafﬁeBﬁg pBCEPTEing; testhe pagreFol(s) 0-5 ml
%ﬁﬁibitio éﬁ cel l gromﬁh_by i nduction of 15

pfﬁg%ﬁﬂﬂ © \RREVE NRanBHOERY PRO6S2SPRF TR banpE| was added
non-tissue culture-treated plate was coated wth
RS toRe&Eild - ( TG 21BiES) wasc 6eatad fugeghat grofoasl 2000 x g
0.5 m of the Tat expression retrovirus vector
po&pared HoNTExalpl e agsmab adbled retrbviwesl . veksopl ate the
was 20 centrifuged at 32C at 2000 x g for 2 hours to
Resoobechan-copted r gd arect or taftdre the supernatant was
RetroNectin-coated plate. After the supernatant was
removed, 1 ml off aa sCEBYeoslbnsoépensiofi athe &ENICeklklls/ml
i nes expressing MazF, NE1181 or DR0662 prepared in

eanpdiedl athdratd05ndelths/ rplaws wddedntabblied?mvettc in
for infection. CEMcell without a transferred nRNA 44

thieer pee ssRcgerE Was Used @sra ZOHNHArsANd spdl st ethving a
to infection with the Tat expression retrovirus
veghefelrted gene were cultured in a medium containing
geneticin (G418) at 1 mg/ml for three weeks to produce
polyclonal cell 1lines transformed with the respective
viruses.

[0070]

(5) Inhibition of cell growth by induction of
expressiop of MazF, NE1181 and DR0662

(1) A 24-well non-tissue culture-treated plate
was coated with RetroNectin (Takara Bio) according to the
protocol. 0.5 ml of the Tat expression retrovirus vector
prepared in Example 8 was added to the well. The plate was
centrifuged at 32°C at 2000 x g for 2 hours to adsorb the
retrovirus vector to the RetroNectin-coated plate. After
the supernatant was removed, 1 ml of a suspension of one of
the CEM cell 1lines expressing MazF, NE1181 or DR0662
prepared in Example 9 at 1 x 10° cells/ml was added to the

well for infection. CEM cell without a transferred mRNA
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simlar manner. Efficiency of infection wth Tat
expression retrovirus was determ ned by neasuring the
ratio 5 of ZsGreen-positive cells using a flow
cytonmeter 2 or 15 days after infection. The results
are shown in Table 1. As sho 4i n Table 1, the gene
was expressed in a Tat protei h-dependent manner in

CEM cells having a transferred nRNA interferase gene

encodi ng MazF, NE1181 or DR0662, 10 resulting in

i.nducti on of cell death associated with ﬁrRNA ,
dETEEETST AT UedPEasE TR 2§G2efiCBEPLi it efiPIected to
rati o. . Based on ﬁhe above-nentioned results, it was )
SREATERE WhTBWERSofTXel FEPFRFELPBA TREERVERESHYFStor in a

coul.d be suppressed also in cases where genes for

FRUA Lokt er PRFREES haviﬁ:ﬁfll%lmeopifde’s‘égﬁféﬁéé” with Tat
specificities different fromthat of MazF were used. .
F@@TﬂSSI%Ir@tfqéﬁ%eﬂaﬁoﬁqulé@q byamegsurdng the ratio
virus-positive cell ratio) (s) Day2 Dayl5 CEMw th
eIoZsG3sen tpesst ive edeVhzF uGEMani @ hf2ew6Zzytom@ger 2 or 15
transferred NE1181 CEMwith 49.51 13.70 transferred

BRYG6 2 fBEM S54ndcy Bor 2 The results are shown in Table 1.
As shown in Table 1, the gene was expressed in a Tat
protein-dependent manner in CEM cells having a transferred
mRNA interferase gene encoding MazF, NE1181 or DR0662,
resulting in induction of cell death associated with mRNA
degradation and decrease in ZsGreen-positive cell ratio.
Based on the above-mentioned results, it was shown that
growth of cells infected with the HIV could be suppressed
also in cases where genes for mRNA interferases having

nucleotide sequence specificities different from that of

MazF were used.

[0071]
Table 1
ZsGreen-positive cell ratio
(Tat virus-positive cell ratio) (%)
Day?2 Dayl15
CEM with 6.64 1.38
transferred MazF
CEM with 28.62 15.96
transferred NE1181
CEM with 49.51 13.70
transferred DR0662
CEM 54 .31 43 .42

[0072]
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[0072] 45 Exanple 8: nRNA degradation by MazF
expression and analysis of ribosonmal RNA (1) A vector
with which MazF and a fluorescent protein ZsGeen are
expressed froma single nRNA was 5 constructed as
follows. A MazF gene was obtai nped by PCR using

p@Bl - LTRMazFcvl as described in” Exanple 2 as a

tenpl ate, and the PCR-anplified MazF gene was inserted
bet ween Sacl and BanH sites in pl RES2-ZsG eenl
(Clontech)Exa%p% copstr

ed.plaspid with I ch_MazF .
and ZsG een are fo i mli é%§%¥?3%§ ?%s§%%m&%§F expression
desi gnated .as pMazE-1Z. _Priners used for anplifying
end %E?éyééﬁeogr 5159&%%@5% ID NOS: 22 and 23. A
plasm d pLuc-1Z in which a | uciferase ene was

i nserted béthedh BEEFCANEBAn¥PiFhedary AneEsy. fluorescent

ZsG eenl was constructed as a control. 15 [00731 (2)
BFP&E 1R03 286 PSS AFEE CREPISTS§AdnefBO® U2 urdngliey mANR was
medi um suppl enented with 10% fetal bovine serum
cPBsFrugtsdrasffal kogpensiforMatF 2g8negelvas apbtaimadsby PCR
cells/mM was seeded into each well of a 24-well

YshinggepQBO -tEdRMadFpivat eag Codasnygibadd ithe Badnplewrz as a
cultured for 24 hours. Transfection of pMazF-1Z or
pemplbZewasagdr rited AIR-anplndg iBAANMBREIF293efd rvesy . inserted
Expression of the fluorescent protein was analyzed

betwgea Show eptoBamill EAESsVant adRESCBZeaRenl (Clontech).
Di ckinson) after 24, 48 or 72 hours. Total RNA was

The constructed plasmid with which MazF and 2ZsGreen are
simultaneously expressed was designated as pMazF-IZ.
Primers used for amplifying the MazF gene are shown in SEQ
ID NOS:22 and 23. A plasmid pLuc-IZ in which a luciferase
gene was inserted between Sacl and BamHI sites in pIRES2-
ZsGreenl was constructed as a control.

[0073]

(2) Human 293 cells (ATCC CRL-1573) were cultured
in DMEM medium supplemented with 10% fetal bovine serum
(FBS). 0.5 ml of a suspension of 293 cells at 2 x 10°
cells/ml was seeded into each well of a 24-well collagen-
coated plate (Corning) and the cells were cultured for 24
hours. Transfection of pMazF-1IZ or pLuc-IZ was carried out
using TransIT-293 (Mirus). Expression of the fluorescent
protein was analyzed using a flow cytometer FACS Vantage

(Becton Dickinson) after 24, 48 or 72 hours. Total RNA was

recovered using RNeasy micro (Qiagen). The recovered RNA



10

15

20

25 recovered using RNeasy mcro (Q agen). The
recovered RNA 46 was anal yzed using mcro

el ectrophoresi s apparatus Agilent 2100 Bi oanal yzer
(Agilent). Fluorescence intensity values fromcells
subj ected to gene transfer detggnined by the flow
cytonetric analysis are shown Ih Table 2. As shown in
5 Table 2, it was shown that expression of ZsG een was
suppressed in cells having pMazF-1Z being transferred.

[ IS nsi dered that this,was due to degradati on of .
a0 BTt st B bR pPAE e EHORRIF AN e CAEPALaLPS] Agilent
i.n suppressed translation of ZsGeen. Ratiqs of 28s
AR R 257 1689 5EPRT bosofriRORRACEBCET APREdSEyY values
%%%ftrogygéesi analysis of total RNAs are shown in

T & G4FdrabPe 9§na heranateps datepgyned by the
ribosomal RNA to 18s ribosomal RNA observed for cells =
HAAhFYRRatniz paiady sisaidesbeymaid dable 2haviAfg shown in
pLuc-1Z being transferred were equivalent to each 15

. Phusiti twaws shwn that r esbsemalioRNfofaLZatiteen was

degraded by expression of MazF. [00741 Table 2
ByEraes sedudrestenice haviongi pMazAf I2rbefingr tAhnefer24d. It
hours 48 hours 72 hours 293 cells 2.68 3.67 3.81 293
del |omviitdeeB8tiat 46hid. Rast Barsftey rédshpddztidd of mRNA by
the action of expressed MazF which resulted in suppressed
translation of ZsGreen. Ratios of 28s ribosomal RNA to i8s
ribosomal RNA determined by electrophoresis analysis of
total RNAs are shown in Table 3. As shown in Table 3, the
ratios of 28s ribosomal RNA to 18s ribosomal RNA observed
for cells having pMazF-IZ being transferred and cells
having pLuc-IZ being transferred were equivalent to each

other. Thus, it was shown that ribosomal RNA was not

degraded by expression of MazF.

[0074]
Table 2
ZsGreen fluorescence intensity
After After After
24 hours 48 hours 72 hours
293 cells 2.68 3.67 3.81
293 cells with 6.88 15.46 14.2
transferred pMazF-IZ
293 cells with 129.44 450.35 583.94
transferred pLuc-1IZ
[0075]
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293 cells wth 129.44 450.35 583.94 transferred
pLuc-1Z [00751 20 47 Table 3 rRNA ratio (28s/18s)
After After After 24 hours 48 hours 72 hours 293
cells with 2.1 2.0 2.2 transferred pMazF-1Z 293 cells
with 2.1 2.0 2.3 transferred +uc-IZ [0076] Exanple
9: Suppression of MazF acti vi t‘g by MazE A retrovirus
vector plasm d pMSN- MazE which 5 expresses MazE,
which is the antitoxin for MazF, was constructed as
k&%lomé. [0077] pMI-MazE was constructed by inserting
I% ne (SEQ ID NGO 24) between BanmH and Xhol sites
in a vector pMI 10 (CGenerRNrEra®io 10z84-13)(2004)). A
fragnent containing SV4(Gduponoterappdr-neony@irfer
phosphot ransf erase gene Jas,o. 0t ai pgdnL&pE PEANLAL AY

di gesti on wth Sall and Xhol. The fragnment was
[ g 'W:L t he Xhol si tzelin pPMT- MazE. The T2hlis

ans%errw%;p exex%§§|on retrovirus véctor plasmd was
293 cells with 2.1 2.0 2.3
transferred pLuc-I2Z
[0076]

Example 9: Suppression of MazF activity by MazE

A retrovirus vector plasmid pMSN-MazE which
expresses MazE, which is the antitoxin for MazF, was
constructed as follows.

[0077]

PMT-MazE was constructed by inserting MazE gene
(SEQ ID NO:24) between BamHI and XhoI sites in a vector pMT
(Gene Therapy, 11:94-99 (2004)). A fragment containing
SV40 promoter and neomycin phosphotransferase gene was
obtained from pDON-AI by digestion with Sall and XhoI. The
fragment was inserted into the XhoI site in pMT-MazE. The
thus obtained MazE expression retrovirus vector plasmid was
designated as pMSN-MazE.

{o078]

G3T-hi cells (Takara Bio) were placed in a 6-cm
plate containing DMEM supplemented with 10% fetal bovine
serum (FBS). Transfection was carried out by a calcium
phosphate method using 10 pg of the retrovirus vector

plasmid pMSN-MazE and Retrovirus Packaging Kit Ampho
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15 designated as pMsSN-MazE. [0078] G3T-hi cells
(Takara Bio) were placed in a 6-cm plate containing
DVEM suppl enented with 10% fetal bovine serum (FBS)
Transfection was carried out by a cal cium 20 phosphat e
nmet hod using 10 pg of the retgﬁyirus vector plasmd
pMSEN- MazE and Retrovirus Packaging Kit Anpho 48
(Takara Bi o). The nedi um was exchanged for a fresh one
8 hours after initiation of transfection, and the

i_vation, was.,continued. The nedi_um exchapge
Tdake 3 R heRh: whPos e RapAsi e pnfresh one 8
fter 24 hours, the.5 culture supernatant S ) ,
DS eC Aa4 S nd ™ R AFAPBASEN F 5aBR BeE00HS. BRfY EPEerulEdyation
the filtrate s used as_a MSN-MazE virus )
Y@FerTtGHIUSH 24008 | PRI $@Fe XFhpeeqr Bgpdg 24 hours
plate was coated with RetroNectin (Takara Bi K& '
aEE6rdi ylEbrtior Jfot bEdnsfechtian. of ARESWENe4mAPurs, the
virus vector was 10 added to the well. The pl ate was
SEAtMrRuFsPenat2Otatwa® 000l kegt edr apdhdlirls-nar edisorpough a
the MazE expression retrovirus vector to the
RettboNectf nlteyat edngl &ihe Allerate hevasupesedt ast avalSN-MazE
renmoved, 1 ml of a 293 cell suspension at 1 x 105
vélrbs/ ndupesnatated. t o A he4wekl1f gron fiestuencul busktereated
the plate was i ncubated at 37C in the presence of 5%
g0atkowad4chated, wiehl RehavNagtant (@akbear Bdojenecwetdeéng to
cultured in a nedium containing geneticin (418) at
@he pEptdcdr tvo. sverks 4O phedweN-MiuxH yoheaal wddor was

l'i ne 293-
added to the well. The plate was centrifuged at 32°C at
2000 x g for 2 hours to adsorb the MazE expression
retrovirus vector to the RetroNectin-coated plate. After
the supernatant was removed, 1 ml of a 293 cell suspension
at 1 x 10° cells/ml was added to the well for infection.
After the plate was incubated at 37°C in the presence of 5%
CO, for 24 hours, cells having a transferred gene were
cultured in a medium containing geneticiﬁ (G418) at 0.5
mg/ml for two weeks to produce a polyclonal cell line 293-
MazE which constitutively expresses MazE.

[0079]

A retrovirus vector plasmid pSINH-HLTR-MazF was
constructed by eliminating the neomycin phosphotransferase
gene from pSIN-HLTR-MazF as described in Example 4 and

inserting a hygromycin resistance gene in place of the gene.

[0080]
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MazE which constitutively expresses MazE. 20 [0079] A
retrovirus vector plasmd pSINH HLTR- MazF was
constructed by elimnating the neonycin

phosphot ransferase gene from pSIN-HLTR- MazF as
described in Exanple 4 and in grting a hygronycin
resi stance gene in place of the gene. 25 [0080] 49
&3T-hi cells (Takara Bio) were placed in a 6-cmplate
cont ai ni ng DVEM suppl enmented with 10% fetal bovine

serun1(FBS#. Jgansf ti s_carried out a . . )
cal ci um phosphdt & %ogyﬁggﬁﬁ %60&9Wﬁr% aced in a 6-cm
retrovirus, vector ﬁ lasm d pSI NHH TR:NEZF and ,
Sui TR PERKEG 1 YER (SRR eR e abA Bl G)0F Thetal bovine
nediun1ras exchanged for a fresh one 8 hours after ,
STt FERC b tr 2R FIPN ai@ st R vatFoPY was calcium
continued. The nedi um was exchanged agai n 24 hours
RbesPhage | ReFBAd0f UEABS Lt iMeh. OAf t BRe 2& ol sl rishe vector
10 cul ture supernatant was collected and filtrated
Phesodl SINHSILER Mazkerandniethevirus r Raekagings&dt Ampho
as a SINHHLTR- MazF virus supernatant. A 24-well
r@akaires B Oul t UFke medatwd walsatesxaangeshtfoak Wt iresh one 8
RetroNectin (Takara Bio) according to the protocol.
bomrs adtetrhe nSithlathichRofhzFabs feictieonyeandr thes caddderat ion
to the well. The plate was centrifuged at 32C at 2000
wag fasntirosd s t arladsaelitihie wadhzExedangedi Giyain 24 hours
retrovirus vector to the RetroNectin-coated plate.
After theisiupeiont ¥E weans€eeyedn.l nafferd 24 hours, the
culture supernatant was collected and filtrated through a
0.45-um filter, and the filtrate was used as a SINH-HLTR-
MazF virus supernatant. A 24-well non-tissue culture-
treated plate was coated with RetroNectin (Takara Bio)
according to the protocol. 0.5 ml of the SINH-HLTR-MazF
virus vector was added to the well. The plate was
centrifuged at 32°C at 2000 x g for 2 hours to adsorb the
MazF expression retrovirus vector to the RetroNectin-coated
plate. After the supernatant was removed, 1 ml of a
suspension of 293-MazE cells or 293 cells at 1 x 10°
cells/ml was added to the well for infection. After the
plate was incubated at 37°C in the presence of 5% CO, for
24 hours, cells having a transferred gene were cultured in
a medium containing hygromycin B at 0.2 mg/ml for two weeks

to produce polyclonal cell lines 293-MazE-MazF and 293-MazF.

[0081]



10

15

20

25

suspensi on of 293-MazE cells or 293 cells at 1 x 105
20 cells/mM was added to the well for infection. After
the plate was incubated at 37C in the presence of 5%
CX2 for 24 hours, cells having a transferred gene
were cultured in a nediun1con%§ining hygromycin B at
0.2 ng/m for two weeks to produce polyclonal cel

i nes 293- MazE- MazF and 293- MazF. 25 [00811 50 A
24-wel |l non-tissue culture-treated plate was coated

w th RetroNectin kara Bi,o) according to th

pr ot ocol . g&SEﬁfwéiftﬁgx*al' E?e§§g8H%FégF89$FHS plate was
vect or rroduced. i n._Exanpl e 8 was added to the well.
25t g’l%gs geEEHFFFFgged('S?k%EaC Bioborrse¥iing Xo the
hours tQ adsorb the retrovirus vector to the

RATOUEi n-Loat BY pfattde AFater expressiiper AetapVings vector
renmoved,. 1 nl_ of a suspension of cells of the cel

Prcsusesl gz ExRpreo® 295 esedattol the1 0% 11pe| [Theniplate was
was added to the well for infection. 293 cells 10 were
gessrdfoect et t3R 1Gifatt ROA0ay @ domt rdl ho@es| tgr edskbrb the
was observed under nicroscope two days after

netagovions Eowith od the F3-rvieetdal{camreduphatssed After
due to the expression of MazF by the action of the

Tae pupenatahs twas trendR831 Mar EnMagF aeklsptheiaat iodn cells
of MazF was neutralized 15 by MazE and the growt h was
edfui vhé entelllo Lhae2930xaMdzE-MizB, dit peS-mAQWN ddhati x 10°

MazE act as an antitoxin for MazF also in eukaryotes.

kedast/mlalwaAPphd€édi kbt the well for infection. 293 cells
were also subjected to infection as a control. Cell growth
was observed under microscope two days after infection.
Growth of the 293-MazF cell was suppressed due to the
expression of MazF by the action of the Tat protein. As to
the 293-MazE-MazF cell, the action of MazF was neutralized
by MazE and the growth was equivalent to the 293 cell.

Thus, it was shown that MazE act as an antitoxin for MagzF

also in eukaryotes.

Industrial Applicability

[0082]

The present invention provides a nucleic acid
construct that is effective in treatment and prevention of
human immunodeficiency virus (HIV) infection. Since
replication of HIV can be suppressed in a cell into which

the nucleic acid construct is transferred, it is effective
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20 [ 00821 The present invention provides a nucleic
acid construct that is effective in treatnent and
preventi on of human i nmunodeficiency virus (H V)
infection. Since replication of HV can be suppressed
in acell into which 25 the nu ieic acid construct is
transferred, it is effective 5 in treatnent and
prevention of HV infection. Sequence Listing Free
Text [0083] 5 SEQID NO 3 ; Synthetic DNA encodi ng

MazF._ SEQ 1D NQ & : Pri 5 HIV1, U3 i f
plglfttlréer?%gfer&l vid xS veRb 1os rﬁ‘g' él\fv F*ﬂftﬁ%ta B VIR to

anplify a portion of HV LTR 10 SEQID NO 6 ; Priner
3" HV1l TARto anplify a portion of HYV LTR SEQID
; Prinmer 5° MazF to anplify a DNA encodi ng MazF.

NG 7 _

SEgusMold st img fge 3 TSRizF to anplify a DNA encodi ng

MazF. SEQID NO9 ; Priner 5 Kpnl to anplify a DNA
encodi ng GallO%8315 envel ope. SEQ ID NO 10 ; Primer 3'

Gal to anplify a DNA encoding GGaLV envelope. SEQ ID

NEQL LD N&:i3ngr SyREb@tic D¥Pagpmidoding MR&Fencodi ng

NE1181 pol ypeptide. 20 SEQ ID NGO 12 ; Prinmer NE1181-R
1SEQITY INO%: 4a DI ierecodi nHIV1 U3 to amplify a portion of HIV
LTR.

SEQ ID NO:5 ; Primer 3  HIV1 R to amplify a portion of HIV

LTR.

SEQ ID NO:6 ; Primer 3  HIV1 TAR to amplify a portion of
HIV LTR.

SEQ ID NO:7 ; Primer 5 MazF to amplify a DNA encoding MazF.
SEQ ID NO:8 ; Primer 3  MazF to amplify a DNA encoding MazF.
SEQ ID NO:9 ; Primer 5 KpnI to amplify a DNA encoding GaLV
envelope.

SEQ ID NO:10 ; Primer 3’ cClal to amplify a DNA encoding
GaLV envelope.

SEQ ID NO:11 ; Primer NE1181-F to amplify a DNA encoding
NE1181 polypeptide.

SEQ ID NO:12 ; Primer NE1181-R to amplify a DNA encoding
NE1181 polypeptide.

SEQ ID NO:15 ; Synthetic DNA encoding NE1181 polypeptide.
SEQ ID NO:16 ; Primer DR0662-F to amplify a DNA encoding
DR0662 polypeptide.

SEQ ID NO:17 ; Primer DR0662-R to amplify a DNA encoding



NE1181 pol ypeptide. SEQ ID NO 15 ; Synthetic DNA

encodi ng NE1181 pol ypeptide. SEQ ID NGO 16 ; Prinmer

DR0662-F to anplify a DNA encoding DR0662

pol ypeptide. 25 SEQ ID NO 17 ; Prinmer DR0O662-R to

anplify a DNA encoding 52 DR0662 pol ypeptide. SEQ ID
NGO 20 ; Primer to anplify a encodi ng DR0662

pol ypeptide. SEQ ID NO. 21 ; Priner to anplify a DNA

encodi ng DR0662 5 pol ypeptide. SEQ ID NGO 22 ; Primer

lify a DNA encoding MazF. SEQ ID NGO 23 ; Priner

5%035& PRI YReBYA%rcodi ng MazF. 53 CLAIMS 1. A

gucl eic acid conprising: a transcription regulation
equetice N 2R whi EF10ST r BRs@MPdtifan #s BNAJueRaoByng DRO662

trans activator of human i munodeficiency virus; and

Qogéﬁﬁ’épéﬁ@@di ng a pol ypeptide having a single-

stranded RNA-specific endori bonucl ease activity, .

wier elh NRe 2dene IPFipleacedo sempidfyl ta SR eeBFo@ing DRO662

can be controlled by said sequence. 2. The nucleic

Relapeptddgi.ng to claim 1, which conprises a

transcription regul ati on sequence with which

CE@nEOr Npt:28n ;i Priimeuced bynplatf ypaoDaiAn eardddhgRMazF .
pr ot ei n.

SEQ ID NO:23 ; Primer to amplify a DNA encoding MazF.
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3. The nucleic acid according to claim1, 15 wherein
t he gene encodi ng a pol ypepti de having a singl e-
stranded RNA-specific endori bonucl ease activity is

pl aced downstream of LTR of human i mmunodefi ci ency
virus. 4. The nucleic acid according to claim1,
wherei n the pol ypepti de having'50 si ngl e- stranded RNA-
20 specific endoribonucl ease activity has an activity
of cleaving an RNA in a nucl eoti de sequence-specific
manner. 5. The nucleic acid according to claim1,
wherei n the pol ypepti de hav@?@ﬁ%ﬁsingle-stranded RNA-
speci fic endori bonucl ease activity is MazF protein. 25
6. The nucleic acid according to claiml1, which 54 is
i ncorporated into a vector. 7. A method for producing
a cell in vhich?® P@ﬁﬁﬁé&t?§ﬁdoF°W9ﬁ&ﬁlpﬂnunodeficiency
virus is suppressed, the nethod conprising
transferri Bg thanperiettoncingaydfatied Bepyeptai rwith which

into a cell. 8. The nethod according to claim?7,
Wrengicr iptdoncel $ iigiduasal | bpopal dtvams centavatnyg eofl human
cell or a T cell precursor. 9. The nethod according

tlomcinedeficiwneyervirulse ahd nucleic acid is

transferred into the cell using a virus vector. 10.

The. met hod aacpariali Bgcbdingaian folypepeidet Mavimdc! &1 @ingle-
acid is transferred into the cell using a

stranded RNA-specific endoribonuclease activity,

wherein the gene is placed so that its expression
can be controlled by said sequence.

2. The nucleic acid according to claim 1, which
comprises a transc;iption regulation sequence with which
transcription is induced by Tat protein and/or Rev protein.

3. The nucleic acid according to claim 1,
wherein the gene encoding a polypeptide having a single-
stranded RNA-specific endoribonuclease activity is placed
downstream of LTR of human immunodeficiency virus.

4. The nucleic acid according to claim 1,
wherein the polypeptide having a single-stranded RNA-
specific endoribonuclease activity has an activity of
cleaving an RNA in a nucleotide sequence-specific manner.

5. The nucleic acid according to c¢laim 1,
wherein the polypeptide having a single-stranded RNA-

specific endoribonuclease activity is MazF protein.

6. The nucleic acid according to claim 1, which
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retrovirus vector. 15 11. A nmethod for treating or
preventing human i mmunodeficiency virus infection,
the nethod conprising transferring the nucleic acid
defined by claiml1 into a cell

54

is incorporated into a vector.

7. A method for producing a cell in which
replication of human immunodeficiency virus is suppressed,
the method comprising transferring the nucleic acid'défined
by claim 1 into a cell.

8. The method according to claim 7, wherein the
cell is a cell population containing a T cell or a T cell
precursor.

9. The method according to claim 7, wherein the
nucleic acid is transferred into the cell using a virus
vector.

10. The method according to claim 9, wherein the
nucleic acid 1is ’transferred into the «cell wusing a
retrovirus vector.

11. A method for treating or preventing human
immunodeficiency virus infection, the method comprising
transferring the nucleic acid defined by claim 1 into a

cell.



