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(57) Abstract

_ Nucleic acid molecules and proteins useful for regulating the expression of genes in eukaryotic cells and organisms are disclosed.

Theinvention provides a transcriptional activator fusion protein which binds to tet operator sequences and stimulates transcription of a tet
operator-linked gene in the presence, but not the absence, of tetracycline (or analogue thereof). The invention further provides transcriptionﬁ
inhibitor fusion proteins which inhibit transcription of a tet operator-linked gene in a regulated manner. In one embodiment, the inhibitor
fusion protein binds to tet operator sequences in the absence, but not the presence, of tetracycline (or analogue). In another embodiment, the
inhibitor fusion protein binds to tet operator sequences in the presence, but not the absence, of tetracycline (or analogue). The transcriptional
activator and inhibitor fusion proteins of the invention can be used in combination to regulate expression of one or multiple et operator-
linked genes. Novel tet operator-containing transcription units which allow for coordinate or independent tetracycline-regulated expression
of two or more genes by the transcriptional modulators of the invention are aiso disclosed. Kits including the components of the regulatory
system are also encompassed by the invention. .

* (Referred to in PCT Gazette No. 14/1996, Section II)
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10  or an unitispguticularhyruseful fer ipdepandently reﬂﬂqsmgpp;mslg@ of g ﬂpfme@txalgme and a

Tet r epkes I r
Rl 0 SovenhoidER i 1Rst, For cxlitbll, dRfnclfibh JPihe tﬁ‘*ﬁﬁéﬁ%ngggegga‘@g??‘géﬁﬂhe

(or Tc analRSges@ge of ieyede gRd qwh%v @Fﬁh@*ﬂ%lstceenniﬁsia&xares cide
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substitution at posit
transcnptlon is stimulated by contacting the cell with Tc or a Tc analogue. In a subject (e.g.,

transgenic or homologous recombinant organisms), transcription is stimulated by

administering Tc or a Tc analogue to the subject. Different Tc analogues, and variation of the
concentration of the inducing agent, can be used to modulate the level of induction of gene
35 expression. Preferred Tc analogues for high level gene expression include
anhydrotetracycline and doxycycline. The invention further provides a process for producing
and isolating proteins of interest using the regulatory system of the invention is also provided.
Another aspect of the invention pertains to tetracycline-regulated transcriptional
inhibitors which are useful for inhibiting expression, in a highly controlled manner, of a gene
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. suitabl e fofbwERes ektemrasycline{prIearalogue).3his fusign proteinbindsdp tqtmmtqr@pqmmﬁs)n
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in which caéb 95401 and/or 102)Frefsrabin the first polypeptide has an amino acid sequence shown

- PCT/ US95/ 08{h/$EQ ID NO: 19. In the presence of tetracycline (or Tc anal e), tlus fusion proﬁex binds
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express t het© féf OPETRiOr Sequeness; Qperative fﬁﬁ%ﬁa?assgqeﬂm winhibitingr ¢ her
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rotein of f I gent,
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nucl eoti de ehidaprogeip even-gkipped, bqéB- oHePbtﬂwPrgﬁOPMém@lmrmem, d858, Shk the
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The fusion proteins of the invention may further comprise additional polypeptides,
30  such as a third polypeptide which promotes transport of the fusion protein into a cell nucleus
(i.e., a nuclear transport amino acid sequence).

This invention further provides isolated nucleic acid molecules encoding the
transcriptional inhibitor fusion proteins of the invention and recombinant expression vectors
containing these nucleic acid molecules in a form suitable for expression of the encoded

35  transcriptional inhibitor fusion protein in a host cell. The invention still further provides host
cells into which a recombinant expression vectors of the invention has been introduced.
Thus, a transcriptional inhibitor fusion protein is expressed in these host cells. The host cell
can be, for example, a mammalian cell (e.g., a human cell), a yeast cell, a fungal cell or an
insect cell. Moreover, the host cell can be a fertilized non-human oocyte, in which case the
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i nt er est. protein binds to refgperatorsequenges indhe praseneg of e, thesoaeenttiondf Iciwne
m;m i g_t er eftco?iri{ﬁt g!it?(ih%élgghiﬁ iﬁ&ieas‘éta@@ﬁles&y i,nai‘biﬂmsbﬁwﬁt | dﬁtme tet Bp&'ﬁfbr—_linked
enbodi nent , e kits o iaventi on can Jj.ncl ude a st. one nucl ei
ST ol ociBe S e -1 SR st oreskin e fiesfes of T ol shRcHR 4R i
a targ@0 the culturemseziiumtto mhibitittansoriptiontofthe gergasfantefest)nt er st can be

cl oned such that ] ' . | rat,of...
sequence(s). Al t@%ﬁ#&gﬁgbgﬁl%éﬁﬁ %lgiac?ﬁl Ii/x‘?tefrgeéfléﬁ%glq’gétgoqa?%%ﬁpg’r hilibiting
nucl ei ¢ acigenaekpressien ima vattiety of situationsy asresenibgd furtheherein. inig iperticplasiyei n

of the inv ' ; 1 : .
BCT/ USOS/ Ogﬁlﬁ%fg%d embodiment, #¥4hsefipHddBa rer operator(tefO)-linked gene of mterest_1571:egulated

Tar get t r ar®yc? Fombigatiom pf tetrapydlingrregwlated transeriptipnabinhilitor and petivater fusipe
cl Oreg ,23€i- (F:?mt'e?ginfth? %aglfﬁéﬁg ﬁfllllgé gliew fblﬂﬂewgi?él gsdtfol rog ?i&l ?ﬁﬁigng&‘él af e defie
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' transcription of the gene of interest are inhibited by the inhibitor fusion protein. Upon
30 contact of the cell with Tc (or analogue), transcription of the gene of interest is stimulated by
the activator fusion protein. The activator and inhibitor fusion proteins of the invention can
also be used in combination to regulate the expression of multiple zefO-linked genes of
interest.
Novel kits for regulating the expression of a gene of interest are also within the scope
35 ofthe invention. In one embodiment, the kits of the invention can include at least one nucleic
acid molecule encoding a transactivator fusion protein of the invention and a target

prog

transcription unit into which a gene of interst can be cloned such that the gene is operatively
linked to a fet operator sequence(s). Alternatively or additionally, the kits can include a
nucleic acid molecule encoding a transcriptional inhibitor fusion protein of the invention.
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Figure 74 (SEQ ID NO: 6) shows the nucleotide sequence of a bidirectional promoter

region for coordinate regulation of two genes of interest by a tetracycline-regulated
30 transcriptional activator.

Figure 7B (SEQ ID NO: 7) shows the nucleotide sequence of a bidirectional promoter
region for coordinate regulation of two genes of interest by a tetracycline-regulated
transcriptional activator.

Figure 8 is two graphs depicting coordinate expression of luciferase and B-

35 galactosidase activity by a tetracycline-regulated transcriptional activator.

Figure 94-B are schematic diagrams of self-regulating promoters for expression of
tetracycline-regulated transcriptional activators (tTA). Panel A illustrates self-regulation of
expression of a wild-type Tet repressor-containing transactivator fusion protein that binds to
tet operators in the absence of Tc. Panel B illustrates self-regulation of expression of a

to the same tet operators for regulation
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activating ﬂ&aﬂ@]%b%ﬁﬂﬂaﬂ%?ﬁlén %Hﬁhgpt i on when bound to tet operator
(tetO sequences WNn) C to fet operator sequences only in

the presence or T@sﬂ@mpp@snyns t?lnﬂﬂélczﬂﬁ%ﬁ@l@cblﬁs and proteins whichcaan e useg toan
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tetracycline, or an analogue thereof. Thus, in a host cell, transcription of a gene operatively
30 linked to a fet operator sequence(s) is stimulated or inhibited by a fusion protein of the
invention by altering the concentration of tetracycline (or analogue) in contact with the host
cell (e.g., adding or removing tetracycline from a culture medium, or administering or
ceasing to administer tetracycline to a host organism, etc.). |
The invention further pertains to target transcription units for regulation by the fusion
35 protein of the invention. In addition to allowing for regulation of a single tet-operator linked
gene of interest, the invention also provides novel transcription units containing two or more
genes to be transcribed that can be regulated in either a coordinate or independent manner by
a transactivator fusion protein of the invention. Methods for stimulating or inhibiting
transcription of a gene using tetracycline (or analogues thereof), and kits which contain the
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25  A. The first polypeptide of the transactivator fusion protein
The transactivator fusion protein of the invention is composed, in part, of a first

polypeptide which binds to a ter operator sequence in the presence of tetracycline (Tc), or an
analogue thereof. The first polypeptide of the fusion protein is preferably a mutated Tet
repressor. The term "mutated Tet repressor” is intended to include polypeptides having an

30 amino acid sequence which is similar to a wild-type Tet repressor but which has at least one
amino acid difference from the wild-type Tet repressor. The term "wild-type Tet repressor"
is intended to describe a protein occurring in nature which represses transcription from fet
operator sequences in prokaryotic cells in the absence of Tc. The amino acid difference(s)
between a mutated Tet repressor and a wild-type Tet repressor may be substitution of one or

35 more amino acids, deletion of one or more amino acids or addition of one or more amino
acids. The mutated Tet repressor of the invention has the following functional properties: 1)
the polypeptide can bind to a fer operator sequence, i.e., it retains the DNA binding
specificity of a wild-type Tet repressor; and 2) it is regulated in a reverse manner by
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repressor lp‘roﬁufd) Anslubingtinrtae $eion erddbinpHsting tRCabbve RAsG Hed Snmithtiddie The amino
different cl acid sec sequences of various classes of Tet repressors are shown and compared in Figure 4, and
are also described in Tovar, K. et al. (1988) Mol. Gen. Genet. 215:76-80. Accordingly,
equivalent mutations to those described above for the Tn10-derived Tet repressor can be
35 made in other classes of Tet repressors for inclusion in a fusion protein of the invention. For
example, amino acid position 95, which is an aspartic acid in all five repressor classes, can be
mutated to asparagine in any class of repressor. Similarly, position 102, which is glycine in
all five repressor classes, can be mutated to aspartic acid in any class of repressor.
Additional suitable equivalent mutations will be apparent to those skilled in the art and can be
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based up®n tdpRessor)drab @y sropey of bindingespecifically'tb a rer operator sequence. Each class of
Tet repressor has a corresponding target et operator sequence. Accordingly, the term "fet
operator sequence" is intended to encompass all classes of ter operator sequences, e.g. class

A, B, C, D, and E. Nucleotide sequences of these five classes of tet operators are shown in
Figure 5 and SEQ ID NOs: 11-15, and are described in Waters, S.H. et al. (1983) cited supra,
35 Hillen, W. and Schollenmeier, K. (1983) cited supra, Stitber, D. and Bujard, H. (1981) Proc.
Natl. Acad. Sci. USA 78:167-171, Unger, B. et al. (1984) cited supra and Tovar, K. et al.
(1988) cited supra. In a preferred embodiment, the mutated Tet repressor is a Tn10-encoded
repressor (i.e., class B) and the fet operator sequence is a class B tet operator sequence.
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30 recombinant expression vector into a host cell or animal.

B. The second polypeptide of the transactivator fusion protein
The first polypeptide of the transactivator fusion protein is operatively linked to a

second polypeptide which directly or indirectly activates transcription in eukaryotic cells. To
35  operatively link the first and second polypeptides, typically nucleotide sequences encoding

the first and second polypeptides are ligated to each other in-frame to create a chimeric gene

encoding a fusion protein, although the first and second polypeptides can be operatively

linked by other means that preserve the function of each polypeptide (e.g., chemically

crosslinked). In a preferred embodiment, the second polypeptide of the transactivator itself
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The first poI ypeBolyneptxdfes which canrfunction/tat astivite dranscriptivndn eukayotiecallsi areivgll

I linked to n ﬂ}g}.o%!ﬁl tes
transcri ptlon |n euﬁgl?yg% C }cégﬁ)t&agﬁc %drtg'%%}é}%&%dsw%ﬁgfﬂ NAtab%&é@

second pol ypresinschaye beemmdessribed andhavethegn s @w&umnéhmb@ntwgnon ﬁmctxpnevhen

first gpd Stﬁé qaﬂ:aﬂpismaﬁrehdeso é‘h@te{'dlgg&%cbrb&u?a.& réfefted pb EptiiEErot Gscin

a chineric rot althou eflr t an

econt por yHisRnaeinafihe Ssplenis e herbed SRuplpy KiebtviBpn Jrorein Hirtreas herein
preserve t ha VRIG; theoaminb aeidieqnehoedfwhidk is dis¢loseddh diriegenbeyg, S.J. et al (1988)

crosslin ked@ienelsi &, 2!7% 5125, I %@E‘ﬁ%ﬁﬁé BBoftISY U ROCHBER LA G2 acldss of

transactiva
PCT/ US95/ 08VR S are used For example, a polypeptide having an amino acid sequence showir in SEQ ID

possesges tN@ns %6&&6:&@8-?552 cHRbE age&ﬂ?tthx iskobnld tpoge‘y?eg%@géﬁe 110\&93 ph& de

dlrectly acti vates tra Scrlptl In ano e secon
pol ypept i dean@Eher gabediment,fl deasheneepnyyofabout 11 amjngpa ftrornéhm rtmm Tegimgf

recrui t tentVP{6 whichae@ed triscs abnaa@bwaidncublmqé 8éed dsQhé §dcBhd pblypeptide. W t h

transeri pt iR SR Oh IS rokion B sboRk2 LB i PR )
i ncl ude polgepaﬁe pdnmnsvbf ¥iP16iardidescribecdbint Seipel; K. et al. (EMBOr.E 1992) 4814196 544958).
t ranschrj pti@p [

t ranscr |bpt i‘on i Blek dimer ofacge{hln\ﬂg‘fﬂ{rfn%e%ﬁ afin %ﬁi{égﬁéﬂl%%h%ﬁ,b??btlﬁ’ Rof4
parti cul ar ,(cneaged Mamu%mde sequenae shawniimSEQIDINOrrdhgarrirusei g thregsecond

proteins h fide siede fud18A ppdtinhave been shown to retain their actlvatlon
functi on when "1 t he donai |s. transferredq to a, heterol ogous protein.

preferred pol y peptherpolypeptides With trapscriptional agtivatien abdityim egkaryotic ¢ells can Pﬁn
i s the herpsed ii tiilfasion protsin\ofitheihveniiére i TrahSeriptivhel dctitatioh 86rh&ind found withis

VP 10 25 RIE oS o G0 o i B g S i
the Cter m'Pmes afitranscriptianal @ctivation dowsdias mcludswtdlc Fensceiption hetjvation domains,
pol ypept i dgrbRwd-Aéh &EnseRipiin 86k vhtidB HoRRERs, SEMWthrdbmitditranscription activation
domains and glutamine-rich transcription.activation domains. Exaxnpies of acidic
transcriptional activation domains include the VP16 regions already described and amino
30  acid residues 753-881 of GAL4. Examples of proline-rich activation domains include amino
acid residues 399-499 of CTF/NF1 and amino acid residues 31-76 of AP2. Examples of
serine/threonine-rich transcription activation domains include amino acid residues 1-427 of
ITF1 and amino acid residues 2-451 of ITF2. Examples of glutamine-rich activation domains
include amino acid residues 175-269 of Octl and amino acid residues 132-243 of Sp1. The
35 amino acid sequences of each of the above described regions, and of other useful
transcriptional activation domains, are disclosed in Seipel, K. et al. (EMBO J. (1992)
13:4961-4968). |
In addition to previously described transcriptional activation domains, novel
transcriptional activation domains, which can be identified by standard techniques, are within




15 NO 2 (positions 208-335) can be used as the second pol ypeptide in the

fusi on pray@Ep13is anot her enbodi nent, at |east one copy¢rrfsedeidh 11
am no acids fromthe C-termnal region of VP 16 which retain

transcriptional ‘activation ability is used X" the second pol ypepti de.
Preferably, a diner of this, regégn (i.e., about 22 ami no acids) is used.
i

Sui t abl e C theseopepf the invension: I trraserinsionalactivatian abilitydefrpolipeptide caabpel |

Ko et al. (EEGRdby (iiaﬂﬁ%)ﬂléEb%%ﬁ@@&hoﬂﬁppolyf%ﬁid%mVﬁéQDN% BihdBg Afivity an
pepti de having ap.,am.no acid gequence shown in SEQ I D NO, 4, (encaqde
by a nucl eofiF%@‘%%gﬁcaén%‘Wé upRSCHpEPR Pf AGTEY)sequancs that isHinulated byLhe Hisipn
pol ypept i de prdteinh & ok egarnplepa gtalﬁdz::rd assay used in thte.mﬁltililzlés A fbsyRepiotels of thfh(tjivg
transcriptional _activati-on.ability i [ .C can be . used in
the Tusibn BROTERRoBY A SR ormpit ind AT A i Ere BoRRi E tmamionarie
found wit hi resiktues 1v23)i diés fusisngirateimisvtherbused tgstimplate expressiomt afgorepesertened
upon sim | ag; Ity . ; B PR tl Lon
donmi ns. | nolohed WOHIAbERE dEs(sce o, SURIE Al (I APAZIBO LT 08T 4088 phd )
transcri pti sefereacesdteddhergisai ns, serine/threonine-rich transcription

activation Ifl ansthBSerAbeditHent, e f@ohd HElypeiedithd ibrisibletdirdpdctly

domai ns, . Exanpl es .of acidic ..transcript. oglal .activation domalns |

el udelQ ne SRS ERRSCHRNCR by srgpuiting # HRpuPLoRALAGHNEOR ! Interact AU fugien

753-881 of pwitein. Boaeydmpleph mutated tetR rof dhie iméﬂtimidaﬁrbgd'ﬂm 0% ;id’lﬁ%dp@iﬁe dbinath

acid residu 399%: f 1.NQ: . 3Ci i .31-76 AR2.

B oo of e & diieization dbmalycaBRe BFLAiANG S ASRUEDci Intfichion il

i ncl ude amni wranseriptiondgictivator proigin, sich as an endagenousnattivaton presentinradsisticeds It has

2-451 of IT dehiom ' sohbi | | ' : | ncl ude

am no acg' d rggesnl dyes, ‘f‘é&d %@é@%&;ﬁgﬁ%&%&g@%ﬂd-ﬁ ?’égpﬁgle‘?%’éﬂ‘ﬂié‘l“gf Spl.

The 35 1 aﬂ@%ﬁ?@@h&f@ﬁ@%&eﬁn%&swowémr(ée%s»«é?lea@s@dsz (1889)oMerureind

gf ot Iher Kusmgzlz45-247; Chfe‘i;lrﬁﬁri gmglqwbc.am:i. maamti.ctgsmmsmmsﬂi @9&&9' adyin
ei pel, K ; : - 496 ) n

add!ot ion t oﬁ:?P 25/ FS&%&é%@i ﬁ%%éé-%i?ﬁ%”ﬁ@%ﬁ)o A FOrdingly; thsseeqnd

transcri pti polypeptide ofdthe Gusictopmiteis mapiriot direetly dtivatderdnisériptibniyut sathechaeg form a

}D%%_/h B'Sgg/eg A gﬁ ifeldtiBn with an endofEhal/ pilsPeptide bearing a compatible protein-prqtgin

the scoffe ofmtemetiondemeinand tremsactivation domaino (Examples ofsuitahle agetaction (ir a

) 0B Sedgapton gy GRrai i o LBRURUNEER ()01 0 g1

P ameort pt | LR ﬂ%i&%a&eﬁ‘wﬁ%ﬁ%ﬁmé C¥t 8. (19890 ol 51 h8%4) 398 gine finger

protein. Fodommﬁ' Frankel, At.Bneteal.otlaw)aScimelﬁMQﬂO_tm. mtbragﬁbﬁ bﬁ@&irﬁerﬁz&éggﬁ 2
rotein o . . iptional activation dogajn and a

PNA' bi nat ot ettt in the ffibA BEGHiRhuP AR enfeha il iRl BRIAR &t By o

prot ei 23 s renphtmens of the wansactivationsiomais of te nutlear factootad the fsior protein, and

linked to %Ef’eb?'tﬂ@t%.r S t65 sdqueficeSto W 'cl?ﬁiﬁ%iﬁ?lﬁrotgfn i@bound 992) EMBO J.

11: 4961- 4968 an erences cite | n anot her
enbodi ment, the second pol ypeptide of the fusion protein indirectly 10

activates t Camsﬂﬁzia?wmpwe of tHeUrdnsabrivatdr fusiofprifeironal activator to
Interact with t h?n 444#i0A to a mutated Tet repressor and a transcriptional activation domain, a fusion
30 protein of the invention can contain an operatively linked third polypeptide which promotes
transport of the fusion protein to a cell nucleus. Amino acid sequences which, when included
in a protein, function to promote transport of the protein to the nucleus are known in the art
and are termed nuclear localization signals (NLS). Nuclear localization signals typically are
composed of a stretch of basic amino acids. When attached to a heterologous protein (e.g., a
35  fusion protein of the invention), the nuclear localization signal promotes transport of the
protein to a cell nucleus. The nuclear localization signal is attached to a heterologous protein
such that it is exposed on the protein surface and does not interfere with the function of the
protein. Preferably, the NLS is attached to one end of the protein, e.g. the N-terminus. The

amino acid sequence of a non-limiting exampleof an NLS that can be included in a fusion



protein. For exanple, a mutated tetR of the invention can be fused to a

pol ypepti de donai n (e.g., a dinerization domain) capable of nediating
a protei WORMM3, jnteraction with a transcriptional BeVUSRE™
protein, such as an endogenous activator -déesent in a host cell. It has

been denonstrated that functional associations between DNA bi ndi ng domai ns

and 15 tr £ oF HRtih PehtRANBERSWAR BEIEQAD KO: 50'\abRHblY, Fafickifacid 'é'h&icﬂﬁiﬁiéd

Song (1989 Natgore. . .344(3:.24%,— Zé{); Chien, et a&), T%;% Pg!%c. Nat‘laﬂﬂ cad

Sci. UsA sucleardocsligationgignalds splicgd by standard regerapinant PNsteghniquessin-frape to

Zervos, A fhe nutR®gcidendodiny thd Fusicr protéimqespdiandleys’ endle second o

pol ypeptide of the fusion protein may not directly activate transcription

but rather may forma stable interaction with an endogenous

pol ypedt i de bealTheglasmidpid&ED bi-& (desoribedringfurther det2id in Exampladi) whict comiprisesrad

transacti vakd Qi ' | : '&Pm( :

di meri zati gn ﬁg%%ﬂﬂ?%c §E$?gﬁ§?%2ﬁ€zé%g%eoﬁgb? E?iﬁgéhu §Z$ g{sgﬁigggSé%hi
wdapast Treety ag thedeutschg) |

Sci ence. 24beenxisgasited on July §E9 under fhe prOWSLRE OF
(1989) Cel barafhl 7V514Mikﬁf6§%éﬂi§lﬁeﬁ Ad ZeliK ulturen GHBHD SV arﬁﬁhnsdcﬁuﬁig,et al .

(1988) Scignce 240:,70-.73 nt eract.i o f I merization omai n
present in ﬂ’éa”fytféﬁdcﬁsﬁp%ﬂg?ﬂ?sw b&ﬁﬁeﬁ%ggggeous nucl ear factor results in
25 reuitnment of the transactivation domain of the nuclear factor to the
fusion pro ei . . ~gPerator sequence to whi ch t he
fusi on proterfi

, gpol ypepti de of the
transactivator fusion protein In addition to a nutated Tet
repressor angyprdskiahYekiops i onal activation domain, a fusion 30 protein of
the invention can contai,n an operatively |inked third polypeptide which

pr onot es Araielsioasid of thewvention,encoding 4 transactivagen fusign pretain, agdesqrbed
aci d sgyueitese, i teincovporatédiinke/ 8 estombinant ieﬁﬂl%sﬁéﬁ) Vedtdr infd foethl siitable foy Onot e
e NuUcC

transport of the proiepn.to t euys ar nown,.in the art and, ar
ter med nucheRsSToptathe Eikids profein B € hoeell! ThsamBina forf sigbie forsrpiiapion of
typi cal | y thedusion proteinipedest ceil"ads sitereled o afeah alsit therdcombamntiexpré¥sion vector

h d 1 i i [l .
vent 1 on) efRRE R P AR EellaRlry shicholh opcfartRly LRt it BATHE oBld quffcing he

. =l , ~onotes trans U
protein tofusioadroten is asmgnneriwhigh allews fordranscriptianef the gueleiciasidintamBNA aod a

het er glgogognsRitidh¥fThe mRNA $htofthé Adior protein &XIHR:EMAN CRghlaford 'seqinke i ahace
t he, function of e rotein., Preferably,

and does not interfere w té} pf\ahn
the NLS i SeSRemigsanciteaties tanpelyde premgtess, gnhancers andiqtherexpesssion gentraln e
am no aci delemenisife.g., pblyadawylatiomsiphalg). Sunhiregulatony sdubndeiate kitswidfo thosd uded
:DET? Ufsgz; 0 ll/.gi in the art%d %?é Qélsgtllged in Goeddel, Gene Expression Technology: A@é@ods in
prot ei n of Exavmolagych85, AcademiciRress, San Blicgd, CAN(1999). Rrshéwlddielundemstovdcthatithe
acid odj | Z At | i ' - d
ooy i STt prpressldity&ttr idf Bpdidldif¥ifi (3t o Tne BT Y G B C
fusi on pr deectransfested and/er the amounteffusion protein to be expressed.

: When used in mammalian cells, a recombinant expression vector's control functions

Opee™

are often provided by viral genetic material. For example, commonly used promoters are
derived from polyoma, Adenovirus 2, cytomegalovirus and Simian Virus 40. Use of viral

30 regulatory elements to direct expression of the fusion protein can allow for high level
constitutive expression of the fusion protein in a variety of host cells. In a preferred
recombinant expression vector, the sequences 'encoding the fusion protein are flanked
upstream (i.e., 5') by the human cytomegalovirus IE promoter and downstream (i.e., 3') by an
SV40 poly(A) signal. For example, an expression vector similar to that described in Example

35 1lcanbeused. The human cytomegalovirus IE promoter is described in Boshart et al. (1985)
Cell 41:521-530. Other ubiquitously expressing promoters which can be used include the
HSV-Tk promoter (disclosed in McKnight et al. (1984) Cell 37:253-262) and B-actin
promoters (e.g., the human B-actin promoter as described by Ng et al. (1985) Mol. Cell. Biol.
S5:2720-2732).




5 The plasm d pUHD17-1 (described in further detail in Exanple 1),
whi ch conprises a transactivator of the invention having the
' nucl eoti deV9EKAHEe shown in SEQ ID NO 1, has been de;?g%rmséa’om9Jul y
. 8, 1994 under the provisions of the Budapestl7Ffreaty at the Deutsche

.~ Sanmm ung Von M kroor gani smen und Zel | Kul turen GrbH (DSM in Braunschwei g,

. Germany and assi QARErABRESI the @éﬁm%r}[)ﬂlﬂug@&g of #& recombinhht ex%i‘é&Eﬁﬁsvle%r edn a

Transacti vat gr Fusi on Pro t?m 2"’% E sj on Vect.or
nucl ei ¢ aci cAIFRCt E¥RIessiRnph the fusion peptsip Pé"' eregtially i %B%F“%%‘?lbﬁpﬁrlﬁséisﬁue'as
descri bed 155 ailfmwegulmny blementwapdeaised] Noh4dingiting eRafmples of tissupsspecifie romoters

host el I aﬂﬁfcﬂ‘g bk SR inpflac the glpuBtEb BRIk kliGiich Puiken'¥: 8. {Lk G
i protein i5n aDewdi268e277), lysapheidspieific promeers (Galamelrad HatamtiD88) Wl de Ipramsl. on
vect or ﬁﬁ-!ﬁ'?ﬁ irP lemapg.roﬁa&ag %g{ &nyreéeg,%@ (SaRoBREE X, %M:ﬁhaé V&]b%ed

: to the nuclelc acl d ‘énco

al l ows for tEMBEY. @aﬁ%mﬂrmdnemmg&@hae (Banesi gt #R(\Wséh@eliﬁl 7@96174@!; Suieem
- of the mRNA dndtBaltikré ISI8INCRNI 3B &4 -74%*)%&@6:{& e brofidiets guﬁﬁ%mdfﬁaxﬁéﬁt

Rirci ke ke g ruon e

- egul at dOy &mqué’mcpeematem Edduerd emxmess) Science 23R191R€x 6),rant igaramaryagidndspecific

gﬁ;;C/;rIDF ggyl 1 gﬂ%gfg? tﬂ %fGﬂH%r e ﬁio?%r gje§ %Q%é%%%g h('}"‘(“r%pegg Application
. under st ood tIublicatien Ne. 2641866)g mmlmmm«mm renotars amyalshegnenohpassed ufion
. factors as té;&r@@ﬂﬁ%ﬂfiné 6k proRfot&rSKedsl and Grl® (fgmg%fﬁﬁé@%%%% ?9)'[4?19 the

i amount of fu5|o ereln to expresse

en
mammel i an ceFifetop t‘?‘Eé’B?fBPWé argpes and<}ilg 1889)Gengsiliey 353hS46dbns
~are oftds provi deAltbmat&Vélyl a gﬂfl&tgumﬁiigto%hmict eEﬁdu%@ﬁﬁhﬁcuGﬁmio‘ﬁ p#6REh can

; I

B R r e geatek o PR bR R acii R0Nink 1 Sisic RIPIBER Dypmtivelylitked
i of the fusi dnaminimahpromoter sequerice and ayleasteonelres operatmmequextcat Foeexamplesthe on

. of the fusiqp REOLGHRS IS@Q’Ci IYNO elhé(anoge ek 168 éJr‘;co égfnu cfe§ﬁd%§e&u8ﬁ$

r econbi nant exXpress| on_ve uences

are flanked shown ip$EQ G&N% 8 or K ()'-hQJ!}uqlﬁe amdmﬁSEQM@;t 8wnd @zontprise a
pr ondt eRpaninHMBECVEA Brdrhotr a.ncﬁteh 1BopRfators; the%\iéﬁ:d’éﬂld’s(ﬁ)s 913%0 g@EOm;inses

exanpl e, an ression vector siml/lar to that , scrlbeg arrp e

can be used.2 TRPTAMAER apY ITHiEHOPIHOFIs A ¥ F’GHB guchyq sséigregnlaipg har t
et al. (198%onstruct isHdwniih FigireSH). Wkehﬁhlsllhblﬂb doidi i i)iﬁeweaiﬁtb'ﬁeﬂ é@ 'Eotlﬁ @S

o0l ( Lopdp kbt Secin, o S st bl bphtpRaR b nf yniateglr

human [ er r ] -geoe islikely twoequr dye ue%lcalnnm" bin the presente oi('ﬂsgeﬁhnalbgue tBetdof) this

EIC% Uso? 08%171%]%3&3%}’the n'ansacnvatm%%ﬁi will bind to the zet operator sequence(s)
upstream of the nucleotide sequence encoding the transactivator and stimulate additional

transcription of the nucleotide sequence encoding the transactivator, thereby leading to
further production of the transactivator fusion protein in the cell. It will be appreciated by
those skilled in the art that such a self-regulating promoter can also be used in conjunction

30  with other tetracycline-regulated transactivators, such as the wild-type Tet repressor fusion
protein (tTA) described in Gossen, M. and Bujard, H. (1992) Proc. Natl. Acad. Sci. USA
89:5547-5551, which binds to fet operators in the absence of Tc (as illustrated in Figure 9A).
When used in conjunction with this transactivator, self-regulated transcription of the
nucleotide sequence encoding this transactivator is stimulated in the absence of Tc. The

35 plasmid pUHD15-3, which comprises nucleotide sequences encoding the tTA described in
Gossen and Bujard (1992), cited supra, operatively linked to a self-regulating promoter, has
been deposited on July 8, 1994 under the provisions of the Budapest Treaty at the Deutsche
Sammlung Von Mikroorganismen und ZellKulturen GmbH (DSM) in Braunschweig,
Germany and assigned deposit number DSM 9280.
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In addition to cell lines, the invention is applicable to normal cells, such as cells to be
35 modified for gene therapy purposes or embryonic cells modified to create a transgenic or
homologous recombinant animal. Examples of cell types of particular interest for gene
therapy purposes include hematopoietic stem cells, myoblasts, hepatocytes, lymphocytes,
neuronal cells and skin epithelium and airway epithelium. Additionally, for transgenic or
homologous recombinant animals, embryonic stem cells and fertilized oocytes can be
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In one enbodi nent, the reconbi nant expressianp vector of the invention is a
pl asmi d, such as that described in Exarfple 1. Alternatively, a

r econbi nant expre55|on vector of the I nvention can be a virus, or
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express transactivator fusion protein. B. Host Cells
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trod the f t
O TGk R b e e e i
of the fusi cechmiquesifor tmnsfhenﬂgmﬂcaqemb ceHsr Theteoml "&anffed:tmgdrwwﬁﬁisfecnon" is
ntr 333'%‘%3 iﬁ;f%d R bl Q‘EW‘*&“M ?ﬂﬁqg%”@ﬁeg?g%uc Qﬁ%ﬁé\@ﬁ@;s ﬁg@?}pwghqshe
f usi on ot gscalejumephosphate co-precipitation, DEAE-dextrantwediated dransfection,
be' 't r oduce g iec@opordtibn B HRMtbirdetoh, R s R A T Yt clls
i nt ended t o SRS Jggﬂ%ﬁygmgm&éaﬁ@'@?«w éﬁ lpnigg: ALebarptosy Marmughgnd Editinn,
cxpr essed, the. SepgELIaD SymLen chcen o tha Sl ot o e
Non- 30 limiti nnggilé{r’r’% gﬁ#"%ﬁ%&ﬁ"ﬁ@%ﬁl Pﬁ‘lg Nl acid %&ﬁé’gxé(e% il depe epend,
i ncl ude 26HO atileast mpqrt,@ppnshetype of tagombimans expressicn vectdrafed ait the.typéas .

e S e e e e

(1981) I\/Et h. Tﬁm Y Jeum regulation of gene exP’F?F‘%!H dhe nupleie acidds stablynes,
the inventi dntegfatedhitod drjenohR dTaheBbst@ell lof rerfalfifad§ stablelepisbfelif ttohost cell.

,:r?g'nfs Igggl ];Og’rlgseim% te@?or S rddicdd it m%nn?glb any ceﬁls %rectg'lp}csallmleérgt% utltg h%rst &tlleDI%A

30 atonly alow frequency. In order to identify these integrants, a gene that contains a selectable
marker (e.g., drug resistance) is generally introduced into the host cells along with the nucleic
acid of interest. Preferred selectable markers include those which confer resistance to certain
drugs, such as G418 and hygromycin. Selectable markers can be introduced on a separate
plasmid from the nucleic acid of interest or, are introduced on the same plasmid. Host cells

35 transfected with a nucleic acid of the invention (e.g., a recombinant expression vector) and a
gene for a selectable marker can be identified by selecting for cells using the selectable
marker. For example, if the selectable marker encodes a gene conferring neomycin
resistance, host cells which have taken up nucleic acid can be selected with G418. Cells that

have incorporated the selectable marker gene will survive, while the other cells die.
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0  one or more cell types or tissues of the transgenic animal. In one embodiment, the non-

human animal is a mouse, although the invention is not limited thereto. In other

embodiments, the transgenic animal is a goat, sheep, pig, cow or other domestic farm animal.
Such transgenic animals are useful for large scale production of proteins (so called "gene
pharming”). |

35 A transgenic animal can be created, for example, by introducing a nucleic acid
encoding the fusion protein (typically linked to appropriate regulatory elements, such as a
constitutive or tissue-specific enhancer) into the male pronuclei of a fertilized oocyte, e.g., by
microinjection, and allowing the oocyte to develop in a pseudopregnant female foster animal.
Intronic sequences and polyadenylation signals can also be included in the transgene to
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To create such a homologous recombinant animal, a vector is prepared which contains
DNA encoding the fusion protein flanked at its 5' and 3' ends by additional nucleic acid of a
30 eukaryotic gene at which homologous recombination is to occur. The additional nucleic acid
flanking that encoding the fusion protein is of sufficient length for successful homologous
recombination with the eukaryotic gene. Typically, several kilobases of flanking DNA (both
at the 5' and 3' ends) are included in the vector (see e.g., Thomas, K.R. and Capecchi, M. R.
(1987) Celi 51:503 for a description of homologous recombination vectors). The vector is
35  introduced into an embryonic stem cell line (e.g., by electroporation) and cells in which the
introduced DNA has homologously recombined with the endogenous DNA are selected (see
e.g., Li, E. et al. (1992) Cell §9:915). The selected cells are then injected into a blastocyst of
an animal (e.g., a mouse) to form aggregation chimeras (see e.g., Bradley, A. in
Teratocarcinomas and Embryonic Stem Cells: A Practical Approach, E.J. Robertson, ed.
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includes a minimal promoter sequence which is not itself transcribed but which serves (at
least in part) to position the transcriptional machinery for transcription. The minimal
promoter sequence is linked to the transcribed sequence in a 5' to 3' direction by

30 phosphodiester bonds (i.e., the promoter is located upstream of the transcribed sequence) to
form a contiguous nucleotide sequence. Accordingly, as used herein, the terms "nucleotide
sequence to be transcribed" or "target nucleotide sequence” are intended to include both the
nucleotide sequence which is transcribed into mRNA and an operatively linked upstream
minimal promoter sequence. The term "minimal promoter" is intended to describe a partial

35  promoter sequence which defines the start site of transcription for the linked sequence to be
transcribed but which by itself is not capable of initiating transcription efficiently, if at all.
Thus, the activity of such a minimal promoter is dependent upon the binding of a
transcriptional activator (such as the tetracycline-inducible fusion protein of the invention) to
an operatively linked regulatory sequence (such as one or more tet operator sequences). In
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Alternatively, since regulatory elements have been observed in the art to function
downstream of sequences to be transcribed, it is likely that the fer operator sequence(s) can be
operatively linked downstream (i.e., 3") of the transcribed nucleotide sequence. Thus, in this
configuration, the transcription unit is comprised of, in a 5' to 3' direction: a minimal

35  promoter - a transcribed nucleotide sequence - tet operator sequence(s). Again, it will be
appreciated that there is likely to be some flexibility in the permissable distance downstream
at which the fet operator sequence(s) can be linked.

The term "et operator sequence" is intended to encompass all classes of fer operators
(e.g., A, B, C,Dand E). A nucleotide sequence to be transcribed can be operatively linked to
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sequence) i s operative
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* 30 inserted into the genome of the host. The exogenous nucleotide sequence may not be present
elsewhere in the genome of the host (e.g., a foreign nucleotide sequence) or may be an
additional copy of a sequence which is present within the genome of the host but which is
integrated at a different site in the genome. An exogenous nucleotide sequence to be
transcribed and an operatively linked et operator sequence(s) can be contained within a
35 single nucleic acid molecule which is introduced into the host cell or animal.
Alternatively, a transactivator of the invention can be used to regulate transcription of
an endogenous nucleotide sequence to which a zet operator sequence(s) has been linked. An
"endogenous" nucleotide sequence is a nucleotide sequence which is present within the
genome of the host. An endogenous gene can be operatively linked to a fet operator
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30 binds to tetO sequences in the presence of tetracycline (or analogue) (as described in further
detail in Section I'V and Section VI, Part B, below).

A. Regulation of Expression of tet Operator-Linked Nucleotide Sequences
Expression of a fet operator-linked nucleotide sequences is regulated by a
35 transactivator fusion protein of the invention. Thus, the fusion protein and the target nucleic
acid are both present in a host cell or organism. The presence of both the transactivator
fusion protein and the target transcription unit in the same host cell or organism can be
achieved in a number of different ways. For example, a host cell can be transfected with one
nucleic acid of the expression system (e.g., encoding the transactivator fusion protein), stably
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B. Coordinate Regulation of Expression of Two Nucleotide Sequences

35 In addition to providing a system for the regulated expression of a single transcribed
nucleotide sequence, the invention further permits coordinated regulation of the expression of
two nucleotide sequences operatively linked to the same fer operator sequence(s).
Accordingly, another aspect of the invention pertains to a novel tef-regulated transcription'
unit for coordinate regulation of two genes. In this transcription unit, the same et operator
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The transcription unit of the invention for bidirectional transcription of two nucleotide
sequences operatively linked to the same tef operator sequence(s) is useful for coordinating
30 the expression of the two nucleotide sequences of interest. Preferably, at least one of the
nucleotide sequences to be transcribed is a eukafyotic nucleotide sequence. In one

application, the vector is used to produce stoichiometric amounts of two subunits of a
heterodimeric molecule in the same cell. For example, the vector can be used produce
antibody heavy and light chains in the same cell or to produce growth factor receptor subunits
35  inthe same cells. In another application, the vector is used to express two gene products that
cooperate in establishing a particular cellular phenotype. In yet another application, the
vector is used to coexpress an indicator function and a gene of interest, wherein the indicator
is utilized to monitor expression of the gene of interest. Thus, one of the two coordinately
expressed sequences can encode a gene of interest and the other can encode a detectable
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30
(It should be understood that each nucleotide sequence to be transcribed also includes an
operatively linked, upstream minimal promoter sequence.) The two independently regulated
transcription units can be included on a single vector, or alternatively, on two seperate
vectors. The recombinant v'ector(s) containing the nucleotide sequences to be transcribed can
35 be introduced into a host cell or animal as described previously.

In another embodiment, the vector(s) does not include the first and second nucleotide
sequence to be transcribed but instead contains cloning sites which allow for the introduction
into the vector of nucleotide sequences of interest. Accordingly, in this embodiment, the
vector(s) comprises:



vector conprises a nucl eotide sequence conprising in a5 to 3 direction:
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nucl eotisle tRsdEpt andacioniggsitesfoe IntAriuttian of a second Aaclebtide seqdeiceif aidefest such
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ool coti do. Let operatd 3Equeiols oeithellisel R EAGHLAR EIAMA F dyhuflcol¥l sequenpes.
in Figures Forexample thefirstes operatorsegurncs(s) cansbref th glass A type and the sepend can
construgg Obe bf fie'cPass B tyPe] dt the Firsivés opERNBY sefifene 8&EBé of the s BOfype aHE theal ©

oo T oMo ey e HbcRIARR. e, . DRSS b 6 g hrg iy b o o
pronot er, wBetypaspérarsecond mininal pronoter is derived froma TK
Dot 2 @ B e B P i ARSI oAUt
t he Budapes® hostegllybyofurther introdeginginge therhostegthonaer mene nvcleivatidsencoding twed
Zel | Kul 33ir eq;sfariie taheddiivhtdr fusion proteiad WhitWish indepeHeMtPirrePSPraide delRROK df
nunber DSM gl%%ent class types. The first fusion protein comprises a polypeptide which binds to a tet
operator sequence in the presence of tetracycline or a tetracycline analogue, operatively
linked to a polypeptide which activates transcription in eukaryotic cells (e.g., a transactivator
fusion protein of the invention, such as a mutated Tn10-derived Tet repressor linked to a
30 VPI6 activation region). The second fusion protein comprises a polypeptide which binds to
a fet operator sequence in the absence of tetracycline or a tetracycline analogue, operatively
linked to a polypeptide which activates transcription in eukaryotic cells (e.g., a wild-type
Tn10-derived Tet repressor linked to a VP16 activation region, such as the tTA described in
Gossen, M. and Bujard, H. (1992) Proc. Natl. Acad. Sci. USA _82:5_547-5551). In one
35 embodiment, the first fusion protein binds to the tef operator sequence of the first class type
used in the transcription unit and the second fusion protein binds to the tef operator sequence
of the second class type used in the transcription unit. Alternatively, in another embodiment,
the first fusion protein binds to the second class type of ref operator and the second fusion
protein binds to the first class type of zef operator.
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conj uncti ordetalltbased hpon the crysmlmnycbf'ﬁetk(sgufhmmm%malr (1994p Sciensd or s
known in t aﬁtg,_4 r exanple, a transactivator 10 fusion protein of a
wi | d-type rgﬁB sor fused to a transcriptional activation domain, which

activates gene § systers allows forindependent asd oppogite regnlation vé the expression dfhwo
t TA degori lgeﬂes Tc and akX16SER; thél‘eoﬁr(dsﬁw différent'Tc @ﬁﬁ%%ﬂq{ Pd's‘?ﬁducﬁ? 5%

Sci. USA 8% n,al so. lon_wt
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aspect of sieationsavherehwvo gene prpduqta arestOthc expresses intthe samae oélhbwtdwhere it is

t ranscpé pt es
To T niepan et ?eé’ﬁ’?%%sg’% G, 8@‘5‘?%&%@5 Beiin of the Sinel B produet S BREE
20 transcrPBedndsd dis spstem 1§Bé‘?ﬁ&tllaﬂéf lugeful freexpressiag tie the

operator ssamehost(ca)l eﬁlher)mmerapeunc gkwsor 4 sicida @dné {e.,al fede wHitH &/lddeSa
sequence | BI'(QRE{ ﬁta{ (Vﬁl te uéeﬁl?g %eét?oyathte %tell Oéjuc{aat as ricin or herpes simplex virus thymidine
kinase). In many gene therapy situations, it is desirable to be able to express a gene for
30 therapeutic purposes in a host cell but also to have the capacity to destroy the host cell once
the therapy is completed. This can be accomplished using the above-described system by
linking the therapeutic gene to one class of ref operator and the suicide gene to another class
of tet operator. Thus, expression of the therapeutic gene in a host cell can be stimulated by
Tc (in which case expression of the suicide gene is absent). Then, once the therapy is
35  complete, Tc is removed, which turns off expression of the therapeutic gene and turns on
expression of the suicide gene in the cell.
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one which activates transcnptlon in the presence of Tc (or analogue thereof) and the other
25  which activates transcription in the absence of Tc (or analogue thereof). One transactivator is
designed to bind to a et operators of the first class type and the other is designed to bindto a
tet operators of the second class type. In other embodiments, rather than already containing
first, second, third and/or fourth nucleotide sequences to be transcribed, these transcription
units can contain cloning sites which allow for the introduction of first, second, third and/or
30 fourth nucleotide sequences to be transcribed.

IV. T line-Regulated T iptional Inhibi
Another aspect of the invention pertains to transcriptional inhibitor fusion proteins.

The inhibitor fusion proteins of the invention are constructed similarly to the transactivator

35  fusion proteins of the invention (see Section I above) but instead of containing a polypeptide
domain that stimulates transcription in eukaryotic cells, the inhibitor fusion proteins contain a
polypeptide domain that inhibits transcription in eukaryotic cells. The inhibitor fusion
proteins are used to downregulate the expression of genes operably linked to 7efO sequences.
For example, when a refO-linked gene is introduced into a host cell or animal, the level of
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presence but not the absence of Tc). A mutated Tet repressor of any class (e.g., A, B, C, D or

E) may be used as the first polypeptide. Preferably, the mutated Tet repressor is a Tn10-

derived Tet repressor having one or more amino acid substitutions at positions 71, 95, 101

and/or 102. The nucleotide and amino acid sequences of such a mutated Tn10-derived Tet
35  repressor are shown in SEQ ID NO: 18 and SEQ ID NO: 19, respectively.

B. The second polypeptide of the transcriptional inhibitor fusion protein
The first polypeptide of the transcriptional inhibitor fusion protein is operatively
linked to a second polypeptide which directly or indirectly inhibits transcription in eukaryotic
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t
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of the sui cicompetitive inhitlitien 6£bihding of either aci®atdb pfbteins or the general transcnptlonal
PCT/ US9
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Sequences interference with Ithe assembin ofcx fupotenad peemmaue@ admplextofigheegeneealsi on of

four nucl eoljafg
; ﬁe S Thus, a rﬁﬁe}@goi“ iBhainiRa §m@ﬂﬂ€& (iﬁl’ubﬁﬂry' eﬁfect on the

SectlonIIIvat emdescrl In Sec¢tion L]
pairs of sedf@@sfEpsionsl anashineay 9 meyinkibis sranseEPtiaR indiresily byinhibiting the activity of
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class type, (Shflafta HGHRATOR H HeAEVE Or SRfSRNGranscription of a target gene compared to the
level or amount of transcription prior to regulation by the transcriptional inhibitor protein.
Transcriptional inhibition may be partial or complete. The terms "silencer”, "repressor" and
30 "inhibitor" are used interchangeably herein to describe a regulatory protein, or domains
thereof, that can inhibit transcription.
A transcriptional "repressor” or "silencer" domain as described herein is a polypeptide
domain that retains its transcriptional repressor function when the domain is transferred to a
heterologous protein. Proteins which have been demonstrated to have repressor domains that
35 can function when transferred to a heterologous protein include the v-erbA oncogene product
(Baniahmad, A. et al. (1992) EMBO J. 11:1015-1023), the thyroid hormone receptor
(Baniahmad, supra), the retinoic acid receptor (Baniahmad, supra), and the Drosophila
Krueppe! (Kr) protein (Licht, J.D. et al. (1990) Nature 346:76-79; Sauer, F. and Jickle, H.
(1991) Nature 353:563-566; Licht, J.D. et al. (1994) Mol. Cell. Biol. 14:4057-4066). Non-
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enes ke eh F
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WO 96/ 013 13$EQ ID NO: 20 and SEQ ID NO: 21, respectively. Constructlon of an expression vector

PCT/ US95/ 08 -
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sequences i polypeptide fragments encompassing elther of the Kr silencer domains that still retain full or
partial inhibitor activity are also contemplated (e.g., amino acids 62 to 92 of the N-terminal
silencer domain; see Licht, et al. (1994) supra).
In another preferred embodiment, the second polypeptide of the transcriptional
30 inhibitor fusion protein of the invention is a transcriptional silencer domain of the v-erbA
oncogene product. The silencer domain of v-erbA has been mapped to approximately amino
acid residues 362-632 of the native v-erbA oncogene product (see Baniahmad, et al. supra).
Accordingly, a fragment encompassing this region is used as the second polypeptide of the
silencer domain. In one embodiment, amino acid residues 364-635 of the native v-erbA
35 protein are used. The nucleotide and amino acid sequences of this region of v-erbA are
shown in SEQ ID NO: 22 and SEQ ID NO: 23, respectively. Construction of an expression
vector encoding a TetR-v-erbA fusion protein is described in Example 5. Alternatively,
shorter or longer polypeptide fragments encompassing the v-erbA silencer region that still
retain full or partial inhibitor activity are also contemplated. For example, a.a. residues 346-
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PCT/ US95/ O8dontain. This fusion protein is then used to inhibit expression of a reporter gene construct
that contains positive regulatory sequences (that normally stimulate constitutive transcription)
and GAL4 binding sites (see e.g., Baniahmad, supra).
30
C. A third polypeptide of the transcriptional inhibitor fusion protein
In addition to a Tet repressor and a transcriptional silencer domain, a transcriptional
inhibitor fusion protein of the invention can contain an operatively linked third polypeptide
which promotes transport of the fusion protein to a cell nucleus. As described for the
35  transactivator fusion proteins (see Section I, Part C, above), a nuclear localization signal can
be incorporated into the transcriptional inhibitor fusion protein.




- 34 - cells. As described in Section |, above, to operatively |ink

: the first _and second pol ypepti des of a fu3| on protein, |
. nucl eot i dewgé’ﬁfﬁgﬁges encoding the first and second pol ypepti gH‘RJsS%&ﬁ%re

: ligated to each other in-frame to create a-8hrneri ¢ gene encoding the
. fusion protein. - However, the first and second pol ypeptides can be
; operatively Di mfcpﬂes.byn0fﬂ:errrdm&riﬁndﬁw‘u‘nhz&tormszea@mteui he function of each

broteins are typi AR5 AR malEHR oo e R e i ror B8R provein ofhe,

t he ami no-t einséntioin can be mcmpbrafedutm af nesorohingniotxpressonavectos aaé intratiuced into a host

pol ypeptide af 4 ng ,a;%gmemla&g@@p %9{%& cdilgs éé&ﬁhﬂ&ixg Sechon?'iPtPﬁh.@A Band C,
te ed Int

. W ll be apprecia e art t %%ﬁl
i ori ent at iSon ghove. Prqfwebly, a hostgel sxprepying p dpnsqriptignal | %PWF%&Pf thed

;and the fir Sﬁlv&ﬁio)‘)}iﬁﬁdﬁﬁesad tek BferadrPiRkyd gdid oftifitefdsh dle. Qﬁﬁ@et hScledtide sequence to
- cont enpl at e?k el&dﬁvent I on. Prot ei ns and pol ypepti de
domai ns wit 91%?5158‘? s which can function to inhibit transcription
| in eukaryotic cel Trankgenic drganisms expreksing hltahkmmﬂoha](ihhibimeﬁismmpmn irecdls,
Johnaon, - Therent e ERARA BEaSSERR fPscrib 1 Fbf RO EERRSEBEE horkotthod
transcrilfti oredmbinhntirganisms mmssmawmnpnbed rmhlbfte: fusiontpyotein intgells thereef
"silencing dgg V\Ih%lsﬂ%nc&ﬁ asE?'@BﬁﬁﬁQﬁvélﬁfﬁ'dﬁa can Bk pRsaedd éshtﬁ:scnbed infeGbS I, Part E,

mechani sm by pepti de donai ns 1 nhibif tra scrj ption
i's not WW‘E w&n&xmpmmﬁtrmmmgmﬁ&e‘mqﬁ%@narsmscﬁuﬁé keifp l@gous

| (rjnec hani sm, ﬁeb@hemaﬁ@n ShiVéiiedmbodimentp Sischi 43 expi@ssivn veytonebRipricesy mﬂ@i& acid
omai ns may inh

t t t t1L
iy bi 1 on GPOBERA eREPGRE & efterbopaliBpiEop fisia rotep of i Hiion which is fanked
transcrilsti catats 528nd 3'rend$by edditiofl nuckeicadid ofia stikarjetiageney theyadditicnabhicleic acid

bound activ

functi onal pr el %gfgfﬁ%lgﬁﬁgg%\f& sucf. essﬂll %Bﬁfoflgé[ﬂ%g Recath rtaéglg‘g?? ﬁf‘z{%lr]]éérﬁftxc%ene
nachi nery. memorsan apsthedsdor a@mmswhmsvlosa%re&ombmf oxgamsmSttbathmse ¢he on
the GonSsoneRts of B regmturyeystexarofwmaﬁﬁ&i, tand uséthérefr] Y@ deB@HHeﬁ%' y

or 'm“h'ab'pél b ] e ipginecerar Mo 58330.452, BBy, asfarisenc

as used 2¢er emrrhmlogdusﬁdaﬂnbmantrwgarﬂﬁn mtbqaapentimﬁexpressimgam-amcmmnal inhibitor

directly ar__indi.rec |t . her
"inhibition' ﬁ’ﬁ'lpntpf%{‘ﬁglclplcﬁb? “fog %Ffbeé ép&f&a@%hﬁng%éé negq%e et f? i A8fhe
| evel or amﬂewﬂesewsmtqd@ammbql)napgﬁé&ﬂlgmﬁ conmpared to the
| evel or anmount of transcription prior to regulation by the transcriptional

I nhi bitor pratei.n. T[anscri ptional i nhi bition may be partial or
conplete. T ", "repressor"” and 30 "inhibitor" are used

it Et er cpazs?ﬁaPl y hﬁh@ﬂrt]xerbé?efﬁﬁ'qné bﬁe?ndirﬁﬂé&éﬁﬂo)duﬁrwmeh liAnctmue tHe @Bhitib%nent? of the
er eof , at jcap i nhibi ransc ion r criptigna
"repressor" gfuciblereghiatory %?ﬁﬁ‘ igxention, Sich &kif ¢an ke uge &P{F@\Bﬁt &S
domai n t hat expression of agene afitteresti(i.ena inucleptids seguetaecraftinerestirehe trimscrdbed)i n
| s transferrgfhich Qadbe cloned ﬂﬁ&ﬁt% Q&?g.@t ﬁ@kﬁ(ﬂh} W@luﬁg\%géﬁ?c BEEN

mal NS t ct

denonstrated to_ _have repressor

transferred ensoding @twréi&lﬂjlﬂl ativator fusipe proteinios @ W%W@TM% protein
(Bani ahrgad, dboth. Alteméﬁaa?) eukdBfatit-celld whiéhll&vaqzaabelc Adi@ ehd0diny & taRaB R or

AR (i N N T Tk S T
(1990) Nat uriahibitor fifsioaSprotsiniave expresseitinthe klikarydtic cell, may(Heq@dyidbd inthe kit.
353:563-566; Li chfy opd e%bo%am&kt, tHedPHhLIMRY a ciftlek meBhOhavidd it O3 EdGRemehP -
therein at least two container means: a first container means which contains a first nucleic
35 acid (e.g., DNA) encoding a transactivator fusion protein of the invention (e.g., a recombinant
expression vector encoding a first polypeptide which binds to a fer operator sequence in the

presence of tetracycline operatively linked to a second polypeptide which activates
transcription in eukaryotic cells), and a second container means which contains a second
target nucleic acid (e.g., DNA) for the transactivator into which a nucleotide sequence of
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In another embodiment, the vector can be in a form that already contains one nucleotide
35  sequence to be transcribed (e.g., encoding a detectable marker such as luciferase, p-
galactosidase or CAT) and a cloning site for introduction of a second nucleotide sequence of
interest to be transcribed.
The transcription units and transactivators of the invention for independent regulation
of expression of two nucleotide sequences to be transcribed can also be incorporated into a kit
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A. Stimulation of Gene Expression by Transactivator Fusion Proteins
In a host cell which carries nucleic acid encoding a transactivator fusion protein of the
35 invention and a nucleotide sequence operatively linked to the ref operator sequence(i.e., gene
of interest to be transcribed), high level transcription of the nucleotide sequence operatively
linked to the ter operator sequence(s) does not occur in the absence of the inducing agent,
tetracycline or analogues thereof. The level of basal transcription of the nucleotide sequence
may vary depending upon the host cell and site of integration of the sequence, but is
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B. Inhibition of Gene Expression by Transcriptional Inhibitor Fusion Proteins
The invention also provides methods for inhibiting gene expression using the
35 transcriptional inhibitor fusion 'proteins of the invention. These methods can be used to
down-regulate basal, constitutive or tissue-specific transcription of a terO-linked gene of
interest. For example, a gene of interest that is operatively linked to 7etO sequences and
additional positive regulatory elements (e.g., consitutive or tissue-specific enhancer
sequences) will be transcribed in host cells at a level that is primarily determined by the
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allow for both positive and negative regulation of expression of one or more target genes in a
host cell. Thus, a transcriptional inhibitor protein that binds to refO either (i) in the absence,
but not the presence, of Tc, or (ii) in the presence, but not the absence, of Tc, can be used in
combination with a transactivator protein that binds to #ezO either (i) in the absence, but not

35  the presence, of Tc, or (ii) in the presence, but not the absence, of Tc. Transactivator proteins
that bind to fefO in the absence, but not the presenc, of T¢ (e.g., wild-type TetR-activator
fusion proteins) are described in further detail in USSN 08/076,726, USSN 08/076,327 and
USSN 08/260,452. Transactivator fusion proteins that bind to zefO in the presence, but not
the absence, of Tc (e.g., mutated TetR-activator fusion proteins) are described herein (see
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30 sequences) that contribute to basal level, constitutive transcription of the gene in the host cell.
Binding of tSD to the 7efO sequences in the absence of tetracycline or analogue (e.g.,
doxycycline) inhibits the basal constitutive transcription of the gene of interest, thus kéeping
the gene of interest in a repressed state until gene expression is desired. When gene
expression is desired, the concentration of tetracycline or analogue (e.g., doxycycline) in

35  contact with the host cell increased. Upon addition of the drug, tSD loses the ability to bind
to terO sequences whereas the previously unbound rtTA acquires the ability to bind to terO
sequences. The resultant binding of rtTA to the refO sequences linked to the gene of interest
thus stimulates transcription of the gene of interest. The level of expression may be
controlled by the concentration of tetracycline or analogue, the type of Tc analogue used, the
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30  will be stimulated upon addition of the drug, whereas Gene 2 will be repressed in the absence
of the drug but will have basal levels expression upon addition of the drug. Various other
possible combinations will be apparent to the skilled artisan. Transactivator and inhibitor
fusion proteins that bind to different classes of 7erO sequences can be prepared as described in
Section I, Part A. Target transcription units comprising efO sequences of different classes

35  can be prepared as described in Section III, Part C.
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30 transactivator fusion protein of the invention in a form suitable for expression of the
transactivator in the host cells and 2) a gene of interest (e.g., for therapeutic purposes)
operatively linked to a fet operator sequence(s). The cells of the subject can be modified ex
vivo and then introduced into the subject or the cells can be directly modified in vivo
(methods for modification of the cells are described above in Section II). Expression of the
35 gene of interest in the cells of the subject is then stimulated by administering Tc or a Tc
analogue to the patient. The level of gene expression can be varied depending upon which
particular Tc analogue is used as the inducing agent. The level of gene expression can also
be modulated by adjusting the dose of the tetracycline, or analogue thereof, administered to
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epithelium. For further descriptions of cell types, genes and methods for gene therapy see
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35  interest can be switched "on" at fixed intervals (e.g., daily, alternate days, weekly, etc.) to
provide the most effective level of a gene product of interest at the most effective time. The
level of gene product produced in a subject can be monitored by standard methods (eg.,
direct monitoring using an immunological assay such as ELISA or RIA or indirectly by
monitoring of a laboratory parameter dependent upon the function of the gene product of
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be preplr ethodeculse.gi,dbeR,Ih-12cand the like), angiagenesis inhibitors (PF4, IL-12 etc.), Her-
regulin, Leukoregulin (see PCT Publication No. WO 85/04662), and growth factors for bone
marrow support therapy, such as G-CSF, GM-CSF and M-CSF. Regarding the latter, use of
the regulatory system of the invention to express factors for bone marrow support therapy
allows for simplified therapeutic switching at regular intervals from chemotherapy to bone
35 marrow support therapy (similarly, such an approach can also be applied to AIDS treatment,
e.g., simplified switching from anti-viral treatments to bone marrow support treatment).
Furthermore, controlled local targeting of anti-cancer treatments are also possible. For
example, expression of a suicide gene by a regulator of the invention, wherein the regulator
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30 prostate-specific promoter.

The ability to express a suicide gene (e.g., an apoptosis gene, TK gene, etc) in a
controlled manner using the regulatory system of the invention adds to the general safety and
usefulness of the system. For example, at the end of a desired therapy, expression of a
suicide gene can be triggered to eliminate cells carrying the gene therapy vector, such as cells

35 inabioinert implant, cells that have disseminated beyond the intended original location, etc.
Moreover, if a transplant becomes tumorous or has side effects, the cells can be rapidly
eliminated by induction of the suicide gene. The use of more than one Tc-controlled
"on"/"off" switch in one cell allows for completely independent regulation of a suicide gene
compared to regulation of a gene of therapeutic interest (as described in detail herein).

-('D




be nodul ated by adjusting the dose of the tetracycline, or anal ogue

t her eof , wbmenistered to WO 96/ 01313 PCT/US95/08179

PCT/ US95/ 08179 -50 - -46 -

the patient to thereby adj ust the concentration achieved in the circul ation
and the tissues

b0t ment ot redEpyBor, Risters R s invsntion fygher o Re Spdiny lesigish &

furt hler corlhemlbeu!nkmrll)tc ml@lanbéxpeeqsroaslsvcﬁ: iorcd gdnieeproduce obintéradtén asubjebnin contrast
exanpl e, t eI nt ai n
n)tjclrrgl C aci d eng{l%te(a ot rgg?scrl Hﬁ ona %ﬂ%ﬁéﬁwﬂéﬁbﬁ% E'}Othgl §f%%' ?‘ﬁcét

bi nds to t @xpression ﬂ@t m@]w@redm phisiolegieally releyentlevel of gene pmdncmnpmsioa
for expsesghBe eftablivped Bmealdnqne bh&%ﬁ!&r ﬂfeafcsl ﬁeeurbfftﬁ@s {) E

prior to aﬁi;g?gl Stratlﬁw& éor an ? to the su ect t he basal
| evel of t UPTESS Fhat maniter geéﬁ‘@nb eqerare evigl (using methogs aealgscrihedabove)y
t hﬁ Ib n{n bi ]Em additish ermh?mexéﬂQ& ﬂﬂlr%elﬁb ptdcm‘gtscmnreaay Iﬁcud@bd\ﬂbd\& With FQ& 0

i nhi bitor S| N LN (0] I DIt wher e i ndi
transactiv 8%195.1%‘1%%6“ prodyg &Sl'eﬁ'ﬂ W&ﬁ%‘é yt’#&?’%‘ﬁﬁeg‘? P’f?ﬁf“fa |"ﬂ6&9°a“ be
transcri pt iespresfedtahe dgsired leVeluanadesmd tirfe irichuleniFiacted XI1I and IKaalh‘emoehﬂmds
negat i r I el VL, &lﬁ.h.%r}e SLOR
protei Ké e, g;{riﬂ,(fg%rlﬁl%crl ptll ona‘?e I N Mggoéﬁ?%géfgﬁﬁ# o?@?%c%éry‘fgn% géﬁ lgn
i s illustr&famyysprdisbeties (ryneeded, depending gn thegate pf disease in the subgeenatiet, etet

det ection %@tﬁ%éleﬁﬁ%\/&eatrbryﬂ\?oc@ﬁpenﬁl(ﬁbnéﬂe@rb £ NZeMa-StdgereRhl fm}]ure% low-
[ mmnosorb ft ul at ed

protein of nsxty lﬂﬁfﬁgﬁgfcq%tprt(ﬁh{bg{r\?%iﬁq\g-dgwatyt ﬁ@é&;{!&gﬁgﬁ?q Q}?Llakgfer or
Tﬁ anal oguarthansdierommlr gelne.uhbrdpytdilhver (e.g, uﬁiﬁg lex ©8bol iftiphints)f A@pﬂb@tﬁs% of
the protei LN ex

pr ot gl ‘ril)s of In eérngts) can g@%ﬁ egrgdg@%%? ﬁﬁg{%hf?fgg %fcgqr %@E’tﬁ’%e’cﬂ an

i ndi vi dual Alghgimer’ sz@seasad'ﬁn@am;edf‘ lexpressioniof chodink iaesy] mmsﬁdrasd(€hmlmlrehlaie
To stop exaewemma&é@%u% phfc fablof @Y, NGE,B DINGF &hd fhelke zgﬁd@"bj ect,

adm ni strati on, of t{]q%bln |ng ﬁﬂ% 0 ere

system of FCPREPlemEDh tQSF 55 Br¥ 5&1%5 %ﬁﬁﬁ beagapmplished. aSmhy

3 yst egB of gehd ptwﬁ@s can be protvidteﬂpﬂw leRdrhple, BY uﬁ%l&ﬂé@éetll@fexﬁ%tﬁﬁn MY gene i on
ependifng re ments o eutic Situa

Genes %‘? pgf‘{‘#‘&{ﬂ r?é# tpd manper 'f?é“%&‘ﬁrs&‘?gc?fttﬂ’ témbf TCONES: & &F é) r]“ﬁﬂ“

treat ment disease can bgtneated byd'finetuped!' expressiansfiyrosired hydieostylased TEN) e ihici€ase

adenosi ne ﬁ"ﬁﬂ g%ﬁfn?é |, Factor | X, dystrophin,

[err]-gl ob?‘ﬁéa{ receptor , insulin, erythrop0| etin,

anti - angi ogenesi® addition t thenEetsinaggausZane ploduets 1sgusscdab¢wgm pmdects that are
[err]-gl ucaurcﬁanaqaeA rhéleédlds eaen ﬁsféﬂiﬁééﬁse RNAs ada h§ubEy e L% %/d g

tyrosi d ase, ornit |ne nscar panyl ase, arglnosuc |na

Syt heths o SORSE ORI & SHbISCT AT PERRRIe RypMSs. FRRExegwIia boryFae can be

receptor, demgtddaalncln distriminates ﬁet\%en a ﬂmwtédafdmsof(aeg&e anda vﬁld-{}&‘fer ené FN)

and ot her H;f]? t" ? tors53 Cel #] }}/eg §_ a/n %g

modi fied for gene YHerapy. plrpo |‘r'1'g P22 geney, B Yol bears eéilgfoe?rf | s,

myobl ast s, Paréfel with introd uc@om&wubtedsﬁhqzmuspbmﬁc dion the cautateddorm of the gene
(e.g., a mutated endogenous p53 gene) to remove the defective mRNA expressed from the
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product from the defective gene would interfere with the action of the exogenous wild-type
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Expression of a gene product in a subject using the regulatory system of the invention
is modulated using tetracycline or analogues thereof. Such drugs can be administered by any
35 route appropriate for delivery of the drug to its desired site of action (e.g., delivery to cells
containing a gene whose expression is to be regulated). Depending on the particular cell
types involved, preferred routes of administration may include oral administration,
intravenous administration and topical administration (e.g., using a transdermal patch to reach




epithelium For further descriptions of cell types, genes and nethods for

gene thergg9 8’? $133° €.9., Wlson, J.Met al. (1988) Proc. pgflisesheifh
Sci . USA § 4-3018; Arrrentano D. et al (1990) Proc. Natl. Acad.

Sci. USA 87:6141-6145; wlff, J.A et al. '%11990) Sci ence 247:1465-
1468; Chowdhury, J.R et al. (1991) Science 254:1802-1805; Ferry, N et al.
(1991) Pr ocells of a localizet] transplant wder theSkig suelsgykegadiocywss) while ayoilingamyal .

(1992) J c treatmep@antin, B. et al. (1992) Proc.
Nat | . Acadgb%kble g@grﬁrf%‘g?ﬁo@’?gﬁ% el Y et al. (1992) )
96/ 01313 In certain gene therapy situations, it may be necessary or desirable to take steps to -
PCT/ US95/ 0848 or inhibit unwa.nted immune reactions in a subject recelvmg treatment. To~a431d-a

P tl. Acad. S 89: 10892- 9 B
(1562) "By ozeachgh pestist the cellg axpresng R RepipelEh gSRamIIeio sp et Svig oells ape
al . (1992) gigdrhllbtiscdd®hdn possitaly, toldxprese the therapeutid geneediict, Hithenbysénavo

Soi U oBiosiion SE R B5Kbes Bl orty Rraiptn Gk fdrR e By iling tem x|

Herz, J. amivoang retu@ngltm:m o the s(lbjggg)lnmtyguomhere AHegeneigr xepogeneic cells are
90: 2812- 28 $8ed to express a gene prod gﬁ‘?ﬁﬁ ferédtthe Péén'lﬁ&ty' $JRRnPéf he 'iﬁ\}eﬁﬂbﬁ‘rm addition

I nterest in cancef tredtne over Ppressi on of a cyto I Ne,

gene (0 g. tomegplating .aﬁheranﬂm 89RE) qana&lw@e PsedoR S ¢ OB ORRIOgf,genes nvolved in

expression ﬂw‘mﬁuﬁﬁ@ea@gnum bfithercellstd ﬁlhﬂﬁt afiimene readtibh agaiid thd foRIgR cells.
response a

h f. |1
whi ch can §8t z 8 9?8*%? Hmé%‘é#s IPH %IE &%Pgmn%l o?aié‘g}ﬁn, g)&yng; sfgn zf
tunor speciymphavytesganbe downnbdotatedhomthte surfaneof a foreiga celi sisedhfor delivery of a
expr s on e eei RS i é?‘aa%é"e "3‘:’&*32’ e fofiph BB of Elibipgme |
bone nb# r owhich ¢leaves thy BRNA eﬂﬁ&ﬁlg e cell-yurfase e Bamsmelrly memdn@l py.

Cene t her agyrfafihbleaiiePwhichl caR¥eldowtiniodilatee 'ix?ﬁﬁs hﬁnﬁéﬁ@‘iﬂﬁﬁi& aﬂhln%ﬁﬁh
vVira

O e e AL LTS o S A B AR a5 OB

gu][ gnt s f omditculex cﬁSthnﬂatd ; enmoletulds(p4., rBlI-&rahd/oi' m-%ﬁﬂmmd&v&ous "adhesion"
al boni , r

(1993)  Punfdlssilessuch S IRV onfSZanes Oling afprofes Bhportiel Renc Bye i5dengpen

Med 1730 1boreckzdibateDeguylatian of maitiple genes in the seggeagelBthecdoovri-geguiation of

32: 8945- 89@% o ¥ bdil-sirfdte ﬁ&le@ﬁlegsﬁ st\éen%hﬂ% coortimited Rt khe @9

expreSS|on O rans-dom nant ne enve%ope pro elns SUC as en
nut ant s foreaqlam%ctf@xpresswne g therapauticygeng. Accerdingly, terapy is gpmpjeted and

1 67:1854- 18591)ressl&i 6%6'&6& heﬁwﬁdoéxﬁsésimms endogenouséelll SuRfBENT S
~ thereof, di rqe \seral %) 0 uct t internal inmunization", see e. g.

Mar asco, Nat|. Acad. Sci. USA 90: 7889- 7893)
and exp$ession Meimbrbﬁasdesembed aboverregarﬂingrann-ancér teeatmentsd \arzm@ﬂotem (e.g.,

| Cprese a. MlenliEs B8 D) chat QobB il s Etfcsifon G  weibons BTG bRl ik
1 cells hostioells usxnathmtens ef ﬂ@dnmqqmaémemﬁmf@w@mg wyyanssdimpmunologicals

used for Vva&ketipad i on can be elimnated in a subject after an immne

response has been n,erat ed .t he sub ct by j nducin expr SS,I on of a
sui ci de gene i n‘i't‘ﬂg on tQ aygidingqr myne e Og‘gg{lﬁ ?
subj ecB0  delivering a therapeutic gene product, 1t may also be necessary, in certain situations, to avoid

or inhibit an immune response against certain components of the regulatory system of the
invention (e.g., the regulator fusion proteins described herein) that are expressed in a subject,
since these fusion proteins contain non-mammalian polypeptides that may stimulate an
unwanted immune reaction. In this regard, regulator fusion proteins can be designed and/or
35  selected for a decreased ability to stimulate an immune response in a host. For example, a
transcriptional activator domain for use in the regulator fusion protein can be chosen which
has minimal immunogenicity. In this regard, a wild-type transcriptional activation domain of
the herpes simplex virus protein VP16 may not be a preferred transcriptional activation
domain for use in vivo, since it may stimulate an immune response in mammals. Alternative




The Tc-controlled regulatory systemof the invention has numerous

advant agegyodbo13iy opert les that it particularly suitabl e forpcqmggsmgﬁgon to
gene therapy. For exanple, the systg? provi des an n"/"of f" switch
for gene expression that allows for regulfafed dosaging a gene product
in a subject. There are several situations in which it nmay be desirable to
be able transmpnpnd\ncueatmngbmmmmusad asslesqribied hegsin b.asedm theinredueed n
a regul at e%megémcxw&Wubjaamor exampfd aﬁ}a»ss&aﬁfoaapadﬂﬁaﬁmd&ﬁaﬁ STOsHeelin of

Ve

constituti a set | evel gene of .35 interest can_be

svi tched " dhe Same spesisias e dosLnay %ee ?erlpqs‘émsya%emaq@a%ty? tiopdopain from a

etc.) to  humaniprétéindor bﬁb&)ﬂm@gulﬁﬁcoi'ﬁﬂisidtﬁprbwﬂein mﬁnmsmenaeﬁmdum a@égulatory
interesé at, t.he

broduced | RSOTRR oSk eF bt b B AR 4 Crim e ity 1 Sibjects, e,
direct rmmbyodemxjymg iand) meodlifiyimg onel oy guare ldomssan Tseetlhepitopes wishinos pﬂypeplrde of

|l reCt Y o fusion profBiYelylei b Tt HERRSG! ARNPR! AT RLcrARGRAGB AR ¢ e

PCT/ US95/ Ogaoiety, such as a VP16 polypeptide). Such T cell epitopes can be identified by staggard
i nt erest, %ahods%aqﬁe&h%&agﬁéﬁk Sag%ﬂﬂw Stéindidrd Sdethdddl A ﬁ{adhﬁéd/fom 6M n

reSS| e t disc i me.interval g .in a,subj
a1 e 1PSo reguldiar rstondroincandhen beSriacEy fichsfigins is Gsieual tensHpHOPREG.
avoi ds t he registofycabikityryet whivh extlititn ireducad irnmunbgenigienin psubject s obmpaded e ah

at I nter yals. This approach avoids the need for repeated
I nj ecti ons "G g}ébegﬁgémg%&époduct whi ch may be pai nful and/or cause side

. effects and woulld aﬂdlklenyo thefategaingoali conrentional methedssfor gememalw phspecifically | n
contrast, Q}ﬁ@nﬁﬁﬁl & t o .ﬁe&&ﬁ@%%s%&@éﬁﬁ@é&n e use of the

Mor eover , urn ssion of a g{ene at drscreteti e
i nter véﬁs iregulatanyyys the inventiegin SikatipRt WaeRg iphubitionofiimspung regnenses ifhi ch

o {lv?! ve f'déélﬁ;[dlllﬁgtneﬁl mﬁimasﬁpprésewea exﬁﬁ&‘)icltlﬁsc yel : hrmm'oﬂmges%h&nl y
at tines n.t.reat,nme cessar n e ue

~and synpto istepditg s“ )—ﬁ"? 3 é}‘l ‘FP‘H?% %‘8%51 ‘Hil‘\frggﬁ‘i‘q:ysﬁlw qrhe
expr essi on more speaﬁoshmunmppmsémpt:an be uded ‘Suth agentatmy include inhibitors of Gene

- ther apy ap%’stﬁﬁ“ 9)?? n{oh@chléﬁé’ ﬁpg{ﬁi‘fﬁh@ Mlogga?&%int sélﬁg{péﬁ& San?ibtbhtaém‘:?%les

i nodul ate ene’ expr essi 0 rvals i nclu
i followfg raoh-B ManaM?p?@mbOdlesorantl-gP”am@dmﬁ)m d arthritis - genes

j Which encode gerﬁmn th&driid .Bﬂiaubﬁ'zh 'ataeilv&%eaf&éif&rcbnaeﬁpﬁ\essmgg e gﬁﬁﬁ@kéﬁé’

; cytokines ( be expr S

-1 ed
{ Exanpl es ofa8 s e ﬁh‘i’fﬁﬂ vﬂvébmslums eaaosw ofransp Is o #@d@&w ysteny. hEor
' cytokine. examplefcHlisican fba|uh§laﬁfeddhﬁoﬂﬁﬁﬁbﬂ%&bsmest’ﬁiecdiﬁﬁaiﬁlélﬁﬁ:xﬂH;:atﬂéQ vitttperes

| L-4 (which

expr essed. St%%v?*orfgﬁﬂﬁ%ﬁ ol e PR 7% RRBRGL of intirea( gyt g he
expr es28d. idplant and dlﬁ'usid;am putrientscandoxygen into therienpiant butiwhichgproverit ehtry wne
can be expiaasfd cbils, Hhirbby avon?m% E@o& aleoftR &ahﬂ:l&ﬁé& ¥elf§}b'tﬂé‘ﬂﬁglm%@ g%e

expression_Is neceséaréhl stature
time gene &RpbeenaApplied inislst celbiansplamationy. Wound

heal i ng/ Ti ssue regeneration - Factors (e.g., growh factors, angi ogenic

. factors, ssary ,f.or the healing process can be expressed
| e Rreucide R Vil

I only Wnen

’; Large scale production of a protein of interest can be accomplished using cultured
cells in vitro which have been modified to contain 1) a nucleic acid encoding a transactivator
fusion protein of the invention in a form suitable for expression of the transactivator in the

e emt— oo

cells and 2) a gene encoding the protein of interest operatively linked to a fef operator
sequence(s). For example, mammalian, yeast or fungal cells can be modified to contain these.
35 nucleic acid components as described herein. The modified mammalian, yeast or fungal cells
can then be cultured by standard fermentation techniques in the presence of Tc or an analogue
thereof to induce expression of the gene and produce the protein of interest. Accordingly, the

H invention provides a production process for isolating a protein of interest. In the process, a
host cell (e.g., a yeast or fungus), into which has been introduced both a nucleic acid
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30 D. Animal Models of Human Disease
The transcriptional activator and inhibitor proteins of the invention can be used alone
or in combination to stimulate or inhibit expression of specific genes in animals to mimic the
pathophysiology of human disease to thereby create animal models of human disease. For
example, in a host animal, a gene of interest thought to be involved in a disease can be placed
35  under the transcriptional control of one or more tet operator sequences (e.g., by homologous
recombination, as described herein). Such an animal can be mated to a second animal
_carrying one or more transgenes for a transactivator fusion protein and/or an inhibitor fusion
protein to create progeny that carry both a tetracycline-regulated fusion protein(s) gene and a
tet-regulated target sequence. Expression of the gene of interest in these progeny can be
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activator fusion protein of the invention are not required for efficient regulation of gene
expression. Additionally, since gene expression is induced by adding rather than removing
the inducing agent, the induction kinetics in the system of the invention are not limited by the
rate of removal of the inducing agent and thus are typically faster. Moreover, the inducing
35 agent is only present when gene transcription is induced, thereby avoiding the need for the
continuous presence of an agent to keep gene expression off.
Use of the transcriptional inhibitor fusion proteins of the invention to inhibit
transcription in eukaryotic cells also provide advantages over the use of prokaryotic
repressors alone (e.g., TetR, lacR) to inhibit transcription in eukaryotic cells. Since the
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30 the novel transcription units of the invention allow for coordinate or independent regulation

of the expression of multiple genes utilizing the regulatory components of the invention.

This invention is further illustrated by the following examples which should not be
construed as limiting. The contents of all references, patents and published patent
35 applications cited throughout this application are hereby incorporated by reference.
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30 repressor (rTetR) was selected based upon a Gal™, lacZ- phenotype in the presence of

tetracycline.

The nucleotide and amino acid sequence of the rTetR mutant are shown in SEQ ID
NOs: 1 (nucleotide positions 1-621) and 2 (amino acid positions 1-207), respectively.
Sequence analysis of the rTetR mutant showed the following amino acid and nucleotide
35 changes:
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‘ sequences encodmg the revers’e TetR mutant are linked in frame to VP16 sequences to create

areverse Tc-controlled transactivator (referred to herein as tTAR). The analogous exchange
of the mutated region of rTetR for the wild-type region of TetR was performed with plasmid

20 pUHDI152-1, which is the same as pUHD15-1 except that it additionally contains nucleotide
sequences encoding a nuclear localization signal linked in-frame to the 5' end of the
nucleotide sequences encoding the Tet repressor. The amino acid sequence of the nuclear
localization signal is MPKRPRP (SEQ ID NO: 5), which is linked to the serine at amino acid
position 2 of TetR. The resulting expression vector encoding the reverse Tc-controlled

25 transactivator including a nuclear localization signal (referred to herein as ntTAR) was named

pUHD172-1. |
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Interest int he?fﬁé? it %@Xs@xﬁr}ra%gfecnon analysis, expression vectors were prepared for stable

: transfection of cells. A pSV2neo-derived neomycin resistance cassette (described in

30 Southern, P.J. and Berg, P. (1982) J. Mol. Appl. Genet. 1:327-341) was integrated into the
transactivator expression vectors pUHD17-1 and pUHD172-1, resulting in pUHD17-1neo
and pUHD172-1neo, respectively. pUHD172-1neo, coding for ntTAR, was stably integrated
into HeLa cells by standard techniques. Ten G418-resistant cell clones were analyzed for
their phenotype by transient supertransfection with pUHC13-3 carrying the luciferase gene

35 under the control of a minimal CMV promoter and fef operators. Three clones, HR4, HRS
and HR 10, showed a strong increase of luciferase aciivity in the presence of ATc. From these

.; clones, HRS was selected for further experiments.

! . To create stable transfectants for both ntTAR and a tet operator-linked luciferase

reporter gene, HRS cells were cotransfected with pUH13-3 and pHMR272, which encodes




WD 96/ 01313

PCT/ US95/ 0&35%/01%13 , PCT/US95/08179
nodul at ed usi'ng tetracycline (or anal ogue). For exanple, expression of the
gene of interest can be downnodul at 2d9asi ng a transcriptional

i nhibitor fusion protein to exam ne the rel ati onshi p between gene

expr essi on fontlygiomydinstesisancesS(set Bemhaphribdk let aky1985) Exp. CelaRealS8P3G:24 3 \and
gene " Knocky fibmy K rEQERLURIS were QUIBLER! iiPkh LEGIRRRpeHInGR, HIRBUARIS were

of di sease, nc -requl ate escr reln a or

‘e
Cont rol - overottsosficiedaith PUHI-\aad-pEOYIRGY R GUH G Gonteins aquinimek promoserest
and the ti @eﬁﬁe&%g?&%{ﬁl@%ﬁ%&?&%#l@%lﬁrbﬂ the YWk promoter djadtin (6 eHe!iRbatheric
apl e

E. Producti on_of Li nes f ne Cl oni a O her Uses’ 10
Fe 11 ar e, P2 SemEncas, foier fhan AP FOLY APRaTeF i 20 4 EpEnydh e clois
ex lolr eis_s i on 1'0;§Hdbveﬁiin®ciblehmiﬁease_ aptivioy tupen addition bHTc pxl‘: dosaiyling I(Dé) tsttﬁdgllnﬂture
ce i nes that o) A . c [ exa abl e
cell lines @5&?’% n%loagsﬂc%?n%g%%ﬁ%@élfgpage 9%9?{8? ggrregl%}koe dﬁﬂé rxaxéx}BgleCC‘lgﬁ} pomoter
di fficult oarerefpedtonsdIRY-C; vdwereasdbese:contdiniagitheeliciferase teporter gene linked to a
expr essi on Qf. .. t.OX1 aReR in ene expression of such toxic
p ﬁ'fﬁ%’g%&t@lgﬁgcrl pﬁr?r?atllb m%ﬁs or " P

genes usi ng . ibitor.fusionl@rotei ns of the

i nvent i¥h, st abl Bix@fithe HRacdones stably yarsfogted yathasntTAR-dependens separtesupit and

Such st abl epregiblisly ishé\¥n €2Be td3pondiee %&Eﬁa&ﬁliﬁé@ﬂ@resgtéhnti:;ﬁhﬁlwﬁmﬁe aBsefice or
e

using TS orPPErFRRGE | M doxsrelind ARARA ! (et yR Elete b A s,

t o whi ch t hdishesdoseach planehalfienjrosth dor 60 hours,oells sveroharvested anvdthieiladifeesye be

lied . i ) _ 20 f 1.0,
AP (1663) PR BE e bulBlis e relafVE 13h fuessctel prelfit) O doteifine” as
i nhi bi tldr shown iglgblenh, tamabiseluse pxpressiomlevelsiofisix damesl demomstrateithat aofivayiomesf
in other celliferh® genedkpresdiah beerCEbiders of magddiffde is M&gﬁ% g&mf@@n{i@@gm

(ES) cells. Resi | expression of rtajn genes 1 ntroduce

stens may fr Fﬁgrﬁméﬁwwgiﬂﬁlmﬁﬁfwmﬁﬁsmy transfected cl ones.
I'nhibition of It shodld &8 9otedithatwvenhighee indpetios fattors Ge.phas highris Graodooefedd

| L 50" SRS 60 DI o Spend o A0 bt B
t he i n\2ént i the cultirk medimm othe celis wete washed prios tooinduction aml ther replated irefrests and

over cones r@ﬂMﬁ)‘]}n : Intihide! : L. i nduci bl e regul atory 30
systens in the ar F&ulﬁ—loéd exan%ltggﬁ{/&eabyn%#g%t'i ntracel l ul ar concentrations of

the transcriptional activator
requi red forapfEi i PetvoveERE-aén
since gene expression IS

i nduci agent. the inducti
not |iMited z s
typically fa . Moreover, I nducing 3 %ent Is only pre§
gene transcription is induced$2 hereby avoi ®##t he need for tHd20
continuous presence of an agent to keep gene expression off.

Use of the grsugsiqri ptional infygbitor fusionjgsgyeins of the inyggpion to

i nhi bi 39 142 179,651 1270
HR5-C14 43 44,493 1030
43 56,274 1310
35 HR5-T2 56 . 16,696 298
40 16,416 410
HRS5-T15 6.8 1838 270
6.5 1688 260
40
HRS5-T19 4.8 1135 236

5.4 12835 237




transcription in eukaryotic cells also provide advant ages over the use of

prokar yot iygo 96p1313 F EPressors alone (e.g., TetR lacR) to i nhedritiseswns179
transcriptionin eukaryotic cells. Si nce tébe WO 96/ 01313

PCT/ US95/ 08179 - 55 -
i nhi bitor fusion proteins of the i nvention contain a eukaryotic
transcrlptional silencer domai n, t hese fusion proteins should be nore
efficient : S ,y- 'g@ﬁu erakadieti ¢ cel | s, and t hus
may potentia y mer |ntr oncentrations for eff.icient
‘ repression L{Hflﬁy etracy PN ssyeral'a ﬁl}g%e gtfg'acyi\ pplogues o in ‘g

S nz ertion qﬁcitfa-h% expeassion s HR5:-011 bells woas examindda tHR §-Cld giells piatedaat a densxty of
endogenqus gen o S

Cvent i an by x 108 gt1g% ok Blsh ¢80y, OO Adies A sBaBRLA D the LI the,
expr essi on following tetrasy¢linesase addpdrte she cultures at a concentition b€ ring/ml: tefracycline-
{2600y Wl HERT ol ARE-HE1 (), afloletafRlide ‘@T°b5§‘“%“°%aﬁg‘%‘r“"*cad
Sci. USA 10(ATsyanddoxysyehne-Hoh (Rexyy @Pﬁﬁmus s ﬂ?é°ﬁ§§‘§ﬂ adahle fioms of
the induci r&gﬂﬂ@ﬁenﬁbﬂ'@ St. Louis,VI®, @hid Were kep ebs $oleticiPate édifléentranon of

t t d h I,Ci t
ol o1 ot Bp1 ol Bl Rt e i beon SEAEIR %%w' (58 7bn)- AR s, the
i nventi on (ckils sver@harvested amithé hepiferase ectivdfy)ankdabe protsin @dmant afithe estracts were

r rt r
TetR and"t dirtermued The SRS Svifin s bt Gheg o Figue 1. AR B fledlpifl
15 i nduct i (clesed ansbhatehed) sepresentsitheelative huniferase @ettmae(nor@abmdnowd the amount
Feduce °2¥e°fM&°ot D e B b
therebas DeRlates grawmwi P‘F‘é&‘?’@YF ’b‘?ﬁ"t’*}?é*egﬁﬁis? bt il {5&6 ng 0’1"6

t ha mﬁl@ﬁ f1 &otivi fcon Té¢and Do afulfted hicef d

and ef fici enomgl | u ar‘Jﬁle mlwlf @EEBgecr?e&ai{;leanf pﬁggldol ogi cal g
barriers, E‘H 3@”%%@3’399@%5‘? 5?1 ‘? bt? barrier; and 4) Tc

analogues with different |nduct|on capabllltles pern1t nDduIatlon of the
| evel of g £X e : lg[QN provides an
i nduci bl e r'eguratory activation of gene

transcrOption w Thmhoveéiesqnb&d exmmtyxanml@g ﬂﬁn@@c&P iahtlity: of diffarenti ces.
The i ncr easgtradycHféNretedéEmhat dikyd ﬁélﬁ]elvﬂﬁltﬁé @8t potenteRelior bf tHRAbWRSR1IAEO0-

and 2000-fold a be a out 2Q, 000-fol d. Alternatively,
fover | eve|wn%eﬁi°wa?}m 0 sdlgei8P o Guatiigrigely apalize it dFGRSRONSE.
depFndl Sg LRS-CH1i eelis lwwlumfcumtagwm chﬁ'ermtaﬁmc&manon.yef dacmycyﬂm:}d luciferase
utilized i inc N
Cher apy. | gt Wes pRASECE. TRE Bt B rel PacdcARER ABBIIERS A Shoifin BuEY Pae
transg@di c lessrthami® ngiml, in thecultves meditn, doxypyeline is inefféative at mducmrlugimqul e
inrelati Orh%mﬂy I ow&ler Widn ﬂ@%@ﬁ&ﬁﬁ‘ﬁﬁﬁn @Qéjraﬂefifaﬁé@@idv ﬂ?/nﬂ”an dsPlifiéar

the novel transcr,] pti on uni I nvent i on coor nate or

i ndependentinFTEASH latem#ssm of i 1"57 e’{aFFeWE&%‘?s@%"Fio IM mvmn g@ﬁéshlam #tdi ng
. the regul atyga/ml.c Arpententraticiis abbee 3 pgank tlﬁ:ﬂycyclme showed a slightl Browthiilebitogn | s

further il lelﬁsetc{gxtz ﬁgLQXeﬁsha% Je?emx?nednlﬂ Was?asy whi ch shoul d not be

30

Kinefics of induction of the ntTAR svst
To examine the kinetics of doxycycline-induced ntTAR-mediated induction of gene

expression, the time course of induction of luciferase actiirity in HR5-C11 cells was
monitored after addition of doxycycline to the medium (final concentration 1 pug/ml). Cells

35  were cultured in the presence of dokycycline and after various time intervals, the cells were
harvested and luciferase activity was determined as described above. As shown in Figure 3, a
100-fold induction of luciferase activity was observed after 5.5 hours incubation with Doxy.

Fully induced levels were achieved in less than 24 hours of incubation with Doxy. Thus,
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; the expressi #g}lﬁd&ver % };/'%gr]rvggg‘gfa?er r Waﬁgﬁ 05| Sb %Agﬁsdoig{:otem
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absence of LSenfemhygramycin resistanceand é’@g’?k@%ﬁ%‘?& clppges Were gelgeted basgd; unen their
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second mar kefmﬁﬁgfnﬁ %‘?% ﬁ]ggﬂ.ﬁ) AV, g:i ¥’g§6ﬂl Eﬁortﬂ?lrﬁretednarkers
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wld-ty Te

Absence 3 t%tﬂrrg%;&f otSitorase end B Slalrolie sea'éﬁ?ﬁ?[bg(fﬂt?‘%%%@s%?&f T kfessine
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rTetR mitant teftac ci in wﬂxcﬁ e t[f"A can bind to tet operators and activate gene expression), both
luciferase and P-galactosidase activity is detected. In the presence of increasing amounts of
30 tetracycline, luciferase and B-galactosidase activity are coordinately and equivalently
downregulated. This data demonstrates that expression of two genes can be coordinately
regulated by a tetracycline-controlled transactivator by operatively linking the two genes to
the same et operator sequence(s).

35 EXAMPLE4: Construction of a Tetracycline-Regulated Transcriptional Inhibitor
Fusion Protein Comprising TetR and a Krueppel Silencer Domain

To contruct an expression vector encoding a tetracycline-regulated transcriptional
inhibitor of the invention (also referred to as a tetacycline controlled silencer domain, or



NGs: 1 (nucleotide positions 1-621) and 2 (amino acid positions 1-207),

respectively. Sequence anal ysis of the rTetR nutant showed the

fol | owi ngV@PHM3ELi d and nucl eotide 35 changes: P RIS 9819 3
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aa (position) af fected codon
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! f“ g ig%g mutated) TetR suéhethat the silencer domain codihg Sequences are ligated m-fraiEQ‘\mth the
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aa (posi t§ ongncoding a wild-type Tnl0-derived Tet repees$ardthechuckedtide and amino acid sequences of

w | d-type . . AN : 1t
leu (41) whichare %&%{@qsm ID NOs: 16 afih 19, feffiitively). In pL.THl.)l'Zf‘I'érjﬁQ 1,the TetR
arg (80) coding sequencecs {jnked at its 5' end to a CM\Cpypmoter and at its immediate 8@mnd to a

To convert t I i
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enconpassi ng be gce i9°g eﬁﬁﬁn%“lﬁ Eh"féﬁ@é Gregion i o&pgs?@ﬁ’o@ﬁa
restrict lo)n Ay TR GQTA AGG ATC@ESEQID NO: 24)goherein TERICCE GG TCACT ¢hcode

UHD17- 1. UHD15: 1 Tet R
Do nked | PO eyt s BEadsE TR FnE SERSRsR AR, “Tois pplyinkPr e
am no amcﬂniemfestrmupn endanupleese sites for PspAS (CCRGEG) and BamtHIERGA TCC).
downst r eam bpodE mﬁﬁ’, %g*z’?h%@(?o%nst‘?é“‘?ﬁ@ct R ot SV Gty R lypdenylation
descri bed i nsignale The smssmmroszé ust_reteéﬁ@h lml Bujard, H
(1992) Pygpc. Natl ToReAdruethn exdpaddsiof - veetbf eRddidg ﬁHBbSproté‘h BHHQ&K T%tR anda

frams to VPLERcHRRARL SIEseE oe‘?éféxﬁ RN A R
transactivat &aglhexafeﬁwchdg aeiléreerdomain fiohd\R) is aihplifiehby thepsolynieragercieain reaction

(PCR) using Kr cDNA as a template. Oligonucleotide primers are designed which amplify a
nucleic acid fragment encoding the C-terminal 64 amino acids of Kr (referred to as C64KR).

20  This region corresponds to amino acid positions 403-466 of the native protein. The
nucleotide and amino acid sequences of C64KR are shown in SEQ ID NO: 20 and SEQ ID
NO: 21, respectively. PCR primers are designed to include restriction endonuclease sites
such that the resultant amplified fragment contains restriction endonuclease sites at its 5' and
3' ends. Restriction endonuclease sites are chosen that are contained within the polylinker of

25 pUHDI141sma-1 which allow in-frame, directional ligation of the amplified fragment into the

' polylinker site. For example, PCR primers are designed which incorporate a PspAl site
(CCC GGQ) at the 5' end of the fragment encoding C64KR and a BamHI site at the 3' end of
the fragment. After a standard PCR reaction, the amplified fragment and pUHD141-smal are
digested with PspAl and BamHI. The amplified fragment is then ligated directionally into

30 the polylinker site of pUHD141-smal using standard ligation conditions to create the
expression vector pUHD141kr-1. Standard techniques are used to isolate the desired plasmid
and confirm its construction. Construction of pUHD141kr-1 is illustrated schematically in
Figure 11.

The resultant pUHD141kr-1 expression vector contains nucleotide sequences

35 encoding a fusion protein comprising amino acids 1-207 of the wild type TetR linked in-
frame to amino acids 403-466 of Kr (C64KR). The nucleotide and amino acid sequences
across the junction of the fusion protein are as follows: AGT GGG TCC CCG GGT GAC
ATG GAA (SEQ ID NO: 25) and Ser-Gly-Ser-Pro-Gly-Asp-Met-Glu (SEQ ID NO: 26). Ser-




of the mutated region of rTetR for the wild-type region of TetR was’
performed_with RI asmd 20 pUHD152-1, which is the sane asdp 3% xcept
that it a¥f WYL | y contai ns nucl eoti de sequences enc (#@9 ORI ear
| ocal i zation signal linked in-frame to the63'- end of the nucl eoti de
sequences encoding the Tet repressor. The am no acid sequence of the

?(L)'C![ ﬁgr seri r(}}éi/-%?-bd)r?@sbbﬁ’db t9iagilAb atids MB’RBf T&@Pk@clpare@nggﬁﬁ IBﬁntHespdlj'lﬂJd&ﬂ
expr essi on %@3&?@%‘3& ??éretsﬂ‘g‘drt@gg‘? glgmpca &‘%?n‘{q:;'ﬁ g%r ansact |gvat or

i ncl udi ng a nucl &auhilaxdy,an exptassion Yectonendodafgen fusidntproterr eff amatated TAR) (thas
named %&}Jgf:s) i ?e‘té'only in the preseXc@ ot 09 1Rd 864KR can be constructed as c_lqggril_:ed above

PCT/ US95/ 08
EXAMPLE 2: using nucltetidessquenaes enendlinga neaniJletR (the nu¢leqtideangraminp@sidy t TAR

Transi ent TE@:{lﬁB@&tdf%ch are shown in SE Wig add 29 FefidclNely) th SIAQY S15hE Qﬂld
vectors were transiently t,rm ){ st andard cal ¢l um phospha
met hod i nt o R ECtR Spquentes sy -sma feporter pl asmid, pUHC 13- 3,
Ih 2]\/\}\A/hl ch htept aWEMeip?éssme\Feafdireﬁcaﬁﬁg aqsﬂdmrfﬁimpmaﬁt(agnpmmmmm-l) is

pr ono er e er
descri bed i ﬁ’aﬂﬁf’ﬁ} sxacbly%-ansteeggﬁﬁggﬁmegé:%ﬁ éﬁ&“&f@%ﬁ%‘gﬁa CERfeS} gi‘e TgtR-
(1992) R oc Kriflasibn prateid.in 8w hostUSlL Arepor%gﬁﬁeﬂdbxﬁﬁﬁdt)conﬁmng oneoubmire erOof

the transf eg&ﬁﬂn&@ b iftmal brdote ] @Feodel Ul s o M REBS R Ul ancfited o

absence of or “an ana gue erase ac

assayed as eblms desc ed %EK%HQIF&/\,(RQRS’MB geng, @@mmw@ﬁeswlm mﬁmhqrd@wl
in Eagle's i (/SRN 057676 M6 ahd GBSSeH"MVBAE Bujard, H\émmw%tﬁaﬁ ABadobci. US4

phosphat e- byt f.er efore they were | Tri s,
phosphat e, g%fgﬁvl Ig‘?"'t‘ HF%Y‘%%/‘EB H&E RENSHASIE coneentyations
aci d/ 10196 of Tc oy andlopue] el 'deycm:iﬁie,lﬁ Qnéa@lired@s dts&ﬁbeds irfExdragle2. For the wild

contri fugea ey ot e oREL AREE shobe. b ek riliibd b iy o me

(10 [err]|) fusion protein fedatermined bwcmpamwmmumi@f lpciferhse astivitg imihe presence of
| | gl
2548 Sl Ui AR 1 ope o bbbt i

i nt egr aI o @epresgion)s ChhetEanscriptional inbibiting peroaty, of@@#ﬁ;owgt%e@ %lso be testad
- Th et Ibagihg rqumér emnsﬁ%@ts mdxmbuﬁgﬂeaawal Rivelsfaxprebsdion (i highdt 18¢dis
cont ai n a |lu

eras shable fromthe instrument .
ockar ound. PEEFeSIR bR pEsraceri gy xehine] K btk S reported Benel onpingst ghat contains
content of mnbyaiqiosmwaseglﬂaterymlmdnm(e.gr énlmcerseBuantesy d (Bradford, MM

- (1976) Anal . Biochem 72:248-254). Cells transfected with plasnids encoding

either tTAR or nt TAR showed an increased | evel of luciferase activity
in the presE&XAMBLE 8t r a Eomstruction pf aJetracycling-Regulateds Transcriptional Inhibiter

~ pronou ”§$d when anhydr ot ghkida\otdi Codprisifg TefRGNd £'91efBA SiRncePDomain

- tetracyc

I ne.

To construct an expression vector encoding a fusion protein between TetR and a
transcriptional silencer domain from the v-erbA oncogene product, a nucleic acid fragment
encoding a silencer domain from v-erbA is ligated in-frame into pUHD141sma-1 as

30  described in Example 4. A nucleic acid fragment encoding a v-erbA silencer domain suitable
for ligation into pUHD141sma-1 is amplified by the polymerase chain reaction (PCR) using a
v-erbA cDNA as a template. Oligonucleotide primers are designed which amplify a nucleic
acid fragment encoding amino acids 364-635 of the native v-erbA protein. The nucleotide
and amino acid sequences of this region of v-erbA are shown in SEQ ID NO: 22 and SEQ ID

35 NO: 23, respectively. As described in Example 4, PCR primers are designed such that the
amplified v-erbA fragment contains restriction endonuclease sites at its 5' and 3' ends, such as
PspAl at the 5' end and BamHI at the 3' end. After a standard PCR reaction, the amplified
fragment and pUHD141-smal are digested with PspAI and BamHI. The amplified fragment
is then ligated directionally into the polylinker site of pUHD141-smal using standard ligation
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cont ai ni by t respeativelys insplace efigbe wald type etk sequences impHHR 14 trso@lly pronot er

are referred t0 apxhi@ssion of¥he MRER-vitBATusien phdtdiniA hbéteellyighd Bisafifig 0T ! f
gene linked to a . 10

. .mni.mal tk pr er are referrged .o HRS-
aT of the. HEnrigtienl IBIRNE prtyit be BT PO iSSP bedan Example 4 for the
reporter uni TetR:Kr fusion prptefry.i ousl y shown to be responsive to tetracyclines
were grown in parallel 1n the absence or presence of 1 [err]g/m
. doxycycline. About 3 x 10[err] cells were plated in each 35 mmdish (4
. di shes 20 cEXAMPLE: Regwatign of Gene®ExpressioninsTransgenicvinimalaby ¢EABJ and
s the luciferase activity of the extracts (in relative light units
- (rlu)/[err]g extracted protei n.)_ was_determ ned. As 15 shown in Table 1, |
' the absol ute expr éesxaninedheabilint ofiTAR o pgulate @enn Sxpratsion Matvo dansgenicositans
“luci ferase ggfi@ic@ e eohsticRd SWhish 6ififined RéterBlegbus CHRMESoRMRD ird¥ATdn Bf either a
" several of t%goubl e. stabl®e . cell |ines nﬂ%ngt t he nt TAR.
“regul atory sYAdteffpression construct or prepqrier gﬁ“‘b@ﬁﬁ%ﬁ% 10 1&( QRFTEIPEH sYingle
Iinducti a2f f atrhmsgenit strains comtainirng either a tPAR@RPrebsibnl construct onthe eaOedlinked reporter
; expression) I chj | ' EF‘FL . S| Fplop ' '
, agent to 20 g@#e"g%rglﬁ}%rcgb%?igduénﬂ{d ﬁ]‘gﬁée §8%}26%¥he idrg: O'Q(?om%g:‘}(h: ?on
“and then r eptransggnic gnimals were then characterized as to the ability of t AR, in a tetracycline
dependent manner, to regulate expression of the reporter gene. This example demonstrates
that tTAR effectively stimulates the expression of a gene operably linked to ter operators in
- 30 tissues of the animals in vivo upon administration of tetracycline (or analogue) to the animals,
whereas expression of the refO-linked gene remains at background levels in the absence of
tetracycline or an analogue. These results demonstrate that the tetracycline-controlled
transcriptional regulatory system described herein functions effectively in animals, in
addition to cell lines in vitro.
35
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Mice expressing tTA protein were obtained by pronuclear injection into fertilized
oocytes of a 2.7kb Xhol-Pfml fragment excised from plasmid pUHG17-1. This DNA

fragment contained the tTAR gene (shown in SEQ ID NO: 1) under the transcriptional control
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I nduce | uci ferase expression in HR5-C1 1 cells was exam ned. HR5-Cl1
cells plated at a density of 5 about 3 x 10[err] cells/35 mmdish (~80%
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control . Af B¥403 egidy polyhdenylation sité Bchsdin@ s intfony PN AAvaidicchd ihtécddcgtaase _al._ .
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activity and the protei n _conten f the .extracts were det er,m ne
Fesul ts ar cCuiRSRAoh GapEmiiRly Fng peic i sEsSenit rics were gepefaicd aggicing 1
20  standard procedures. Transgenic founder mice were analyzed using Southern hybridization
to detect the presence of the PLCpfv*.] luc transgene in chromosomal DNA of the mice. A

mouse line transgenic for the rerO-linked luciferase reporter gene, L7, was crossbred with the
tTAR transgenic lines CR3 and CR4 (described further below).

25  Generation of mice transgenic for the Ppcppy+.1 luc and Ppopmv tTAR
Having constructed single transgenic mice expressing tTAR or carrying PLoMy*-]
luc, double transgenic mice carrying both the tTA expression vector and the luciferase
reporter-units were obtained through cross breeding of heterozygous mice transgenic for one
of the two transgenes. Double transgenic animals were identified by standard screenings
30 (e.g., PCR and/or Southern hybridization) to detect the presence of both the tTAR transgene
and the PpoMv#-1 luc transgene in chromosomal DNA of the mice.
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For oral administration, tetracycline or its derivative doxycycline were given in the
35  drinking water at a concentration of 200 pg per ml with 5 % sucrose to hide the bitter taste of
the antibiotics. For lactating mice, the concentration was 2 mg per ml with 10 % sucrose to
ensure a sufficient uptake via the milk by the young.
To analyze luciferase activity, mice were killed by cervical dislocation and tissue
samples were homogenized in 2 ml tubes containing 500 pl lysis-buffer (25 mM Tris
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tissue examined.

Luciferase activity was detectable in the seven tissues of the double transgenic mice
25  examined: pancreas, kidney, stomach, muscle, thymus, heart and tongue. The tissue pattern
of activated luciferase levels (i.e., in the presence of doxycycline) in the double transgenic
mice was similar to expression patterns of the hCMYV IE promoter reported in the literature.
This is consistent with expression of the luciferase reporter gene being regulated by tTAR
(which is expressed in the mice under the control of the hCMV IE promoter). The level of
30 reporter gene induction varied among the different tissues examined. Regulation factors up
to 100,000 fold (i.e., 5 orders of magnitude) were achieved, e.g. in the pancreas.

EQUIVALENTS

Those skilled in the art will recognize, or be able to ascertain using no more than
35 routine experimentation, many equivalents to the specific embodiments of the invention
described herein. Such equivalents are intended to be encompassed by the following claims.
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A reconbi nant expression vector for coordinate, bidirectional transcription
of two  woogiisizcoti de sequences was constructed conpri si ngcrintsod/iobi7ot 0 3
direction: a luciferase gene, a firgy.mnimal pronoter, seven tet
oper at or sequences, a second mnimal pronmoter and a LacZ 10 gene. The
construct is illustrated in Figuresfpuehtetdissisenstruct, the |luciferase and
LacZ genes are oriented such that they are transcribed in opposite

:orientations relative to the tet operator sequences, i.e., the

"l uci f er ase (geEENERAL ITXRGRMATIOONE in a 5' to 3' direction fromthe bottom

i USA 89: 5547-5551). %ﬁ&“‘g YA bt

.are sh

strand 5 of DNA, whereas the LacZ gene is transcribed in a 5 to 3
direction from tiheARRIICANTSand of DNA. The | uciferase gene is followed
by an SV40 pol yaden{}aNpgh: Heypesn, Byjeadeas the LacZ 15 gene is fol | oned
by a [err]-globi n pt}y&tRERF: ReMEr sFhaP. The construct was
transfected into thEHEIR :cBr§93y2PnBeidethend cel | s, which express a
vm'ld-t?@e Tet repreSHoFoNBRYs 99F0RBY) protern (referred to as t TA and
descri bed in Gossen“”‘)lvfqAME Manfred %%‘?’? Proc. Natl. Acad. Sci.
t@f‘ adliebas ds to tet operator
sequences in the ab ng 5?’ cémal ogue) but not in the presence of 20
Tc (or gnal ogue). T vvas cotransfected into HHTA-1 cells with a

pl asm d which - éé(&.r NgLegistance and stably transfected
cl ones were sel ect ecfc)basedA§'upon Ele/lrg)lr > hygronyci n resi stant phenotype.

Sel ected hygr Ormslﬁﬁesmstmhdfd&gr r:betehep@ﬁnweﬁ@gulate~—exam ned for

| uci ferase and [err]-gal act osi dase agdduyhtdrs Cl ones positive for all three
mar ker 30 (Hygr[err], luc[err], [err]-gal[err]) were then exam ned for
tetracycline- dﬁmnﬁkwmtmcw esgudmidx-:sm of 25 expression of luciferase and

: [err]-gal actosi dase activity by cultureing the clones in increasing

anount s of t et (ia¢ycORRESPGNDENCE 2SDRESS): | uci f erase and [err]-gal act osi dase

activi taé/n The resul 8 BPDRESSEE: JABIVEIE ERPRFIEMENt usi ng cl one Ht 1316- 8/ 50
in Figure(. STREAThesQiSsaneStaket, suitediltacycline (in which case

t TA can bind to tet(WpEFB:oBPestard activate gene expression), both

| uci ferase and [errg)gﬁ'lﬂﬁ’iﬁ :0MagpasbugRttisvity is detected. In the presence of

i ncreasi ng anounts B SOONTREt (¥ cline, luciferase and [err]-gal act osi dase

acti vi w are coor di At &% Qﬁa"%dﬁﬁal ently downr egul ated. This data

denonstY at es thaé expression_of two genes can be coordinately

regul at ed by a ¥ ‘d t.ransactivator by operatively

linking the two gen P%?fﬁ%df'é :{gperator sequence(s). 35
e

EXAMPLE 4: Constr tbgﬁﬁ;@ 3 b%e/ ated Transcri ptional

| nhi bi ggr (D) SOFTWARE: ASCI uﬂ,&n I'n Conprising TetR and a
Krueppel Silencer Domaln To contruct an expressr on vector
encodi ng a tet{AQYyChirdR-AstdababRek bAB\SCri ptional i nhibitor of the
invention (also refg)r agpiieadford NURBECY &bl € ag8idd«d | ed sil encer domain, or
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tSD), a nucleic acid fragnment encoding a transcriptional silencer domai nis

ligated i @ 313 expressi on vect or cont ai ni ng nucl eoti dg (ﬁﬁ@@g

encodi ng a Wﬁ;ﬂ type or nodified (i. 6 nmut at ed) Tet R suc hat t he
silencer domain COdI ng sequences are Ilgat 8¢ in-frame with the TetR
codi ng seqguences. g%ggf% gﬁgﬁ qn Schucl eotide sequences
5 encoding a wil d ype errve repreégéodr} Ft he nucl eoti de and

am no aci d sequgiCesrommuntoaréi %@ﬁﬁﬁ@gm in SEQID NGs: 16 and 17,

respectively). I'n pUDkdispmng. (d19)I8i-R400 codi ng sequence is |inked at
its 5 end to a CW (py aEBESix: angllﬂtzzyig.lllmredl ate 3' end to a

nucl eoti de sequence that creates a polylinker into which additional nucleic
acid fragnments can be introduced. The nucl eoti de sequence across this
"~ polylinker region is: TCC CCG GGT 10 AAC TAA GTA AGG ATC C (SEQ I D NO
24) (wher ei(2) THEFRIAT IGBT FACEEQNTD MO :1 : am no aci d residues 205-208 of
TetR, nanely Ser-Ady-Ser-Asn). This polylinker region i ncl udes
restriction endonucl ease sites for PspAl (CCC GGG and BanH (GGA TCO).
Downst #8am of th@)p%ﬂl?ﬂﬂ"ﬁﬁeqm\ﬁégmﬂi,sﬁcﬁe pl asmi d contains an SV40-derived
pol yadenyl ati on Aj HRNGTH: THROSp bR #24MA- 1 vector is illustrated
schematical ly in Figuf® TyPE:jgucleic acid Tg construct an expression vector
encodi ng a fusion protdi ATHRDRBAESSFefqublfd a transcriptional silencer
domai n %r om t he Drosoﬁ?ﬂl FEPIHCGEpPEPetKr) protein, a nucleic acid

fragrrEtln encodi ng;? lEeJ g myi n fromKr is arrpllfled by the pol ynerase
chain reaction ]?C}!ﬁ%?’“ Sl KPcDNA as a tenplate. Oigonucleotide
primers are desigped.which anplify a nucl eic acid fragnment encodi ng
the C-termnal 64 ampg ﬁﬂ%g Lon(referred to as C64KR). 20 Thi s

“regi onagorresponds t oM Hoh a6k 1p0§bgé ons 403-466 of the native protein.
The nucl eoti de and am no acid sequences of C64KR are shown in SEQ ID
NO 20 and SEQ |{x) reaToRX 21, respectively. PCR priners are designed to
include restriction e@aJoRAME /KBEEC WRWAS such that the resultant
amplified fragnent com)arosrrest ri.cioo endonucl ease sites at its 5 and
3' end25 Restriction endonucl ease sites are chosen that are contained

wi t hin the pol yl (izskerEagbRR25 pUHD141sma-1 which allow in-frame,
directional |igation @f) WiE/XBp! idised Hinddgnent into the pol yl i nker
site. For exanple, PORpEOGANIONarls .desi gned whi ch incorporate a PspAl site
(ccc GGG) at the 5 end of the fragnent encoding C64KR and a BanH site at
the 3'3@nd of (ix){FRATPRBgnent. After a standard PCR reaction, the
amplified fragment and@®’ Wﬁysmscar@ndmg di gested with PspAl and BarHl .
The anplified fragrren‘tB’l LOPATEANT 1498t etPHirectional Iy into 30 the

pol yl i nker site qf pUHD141 smal using standard ligation conditions to

Create ghe (éffbr gorCDgUHDMlkr-l St andard t echni ques are used
to isolate the desire ﬁ&,dconflrmlts construction.
Construction of pUHDl ikr- TEYi 1308tV at ed schemati cal | y in Fi gure 11.

The resultant py ﬁ&%@ﬁfﬂﬂeuves%hofn Gi3ng ai ns nucl eotide sequences
35 encodi ng a u5| on prot el n conprising amno acids 1-207 of the wild

type TetR hrgkfér hén Tra caft AAHBAdIO ARNIdIQ ASTH GRcihbt 46R B Kic ((GB4KR)g The
nucl eo4d de Map b HThAY 1% Ass @YHEEGLTys val BT4 ABE $d¥e Al &Gl 81k Qleut he % usi on

protein are as follows: AGI GGG TCC CCG GEo GAC ATG GAfs (SEQ I D NO
25) and Ser-dy-Ser-Pro-G@y-Asp-Met-Au (SEQ ID NGO 26). Ser-
CTT AAT GAG GTC GGA ATC GAA GGT TTA ACA ACC CGT AAA CTC GCC CAG 96
45 Leu Asn Glu Val Gly Ile Glu Gly Leu Thr Thr Arg Lys Leu Ala Gln
20 25 30

AAG CTA GGT GTA GAG CAG CCT ACA CTG TAT TGG CAT GTA AAA AAT AAG 144
Lys Leu Gly Val Glu Gln Pro Thr Leu Tyr Trp His Val Lys Asn Lys
' 35 40 45
50
CGG GCT TTG CTC GAC GCC TTA GCC ATT GAG ATG TTA GAT AGG CAC CAT 192
Arg Ala Leu Leu Asp Ala Leu Ala Ile Glu Met Leu Asp Arg His His
50 1 60
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G y- Ser cowpe"élﬁb:ﬂas to am no acids 205- 207 of TetR, Pro-@d y F&’Uér%@?}d%d by
t he pol ylinker and Asp Met -G u corre®€bond to the anino acids 403-405
of C64KR. | ar IXAAan egglhessr on vect or encodl ng.a fusion

t f BTERGtEd 1% RS Tf‘h gtte of
woiain o e e Fp0iE 1 ot ol

J?edy% léfe
sequences en%sodl ng a mnut ant St R (the nucleoti e and am no acr d

sequences of, &m&rmaew%if EQG&DG@P%A%%QTJ&T Eeéras&taaf' Y) 244
h

pl ace of” th i 834l e JED Asn Gl
An expresm%n v %tAolra Iélnsco ENg a us,Eon protein ﬂe?g 92 pJHD141kr-1)

is transiently or stably transfected into host cells as described in
Exanpl e 2 t@XRk &f6 €A TERIEAT ABA cdér cétiHcANGAN ARRIdhd Bat fAAhAGE Cebis A
reporteyy gesg £98aUgis et Mg ITAY GQEPHs THR €ld &Y cln Tyr SAQUEREES, a

m ni mal pronoter and soo eporter gene, sexh as |uciferaseiois al so
transfected into the cells as described in Exanple 2. (Reporter gene
constructs erecarzawT Oexd TTA ¢a0 TIBITIACTEE |CAA CAA GEM TISSECHTA76AT26 asul
Gossen, M weadGBujrendglrHLe( 1880 Phérlgn. Chatdlin Agu@ly She SefSAeu Glu

82: 55471%551) . Lucidserase activity %29 the presence a¥ absence of

i ncreasi ng concentrations 15 of Tc or an analo%gg, e.g., doxycycline, is
measur ed asPAReSERiTFRITAT) GERSFAH 852 QT ETE RECWA T ACT EYRSCTelEE Kr #8330 on
protei n dests By LeMoTE Atpelaw éﬂ%c%api’fbr?&P’ F%lPBFthr’FgLa‘blqlr‘ft G¥df the

f usi on @;otel ni?® deternmi ned by EBnparl ng the amdfft of luciferase activity

in the esence of x C S ) ..to nt of
| uci f er ase § ;Wt c’y 6@%@ f”h %ﬁ zAi ﬁe@% on) 480I'he
transcripti n |ng ?y of LN pro ef"n° can

tested 20 u5|ng reporter gene constructs tha eXthIt hlgher asal Ievels

of exprgsr bt Ssor BAPRRT ARYELS coa TTa UraCXEH RARI & hfc IR RELSENgSs OF

doxycyc rd ¥n# SiHR0nsb rs%PQ&éte'i:rgeﬁ% 0D SlehUsty GRatAIGORI@IdIS Leu
addi tional positive reguligkory elements (e-9., enhancer sequgnces).

EXAMPLE 5: Construction of a Tetracycline- Regul ated Transcri ptional
| nhi bitor 2Prr GaT cac CAA GGT GCA Gac Fetsi ooc Frret efa T€oNgEd srngsahetrts andsas

. V-er bA 3 | ereeasPaiBi Gln Gly Ala Glu ProlAl4£ Giet LeiC PhaneBX pef SRiuONeweCt or

encodi ng a fusion prot& n between Tet Ria®hd a - trangsoi ptional silencer
dormain fromthe v-erbA oncogene product, a nucleic acid fragnent
encodi ng a &1d aMx ACCAGEMRITTA GARMARA CARACTT ANAQTIER GARNAGTT GA® TATt BCG 624

" pUHD141sme-1leadleys @usdeih@d Lis Blanbte Lys fym@ahefer GEY efr Atarent

encodi ¥ a v-er bA XS encer domai n sRA% abl e for295 gation into

pUHD141sma-1 is a i ed by the polynerase chain reaction CR) usin
oA o DTS 36 (P SR, SRR ARG g, P ST s aeg.gag B, A2

anpli fy a nbi@ &fE ATg Ala 2zg (Thy LyRdiin AR nfjl%rﬁeﬁoT’EcrIdg 418885 of the

. hative -erbA H)t ein. The nucl &5%i de and &f’no acid sequences of

e e e ng@ﬁeﬁ?eesg;?g@%sc% 0 8,

the v er bA f;r ontains triction endonygj ease sites

“at its 5 and 3 ends such as PspAl at the 5 end and BanH at the

3' end.45Af tgdr acét@ad@féi TEERrFIE20¢ | At cbd&cANBAd facdeee aca dricageEnt agsl
PUHD141- smed1aabeo irgeSéieGew tHe BepAlrcanta BawHhis The mrphirdima keagnent
245 - 250 255

ACG GCC CCC CCG ACC GAT GTC AGC CTG GGG GAC GAG CTC CAC TTA GAC 816
50 Thr Ala Pro Pro Thr Asp Val Ser Leu Gly Asp Glu Leu His Leu Asp
260 265 270

GGC GAG GAC GTG GCG ATG GCG CAT GCC GAC GCG CTA GAC GAT TTC GAT 864
Gly Glu Asp Val Ala Met Ala His Ala Asp Ala Leu Asp Asp Phe Asp
55 275 280 285

CTG GAC ATG TTG GGG GAC GGG GAT TCC CCG GGT CCG GGA TTT ACC CCC 912
Leu Asp Met Leu Gly Asp Gly Asp Ser Pro Gly Pro Gly Phe Thr Pro
290 295 300



is then ligated directionally into the polylinker site of pUHD141-smal

usi ng st apgag@i1dizgation WO 96/ 01313 PCT/US95/08179

PCT/ US95/ 08179 70 - - 64 -
conditions to create the expression vect o? pUHD 141 kr-1. Standard

t echni ques can be used to isolate the desired plasmd and confirmits

construct i @ kOl 86 iced Ric BS¥Rct4dre Gt IatcSece eac tid dgkraied oe0
schemat i Caliley ab® deirONI£ pLd. Tyr Gly Ala Leu afpamdteaid taapt pHalUGDl 4gheer b- 1
expressi omgsect or cont ai ns suecl eoti de sequernads 5 encodi ngzz fusion
protei§ conprising a wild type TetR linked in-frane to am no acids 364-

635 of v- esAsAcadrerenuTt awti chr aod AT GER ATT (200 GRAE MAESGEIC GGS STAGhe jausct i on
of the fustlanGln Met PhoiTarnAsyr eraselhiotlyouse MGTCLBEGYTCAYCGLy GGT CTG GAC GAC
(SEQ ID NO 27) and 325Ser-d y- Ser- Pr@3d y- Leu- Asp- Asp3SEQ I D NO 28).
Ser-d y-Ser corresponds to am no aci ds 205-207 of TetR, Pro-Gy are
encodd® by(DhENFHMATION FORFRP LB NRESp- Asp correspond 10 to am no acids
364-366 of the v-erbA sil encer domain. As described in Exanple
4, an expressi o#’vé&?‘ﬁ“@n%"ﬁ?’ésﬂ'ﬁg"rbn protein of a mut ated TetR
(that binds to tetO Ig‘r?_;‘ﬁ'n’f‘hé PESBAESIGP Tc) and a v-erbA silencer

domai n can be ChFFhcABaL%48scri bed above usi ng nucl eoti de
sequences encodi ng a Rutahe=FEf R™€4T  ({he nucl eotide and ani no acid

sequenges of whjg in SEQ LD NOs: 18 and 19, 15 respectively) in
pl acquf the wi t‘dht 3‘%’%‘?@?@*&%@%@8&% n pUHD141- smal .

Expressi on of th&,Tgﬁng&gc&yﬁﬂ:%ﬁ ¢pwd.3,host cells and assaying of

t he transcriptional inhibiting activity of the fusion protein is as

descri bed Nt ExAMGeLéh 8P fYi€ser Lys V&L Rk adniS§bPRIRI MElehy Le?0  EXAMPLE

6: Regul atian of Gene Expgession in Transggnic Animals by §d§AR

To examne the ability of tTAR to regul ate gene expression in vivo,

trans@eni et Ash EHu Val G19fIlE GEu WRKELED IThE T &y iy Chew a4 ad1ped

het er ol ogous chronosa2ml insertions ofaeither a - t30AR expressi on

construct or a reporter gene operably linked to tet operators. Single 25

t ransgeni duyst Fep 3 ycHalt Sini Gig 8r¢ IMhr beu THAR TrppHes JladnLywoAstryet or t he

tet O Li_nked reporBér gene wer€@ then cross bredSand doubl e transgenic

pr oge?? were identified. The double transgenic animal s were then

char act er i®¥8dAs Ley bote A5Bi M epAlaThie GlY Met key AspchichEis His  dependent

manner, to regif ate expression 8 the reporter g&he. This exanple

denonstr at es Hi that t TAR effec ivel‘% stinul ates the expression of a

gene gger a"%'y 1 FReY Pf%tx‘:q)‘p@?’%t ¥s€hh 589 T? SLASPoTRE B MiSmal s in vivo

upon adm niStration of tetracycline (or anal o&ue) to the ani mf%,

whereas expressl 9haOfyd B8r Al Ohbd RECh I8 "AIPLDS AL RASKERoY Tevels i
85

the absence 90 95

35 Ala Lys Val His Ser Asp Thr Arg Pro Thr Glu Lys Gln Tyr Glu Thr
100 105 110

Leu Glu Asn Gln Leu Ala Phe Leu Cys Gln Gln Gly Phe Ser Leu Glu

115 120 125
40
Asn Ala Leu Tyr Ala Leu Ser Ala Val Gly His Phe Thr Leu Gly Cys
130 135 140
Val Leu Glu Asp Gln Glu His Gln Val Ala Lys Glu Glu Arg Glu Thr
45 145 150 155 160

Pro Thr Thr Asp Ser Met Pro Pro Leu Leu Arg Gln Ala Ide Glu Leu
165 170 175

50 Phe asp His Gln Gly Ala Glu Pro Ala Phe Leu Phe Gly Leu Glu Leu
180 : 185 190

Ile Ile Cys Gly Leu Glu Lys Gln Leu Lys Cys Glu Ser Gly Ser Ala
195 200 205
55




tetracycline or an anal ogue. These results denonstrate that the

tetracycl i weyggpisol | ed transcriptional regulatory syspginiessginbed
herein functions effectively in aninals, ﬂl “addition to cell lines in
vitro. 35 ‘Generation of mice transgenic for a Plerr]-TAlerr]

S?gﬁﬁifégp TUYIJ g "5 Mt gr?er){\é E %%Brﬁéé'&goél}ﬁs%%&l 9323\?{%% %{)al ned by

fragnent excised fromplasmd pU Gl7 1. This DNA fragnent cont ai ned
the tTAR geng, (sOoWB idu BEQ AR Mo akb AIWehol R GLANSG kY iRAaki£ont rol
WO 96/ 0531354 230 235 240
PCT/ US95/ 08179
of the humeyChivb lizgPLéTBEL! PHeD BEM tHr@NAYS B1lORES ThY A@gﬁf@ereuws&ﬂﬂ a rabblt
[err]-globin pol yadenyl ati on site irmsbudi ng an introressThe human CWwW
| E pronoter is a constitutive pronoter that allows expression of the
mut at ed 0t et ®rVRL4 GrbuBim Thpradpeval iSeral.éu cdly| AspMed@neleu His Iehr Bspsonal
i ntegration of thesBNA sequence encodi &§5t TAR has occurree. DNA was 5
injected into fertilized oocytes at a concentration of approximately 5 ng
per [err]| ®y Stardgaripl Ala Metcdhmiltigedla Psandlieder Arcésndihe Jemer at ed
fromt [}S injected ¥%&rtilized oocyte®laccor di ng to 285 gstandard

es

proced Transgeni ¢ founder nice were anal ed usi.ng éé’gerase chai n
reaction (F’G?)Aﬁlh e8otR*hELK APOFLYIAAR Poh 3‘8 é’EP FHe® g nBE® of t he
t TAR transgene??h chronos8f®l DNA of the ni*€8. Two transgenl c nouse

l'i nes, C:?g fgi Asng%e‘{-ve A | deng fi ‘f? JIEI;LO anq\scrggtsgéedhsw Eg é

transg e cartyifig a feitr EFALEP rgﬁso t he
control™ of t O sequences. (described further Del ow). neration of

mce transgani g1 Yer! Bie PherAdp bUSI IR 85F MEPRE @HuURl a1y a1 M ce
carrying a Plerr] luc regggter gene expressipon unit vere e_;n_;%rat ed by 15
pronucl ear injection into fertilized oocytes of a 3.1 kb XhoI Eael fragnent
exci se@sfrom pl asm d pUHC13-3. This DNA-fragnent contains the

| uci ferase gene under transcriptional control of the

tetracycl i nawoerR IoOR Fer BEerrd xpronoter (SEQ ID NO 8), together with an
SV40 t early polyadenylation site including an intron. DNA was injected
into oocytes at a concentration of approximately 5 ng per [err]l and
transgenic mce (or EEQENCEaACHRRASTERISIIAY: t 0 20 standard procedures.
Transgeni ¢ founder m & WENE@THxn3Pybas¢ paiyRy Sout hern hybri di zation to
det ect 30he presence ofBX FEPR{ auecleiq@cidansgene i n chronmosomal DNA of the
mce. A nmouse IKWeW#% fgpbite tet O | i nked | uciferase reporter
gene, L7, was crossbr &} KPP ¢ limear  TAR transgenic |ines CR3 and CR4

(descrlbed furth?r bel o
35 ) MOLECULE TYPE: DNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

GAC GCG CTA GAC GAT TTC GAT CTG GAC ATG TTG 33
Asp Ala Leu Asp Asp Phe Asp Leu Asp Met Leu
40 1 5 0
(2) INFORMATION FOR SEQ ID NO:4:
45 {i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 11 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
50 (ii) MOLECULE TYPE: peptide

(v} FRAGMENT TYPE: internal

55



125 Generation of mce transgenic for the P[err] luc and Plerr]tTAl err]

{ Havi ng conw#;orl;g single transgenic mce expressing t TAR or ifh{sgg,{,’g-,,
"uc

Plerr] doubl e transgenic mce carrying both the t expressi on
vector and the l|uciferase reporter-'um‘ts wer e obtai ned through cross

br eedi f het ' j f the t
ransgencs. Dot FRIRER REECRIR RN ShE AE Rt 1 e by standard
screeni ngs 30 %se? %%at%ﬁlktgg%%ggﬁée)%geﬁ& g‘%%r’f@? E%EI on) to detect the

presence of bot e Plerr] luc transgene in
chr onos | DNA"of the mce. _ | nduction and anal ysis of |uciferase
activity ing) SRpGesiBl @orl E8H 68 s ~ For oral administration,

“tetracycline or its derivative doxycycline were given in the 35 dri nki ng

[Rp—

wat er at a conceff rexbtevce trdBRTERIddrgsper M with 5 % sucrose to hide the
bitter taste of (Al heenartit bi @i ack@s | actating mice, the concentration
was 2 @ per m  w t BLiOreees uaiim®ead i ensure a sufficient uptake via
the mlk by the young) ToPOLOGY: linearTO anal yze | uciferase activity, mce
were killed by cervical dislocation and tissue sanpl es were

honogeni zed i n (2L MOLEGEE GUPE aPrP¥ipe500 [err]| lysis-buffer (25 MM Tris
WD 96/ 01313 :

PCT/ USH%/ 08179 (v) FRAGMENT TYPE: internal - 66 -
phosphate, pH 7.8/ 2 mM DTT/ 2 nM EDTA/ 10 % glycerol/ 1 % Triton X100)
using a U tra-Turrax. The honogenate was frozen in liquid nitrogen

and centrifugeq g{eter thavx,ingjg o for 5 mn at 15,0009. 2-20 [err]l of

t he su nat ant'* _rsé‘?m TH EW'[ 5F?ﬁn Mot er ase assay buf f er

(25 mM gl yeyl gl ML Sy PH Z\Fglprwun%/g\!/gSOM 5 mM ATP) and | uciferase
reasured rotos

activity 5 wa 5 c after the injection of 100 [err]l of a
125 [err]M Il uciferin solution using Berthold Lumat LB 9501. The
i protein conggntiatdvaRioN FoRCsRPTBORARLe Was determ ned usi ng Bradford

"assay aid luciferase activity was calculated as relative light units (rlu)

- AR 8 ceaTlas 2 v mrnom et S s

e 3 M e

‘per [err]g (i Pfsebbbde REAURITRRISTIOs: Resul t's Mce from2

l'ines carrying the RherigncriAlsor badd aasgene (CR3 and CR4) were nated

with mce fromline (gY, resEanagartie dqaa P[err] luc. The L7 line shows a very
| ow but det ect(abl ssrRanpDEmNBES8 I damblé uci f erase activity in different
organs 3hat is probab) yrahoaotw: linear position effects at the integration
side. The background luciferase activity in different tissues 15 of the
L7 single trandgeniMOLEC@&E TEPEY D¥ARtrat ed graphically in Figure 12,

represented by the checked col umms on the right-hand side for each
tissue am ned (each colum represents the results from one
animal Y. The luciferase activity in different tissues of the C3/L7 double

transgeni ¢ mi cé*th SEREENGFS DRRERISE I e SERtTPa¥Gtd i ne anal ogue doxycycline
(i.e., uni nduc%gﬁ%GGdﬁFﬁg‘%%%i%%gﬁcﬁgi chI:GuG,sr'E;&g,ItTecci:Tg!r‘ thi %al I x (i:IQGCIéi gures%Z,

represente

40 TGGATGGCGT CTCCAGGCGA TCTGACGGTT CACTAAACGA GCTCTGCTTA TATAGGTCGA 120
GTTTACCACT CCCTATCAGT GATAGAGAAA AGTGAAAGTC GAGTTTACCA CTCCCTATCA 180
45 GTGATAGAGA AAAGTGAAAG TCGAGTTTAC CACTCCCTAT CAGTGATAGA GAAAAGTGAA 240
AGTCGAGTTT ACCACTCCCT ACCAGTGATA GAGAAAAGTG AAAGTCGAGT TTACCACTCC 300
CTATCAGTGA TAGAGAAAAG TGAﬁAGTCGA GTTTACCACT CCCTATCAGT GATAGAGARA 360
50 AGTGAAAGTC GAGTTTACCA CTCCCTATCA GTGATAGAGA AAAGTGAAAG TCGAGCTCGG 420
TACCCGGGTC GAGTAGGCGT GTACGGTGGG AGGCCTATAT AAGCAGAGCT CGTTTAGTGA 480
55 ACCGTCAGAT CGCCTGGAGA CGCCATCCAC GCTGTTTTGA CCTCCATAGA AGACACCGGG 540
ACCGATCCAG CCTCCGCGGC CCCGAATTC . 569

(2) INFORMATION FOR SEQ ID NO:7:



{20 mddle for each ti ssue exam ned. The luciferase activity in different

(tissues o doubl e transgeni c mce in the pr

;i doxycycl i fr?gé?l lg% i nduced condi tions) mj | lustrated grap%is@gﬂgy in
Figure 12, represented by the light colu S<on the left-hand side for each

iti ssue exam ned. Luci ferase activity was detectable in the
seven tissues o{ E QMQI% '?i@s m ce 25 exam ned: pancreas, kidney,

t stomach, nuscl e, rt_;z@ The tissue pattern of

“activated | ucifer asq:B,l q&g duki & a;cgldt e presence of doxycycline) in the

doubl e gransgenic (¢ Smmﬁssamleg to expression patterns of the hCwW

| E pronoter reportegp) robbtodyl:t Eirabl €. This is consistent with

i expression of the luciferase reporter gene being regulated by tTAR

! (which is expresgesoirtutherydecepnumder the control of the hCW | E pronoter).

: The level of 30 reporter gene induction varied anong the different tissues

: exam néf@. Regul ation factors up to 100,000 fold (i.e., 5 orders of

“magni tude) wer éxidc BEQUERNGE RESFRIPTIOND eSE A0 RS EQUI VALENTS

Those skilled in the art will recognize, or be able to ascertain using no

] nore than JIGATERREAPNESTECFEFINERTEAGRERC GMEATCEITGi ACITERRTAT GCEMRSTSBRCI fi c60

enbodi nents of the invention descri bed herein. Such equivalents are

i nt ended t FEBBATATES IS TRECASy TRREFATERE ARPRHCAGRA PAGTGAARGT CGAGTABAGE/ 0132130

PCT/ US95/ 08179 -67-
SEQUENCE LPSTFRGEATC AGTGATAGAGPARRRGREAMISERRATITH; CCASTCCCTA TCAGTGATAG 180

é?EE'(Eﬁ“ESMTGA aporcancts rabllfecl SARRNA Rasaacy chananemne 1§ 240
(B Strer g Yoemarcacre atacacantdloriiierctlPRife R 8ienraas o 20,

(D) STATE: 1earid Rl Ancheaaact ceacrrract RorctdPiRYactd®Merc annncraann  (Blo
POSTAL CODE (ZI P): 94530

25 GTCGAGCTCG GTACCCGGGT CGAGTAGGCG TGTACGGTGE GAGGCCTATA TAAGCAGAGC 420
TCGTTTAGTG AACCGTCAGA TCGCCTGGAG ACGCCATCCA CGCTGTTTTG ACCTCCATAG 480
AAGACACCGG GACCGATCCA GCCTCCGCGG CCCCGAATTC 520

30

(2) INFORMATION FOR SEQ ID NO:8:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 450 base pairs
35 (B) TYPE: nucleic acid
{(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
40
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Human cytomegalov:.rus
(B) STRAIN: K12, Towne
45 (ix) FEATURE:
(A) NAME/KEY: mRNA
(B) LOCATION: 382..450
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:
50 GAATTCCTCG AGTTTACCAC TCCCTATCAG TGATAGAGAA AAGTGAAAGT CGAGTTTACC €0
ACTCCCTATC AGTGATAGAG AAAAGTGAAA GTCGAGTTTA CCACTCCCTA TCAGTGATAG 120
AGAAAAGTGA AAGTCGAGTT TACCACTCCC TATCAGTGAT AGAGAAAAGT GAAAGTCGAG 180

TTTACCACTC CCTATCAGTG ATAGAGAAAA GTGAAAGTCG AGTTITACCAC TCCCTATCAG 240



|

(i1) TITLE OF I NVENTI ON: Tetracycline-Regul ates

Modul at or Sw8@6/01313 (i17) NUVBER OF SEQUENCES: 28 PETY595/08179
CORRESPONDENCE ADDRESS: (A)7 ﬁDDRESSEE LAH VE & COCKFI ELD 25

(B) STREET: 60 State Street, suite 510 (© CTY: Boston

D STATE: ~BRNIRY;
L0b. S0100- YRSREARLS Shéfanscr & srrzace aqrebotlieIoants anancTonnn %g‘%

! MEDI UM TYPErdah@®ids dirdccaesT ceacTacece TdTRbcEFIPHERRcThBMReceiieatl i bl e 360

(C) OPERATI NG SYSTEM PC- DOS/ M- DOS 35 (D) SOFTWARE: ASCI| Text
(vii) PRI ORrcArrACIST hADCdDEAER TCGCCTGGAG ACGCCATERR) cEACYITrEAT AT MABRER. To hego
assi gned (B) FILING DATE: 07-JUN-1995 40 (O
CLASSI FI CATAXGNCACCGG GACCGATEOA iGeCPRIGOBGAPPLI CATI ON DATA (AS0
APPLI CATI ON NUVBER: US 08/ 383, 754 (B) FILING DATE:

. 03- FEB- $995 45 (C) CLASSI FI CATI ON: (vii) PRIOR
" APPLI CATI ON DATA (A) APPLI CATI ON NUMBER US 08/ 275, 876

Lo e

(B) FILING {SATENFORYATLHN/ FGR SRP ID NO:S: (C) CLASSI FI CATI ON:

: (vii) PRI OR APPLI CATI ON DATA (A) APPLI CATI ON NUMBER US

08/ 270, 637 (1) SEQUENCE TERIQETENTE: 01- JULY- 94 55 (O
CLASSI FI CATI ON: ‘A’ cﬁ%ﬂE\?%@ENT | NFORMATI ON:

i (A) NANG: DeConti, “’ acid (B) REG STRATI ON NUMBER

NESS double
31, 503 (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (gencmic)

15 {vi) ORIGINAL SOURCE:
(A) ORGANISM: Human cytomegalovirus
(B) STRAIN: Towne

(ix) FEATURE:

20 (A) NAME/KEY: mRNA
(B) LOCATION: 382..450

{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:

GAATTCCTCG ACCCGGGTAC CGAGCTCGAC TTTCACTTTT CTCTATCACT GATAGGGAGT 60
25 GGTAAACTCG ACTTTCACTT TTCTCTATCA CTGATAGGGA GTGGTAAACT CGACTTTCAC 120
-TTTTCTCTAT CACTGATAGG GAGTGGTAAA CTCGACTTTC ACTTTTCTCT ATCACTGATA 180
GGGAGTGGTA AACTCGACTT TCACTTTTCT CTATCACTGA TAGGGAGTGG TAAACTCGAC 240
TTTCACTTTT CTCTATCACT GATAGGGAGT GGTAAACTCG ACTTTCACTT TTCTCTATCA 300
CTGATAGGGA GTGGTAAACT CGAGTAGGCG TGTACGGTGG GAGGCCTATA TAAGCAGAGC 360
30 TCGTTTAGTG AACCGTCAGA TCGCCTGGAG ACGCCATCCA CGCTGTTTTG ACCTCCATAG 420
ARGACACCGG GACCGATCCA GCCTCCGCGG 450

(2) INFORMATION FOR SEQ ID NO:10:

(i) SEQUENCE CHARACTERISTICS:
35 (A) LENGTH: 398 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
40



WD 96/ 01313 PCT/ US95/ 08179

- 68 - (C) REFERENCE/ DOCKET NUMBER BBl - 009
(ix) TELECOVMUNIGATI ON | NFORMATI ON: (A) oL PGSBS
 (617)227-7400 5 (B) TELEFAX: ~($17)227-5941 (2)
| | NFCRVTI O FCR S50 Lol soustd. (i) SEQUENCE CHARACTER! STI CS:
' (A) LENGTH: 1008

' (C) STRANDEDNESS: doUBLE sTrRAIN: koS

[P

e e MR

ase I . . ‘g. TYPE: nucleic acid
(RPoRBANTSM: Herpes Sxmplff» ;r OLOGY: linear 15

(ii) MOLECULE TYPE: DNA (i x) FEATURE: (A
NAME/ KEY: exon 20 (B) LOCATION: 1..1008 (1x)
FEATURE:S (xi) SEQUENCE(BBscAMIINE Ysedr RN No:10: (B
LOCATI ON: 1..1008 25 (i x) FEATURE: (A
NAVE/ KEY: né2CTCGAQTUTMCACTTTTC TCTATCACTG ATAGGBAGTAOGATAAIVCGA . cTROéACTSr

(i x) FEATURE: (A) NAME/ KEY: m sc. binding

TCTCTATCAC TGATAGGGAG TGGTAAACTC GACTTTCACT TTTCTCTATC ACTGATAGGG -
AGTGGTAAAC TCGACTTTCA CTTTTCTCTA TCACTGATAG GGAGTGGTAA ACTCGACTTT

CACTTTTCTC TATCACTGAT AGGGAGTGGT AAACTCGACT TTCACTTTTC TCTATCACTG

10 ATAGGGAGTG GTARACTCGA CTTTCACTTT TCTCTATCAC TGATAGGGAG TGGTAAACTC
GAGATCCGGC GAATTCGAAC ACGCAGATGC AGTCGGGGCG GCGCGGETCCG AGGTCCACTT

CGCATATTAA GGTGACGCGT GTGGCCTCGA ACACCGAG

(2) INFORMATION FOR SEQ ID NO:11:
15 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

20 (ii) MOLECULE TYPE: DNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:

ACTTTATCAC TGATAAACAA ACTTATCAGT GATAAAGA . 38

25 (2) INFORMATION FOR SEQ ID NO:12:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 38 base pairs
{B) TYPE: nucleic aciad
(C) STRANDEDNESS: double
30 (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:

ACTCTATCAT TGATAGAGTT CCCTATCAGT GATAGAGA 38

35

(2) INFORMATION FOR SEQ ID NO:13:

60

120

180

240

300

360

398



(B) LOCATION: 208..335 (i x) FEATURE: 35 (A)

NANE/ KEY: (B) LOCATI ON: 1. . 1005
SEQUENCE ﬁ%ﬁ?’r}ﬁ ON: SEQ ID NO 1 ATG TCT AGA TTA GAT %3%8%3}%

GTG ATT AAC AGC GCA TTA GAG CTG 48 40 -7t Ser Arg Leu Asp Lys Ser Lys
Val IIeAsnSerAIaLeuGIuLeuE T 5
10 RA?’(S:?GGTCGGAATCGAAGGTTTA ACA ACC

CGT AAA CTC GCC CAG nuzgei’gégc,géﬁse uval Ay Ile Gu Ay Leu Thr
Thr Arg Lys Leu Al a IES e 25
30 5 AAG CTA GGT ggf{? CTG TAT TGG CAT GTA AMA AAT AAG
144 Lys Leu Gly ro Thr Leu Tyr Trp His Val Lys Asn Lys
35 CULE TYPE: DNA 45 50 CGG GCT TTG CTC GAC GCC
TTA GCC ATT GAG ATG TTA GAT AGG CAC CAT 192 Arg Ala Leu Leu Asp Al a
Leu Ala Ile Gu MY $swedeP pbEErIdTSoNl SEQ ID No:13: 50 55
60 WO 96/ 01313
PCT/ US95/ O3&EBTATCAT CGATAAGCTA GTTTATCACA GTTAAATT -69 - 3g ACT CAC
TTT TGC CCT TTA AAA GGG GAA AGC TGG CAA GAT TTT TTA CGC 240 Thr Hi's
Phe Cy$0Pro Leu Lys Ay G u Ser Trp G n Asp Phe Leu Arg 65
70 75 80 5 AAT AAG GCT AAA AGT TTT AGA
TGT GCT TTA2CTREARYATION ERXC SEBRQTIICHK:14: 288 Asn Lys Ala Lys Ser Phe Arg
Cys Ala Leu Leu Ser H's Arg Asn Ay 85
90 (1) SEQUENCE CWWTGFA CAT TCA GAT ACA CGG CCT ACA GAA
AAA CAG TAT GAA ACT (A)3RENGHy: ?lﬂé’aE?sPaﬁF H's Ser Asp Thr Arg Pro Thr du
Lys Grl'l Tyr Qu Thr (B) TYPE: nucleic acid

5 (C) STRANDEDNESS: double

{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:

20 ACTCTATCAT TGATAGGGAA CTCTATCAAT GATAGGGA 38

(2) INFORMATION FOR SEQ ID NO:15:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 base pairs
25 (B) TYPE: nucleic acid
{C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA

30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:

AATCTATCAC TGATAGAGTA CCCTATCATC GATAGAGA 38
(2) INFORMATION FOR SEQ ID NO:16:

(i) SEQUENCE CHARACTERISTICS:
35 (A) LENGTH: 621 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

40 (ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:16:




100
TTT
Phe
120
TTT
Phe
GTA
Val

150

Pro
170
TTC
Phe
190
624
195

Lys
220
720
225

Pro
245
GIC
Val

265
CTA

105 110 CTC GAA AAT CAA TTA GCC
TTA TGC CAA CAA GGT TTT TCA CTA GAG 384 Leu u Asn A n Leu Ala
Leu OyWaIMI3®h Gy Phe Ser Leu u 15 115 PCT/US95/08179

125 AAT GCA TTA-TAF GCA CTC AGC GCT GTG GGG CAT
ACT TTA GGI' TGC 432 Asn Ala Leu Tyr Ala Leu Ser Ala Val Gy H's
Thr Leu Ag;;yrq;ngA TTA GAT ADR(OAGT AAA GTG ATT AAC @5GCA TTA GAG CTG 48140 20
TTG GAAMEATSSCAArGAGUCRSP CXA TBICLET VAN GARR (58X ARG LeuCIAckey 480
LeuGIuAépGlnGlqus'sGanaIAIaLys“’GluGuArgGull% 145

CT. GAT AGT ATG

155 CCT. A

con atiien e nen e ek UL
17§ TTT GAT CAC CAA GGT GCA GAé°CCA GoC TTC TTA

GGC CTT ETQGT c1a/Ead®ac EREA pc ﬁmGTec%p)i- 6LR A Uat¥ Qa4l @ Rhg Leu

d yld}eu Val Glu Gln Pro Th Tm:xs vabALKlAGT Lés Too

IIe IIe Q/s Gly Leu Glu Lys Gln Leu Lys Cys Qu Ser Ay Ser Ala 35

cee cer Tr@rc eac eee TTA oce at208nc aTe TTRAGAPRAGECEL: G CGLsACG
AAC AAT a14GuECEed GRuAlép ALS LAGAKSGle chiv et Leu A¥p A¥QrHAY @ill a Arg Thr
Asnif\sn Tyr sdy Ser Thr Ile Gau Gy &0 215
40 CTG CTC GAT CTC CCG GAC GAC GAC GCC CCC GAA GAG GCG GGG CTG GCG

LeacteCrCASPT LRSE ETD TABPGARS BCAIIAAAMGLC RGO CAAUGET IXTAl ATASCETLeu 2Aba

Thr His Ph@3J¥s Pro Leu Glu Gly GlR3Ser Trp Gln Asp Phe L& @rg45 CGCT
CGC_CTG ¥&C TTT CTC CCC.G26 GGA CAC ACG CGZSAGA CTG TCG B68 Al a
Arg 20eu Ser Phe Leu Pro Ala Ay Hs Thr Arg Arg Leu Ser

AAT AAG GCDIA AGT TTT AGA TGT GCFSETA CTA CAPECECRAT EEA ACC 288T
AGC CTGREEGYSARIGAESCTRT ERe APaC@la Lm@esoserrﬁis A ﬁ‘rb @¥o Thr Asp
Ser Leu Ay Asp G u Le¥P His Leu Asp 260°3

GACZ%AT :ﬁ.(gmm 8@6 TA GgT;CA&A‘ (éag'bécér g-\ % AAZ\;IJ-&GCA%AQA!AA T 3(3;%:G

al His Leu Gly Thr Arg Pro Thr Glu Lys Gln Tyr Glu Thr
100 105 110

CTC GAA AAT CAA TTA GCC TTT TTA TGC CAA CAA GGT TTT TCA CTA GAG 384
30 Leu Glu Asn Gln Leu Ala Phe Leu Cys Gln Gln Gly Phe Ser Leu Glu
115 120 125

AAT GCA TTA TAT GCA CTC AGC GCT GTG GGG CAT TTT ACT TTA GGT TGC 432
Asn Ala Leu Tyr Ala Leu Ser Ala Val Gly His Phe Thr Leu Gly Cys
35 130 135 140

GTA TTG GAA GAT CAA GAG CAT CAAR GTC GCT AAA GAA GAR AGG GAA ACA 480
Val Leu Glu Asp Gln Glu His Gln Val Ala Lys Glu Glu Arg Glu Thr
145 150 155 160
40 -
CCT ACT ACT GAT AGT ATG CCG CCA TTA TTA CGA CAA GCT ATC GAA TTA 528
Pro Thr Thr Asp Ser Met Pro Pro Leu Leu Arg Gln Ala Ile Glu Leu
165 170 175

45 TTT GAT CAC CAA GGT GCA GAG CCA GCC TTC TTA TTC GGC CTT GAA TTG 576
. Phe Asp His Gln Gly Ala Glu Pro Ala Phe Leu Phe Gly Leu Glu Leu
180 185 180

ATC ATA TGC GGA TTA GAA AAA CAA CTT AAA TGT GAA AGT GGG TCC 621
50 1Ile Ile Cys Gly Leu Glu Lys Gln Leu Lys Cys Glu Ser Gly Ser
185 200 205

(2) INFORMATION FOR SEQ ID NO:17:

55 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 207 amino acids
(B) TYPE: amino acid .
{D) TOPOLOGY: linear



Gy GQu Asp Val Ala Met Ala H's Ala Asp Al a Leu Asp Asp Phe Asp 55

275 280 285 CTG GAC ATG TTG GGG GAC
GGG GAT ™9&0X3185GT CCG GGA TTT ACC CCC 912 Leu Asp betrusesioginy Asp
Ay Asp Ser Pro Ay Pro Ay Phe Thr Pro -78- 290 295
1

gg—lo-/ usos/ 08179\/\9119)6/M%%QCUBLE TYPE: protein - 70 - CAC
GAC TCC GCC CccC T %&J%;I gqg TTC GAG TTT 960 Hi s
Asp Ser Al a Pro yr g‘g‘l%q}@b? %Ci Phe G u Phe G 3_?__?_ ACC
310 0 G AIG T
GAT ccC CTT R ATT GA 42 R e CRr e SGE%IT%% As’?os(% MaL g&% RMet Phe Thr
Asp PrsLeu Ay Ile Asp Au Tyr Ay Ay Fg BN 325
330 Glu 93D c13011e (@3N & W SE%
(1) SEQJENI(J:TEu as;lZRACIJITEEQb STI%’0 © ¥ X ENgg H: 355 am no aci ds
(B) TYPE: amino acid (D) TCPCLOGY linear 15
(i) MOLEQ#£ LEYREyY paDt@iunGln Pro Thr Leu TyH rriPEWENGELPESGER BFAON: SEQ I D
NO 2: 10 Met Seas Arg Leu Asp LyssdSer Lys Val Ile &sn Ser Ala Leu Gu Leu
1 10 15 20 Leu Asn
A u Val d4#9 IAéaG-Qll Gy @@uwmmeﬁhmlaAﬁge [8in Met LAuoASH Arg His His
20 25 55 30 6bys Leu Ay Val Au Gn
Pro Tqr Leu Tyr Trp Hs Val Lys Asn Lys 35

5 Thr His Phe g¥s Pro Leu Glu Gly Glu Ser Trp Gln Asp Phe Leu Arg

65 70 75 80

Asn Lys Ala Lys Ser Phe Arg Cys Ala Leu Leu Ser His Arg Asp Gly

85 90 95
20 :
Ala Lys Val His Leu Gly Thr Arg Pro Thr Glu Lys Gln Tyr Glu Thr
100 105 110
Leu Glu Asn Gln Leu Ala Phe Leu Cys Gln Gln Gly Phe Ser Leu Glu

25 115 120 125

Asn Ala Leu Tyr Ala Leu Ser Ala Val Gly His Phe Thr Leu Gly Cys
130 13s 140

30 val Leu Glu Asp Gln Glu His Gln Val Ala Lys Glu Glu Arg Glu Thr
145 150 155 160

Pro Thr Thr Asp Ser Met Pro Pro Leu Leu Arg Gln Ala Ile Glu Leu

165 170 175
35
Phe Asp His Gln Gly Ala Glu Pro Ala Phe Leu Phe Gly Leu Glu Leu
180 185 190
Ile Ile Cys Gly Leu Glu Lys Gln Leu Lys Cys Glu Ser Gly Ser
40 . 195 200 205

(2) INFORMATION FOR SEQ ID NO:18:

(i) SEQUENCE CHARACTERISTICS:
45 (A) LENGTH: 621 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

50 (ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:18:




25 Arg Ala Leu Leu Asp Ala Leu Ala Ile Qu Met Leu Asp Arg His Hi s

50 - 60 Thr H s Phe s Pro Leu
Lys Gy GNP B3R G n Asp Phe Leu Arg 30 65 PCT/USIS{§ITD
75 Asn Lys Al a‘ll?s' Ser Phe Arg Cys Ala Leu Leu
Ser Hs Ar ,;%5‘\9;L '1%

G AGT-AAA GTG AT C AGC G GAG
o8 35 KOS \Zéf‘%h‘;%s oo ber The AL 210 300 o L EBA T, o B v
100 o eu /gg_ " Leu Ala
Phe Leu Cys éln Gn Ay Phe Ser Leu Gu 115
120 5 corr AAT GAGl@R 46 arc chS ke Fra A TAe AP AaRUcRe el éndval qsy Hi s
Phe Thr Leli.eg XD u val Gly 11k3681u Gly Leu Thr Thr Ailg’?’»r!..ys Leu Ala Gln 140
Val Leu Qu Asp An AiapHs An Val Algedys Qu Gu Arg §gu Thr 45 145
150 155 160 Pro Thr Thr Asp Ser Met

Pro Pro LewnaceoT®\icgT@TR Ah@ dAcec® Wcheerc TAT TGG CAT GTA AAA AATI1AHS 144
170 10 Lys Leu GlylVdl G50 GlnPheo ARp héws TG Tl HiAValQiys BRsa By Phe Leu

Phe Gy Leu GQu Leas 40180 45 185

190 Ile lle Cys Ay Leu u Lys An Leu Lys Cys Gu Ser Gy Ser Al a
195 CGG GCT TTGOCAY GAC GCC TTA GCC ATT £pS AFS TTA GAT AGG WACOMM 131892
PCT/ US95/ 0&rgoAla Leu Leu Asp Ala Leu Ala Ile Glu Met Leu Asp Arg/ His His Tyr Ser
Arg Al d5Arg Thr5Qys Asn Asn Tyr ¥y Ser Thr lle &% Qy 210

215 220
_ ACT CAC TTT TGC CCT TTA AAA GGG GAA AGC TGG CAA GAT TTT TTA CGC 240

Thr His Phe Cys Pro Leu Lys Gly Glu Ser Trp Gln Asp Phe Leu Arxrg
65 70 75 80
20 '
AAT AAG GCT AAA AGT TTT AGA TGT GCT TTA CTA AGT CAT CGC AAT GGA 288
Asn Lys Ala Lys Ser Phe Arg Cys Ala Leu Leu Ser His Arg Asn Gly
85 90 95

25 GCA AAA GTA CAT TCA GAT ACA CGG CCT ACA GAA AAA CAG TAT GAA ACT 336
Ala Lys Val His Ser Asp Thr Arg Pro Thr Glu Lys Gln Tyr Glu Thr
100 . 105 110

CTC GAA AAT CAA TTA GCC TTT TTA TGC CAA CAA GGT TTT TCA CTA GAG 384
30 Leu Glu Asn Gln Leu Ala Phe Leu Cys Gln Gln Gly Phe Ser Leu Glu
115 120 125

AAT GCA TTA TAT GCA CTC AGC GCT GTG GGG CAT TTT ACT TTA GGT TGC 432
Asn Ala Leu Tyr Ala Leu Ser Ala Val Gly His Phe Thr Leu Gly Cys
35 130 13s 140

GTA TTG GAA GAT CAA GAG CAT CAA GTC GCT AAA GAA GAA AGG GAA ACA 480
Val Leu Glu Asp Gln Glu His Gln Val Ala Lys Glu Glu Arg Glu Thr
145 . 150 155 160
40
CCT ACT ACT GAT AGT.ATG CCG CCA TTA TTA CGA CAA GCT ATC GAA TTA 528
Pro Thr Thr Asp Ser Met Pro Pro Leu Leu Arg Gln Ala Ile Glu Leu
165 170 175

45 TTT GAT CAC CAA GGT GCA GAG CCA GCC TTC TTA TTC GGC CTT GAA TTG 576
Phe Asp His Gln Gly Ala Glu Pro Ala Phe Leu Phe Gly Leu Glu Leu
180 185 190

ATC ATA TGC GGA TTA GAA AAA CAA CTT AAA TGT GAA AGT GGG TCC 621
50 1Ile Ile Cys Gly Leu Glu Lys Gln Leu Lys Cys Glu Ser Gly Ser
195 200 205

(2) INFORMATION FOR SEQ ID NO:19:

55 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 207 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear



Leu Leu Asp Leu Pro Asp Asp Asp Ala Pro Qu QQu Ala Gy Leu Ala 5 225

230 235 240 Ala Pro A'i' 515/(%"79 Phe
Leu Pro '6?3980131[2" s Thr Arg Arg Leu Ser 8‘%
250 255 10 Thr Ala Pro-Bls Thr Asp Val Ser Leu Ay Asp
AQu Leu H s Leu As 265
270 Ay Gu’OMoei Ewpﬁ/btprﬂgaﬂs Ala Asp Ala Leu Asp Asp PhaAsRS
275 Bence DE CRIPTION; sE@Stb 1819, L€U Asp Met Leu Gy Asp
"Gy Asp Ser Pro d‘y%r%o Gy Bhe Th Pr 6 290 295
300 kS 22PAP e ﬁsgg,%m.rr g,y \é'laxié‘isésﬂezjvﬁia Aled drpofhe 9u Phe
20 305 1 15
. Qu drs Mt Phe Thr Asp Pro Leu Ay Ille Asp Gu Tyr Ay Gy
i 325 Leu Asn Glu 330 Gly Ile Glu Gly Leu3Bfr TRP Arg Lys INGORMABLEN FOR SEQ
-1 D NO 3: 2601 ) SEQUENCE CHARACTERI STI CS: 30 (A
: LENGTH: 33 base pairs 30 (B) TYPE: nucleic acid
(C) STRANDEDBNESS: 6ol elu Gln Pro Thr Leu Ty:DIrrg GREL @Y Lyki A€miLys
. (ii) MOLECULE TYPE35 DNA 35 40 (xi) SEQUENCE £ESCRI PTION: SEQ I D
NO 3: GAC GCG CTA GAC GAT TTC GAT CTG GAC ATG TTG 33 - Asp
 Ala Leu Asbrso@éa% Asp m%&%ﬂié&M@m Met jLeu Asp Arg His Hi§
10 60
15 Thr His Phe Cys Pro Leu Lys Gly Glu Ser Trp Gln Asp Phe Leu Arg
65 70 75 80

Asn Lys Ala Lys Ser Phe Arg Cys Ala Leu Leu Ser His Arg Asn Gly

85 90 85
20 '
Ala Lys Val His Ser Asp Thr Arg Pro Thr Glu Lys Gln Tyr Glu Thr
100 105 110
Leu Glu Asn Gln Leu Ala Phe Leu Cys Gln Gln Gly Phe Ser Leu Glu
25 115 120 125

Asn Ala Leu Tyr Ala Leu Ser Ala Val Gly His Phe Thr Leu Gly Cys
130 135 140

30 val Leu Glu Asp Gln Glu His Gln Val Ala Lys Glu Glu Arg Glu Thr
" 145 150 155 160

Pro Thr Thr Asp Ser Met Pro Pro Leu Leu Arg Gln Ala Ile Glu Leu

165 170 175
35 '
Phe Asp His Gln Gly Ala Glu Pro Ala Phe Leu Phe Gly Leu Glu Leu
180 185 180
Ile Ile Cys Gly Leu Glu Lys Gln Leu Lys Cys Glu Ser Gly Ser
40 195 200 . 208

(2) INFORMATION FOR SEQ ID NO:20:

(i) SEQUENCE CHARACTERISTICS:
45 (A) LENGTH: 192 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

50 (ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20:



(2)

(2)

| NFORVATI ON FOR SEQ I D NGO 4: 45

| NFORVATION FOR SEQ | D NO 5:

(A) LENGTH: pa% 20% MAc06dISct e a6 ate acc (BF AcKPEea %[EA“@C@(BAG GGC

(D TOPOL
FRAGVENT TY! E: i nt er nago

20

10

15

20

25

30

35

40

45

50

s MEHRAL Pro Ala Leu Tip el

GCA AGG CAC AGG ACA TTC GTC GGG TIT TCC GGC TGC CTC
Ala Arg His Arg Thr Phe Val Gly Phe Ser Gly Cys Leu
35 40 45

TCC CTC ACG TAC CCA GTG ATA TGC CTG AGC AAA CCG AGC
Ser Leu Thr Tyr Pro Val Ile Cys Leu Ser Lys Pro Ser
50 55 60

(2) INFORMATION FOR SEQ ID NO:21:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 64 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:21:
Asp Met Glu Lys Ala Thr Pro Glu Thr Met Val His Trp
1 5 10

Lys Met Glu Pro Ala Leu Trp Met Ala Ile Thr Ala Thr
20 25

Ala Arg His Arg Thr Phe Val Gly Phe Ser Gly Cys Leu
35 40 45

Ser Leu Thr Tyr Pro Val Ile Cys Leu Ser Lys Pro Ser
50 55 ' €0

(2) INFORMATION FOR SEQ ID NO:22:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 816 base pairs
{(B) TYPE: nucleic acid
{(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22:
CTG GAC GAC TCG AAG CGC GTA GCC AAG CGG AAG CTG ATC

Leu Asp Asp Ser Lys Arg Val Ala Lys Arg Lys Leu Ile
1 5 10

WVOLECWE ThtPhia PoR! 56ke 11l
(xi3s SEQUENCE DESCRI £l ON:

CAC CGC AAA
His Arg Lys

CAG AGG ATT
Gln Arg Ile

Ile Cys Leu
15

Ser His Gly
30

His Arg Lys

Gln Arg Ile

GAG GAG AAC
Glu Glu Asn
15

(i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH, } N0 aci ds (B) TYPE: am no aGicrusos/osi7e
. (D) TOPCL [ ir?'ear 50 (ii) MOLECULE TYPE: peptide (v)
" FRAGMVENT TYPE: internal 55 B/ 01313
- PCT/ US95/ 08179 s %
P G GAG ,ACG ATG GTC CAT, TGG AT GT TG 48
| (xi) SEQUE PE% ? Ast Phe
" hsp’ Leu Asg g?ﬁm;m ﬁ Ei) 'ﬁé 4rhr Met Yal H;é‘sﬂ A? 10 s

0
(i) SEQUENCE CHAEZACTERI STI CS:

(v

lé’EQ | D NO 5:

144

192

48



Met Pro Lys Arg Pro Arg Pro 1 NCE5CHARACT(E2R? o7l s

| NFORMATI QN FOR SEQ I D NO. 6: 25 (i) SEQUE

(A) LENGTWOBEYH3se pairs (B) TYPE: nucl ei cPGEPHPSO817
(C) STRANDEDNESS: doubl e 30 ( DB2FOPOLOGY: | i near (i)
MOLECULE TYPE: DNA 35 (xi) SEQUENCE DESCRI PTION: SEQ I D NO 6:

10 T COAT SRS 1A SR CT IMGASHAS GRETIISAOM TSCTCHCEMN AREATREGTCERE
40 TGGATCESSGEABTERSA A

120 Grer fee e AT PRECRYY %&ﬁ@mlm*@m@%&érw CTCCCTATCA
180 GTGATAGAGA ARAGTGAAAG TCGAGTTFAC CACTCCCTAT CAGYTGATAGA GAAAAGTGAA

240 45 TLcA G_AAAGTCGAGT
C G ?Iy¥:T144
[ Sty o SV B S e

GTGATAGAGA AAAGTGAAAG TCGAGCTCGG C GAGTAGCECGT
GTACGGHEEG £édFehd AT AGAFRCARE edeGdd % C cAC '14;%0AAG cAG %‘é@qsz

CGCCTCGAGA ((ICuid s@QTﬁETﬂﬁng'QC%IQ%zAm Gln
ACCGATCCAG CCT CCCGAATTC sgs
(2) 1 NFORVATI ON FOR SEQ I D NQ?
AARA TTC CTG CTC GAA GAT ATC GGT CAG TCG CCC ATG GCC TCC ATG CTT 240
15 Lys Phe Leu Leu Glu Asp Ile Gly Gln Ser Pro Met Ala Ser Met Leu
€5 70 75 80

60

GAC GGG GAC AAA GTG GAC CTG GAG GCG TTC AGC GAG TTT ACA AAA ATC 288
Asp Gly Asp Lys Val Asp Leu Glu Ala Phe Ser Glu Phe Thr Lys Ile
20 85 90 95

ATC ACG CCG GCC ATC ACC CGC GTG GTC GAC TTT GCC AAA AAC CTG CCC 336
Ile Thr Pro Ala Ile Thr Arg Val Val Asp Phe Ala Lys Asn Leu Pro
100 105 110
25
ATG TTC TCG GAG CTG CCG TGC GAG GAT CAG ATC ATC CTG CTG AAG GGC 384
Met Phe Ser Glu Leu Pro Cys Glu Asp Gln Ile Ile Leu Leu Lys Gly
115 120 125

30 TGC TGC ATG GAG ATC ATG TCG CTG CGC GCC GCC GTG CGC TAC GAC CCC 432
Cys Cys Met Glu Ile Met Ser Leu Arg Ala Ala Val Arg Tyr Asp Pro
130 135 140

GAG AGC GAA ACG CTG ACG CTG AGC GGG GAA ATG GCC GTC AAA CGC GAG 480
35 Glu ser Glu Thr Leu Thr Leu Ser Gly Glu Met Ala Val Lys Arg Glu
145 150 155 160

CAG TTG AAG AAC GGA GGG CTG GGG GTC GTG TCT GAT GCC ATC TTC GAC 528
Gln Leu Lys Asn Gly Gly Leu Gly Val Val Ser Asp Ala Ile Phe Asp
40 165 170 175

CTC GGC AAG TCG CTG TCT GCC TTC AAC CTG GAC GAC ACC GAG GTG GCC 576
Leu Gly Lys Ser Leu Ser Ala Phe Asn Leu Asp Asp Thr Glu Val Ala
180 185 180
45
CTG CTG CAG GCC GTG CTG CTC ATG TCC TCA GAC CGG ACG GGG CTG ATC 624
Leu Leu Gln Ala Val Leu Leu Met Ser Ser Asp Arg Thr Gly Leu Ile
195 200 205

50 TGC GTG GAT AAG ATA GAG AAG TGC CAG GAG TCG TAC CTG CTG GCG TTC 672
Cys Val Asp Lys Ile Glu Lys Cys Gln Glu Ser Tyr Leu Leu Ala Phe
210 215 220

GAG CAC TAC ATC AAC TAC CGC AAA CAC AAC ATT CCC CAC TTC TGG TCC 720
55 Glu His Tyr Ile Asn Tyr Arg Lys His Asn Ile Pro His Phe Trp Ser
225 230 235 240



WD 96/ 01313 PCT/ US95/ 08179

-73 - (i) SEQUENCE CHARACTERI STI CS: SI/JAg LENGT
520 base pRa01313 (B) TYPE: nucleic acid 5 PCT. 95’“?'@?
STRANDEDNESS: doubl e (D) TOPRROGY: i near i
MOLECULE TYPE: DNA 10 (xi) SEQUENCE DESCRI PTION: SEQ I D NO 7

AGATCTGCAG @BBCCEES (36 ATST PAG/EISCCEAGRCCETS CCACKTICT ART /SECCEERABTCEEXC BB 15
CCGGATCTCG ASFTFRCESE NeEYATACRISAPRGREV AT A NSGEAR SR YCERNG IV T ARES 120
ACTCCCTATC AGTGATAGAG AAA&G?GAAA GTCGAGTTTAS€CACTCCCTA TCAGF’G.&TAG 180
AGAAAAGT AAGTCGAG'I ccc TATCAGIGAT AGAGAAAAGT 240 20

A yal TE&E%CT A"‘FC”A‘ES 3btF
E’?X@mfi ggT % }ggﬁ&/x 360
CGAGTAGGCG T

25 GICGAGCTCG GTA CGGTGG GAGGECCT. TAAGCAGAGC
420 TCGITTAGIG AACCGT CAGA TCGCCTGGAG ACGCCATCCA CGCTGITTTG ACCTCCATAG

480 AA@? CCCCEAATTC
520 30 2) INFCRNPTICN SEQ TD NO 8: (1) SEQUENCE
CHARACTERI STI CS: (i) SEQUENCE cmcfﬂIsh-EéErH 450 base pai rs 35
(B) TYPE: nucleic acid(a) LENGTH: 272 amino(£9ia®TRANDEDNESS: doubl e
(D TOPOLOGY: |inear (B) TYPE: amino acid
(D) TOPOLOGY: linear

15 (ii) MOLECULE TYPE: protein

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:23:

Leu Asp Asp Ser Lys Arg Val Ala Lys Arg Lys Leu Ile Glu Glu Asn

1 5 10 15
20
Arg Glu Arg Arg Arg Lys Glu Glu Met Ile Lys Ser Leu Gln His Arg
20 25 30
Pro Ser Pro Ser Ala Glu Glu Trp Glu Leu Ile His Val Val Thr Glu
25 35 40 45

Ala His Arg Ser Thr Asn Ala Gln Gly Ser His Trp Lys Gln Arg Arg
50 §5 .60

30 Lys Phe Leu Leu Glu Asp Ile Gly Gln Ser Pro Met Ala Ser Met Leu
65 70 75 80

Asp Gly Asp Lys Val Asp Leu Glu Ala Phe Ser Glu Phe Thr Lys Ile

85 80 95
35
Ile Thr Pro Ala Ile Thr Arg Val Val Asp Phe Ala Lys Asn Leu Pro
100 : 105 110
Met Phe Ser Glu Leu Pro Cys Glu Asp Gln Ile Ile Leu Leu Lys Gly
40 115 120 125

Cys Cys Met Glu Ile Met Ser Leu Arg Ala Ala Val Arg Tyr Asp Pro
130 135 140

45 Glu Ser Glu Thr Leu Thr Leu Ser Gly Glu Met Ala Val Lys Arg Glu
145 150 155 160

Gln Leu Lys Asn Gly Gly Leu Gly Val Val Ser Asp Ala Ile Phe Asp
165 170 175
50
Leu Gly Lys Ser Leu Ser Ala Phe Asn Leu Asp Asp Thr Glu Val Ala
180 185 190

Leu Leu Gln Ala Val Leu Leu Met Ser Ser Asp Arg Thr Gly Leu Ile
55 195 200 205



(i) MOLECULE TYPEf DNA (genom c) 40 (vi) ORI G NAL SOURCE:

(A) ORGANI n cytonegal ovirus (B) ST owne
960 e (A) NAVE/ KEY: nRNE% Clrusditeird
(B) LOCATI ON:  382..450 NCE DESCRI PTI ON: SEQ I D NG 8:

150 GAATTCCTCG AGTTTACCAC TCCCTATCAG TGATAGAGAA AAGTGAAAGT CGAGITTACC

60 ACTCCCTATC AEHC%J' GIT CAGTGATAG
0. A “%fga«r B CRET AP GanACTonG

180 TTTA CCTATCAGTG A GAAAA GTGAAA AGTTTACCAC TCCCTATCAG
éé?_/ U895 08% Vﬂsg%glﬁje?’ﬁ.sn Tyr Arg Lys His Asn Ile Pro His %f Trp 2:;‘
TGATAGAGAA GAAAGT CEAGWTTACC ACTCCCTATC AGWGATAGAG AAAAGT GAAA 300
GTCGAGCTCG GTAGRRSEET M ETAGRIGATO M IR CR-GARRCETAtAy Tﬁ%ﬁ 360
TCGTTTAGTG %%éCGTCAGA TCGged GGAG ACGCCATCCAseGCCTGITTTG ACCT TAG 420
AAGACACOEEG GACCGATCCA GCCTCCGECGG 450
5 (2) ALAFSRVATE Phea- OB SHQ@ ME: NYs9val Glu Cys Pro Thir) e REQENESE
CHARACTERI STI CS: 260 265 270

(2) INFORMATION FOR SEQ ID NO:24:
15 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
20 (1i) MOLECULE TYPE: DNA
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:24:
TCCCCGGGTA ACTAAGTAAG GATCC 25
25 (2) INFORMATION FOR SEQ ID NO:25:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
30 (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25:

35 AGTGGGTCCC CGGGTGACAT GGAA 24
(2) INFORMATION FOR SEQ ID NO:26:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 8 amino acids
(B) TYPE: amino acid
40 (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: polypeptide

{v) FRAGMENT TYPE: internal

45 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:26:



(A) LENGTH: 450 base pairs (B) TYPE: nucleic acid 10
(C) STRANDEDNESS: doubl e (D) TOPOLOGY: li near
(i1) MOLEGMPP6AIAZ: DNA (genonmic) 15 (vi) ORI G NAL BEK8psos179
(A) ORGANI SM Hunman cyt onmegal ovi rus -85- (B) STRAIN: Towne
. (i x) FEATURE: 20 (A) NAMVE/ KEY: nRNA (B)
LOCATI ON:  382r. @80 Ser Pro Gly Asp W4 BISEQUENCE DESCRI PTION: SEQ | D NO 9:
! GAATTCCTCG ACEBCGGGTAC CGAGCTCGAC TTTCACTTTT CTCTATCACT GATAGGGAGT 60
' 25  GGTAAACTCG ACTTTCACTT TTCTCTATCA CTGATAGGGA GTGGTAAACT CGACTTTCAC
120 TTTTCTCTAT CACTGATAGG GAGIGGTAAA CTCGACTTTC ACTTTTCTCT ATCACTGATA
180 GERACTESHATAETERACER FCACTITTCT CTATCACTGA TAGGGAGTGG TAAACTCGAC
. 240 s TTTCACTITT C GT GGTAAACTCG ACTTTCACTT TTCTCTATCA
300 CTGATAdégA G_TGTACGGTGG GAGGOCTATA TAAGCAGAGC
360 30 TCGTTTAGIG A S RCGCCATCCA CGCTGTTTTG ACCTCCATAG
i 420 AAGACACCGG . X
- 450 (2) | NFOR kb NO 10: (i) SEQUENCE
CHARACTERI STI CS: 35 (A) LENGTH: 398 base pairs
(B) TYPE) nucl ei c(ia¢igbL.ECULE TYPE: DNA (C) STRANDEDNESS: doubl e
(D) TOPOLOGY: li near

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:27:

AGTGGGTCCC CGGGTCTGGA CGAC 24

15
(2) INFORMATION FOR SEQ ID NO:28:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 8 amino acids
{B) TYPE: amino acid
20 (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: polypeptide
{v) FRAGMENT TYPE: internal
25 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:28:

Ser Gly Ser Pro Gly Leu Asp Asp
1 5




(ii) MOLECULE TYPE: WO 96/ 01313
e | 111]1101 T I———— srewh>

Si npl ex Virus (B)865TRAI N KOs

(xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 10: GAGCTCGACT
TTCACTTTTC TCTATCACTG ATAGGGAGTG GTAAACTCEM MY TCACTTT 60
TCTCTATCAC TGATAGGGAG TGGTAAACTC GACTTTCACT TTTCTCTATC ACTGATAGEG

120 AGTGGTAAAC TCGACTTTCA CTTTTCTCTA TCACTGATAG GGAGIGGTAA
ACTCGACTTT 1, Arl B0lated nucleic acid encodiA¢a TUSI6H frotedd Wﬁkﬁvﬁ@%ﬁﬁﬁﬁﬁion the

GTARACT G SIFRRERCISHY oFBREIA St okypeatiit Bbielind (ot er opbabor SEihce i the
GAGATCCGEC GhATTE@RiACrAgalinGAT SRy BeacUos BoaEea ClGink@No@/sesnd polypeptide

308 o whith AV R ?Dmn; 15

(i ) SEQUENCE CHARACTERI STI CS: (A) LENGTH 38 base
pairs 2. The nucleic acid of clairB)1, WhEFein thédirst gol de is a mutated Tet repressor.
(C) STRANDEDNESS: doubl e (D) TOPOLOGY: |i near

10 3. The nucleic acid of claim 2, wherein the mutated Tet repressor has at least one amino
acid substitution compared to a wild-type Tet repressor.

4. The nucleic acid of claim 2, wherein the mutated Tet repressor has at least one amino
acid addition or deletion compared to a wild-type Tet repressor.

15
5. The nucleic acid of claim 3, wherein the mutated Tet repressor is a mutated Tn10-
derived Tet repressor having an amino acid substitution at at least one amino acid position
selected from the group consisting of position 71, position 95, position 101 and position 102.

20 6. The nucleic acid of claim 5, wherein the mutated Tn10-derived Tet repressor
comprises the amino acid sequence corresponding to positions 1 to 207 of SEQ ID NO: 2.

7. The nucleic acid of claim 1, wherein the second polypeptide comprises a transcription
activation domain of herpes simplex virion protein 16.
25 _
8. The nucleic acid of claim 7, wherein the transcription activation domain comprises a
C-terminal amino acid region of herpes simplex virus virion protein 16 comprising an amino
acid sequence corresponding to positions 208 to 335 of SEQ ID NO: 2.

30 9. The nucleic acid of claim 7, wherein the transcription activation domain comprises at
least one copy of a C-terminal region of herpes simplex virus virion protein 16 comprising an
amino acid sequence shown in SEQ ID NO: 4.

10. The nucleic acid of claim 1, wherein the second polypeptide comprises a transcription

35  activation domain selected from the group consisiting of: an acidic transcription activation
domain, a proline-rich transcription activation domain, a serine/threonine-rich transcription
activation domain and a glutamine-rich transcription activation domain.

This Sheet Has Been Replaced THIS SHEET HAS BEEN
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20 (1) (xi) SEQUENCE
Sy o SN oo vl EEEE

NG 12: (i) SEQUENCE €EBARACTERI STI CS:
{ (A) LENGTH: 38 base pairs (B) TYPE nucl ei o aci d
1 (9 STRANDEE’E'E_?%héth@ acid molecul8®f claim 1, wherein the 1oﬂ_ DESCRI PTI 5
' |( IDI ?\DN% EC%peratwer thN% %E%@?M‘fd%h@& XI JQaREAten to ace‘?F
38 mitfeus. (2) 1 NFORVATI ON FOR SEQ I D NQ 13.
WO 96/ 01313 PCT/ US95/ 08179
t - 76- (i) SEQUENCE CHARACTERI STI CS: (A)

i LENGTH: 538 Yase Adusion protein which activates tranggriptionrcomprising afirst polypeptide which
; (C) STRANDESHESS a 2P Updrétor Sequence in the presendeldf tetfdyiie\or d teR&G/cline analogue

operatively linked to a second polypeptide which activates transcription in eukaryotic cells.

13.  The fusion protein of claim 12, wherein the first polypeptide is a mutated Tet
10  repressor.

14.  The fusion protein of claim 12, wherein the second polypeptide comprises a
transcription activation domain of herpes simplex virion protein 16.

15 15.  The fusion protein of claim 12, which comprises an amino acid sequence shown in
SEQ ID NO: 2.

16. A recombinant vector comprising the nucleic acid molecule of claim 1 in a form
suitable for expression of the fusion protein in a host cell.

20
17.  The recombinant vector of claim 16, wherein expression of the fusion protein is
regulated by at least one tissue-specific regulatory element.

18.  The recombinant vector of claim 16, wherein expression of the fusion protein is
25 regulated by .at least one et operator sequence.

19. A host cell comprising the recombinant vector of claim 16.

20. The host cell of claim 19, further comprising a nucleotide sequence to be transcribed
30 operatively linked to at least one fef operator sequence.

21.  The host cell of claim 20, wherein the nucleotide sequence to be transcribed is an
exogenous nucleotide sequence introduced into the host cell.

35 22.  The host cell of claim 20, wherein the nucleotide sequence to be transcribed is an
endogenous nucleotide sequence to which at least one et operator sequence has been
operatively linked.

23. The host cell of claim 20, which is a mammalian cell.

. — 1 THIS .SHEET HAS BEEN |
This Sheet Has Been Replace , REPLACED
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(ii) MOLECULE TYPE: DNA

NO: 13:
38 10

(xi) SEQUENCE DESCRI PTION: SEQ I D
AGCTTATCAT CGATAAGCTA GTTTATCACA GTTAAATT

WO 96/04383 | NFORMATI ON FOR SEQ | D NO: 14: PCIYYSISPOEIIENCE

CHARACTERI STI CS: (A) LENSBK: 38 base pa++s .

(B) TYPE:

: nucleic acid 15 (C) STRANDEDNESS:
(D) TOPOLOGY: i near (ii) MOLECULE TYPE: DNA nmm

1 SEQUENCE
! GATAGGGA

- NG 15:

' LENGTH. 38
i (O STRAN

| 38

DE2 R P'erq'\xlost cgl?o}' cE:)lall\rlno 8wh1c% 1s ahﬁnc%gr ﬁé&m;réq FOR SEQ | D

(i) SEQUENCE CHARACTER STI CS: (A)

ESS %éﬁ% %gll of claim 20, which is ga?%;{l %lggia.lc Ciegr

(ii) MOSECULE TYPE: DNA 30 (xi) SEQUENCE DESCRI PTION: SEQ I D

NO 15:

10

15

20

25

30

35

AATRT O Nﬁ%ﬁ&ﬁh%aé% sequence operatively linked

(2). I NFORVATI ON FOR SEQ I D

to'the at least one Zer operator sequence in the host cell of claim 20 comprising contacting the
host cell with tetracycline or a tetracycline analogue.

27.  The method of claim 26, wherein the tetracycline analogue is anhydrotetracycline,
doxycycline or cyanotetracycline.

28.  The method of claim 26, further comprising isolating a protein encoded by the
nucleotide sequence operatively linked to the at least one et operator sequence from the host
cells or from a culture medium in which the host cells are grown.

29. A non-human transgenic organism comprising a transgene comprising the nucleic
acid molecule of claim 1 in a form suitable for expression of the fusion protein in cells of the
non-human transgenic organism.

30.  The non-human transgenic organim of claim 29, wherein the transgene is integrated at
a predetermined location within the genome of the organism.

31.  The non-human transgenic organism of claim 29, further comprising a nucleotide
sequence to be transcribed operatively linked to at least one ret operator sequence.

32.  The non-human transgenic organism of claim 30, further comprising a nucleotide
sequence to be transcribed operatively linked to at least one et operator sequence.

33. A method for stimulating transcription of the nucleotide sequence operatively linked
to the at least one fet operator sequence in the non-human transgenic organism of claim 31,
comprising administering tetracycline or a tetracycline analogue to the organism.

34. The method of claim 33, wherein the tetracycline analogue is anhydrotetracycline,
doxycycline or cyanotetracycline.

35.  Anisolated nucleic acid encoding a fusion protein which inhibits transcription in
eukaryotic cells, the fusion protein comprising a first polypeptide which binds to a rer



5

- 25

- 45

i 75
AGT
Ser
95

(1) SEQUENCE CHA (A) LENGTH 621 base pairs
(B) TYPE: nucl ei c aci ﬁ!’iﬂ"ﬁ I"" "m " lm (C) STRANDEDNESS: doubl e
(D) TOPOL&@yvebizngar MOLECULE TYPE: cDNA  PpCT/US95/08179 ( Xi )
SEQUENCE DESCRI PTI ON: SEQ | D NO 16 -89. WO 96/ 01313
PCT/ US95/ 08179 - 77 - ATG TCT
AGA TTA GAT AAA AGT AAA GIG TTA GAG
Arg Leu AspOPSFatogsrayenee %qraﬁ'ely ﬁ@g @8 gauﬁeﬁogaolypepude “ih‘d!}/erh“blts
transcriptiofl h eukaryotic cells. CTT AAT GAG GTC GGA ATC GAA
GGI' TTA ACA ACC CGI AAA CTC GCC CAG 96 LeuAsnGIuVaIGIyIIeGIu
Gy Leu Thr Thr Arg Lys Leu Ala G n
36.  The nggleic acid OM@m:‘ﬁ. wereigithe ﬁn@qumem timls T EGeNARIaes
CH:AT v I ] e&sﬁ-rgln@eai? the aBsbficd But x{dﬁh sy of’t%ba@c!in@oﬂzgétfhc-yrﬂinéﬁﬂlo-gﬁé. Trp
. His Val Llys Ly
CGG GCT TTG CTC GAC GCC TTA GCC ATT GAG ATG TTA GAT AGG CAC CAT
192 Ar g7A a'Ilheunubl%ib #id of\tlainh 86, Whﬁelhlltheﬁprybejn@db idalTef\reprédser. H s 15
50 ACT CACTTT T CCT TTA
GAA GGG GAA ACGC TGG CAA GAT TTT TTA CGT 240 Thr H's Phe Cys Pro Leu
Au Ay d u3&er The nGtieicanid Phelaine 37, Awberein the fifst polypeptide comprises art 8mino acid

CATlO SW%%&O% ‘g‘%}:‘Q ID]@?.I AAG GCT AAA AGT TTT AGA TGTI CCT TTA CTA

n'Lys Ala Lys Ser Phe Arg Cys Ala Leu Leu
Hs Arg Asp Ay 85 90
39.  The nucleic acid of claim 35, wherein the first polypeptide binds to a fet operator

sequence in the presence but not the absence of tetracycline or a tetracycline analogue.
15 40.  The nucleic acid of claim 39, wherein the first polypeptide is a mutated Tet repressor.

41.  The nucleic acid of claim 40, wherein the mutated Tet repressor has at least one
amino acid substitution compared to a wild-type Tet repressor.

20 42. The nucleic acid of claim 40, wherein the mutated Tet repressor has at least one
amino acid addition or deletion compared to a wild-type Tet repressor.

43.  The nucleic acid of claim 41, wherein the mutated Tet repressor has an amino acid
substitution at at least one amino acid position corresponding to an amino acid position

25  selected from the group consisting of position 71, position 95, position 101 and position 102
of a wild-type Tn10-derived Tet repressor amino acid sequence.

44.  The nucleic acid of claim 43, wherein the mutated Tet repressor comprises an amino
acid sequence shown in SEQ ID NO: 19.

30
45.  The nucleic acid of claim 35, wherein the second polypeptide comprises a
transcription silencer domain of a v-erbA oncogene product.

46.  The nucleic acid of claim 45, wherein the second polypeptide comprises an amino
35 acid sequence shown in SEQ ID NO: 23.

47. The nucleic acid of claim 35, wherein the second polypeptide comprises a
transcription silencer domain of a Drosophila Krueppel protein.



o et et ey ot s e et i e et 4

25 GCA AAA GTA CAT, CCT ACA GAA AAA CAG TAT GAA ACT 336
Ala Lys Val H's Leu Eﬂﬂ”mr"ﬂmﬂ hr Qu Lys @ n Tyr Qu Thr
100 WO 96/01313 n 110 CTC GAA ARCRISPRIGCC

TTT TTA TGC CAA CAA GGT TTT TCA CTA GAG -9684 30 Leu Gu Asn G n Leu Ala

Phe Leu Q/s Gn dn dy Phe Ser Leu Gu 115

120 cr 1oy T ol EE B SR 6 7

Phe Thr Lewrcd iﬁqe?sce?bownmSEﬂz B NO: 2 135 140

f;GTATTGGAAGATCAAGAGCATCAAGTCGCTAAAGAAGAAAGGGAAACA 480
\1/?0 Leu Gy éAS P ﬂ 4 %gg uc li'm oct;‘ci]au\r/xais h%rell'%g'leﬁcon l%uﬁepu og(%%is% A(lﬁ-S ATG

CCG CCASTTArahSé&iptioh sileAcésdbmiliCof #\protdia selected From the group FtmisisHing 48the Satoldt

10 710 LC ok idotiBr ghBa, 1@ yrdid Ropinbiit'secepton alphs, thexeash SRR proteiR. 174

TTC GGC CTRo@plext tis Drosephila proteipievenslippeds SER b, MeB1, sthexDedsopiladoxsal prbtein, eu

Phe d Le .
100 A%ﬁgji‘ SFE4he Droso}phlla hunchback é%&ex the Drosqlpcl;n_l_laGAkmA:\'p%\ éﬁr)t%&;“qrécOct 2.1,

621 50 tbeﬂf‘ég agxgra}_%p@tgn,@@@ﬁn gﬁ Lys Cys u Ser Ay Ser
195 200 205 (2) 1 NFORVATI ON FOR SEQ

| D NG 17 EQUEN ERIL ST1

LENGTH: 2075%Zm n"c;hea’&‘fcéé heid mofectle of taiin C;(EB)” FoEthe fivinw Prateig farther comlpribes

(D) TOPOLO@x operativaly linked third polypeptide which promotes transport of the fusion proteinto a
cell nucleus.

15 51. A fusion protein which inhibits transcription in eukaryotic cells, comprising a first
polypeptide which binds to a tef operator sequence operatively linked to a heterologous
second polypeptide which inhibits transcription in eukaryotic cells.

52.  The fusion protein of claim 51, wherein the first polypeptide binds to a ter operator
20  sequence in the absence but not the presence of tetracycline or a tetracycline analogue.

53.  The fusion protein of claim 52, wherein the first polypeptide comprises an amino acid
sequence shown in SEQ ID NO: 17.

25 54.  The fusion protein of claim 51, wherein the first polypeptide binds to a ref operator
sequence in the presence but not the absence of tetracycline or a tetracycline analogue.

55.  The fusion protein of claim 54, wherein the first polypeptide comprises an amino acid
sequence shown in SEQ ID NO: 19.

30 '
56.  The fusion protein of claim 51, wherein the second polypeptide comprises a
transcription silencer domain of a v-erbA oncogene product.

57.  The fusion protein of claim 56, wherein the second polypeptide comprises an amino
35 acid sequence shown in SEQ ID NO: 23.

58.  The fusion protein of claim 51, wherein the second polypeptide comprises a
transcription silencer domain of a Drosophila Krueppel protein.
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Asn Ser Ala Leu G u Leu -91- 5

15 5 Leu Asn G u Val GIyIIeGIuGIy Leu Thr Thr Arg Lys LeuAIa
An egah

Lys Leu Gy %I e&xs 1grgprotcl1ﬂro fflealljmﬂ? § W?Frp S schnd olyp'&gndicomﬁx?f)esanammo
35 acldsequenﬂ@ShownmSEQID Arg Ala Leu Leu Asp Al a
Leu Ala Ile Qu Met LeuAspArg Hi s HIS 50 55
gg _15 Thr HI S P’I%e %sxorlla Irn(?otem of Gimmcgl w%%msﬁme sec(ﬁld porllyp%sﬁgdg g%nlﬁgges%.r g Asn
Lys Al a lsys Mseﬂbﬁoﬁﬁ@er@éﬁd&mm ﬂrﬁl&uﬁﬁle&&cﬁﬁd&h@hé\gmuﬁcymsmmng of the retuénc
85 Leu y
Thr Arg Pro aﬁlﬁi rﬁeat%wh@ ﬂleﬂﬂm& horﬂﬂne rgcep?oq alpha, the y%aéﬂé%ﬂﬁupﬁpmt

105 complex, the DirOsophila protein éSlen-skipped] SIR1eNeRl stheRrosophiladersal pro@in,
dy Phe Ser : _
125 ' hofShp S, B Drosspiila pthinel groeip, e Drospifigien progin, WY, Qg2
130 the Drosoplg@gpngrmled protein, E4BP (ZF530 Val Leu Au Asp G n Qu
Hs Gn @l Aalys Gu Gu Arg Qu Thr 145 150

éSﬁ ANalle &u Léurecombmant vectt.groco-lr-x?prnsjl;Pgr the clglecrac%mofgc&elzgf%laﬁxg}l'e g‘ in a

175 35 Stimblsfor kekpresiion 6f theAusiofprotéindn AlhastRieHl. Leu Phe Ay Leu GI u Leu
180 185 190

62. A host cell comprising the recombinant vector of claim 61.

15
63.  The host cell of claim 62, further comprising a nucleotide sequence to be transcribed
operatively linked to at least one tef operator sequence.

64.  The host cell of claim 63, wherein the nucleotide sequence to be transcribed is an
20 exogenous nucleotide sequence introduced into the host cell.

65. The host cell of claim 63,_ wherein the nucleotide sequence to be transcribed is an
endogenous nucleotide sequence to which at least one ref operator sequence has been
operatively linked.

25
66. A method for modulating transcription of the nucleotide sequence operatively linked
to the at least one et operator sequence in the host cell of claim 63, comprising modulating
the concentration of tetracycline or a tetracycline analogue that is in contact with the host
cell.

30
67. A non-human transgenic organism comprising a transgene comprising the nucleic
acid molecule of claim 35 in a form suitable for expression of the fusion protein in cells of
the non-human transgenic organism.

35 68. The non-human transgenic organim of claim 67, wherein the transgene is integrated at
a predetermined location within the genome of the organism.

69.  The non-human transgenic organism of claim 67, further comprising a nucleotide
sequence to be transcribed operatively linked to at least one fer operator sequence.



lllgg e s dy Leu ?ﬂlﬂmﬁlm "Iﬂ ° Q/235G| " s GI(g) Sﬂ\lFégMATI ON FOR

SEQ | D NGv6®5/01313 MSBQU CE CHARACTERI STI CS: 45 PCT/US95/08179
(A) LENGTH: 621 base pairs -92-(B) TYPE: nucleic acid
(C) STRANDEDNESS: doubl e (D) TOPOLOGY: |inear 50
(ii) MOLECULE TYPE: cDNA (xi) SEQUENCE DESCRI PTION: SEQ ID
NG 18: WO 96/ 01313

" PCT/ US95/ 084079 The non-human transgenic organism of claim 68, further compgising a nucleofiges

- TCT AGA TTA GAT
T [ AT e ST S s, 1

5 CTTAATGAGGTCGGAATCGAA

GCT TTASA f&’liﬁo t8£>ofthe ucRiatide Be rétlvelyl lirtked
A B i il e st e

25 to the at 10ast gn¢ reF Sperasi seauace i themonchmen Fansgenis SRzamism g Laif:69,
CAT GTA AAAcotvipri sﬁﬁ?modulhﬁﬂg {ife cdneentration@fitetvadycliheioxd tetrcyclifiaanaloguerpresent n

H s Val Lys Asn ¥ 35 40
45 CTC GAC GCC TTA GCC ATT GAG ATG TTA GAT AGG CAC CAT
192 ArgAIaLeuLeuAspAIaLeuAIaIIeGIuI\/bt Leu Asp Arg H's His 15

50 10 72. The mithod of claim 71, wherein thOtetracycline analogue is anhydrotetracycline,
doxycycline or cyanotetracycline.

73. A host cell comprising:
a first nucleic acid encoding a first fusion protein which activates
15  transcription, the first fusion protein comprising a first polypeptide which binds to a zef
operator sequence operatively linked to a second polypeptide which activates transcription in
eukaryotic cells;
a second nuclexc acid encoding a second fusion protein which inhibits
transcription, the second fusion protein comprising a third polypeptide which binds to a tet
20  operator sequence operatively linked to a fourth polypeptide which inhibits transcription in
eukaryotic cells; and
a third nucleic acid molecule comprising a nucleotide sequence to be
transcribed operatively linked to at least one fer operator sequence.

25 74. The host cell of claim 73, wherein the first polypeptide binds to a fef operator
sequence in the presence, but not the absence of tetracycline or a tetracycline analogue and
the third polypeptide binds to a fet operator sequence in the absence, but not the presence of
tetracycline or a tetracycline analogue.

30 75. The host cell of claim 73, wherein the first polypeptide binds to a fef operator
sequence in the absence, but not the presence of tetracycline or a tetracycline analogue and
the third polypeptide binds to a tef operator sequence in the presence, but not the absence, of
tetracycline or a tetracycline analogue.

35 76. A non-human trangenic organims comprising:
~ afirst transgene encoding a first fusion protein which activates transcription,
the first fusion protein comprising a first polypeptide which binds to a tef operator sequence
operatively linked to a second polypeptide which activates transcription in eukaryotic cells;



ACT
Thr
70
AGA
Arg
90
AAA
Lys
110
384
115
AGC
Ser
140
480
145
CCT
Pro
165
GAG
du
185
GAA
Cys
205

(B)
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WO 96/01313 7 80 20 AAT AAG GBCTA/SHSO6IT9 TTT
TGT GCT TTA CTA AGE CAT UGC AAT GA . @88 Asn Lys Al a Lys Ser Phe
Cys Ala Leu Leu Ser H's Arg Asn Ay

95 25 CCA AAA GIA CAT T
CAG TAT GAA ACT 2SF5gnd transggpe, ""E";F'QA%? sqgpad §§F°%B‘%%&S Thr QG u
A n Tyr tenscription, the second fusion proteitﬂﬁ)mprising a third polypepfié which binds to a rer
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T &TG GGG CAT TTd thiydrahbge %nggin aﬂ'&?eotlde seé\féﬂcﬂ@bé—ﬁﬁlszﬁﬁedb" a Leu
Al a VaI Phe .Thr lLeu G

10 BulRishone JoA PPETBIOTGPEUSEET ARA GAA GAA ACG GAA ACA
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gGI gg'? CC S’g}e non-hu%aln gansgeI i Snint ﬁ o%? 7% W?‘l gxelﬁgt p%l)r']pelﬁgge %%lnsds to
Dfpt d)pdﬁquumeﬁmsmen@ b ricft the présence of tetra¢ydlinsotdaftétedcycline
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the absence, of tetracycline or a tetracycline analogue.
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( .
CHARACTER S-E_LﬁQ% dd the third polypepuc‘d%m?sgy%%iewgq%ﬂgn&% qge presence, but not

79. A recombinant vector for coordinate, bidirectional transcription of a first and a second
nucleotide sequence to be transcribed, the vector comprising a nucleotide sequence
20 comprising in a 5' to 3' direction:

a first cloning site for introduction of a first nucleotide sequence to be transcribed,
which is operatively linked to
at least one ter operator sequence, which is operatively linked to
25 a second cloning site for introduction of a second nucleotlde sequence to be
transcribed,

wherein transcription of the first and second nucleotide sequence introduced into the vector
proceeds in opposite directions relative to the at least one fet operator sequence.

30
80.  The recombinant vector of claim 79, wherein the first and second nucleotide sequence
to be transcribed have been introduced into the first and second cloning sites, respectively.

81.  The recombinant vector of claim 80, wherein the first and second nucleotide
35  sequences encodes polypeptide subunits of a heterodimeric protein.

82. The recombinant vector of claim 80, wherein the first nucleotide sequence encodes a
protein of interest and the second nucleotide sequence encodes a detectable marker.
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WO 96/ 01313 PCT/ US95/ 08179
- 80- HEMIMWM“YPE protein § )
SEQUENCE WO ON: Met Ser Argl@@%@st' s Ser

Lys Val Ile Asn Ser Ala Leu Gu Leu -94 - 1

10 15 5 LeuAsnGIuVaIGIyIIeGIuGIyLeuThr
Thr Arg Lysgkeu

20 84 ’ﬂﬂiﬁj S‘né recom]bmént vegtor fgx; gxd_fﬁende ﬁv,lglll?tlcin of Wnsc%tlloq_gfaa f;&rsst
Lys 1and a second nucleggde sequence to be transcribed, the at least one vector commgsmg a

Arg Al a Leuph@eotfdesefiéhce@Bmprigingt € G u Met Leu Asp Arg H| s Hs
50 é hr Hi s _Phe cy% Pro
Leu Lys G y Qu gé’gsﬁcﬁ&m@g ﬁltm w%dq_cgan R?a first nucleofide seqgence to be transcribed

70 operatively linkéd to at least one fer operatoBSequence of a first dlass typs aAia Lys Ser
Phe Arg Q/s Al a I 85
90 Ia%gccg@%lmﬂg E%é 14 ugtrﬁtﬂmgm%f a Eeconq/. éﬂucﬁ’gd"sifﬂui{gcﬁ QRE A g
Pro Thr G utragscribed, opgraticely linked to at least one et operator sequent®0f a second class type.

105 110 Leu Gu Asn A n Leu Ala Phe Leu Cys G n
Gn @y Phe_Ser u u 25 . 15. .. 120
125 82 Aﬁeﬁq&%@?ﬁwm@&mﬂéﬁ% P% plaim §3 wherpinqithershe firstrorithe segpyd
Cys 10 class type bBfer operator sequence is a dl3és B fer operator sequence. 140 30
Val Leu Gu Asp G@n Qu Hs @n Val Ala Lys Qu Qu Arg Gu Thr
145 150 155 160
85.  The at least one recombinant vector of claim 83, wherein the first and second
nucieotide sequence to be transcribed have been introduced into the first and second cloning
site, respectively.
15

86.  The at least one recombinant vector of claim 85, wherein the first nucleotide sequence
comprises a therapeutic gene and the second nucleotide sequence comprises a suicide gene.

87.  Akit comprising a carrier means having in close confinement therein at least two
20  container means comprising:

a first container means containing a first nucleic acid encoding a fusion protein which
activates transcription, the fusion protein comprising a first polypeptide which binds to a tet
operator sequence in the presence of tetracycline or a tetracycline analogue operatively linked
to a second polypeptide which activates iranscription in eukaryotic cells; and

25 a second container means containing a second nucleic acid comprising a cloning site
for introduction of a nucleotide sequence to be transcribed operatively linked to at least one
tet operator sequence.

88.  The kit of claim 87, further comprising a third container means containing a third

30  nucleic acid encoding a fusion protein which inhibits transcription, the fusion protein
comprising a first polypeptide which binds to a zef operator sequence operatively linked to a
heterologous second polypeptide which inhibits transcription in eukaryotic cells.

89.  The kit of claim 88, further comprising a fourth container means containing a
35 tetracycline or a tetracycline analogue.
I
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Pro Thr Thr Asp Ser th Pro Pro' Leu Leu Arg G n Ala lle Qu Leu

165 70 175 35 Phe Asp Hi's
An dy AVOSSH3DB AI a Phe Leu Phe Ay Leu Gu Leu PCT/US95/08179

180 185 190 Ile lle Cys Ay Leu
Gu Lys An Leu Lys Cys Gu Ser Ay Ser I—IM 195

200 205 (2) I'N | ON FOR SEQ I D NO 20:

(i) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 192 base
pairs (B) TYPE. nucl eic acid

(C) STRANDEDNESS: doubl e ' (D) TOPOLOGY: |i near

50 (ii) MOLECULE TYPE: cDNA (xi) SEQUENCE

DESCRI PTI ON:  SEQ 1 D NG 20: WD 96/ 01313

PCT/ US95/ 08179 - 81 - GAC
ATG GAA AAA GCG ACA CCG GAG ACG ATG GIC CAT TGG ATT TGT CTG 48 Asp
Met Qu Lys Ala Thr Pro Qu Thr Met Val His Trp Ile Cys Leu 1

5 10 15 5 AAG ATG GAG CCA CCT CIG
TGG ATG GCC ATT ACA GCA ACA TCG CAC G&C Lys Met Gu Pro Ala

. Leu Trp Met Ala Ile Thr Ala Thr Ser ICA? 20
© 25 30 GCA AGG mACk TTC GIC GGG TTT TCC G&C

e Mttt P A b NN -1 1

a————————s e v L e

- A e o et s B
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Cys Leu His Arg Lys 35 40
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TCC CTC ACG TAC CCA GIG ATA TGC CTG AGC AAA CCG AGC CAG AGG ATT 192
Ser Leu Thr Tyr Pro Val Ile Cys Leu Ser Lys Pro Ser An Arg Ile 15

50 WO 96/01313 55 60 (2) | NFOREPIROBFR SEQ
ID NO 21: 20 (i) SEQUENCE CHARACTERI STI CS: (A
LENGTH. 64 amino acids ? E_T,’E am no acid
(D) TOPOLOGY: i near (i) MOLECULE TYPE: protein 25 (xi)
SEQUENCE DESCRI PTI ON: SEQ I D NG 21: Asp Met Qu Lys Ala Thr Pro Qu
Thr Met Val His Trp Ile Cys Leu 1 5
10 15 30 Lys Met Gu Pro Ala Leu Trp Met Ala Ile Thr
Ala Thr Ser Hs Gy 20 25
30 Ala Arg H's Arg Thr Phe Val Ay Phe Ser Ay Cys Leu H's Arg Lys
35 40 45 35 Ser Leu Thr Tyr Pro.Vval
Ile Cys Leu Ser Lys Pro Ser @n Arglle 55
60 (2) I NFORVATI ON FOR SEQ I D (i) SEQUENCE
CHARACTERI STI CS: (A 16 base pairs
(B) TYPE: nucleic acid ' STRANDEDNESS doubl e 45
(D TOPOLOGY: |inear (i) NL']_ECULE TYPE: cDNA
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(xi) SEQUENCE DESCRI PTION: SEQ ID NGO 22: 50 CTG GAC GAC TCG AAG CGC GTA
GCC AAG CGG AAG CTG ATC GAG GAG AAC 48 Leu Asp Asp Ser Lys Arg Val
Ala Lys Awgebymsibeu Ile Au Gu Asn BCT/US95/08179

1

1
0 15 VO 96/ 0131
PCT/ US95/ 008179 3 7 13 .82 - ece

GAG CGG CGA CCGC AAG GAG GAG ATG ATC AAA TCC CTG CAG CAC CaG 96

Arg Gu Arg Arg Arg Lys Qu Gu Met Ile Lys Ser Leu G n H's Arg

20 ' 25 30 5 CCC AGC CCC AGC GCA GAG
GAG TGG GAG CTG ATC CAC GIG GIG ACC GAG 144 Pro Ser Pro Ser Ala
GQu AQu Trp Qu Leu Ile Hs Val vVal Thr Qu 35

40 45 10 GCG CAC CGC AGC ACC AAC GCG CAG GGC AGC CAC TGG
AAG CAG AGG AGG . 192 Ala Hs Arg Ser Thr Asn Ala A n @y Ser His Trp
Lys G n Arg Arg 50 55 60

AAA TTC CTG CTC GAA GAT ATC GGT CAG TCG CCC ATG GCC TCC ATG CTT 240 15
Lys Phe Leu Leu Qu Asp Ile Gy @n Ser Pro Met Ala Ser Met Leu 65

70 75 80 GAC GGG GAC AAA GTG GAC
CTG GAG GCG TTC AGC GAG TTT ACA AAA ATC 288 Asp Ay Asp Lys Val
Asp Leu Qu Ala Phe Ser A u Phe Thr Lys Ile 20 85

90 95 ATC ACG CCG GCC ATC ACC CGC GIG GIC GAC TTT

1 GCC AAA AAC CTG CCC 336 Ile ThrCEh'Gla |l e Thr Arg Val Val Asp Phe
Ala Lys Asn Leu Pro 1 . 105

110 25 ATG TTC TCG GAG CTG CCG TGC GAG GAT CAG ATC ATC CTG CTG AAG G&C
384 Met Phe Ser Qu Leu Pro Cys Gu Asp An lle lle Leu Leu Lys Ay
115 120 125
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30

TGC TGC ATG GAG ATC ATG TCG CTG CGC GCC GCC GIG CGC TAC GAC CCC 432

Cys Cys Met Qu Ile Met Ser Leu Arg Ala Ala Val Arg Tyr Asp Pro

130 - w0 96/01313 135 140 GAG AGC GERCTAISSOSIISACG
CTG AGC GGG GAA ATG GCC GIC AAA CGC GAG 480 35 Au Ser Au Thr Leu Thr
Leu Ser Gy Gu Met Ala Val Lys Arg Gu 4 / 148 150

155 160 CAG TTG AAG AAC GGA GGG CTG GGG GTIC GIG TCT
GAT GCC ATC TTC GAC 528 - G@n Leu Lys Asn Ay Ay Leu Ay Val Val Ser
Asp Ala Ile Phe Asp 40 165 170

175 CTC GBC AAG TCG CTG TCT GCC TTC AAC CTG GAC GAC ACC GAG GIG GcC
576 Leu Ay Lys Ser Leu Ser AIaFPT{%As Lau Asp Asp Thr du Val Ala
180 185 90 CTG CTG CAG GCC GIG CTG
CTC ATG TCC TCA GAC CGG ACG GGG CTG ATC 624 Leu Leu G n Ala Val Leu
Leu Met Ser Ser Asp Arg Thr Gy Leu lle 195

200 205 50 TGC GIG GAT AAG ATA GAG AAG TGC CAG GAG TCG
TAC CTG CTG GCG TTC 672 Cys Vﬁﬂ A§I‘Ly§{lle GQu Lys Cys G n Au Ser
Tyr Leu Leu Al a Phe 210 215 220
GAG CAC TAC.ALC FACTALC CGC TCTOGgree 20 55
GQu Hs Tyr Ile AT Tyr Arg Y H s N lol cgPro HI S 2 225
gggleSQSI KSKVISS%?EELNEVGIEGETTRKLAQKL %EOPTLYHHVKNKRAﬁagaLA?éHLéiH%AG .
CTG ATG NECERAALE TG GGR-ATG. AT rG0ky GG TARR LG 111 70k 1A Lys Lell
Leu Met LyeNKVMAIREA-3RASPGLeid AMg -Met - R4 ERA-yoA B -TyE-His ..o .. R

245 MTK---GT--ARGD-=------ MDS---c--- ER2B5Q- -/ - - - EPC AGC- CEﬁtﬁ'(%ggTG cw«:G
ATG AAG GMA “GAGOPaCSHod adBfGAG-cTC Tec S-KIg1e - - -+ R--QT-MNM-SEAI-AK- E
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Ala Ser Arg Phe Leu His Met Lys Val Qu Cys Pro Thr Gu Leu Ser

260 265 270 10  (2) I NFORVATI ON FOR SEQ
| D NO 23:wo0 96/01313 (i) SEQUENCE CHARACTERI STI CS: PCT/US9S/817S  ( p)
LENGTH: 272 am no aci ds égz) ET$\F()E: am no acid
(D TOPOLOGY: linear 15 (i) Mo L PE: protein
(xi) SEQUENCE DESCRI PTI ON: SEQ I D NGO 23: Leu Asp Asp Ser Lys Arg Val
Ala Lys Arg Lys Leu Ile Gu @ u Asn 1 5
10 15 20 Arg Gu Arg Arg Arg Lys Gu Gu Mt lle Lys
Ser Leu A n Hs Ar 20 25
30 Pro Serqﬂlc')o Ser Aa®™u Qu Trpoélu Leu |1 &H s val V&N Thr G u 25
35 <{ 40 m Q5 A His Arg dad Thr Asn
Ala Gn Ay Ser Hs Trp Lys Gn Arg Arg 50 55
60 30 Lys Phe_Leu Leu Gra—f\sp—l |l € M Ser Pro NEt Ala Ser Met Leu
65 R <[ e g+ Asp
Ay Asp Lys Val @spQeu d LA dhe Ser_mhlﬂPhe T@-I | e
85 < 0 < = =0 O] eorhr ProAl B 11 e Thr
Arg Val Val Asp et a Lyg (g eu Prot|l ) 100 [ O] IO
105 <|{H4100 <{{Net| Phe Bal{|G-y Leu {RLd s Auagpg n lle
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4 45 Gu Ser u Thr Leu Thr Leu Ser Ay Gu Mt Ala Val Lys Arg GQu

145 150 155 160 dn
Leu Lys AswddbeniBily Leu Gy Val Val Ser Asp Ala |l e Phe Asp PCT/US95/08179
165 170 175 50 Leu Gy Lys Ser Leu Ser
i} Ala Phe Asn Leu Asp Asp Thr du Val 6/1\/ 180
4 185 190 Leu Leu GI n>Al a’ Leu Leu Met Ser Ser Asp
Arg Thr Ay Leu Ile 55 195 ' 200
205 WD 96/ 01313
PCT/ US95/ 08179 -84 - Cys
Val Asp Lys Ile Qu Lys Cys G n Qu Ser Tyfr Leu Leu Al a Phe 210
4 215 220 5 GQu Hs Tyr AA\le Asn Tyr Arg Lys His Asn Ile
Pro His Phe Trp Ser 225 230 235
240 Lys Leu Leu Met Lys Val Ala As u Arg Met Ile dy Ala Tyr H's
245 250 2 10 Ala Ser Arg Phe Leu Hi' s
Met Lys Val GQu Cys Pro Thr Gu Leu Ser 4., 260
265 - 270 (2) | NFO:NATSO\I FOR SEQ I D NO 24: 15

— (A LENGTH: 25 base pairs

(1) SEQUENCE CHARACTERI STI CS:
() STRANDEDNESS: doubl e

4 (B) TYPE: nucleic acid
1 (D) TOPOLOGY: |inear

minimal
promotor

FIG.6
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tet Operator sequences RNA-Pol ||

RNA-Pol ||
minimal
promotor
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i 20 ~ (ii) MOLECULE TYPE: DNA (xi) SEQUENCE DESCRI PTI ON:

§ (B) TYPE: nucleic acid

1 SEQ I D NO 24: TCCCCGGGTA ACTAAGTAAG GATCC
1 25 25 WOI6QIRISORVATI ON FOR SEQ | D NO 25: (i PCIHRISI8L9
{ CHARACTERI STI CS: (A) LENGJH. 24 base pairs
-, (gé DEDNESS: doubl e 30
1 (D TOPOLOGY: i near (ii) MOLECULE TYPE: DNA
} (xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 25: 35 AGIGGGTCCC CGGGTGACAT GGAA
1 24 (2) 1 NFORVATI ON FOR SEQ | D NO 26: ' (i) SEQUENCE
1 CHARACTERI STI CS: Fl G ('?X)I%ENGTH: 8 anmino acids
(B) TYPE: am no acid 40 * D) TOPOLOGY: i near
4 (ii) MOLECULE TYPE: pol ypeptide (v) FRAGMVENT TYPE: internal
1 45 (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 26:

> GAATTCG6GG
EcoRl +75

CCGCGGAGGCTGGATCGGTCCCGGTGTCTTCTATGGAGGTCAAAACAGCGTGGA

+ 1

7

C Pacrvx-3

TGGCGTCTCCAGGCGATCTGACGGTTCACTAAACGAGCTCTGCTT ATATAGG
: =31

tet O
TC ( GAGTTTACCACTCCCTATCAGTGATAGAGAAAAGTGAAAGTC ) 7GAG(:

PhCHV* -9

TCGGTACCCGGGTCGAGTAGGCGTGTACGGTGGGAGGCCTATAT AAGCAGAG
-53

CTCGTTTAGTGAACCGT(EAGATCGCCTGGAGACGCCATCCACGCTGTTTTGA

+1

CCTCCATAGAAGACACCGGGACCGATCCAGCCTCCGCGGCCCCGAATTC 3
+7S5 EcoRl
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SR AT L PR ¢ e Ve

WD '96/ 01313 'PCT/ US95/ 08179
- 85- Ser Ay Ser Pro Ay Asp Met Qu 1
(2) | NFOWBPBSOMIBOR SEQ | D NO 27: 5 (i) SEQUENCE éﬁﬁﬁﬁég’ﬁﬁ%ﬂ CS:

(A) LENGTH: 24 base pairs ' 8 (P)g TYPE: nucleic acid

(C) STRANDEDNESS: doubl e /(Ef Foraloey: linear 10
(ii) MOLECULE TYPE: DNA (xi) SEQUENCE DESCRI PTI ON: SEQ I D
NO 27: AGTGGGTCCC CGEGTCTGGA CGAC

24 15 (2) | NFORMATI ON FOR SEQ | D NO: 28: (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH: 8 am no acids

(B) TYPE: am no acid 20 (D) TOPOLOGY: i near

(ii) MOLECULE TYPE: pol ypeptide EJ)\G z (v) FRAGMVENT TYPE: internal
25 (xi) SEQUENCE DESCRI PTI ON™*SE NO 28: Ser Ay Ser Pro
Gy Leu Asp Asp

+19

> GCAGGGTCGC
Bgl Il pst |
4—:-1'
A Rix -37 .39

TCGGTGT I CGAGGCCACACGCGTCACCTT AATATGCGAAGTGGACCGGATC

tet O .
T T/
TC ( GAGTTTACCACTCCC ATCAGTGATAGAGAAAAGTGAAAGTC)7GAGC

PhCHV*-‘l
TCGGTACCCGGGTCGAGTAGGCGTGTACGGTGGGAGGCCTATATAAGCAGAG
-53

CTCGTTTAGTGAACCGTEAGATCGCCTGGAGACGCCATCCACGCTGTTTTGA

+ |

CCTCCATAGAAGACACCGGGACCGATCCAGCCTCCGCGGCCCCQAATTC 37
+75 EcoRl
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- 86- 1. An isol ated nucleic acid encoding a fusion protein

whi ch activates transcription, the fusion protein conprising a first
pol ypept i xyg:ﬁljl binds to a tet operator sequence in the PETUSHFE8IENCE,
but not the absence, of tetracycline or aQ i ycline anal ogue operatively
i nked to a second polypeptlde whi vates transcription in
eukaryotic cells. . The nucleic acid of claiml1l, wherein the
first polypeptide is a mut at ed Tet repressor. 10 3. The nucleic acid
of claim2, wherein the nutated Tet repressor has at |east one am no

acid substitution conpared to a wild-type Tet repressor. 4. The
nucleic acid of claim2, wherein the nut a:Edl{ﬁt essor has at |east one
am no acid addition or deletion co asw | d-type Tet
repressor. 15 5. The nucleic acid of claim3, wherein the nutated
Tet repressor is a nutated TnlO- derived Tet repressor having an
am no acid sub?é “gtl on at at |east one am no acid position sel ected
fromthe gro Ing Of posTtron 7T, posSrtron 95, positron 10T an
posi tion 102 //—1Ihe nucleic acid of claimb5, wherein the nutpted
Tn10- deri vedl et rep essor COMPI S
correspondEhg tojQ@sytions 1 to 207 of S&Q ID NO 2. 7. The
nucl ei ¢ acdd=of clai /| 1, wherein the secong pol ypeptide conprises a
transcri pt-gog ctivation donmain of hefNpes sinplex virion proteinf16.
25 80 e cleic acid of claim?7, w{
activation_dgmain 90 rises a C-term nal]\am no aci d regi on of hefpes
si npl ex vi ug' viriongprotein 16 conprising an lam aci d sequencg
correspondEng—tuo pos' tions 208 to 335 of SEQ ID N& 2. 30 9. The
nucl ei ¢ ac@dSQE cl 4i#h 7, wherein the transcription ti vation domai n
conpri ses 'ﬁt-.- hod I ast one copy of a Cterm nal
virus viri n_pOOt ei n}16 conprising an am no acid

SEQ | D NO_M® & 1 The nucl ei c acid of claiml wherei cond
pol ypept i de‘cforrpri'ge fTE"'%cﬁ T i om
the group consisitin@ acid transchptlo Y a

proline-rich transcription %Jygtc)pe“ﬁon@dhcgnqeblﬁ)@ﬁt Ef@ PHAIE rich

transcription activation domal'n [utam ne-ric anscri ption
activation domain.

F1G. 8B

.0l

-Galactosidase activity
Miller units /ug protein’)

L
-/[ LER R IR | T v m T ¥ T AR ALLLE |

o 00l Ol | 10 100 1000 10000
Tetracyclin concentration {ng/mil)
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- 87- 11. The nucleic acid nolecule of claim1, wherein the fusion
protein further conprises an operatively linked third pol ypeptide
whi ch pr oRpg e§eisisnsport of the fusion protein to a cell PCT/USOMO8ITS .

5 12. A fusion protein which acti vat?soya’usgri ption conprising a first
pol ypepti de which binds to a tet operator Sequence in the presence,
but not the absence, of tetracycline or a tetracycl i ne anal ogue
operatively linked to a second pol ypeptide which act.ivates transcription

in eukaryotic cells. 10 13. The fusion protein of claim12, wherein
the first polypeptide is a nmutated Tet r epressor. 14. The

fusion protein of claim12, wherein the second pol ypeptide conprises a
transcription activation domain of herpes sinplex virion protein 16. 15
15. The fusion protein of claim12, vf& E;c [d Ses an am no acid
sequence shown in - SEQ ID NGO 2. i .%;i“ A reconbi nant vector
conprising the nucleic acid nolecule of claiml in a form20 sui table for
expression of the fusion protein in a host cell. 17. The
reconbi nant vector of claim 16, wherein expression of the fusion protein is
regul ated by at |east one tissue-specifictifégulatory elenent. 25 18.
The reconbi nant vector of claim 16, whergin expression of the fusion
protein is regul ated by at | east dpe 5y oper at or seguence.
19. A host cell conprising er nbiegi ecior of claim116. 30 20.
The host cell of claim19, f#h npriﬁi gan goti de sequence to be
transcri bed operativelﬂ(/yﬂfﬁaf?o aﬂLﬁgpb¥aene t oper ator sequence.
21. The host cell of clai+20, wherein |{e nugl eoti de sequence to be

=0

transcri bed i s ap ex0genq 0 encejintrp \pto the
host cell. 35 SR R PO SR R : v

sequence to be trARJfFigiREFets an Rﬁwioo”s n
whi ch at | east o%é Tapgrator sequ%licnem?gf been

&
\
N

¥ V=Y =¥, otide
ucIeot*qﬁisequence to

promotor

FIG.9B

tTaR
oy
-Tc
+Tc H'_c__,\

-'lc—l —>
oty
I :::>_'

T XEW N RO WV R MDA A A A A A D,

multiple tet ~ RNA-Pol i tTAR
operators minimal
promotor
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loperatively | i nked.
PCT/ US95/ OW0/26/01313

23.

The host cell of clai
WO 96/ 01313

m 20, which is a
PCT/US95/08179

manmal i an cel | .

88

24.

The host cel il §t/clam 21, which is a human

cell.

25.

i nsect or fungal

cell.

The host cel
5

of claim 20, which is a yeast,

26.

A met hod f or

stinmulating transcription of the nucleotide sequence operatively |inke
to the at | east one tet operator sequence in the host cell of claim?20

d

conprising contacting the
tetracycl i ne anal ogue.

doxycycline or cyanot

genone of the organi
organi sm of claim 29

sequence.
cl ai m 30,

promoter/
enhancer)

wherein the tetracycline anal

further conprising a nucleo

o .
: >3
© 28
L 55
S £ ﬁg
X
e
3
s

X

(

host cell

with tetracycline or a

10

27.

The net hod of cl aim 26,

gue i s anhydrotetracycli ne,

ne 28. The met hod of©

claim 26, further conpfiising|isolating a protein encoded by O

nucl eoti de sequence op +vely linked to the at |east one tét operatcrsz

sequence fromthe host = o cells or froma culturg medi um ifn
§which the host cells arefks 29. A nop- human
§transgeni c organi sm conp ansgene conprising the nucleic

acid nolecule of claimlzxsla fopop§uitable for expression of {the fusijon

protein in cells of the Eis: non- human transgeni c (or gani s

20 30. = uman transgeni ¢ organi m of jcl aim 29,

wherein the transgeng ed at a predeterm ned location within the

31. The non- humanj t r ansgg

conpr.i ¥ ng a nucl eoti de 25
rati vgl Wlinked to at |east one tlet opeﬁat
. Th n- human transgeni ¢ orggni sm of

i

tetOwt
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sequence. 30
one tet operator sequence

organi sm

t he nucl eoﬁW"s‘g’(fuence operatively |ink

h

33.
n the non-hu

34.

tetracycline anal ogue i 9 @f

cyanot etracycli ne. o
encodi ng a fusion proteilnEy
eukaryotic cells, the fL%c

binds to a tet
- 89- oper at or sedugh
pol ypepti de whi ch i nhi bijt
36. The nucleic acid gfEq
a tet operator 5 seqydd
tetracycline or a tetrag
Iclaim36, wherein the fi

The nucleic acid of clai

am no acid 10 sequence
jacid of claim 35, wherei

sequence in the presencg
tetracycl i ne anal ogue.
hfirst pol ypeptide is a

o

—t

r

r

pet fep

[ ]

FIG. 11

in-frame fusion of the Kriep

35.

hi ¢

n pro

96/ 0131

ce operatNel
transterd

| ai m 35, whe

sequence to be transcri bed operatively linked to at
A nethod for stinmulating transcri

Z Jan!sgini c organ

conprising admnistering tetracycline or a tetracycline anal ogue to the
The nmet hod of claim 33, wherein the

drot etracyclji ne,
An i sol aj£&d|

i nhi bi t G

in con?risin

ranscri
firs

| yhked to a
ion in euk

in the first

The 1
repr,

40. w

ht ed Tet

AR

PUHD141Kr -1

eic acid of

$or.

5

in- frame fusion of the v-é&¢

Pcmv r"
pUHD141sma ~ 1 ATG TCT... tetRgene ..TCC CCG GGT

-1

pUHD141erb

| east one tet operator

tion o
t & GIRSI308172 55

ismof claim31

f
t

doxycycline or

cleic acid

ol ypepti de which
ORCT/ US95/ 08179
h@tler ol ogous second
tic cells.
ljypepti de binds to

te in the absgRce but not th resence of

i ne anal ogue.< 37. [|d@He nucleic acid of
pol ypeptide<ls a Tet represyqr. 38.

87, wherein t first polypedﬁjde conpri ses an

bwn in SEQ | DO 17. 039, The nucl eic
he first poligeptide binds [tg]la tet operator

it not the a pce of tetradysliine or a

m 39, wherein the
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t 41,
i at

The nucl ei
| east one

i repressor . WO9B1313 45

it Tet repressor
; conpared to a W
i claim4l, where
" substitution at

acid position 25
position 95, position 101 and position 102

c acid of claim40, wherein the nutated Tet repressor has
amno acid substitution conpared to a wild-tvpe Tet
The nucleic acid of claim 40, wherei RCTHEMRIAT ed

at
selected fromthe group consisting of position 71,
of a mnld type

has at | east one am §o§ agi q ddition or deletion
| d-type Tet repressor. The nucleic acid of
n the nutated Tet repressor has an am no acid

Thn aucl.al fa)

Tnl0-derived Te
“acid of claim4
i aci d sequence s
. claim 35, where
" silencer donmain
acid of claim4
; aci d sequence s
cl ai m 35, where
sil encer donmain
¢ PCT/ US95/ 08179
48. The nucl e
conprises an anj
The nucl ei ¢ aci
transcription s
consisiting of
receptor al pha,
protein even-sk

f he retinoic

"1‘"1‘. TITO O

TEPTESSOr —art o —acTa—seuence:

, Wherein the nmutated Tet repressor
hown in SEQ ID NGO 19. 30 45.
n the second pol ypepti de conprises a
of a v-erbA oncogene product
b, wherein the second pologse

T

conpri ses an am no

hown in SEQ ID NO 23.¢ ==
n the second pol ypepti de conprises a
of a Drosophila Krueppel protein.

no

| encer domain of a protein se Tect ed ron1t e group
acid receptor al pha, the thyr0|d hor
t he yeast Ssn6/ Tupl protein conpl ex,
pped, SIRl, NePl, the Drosophila dorsal pro

a - fmva~imnEyan "

= —

—

TSF3, SFI, the PDrosophila hunchback protein, the Drosophila
W1, Cct-2. 1,
AY -
o
L
(e
m#‘
:.l=:
T — T rrr——— rrrTr—— S—
(DIOQ'FON—OTN
© o 9 2. 9o 9 o 'e o

luciferase activity (rlu/ug total protein)
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el USUL . MUY G1T7TR22THUE 1 +49 89 23994465: 410

“ the Dro,.sop‘hl I‘a engral | ed protein, E4BP4 and ZF5. 10 50. The nucleic
aci d pol ecul e of claim 35, V\/nerel n the fusion protein-further—conprises

an ogeratively linked third pol ypeptide \gn ch pronotes

fu;' on protein to a cell nucl eus.™v15 51. A fu “ﬁm ﬂﬂ)'ﬂ "I,”mllh
iphibits transcription in eukaryotic cells, conprising a*fi

ol ypepti de which binds to a tet oper SLaIM&quence oper at i veI y | i nked to a

’het er ol ogous second polypept|de which inhibits transcription in
eukaryoti on protein of c¢claimb51l, wherein the

cel
first pol frpept MW%Q“‘@@"&“@&P% jorpFoted: g@hé@“\"’r\"&%‘%@nc@ebut
%t ]Ehe MWMWmfcohﬁﬁTsh&w%n;ﬂm eptidé &f[lx?]ohcblﬁdsltf)@tﬂ M§[>ﬁdcquence in the93.
e i on ai m rein eptide, conpri ses an
ani no%zm He?en% e"“z gmggtgcgqfo%te @Qe Pf)’%a %"ﬂég“ rative ﬁB‘kFaé‘? on
prot ei n of sacbad polypeptide avhichnactivates tramcnpwzymequadenbcdtks to a tet operator

sequence in the presence but not t he absence of tetracycline or a
tetracycllne anal ogue. The fuysion protein of claimb54, wherein

the first2pol ypeamuciic acidef clg@s lawhgnmrtbe fisst polypeptidede g mutated Telawpressor.SEQ
ID NO 19. 30 56 The fusion proteln of claim51, wherein the

seco po ypept.d rls A ranscr on sil encer donaln of a
V- erb oge% ‘d° clafm 2, ‘517““ tﬁ;@up tﬂ'ﬁﬂ"ﬁi’@f hasgt leastong aggno
wher ei n tmmmndomwmwmwmmwmemm no 35 acid sequence shown
in SEQ ID NO 23. The fusion protein of claimb51, wherein the

second pol ypepti de conprlses a transcription sil encer domain of a
Droosophi |4 Kr uBspaicleiy anidpfelaim 2, wherein\ie molagisie repressor has at least one amino

PG/ US95/ Rl flition or deletion compared to a wild-type Tet repressor. -91 -
15

5. The nucleic acid of claim 3, wherein the mutated Tet repressor is a mutated Tn10-
derived Tet repressor having an amino acid substitution at at least one amino acid position
selected from the group consisting of position 71, position 95, position 101 and position 102,

20 6. The nucleic acid of claim 5, wherein the mutated Tn10-derived Tet repressor
comprises the amino acid sequence corresponding to positions 1 to 207 of SEQ ID NO: 2.

A The nucleic acid of claim 1, wherein the second polypeptide comprises a transcription
activation domain of herpes simplex virion protein 16.
25 '
8. The nucleic acid of claim 7, wherein the transcription activation domain comprises a
C-terminal amino acid region of herpes simplex virus virion protein 16 comprising an amina
acid scquence corresponding to positions 208 to 335 of SEQ ID NO: 2.

30 09 The nucleic acid of claim 7, wherein the transcription activation domain comprises at
least one copy of a C-terminal region of herpes simplex virus virion protein 16 comprising an
amino acid sequence shown in SEQ ID NO: 4. -

10.  The nueleic acid of claim 1, wherein the second polypeptide comprises a transcription

35 activation domain selected from the group consisiting of: an acidic transcription activation
domain, a proline-rich transcription activation domain, a serine/threonine-rich transcription
activation domain and a glutamine-rich transcription activation domain.
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59, Ahe usmrrprofem—a%—ei—ar—m 58, ‘wherei n the secondpotypeptide

;ﬁ/zzﬁznagrgnﬂﬁ|mu|u|uﬂm4§uﬂw?2?nsP‘h’ﬁ“s'eEoﬁﬁQpLPyES LI

transcriptiom selencer of a f7etein sel ected from the 'gr Bupst
-gonsisiting of the retinoic acid receptor alpha, the thyroid horrmne

A ec;ept or g phalku heeleie asid {.&aeN‘glFl)J Sl aifti gwﬁu&mﬁ the fugi@ﬁfﬁdt@m f'u%tﬁ@ cOHipFisétin' @
" protein even-s osophi | a do totein

TSF3, SFI OPWévebE'g‘g‘i?ﬂﬁaF‘EP%H%%‘aéﬂ“‘g} IOt t ?}i‘gb son pRiein afelt ei n,
W1, Cct - gucleus. t he Drosophil a engrai I ed protein, E4BP4 and ZF5. 10
61. A reconbi nant -vector conprising the nucleic aci d nol ecule of claim35
in a form sui tabl e for expression of the fusion Er.otei nin a host
cell. 5 64 fusiompratein which acmatps franserjption-comprising & Erst polypemideothiett ai m
61. 15 f C

@%tetoﬂt?ﬂo ﬂ lht&tfrfﬁeﬁéé’%ﬁ?nottw ilﬁsﬁce 9!"33 ﬁ?&“t :ora

nucl eot i de sequenc rans erat) vel

one tet olstragychpe (gpcratwelyimkﬁtoasepﬁgd P@KM’@F I""b(.‘)‘fh ‘Eﬂt‘dﬂtﬁ? Banscripdonei n
t he nucl ep‘tduﬂ&ygggmce to be transcribed is an 20 exogenous nucl eoti de
sequence introduced into the host cell. 65. The host cell of claim
63, wherein the nucl eotide sequence to be transcribed is an
endogHnous3.nucThkeofusida pretgincaftaima 2yivheteimthe Ifiest polypeptidecis aomataad dlet sequence
has been enressor P e’ atively linked. 25 66. A nmet hod for nodul ating
transcri p“’ #5%t the nucl eoti de sequence operatively |inked to the at
| east one tet operator sequence in the host cell of claim®63, conprising
nodul atin ' i ne
R ot B . The @Eﬁg?%tﬁn ﬁﬁf&ﬁ 2, ﬁﬂeﬁf dhé?&’&)hﬂ?ﬁlﬁ&pﬁ’dé&ﬁﬁp’%ﬁh@é R
non- hunanit3NseHRAs AC vatioRdamsaia @ ?Ssﬁ"ﬁgeévt“?mmi@orrprl sing the nucleic

acid ypol ecule of claim35 in a formswtable f or expressmn of the fu3|on

o o e i Rhion groreis)ol S 2 WRE, chRRASEH iRk 3028 ensd hana i

i nt egr at SEQID NO:2. a predeterm ned | ocation within the genonme of the

or gani sm 69. The non-human transgeni ¢ organi smof claim67,
further conprising a, nucleotide sequence, to be transcribed
&;p | i A rambinant vectergomptisingthe apdeisesid melsenlp ekclaim 1 in a form

operat i vel
- 20  suitable for expression of the fusion protein in a host cell,

17.  The recombinant vector of claim 16, wherein expression of the fusion protein is
regulated by at least one tissue-specific regulatory element,

- 25 18, The recombinant vector of claim {6, wherein expression of the fusion protein is
7 regulated by at least one sef operator sequence,

19.  Ahost cell comprising the recombinant vector of claim 16.

30 20. The hostcell of claim 19, further comprisfng a nucleotide sequence to be transcribed
operatively linked to at least one et operator sequence.

21.  The host cell of claim 20, wherein the nucleotide sequence to be transcribed is an
exogenous nucleotide sequence introduced into the host cell.

35 |
22.  The host cell of claim 20, wherein the nucleotide sequence to be transcribed is an
endogenous nucleotide sequence to which at least one fef operator sequence has bcen
operatively linked.
23.  The host cell of ¢claim 20, which isa mammalian cell.
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WD 96/01313
PCT/ 9895/ 08179 - 92 -
. 70. The non- hu ani sm cl ai m S ¢ ri sing a _
nuzl eoti de jﬂm&“wﬂﬁm@"ﬂlﬁnscn b oper a%%:ﬁﬁ%ﬁ gﬁw;t | east
one tet operator sequence. A net hod f PR traniscri ption
-0f the nu8Beot Adeorapsgitiomod m.qmr a@mpnmyg Bf ledst dne rccombtnanmccmr forciadependent t et

~oper at or %@Bﬁ%ﬂxﬁn&?ﬁuf?&ﬂfﬁ'ﬂ?&ﬁn&E@e"b%ﬂ? BhSleHEARNGIRE o 6¢ Bl GSed. ¢ cat

conprisin atin g .concentrafion o trac chlne or a tefracyc
anal ogue fﬂﬂé‘é&ﬁ‘t"‘:ﬁﬁ”"mpﬂ-’t'ﬂﬁaéﬂﬁm rﬁequcnsecommsms The met hod of cI ai m 71
wherein the tehmsetrdm sie ot ﬁﬂtéﬁuétfonadﬂh\/ﬂ&pﬁ&léoﬁﬁdséqulﬁce to be trafi¥ibed,Cl | ne

or c otetrag st cell
o first naewrawl%(ﬁébpﬁedéna&mns tgropeTaieR sequnos SER Bish S WREASE vat os 15
transcri ption, atsétcontliclofing siw fommdmian af@secormi g leotide sejuetuelty pept | de-

T o o ek b pively ABREE B SR PG Al h SR sl e
a second nucleic acid encoding a second fusion protein which inhibits

Lr anscr | pghon, ThigomgeRich SRkl opealie), Gﬁémfdé&@&h@ffrﬁ'dr%&g JiReithss de

whi ch bin a tet 20 per at sequence eratively a fourth
pol yptdt i Bpe F%HW@WE?Q“?“W’&# 'FW’ quencgykaryotic cells; and
a third nucleic acid nol ecul e conpr|3|ng a nucl eoti de sequence to be

e DR PR hamistidn oY b 8 i B3 bR he DB BiBhe RESRRES 25

tgt oper akuqucnce 10 be transceibed have tcer introduerdinto thefirstand sévond lchoning:sitef

te{racyclhgﬁx tetracycline anal ogue and the third pol ypeptide
binds to a oper ator sequence in the absence, but not the presence of
tetrab@cllne or a tetracycline anal ogue. 30 75. The host cell of claim

73, wheregg thgpd edﬁﬁomwm:t&efahﬁdsstwhaeﬁ%e AREhadItide scquen&,equence in
t he absence, but ot t he re of t %F%Hg ne or a tetracyc) l(g
anal ogue SRTpprIses a W“{'ﬁ ‘}?glts‘b SERUERCe EAMPRLES 35BICI¢ s B®nCce

in the presence, but not the absence, tetracycline or a

tetracycl gpe ap‘%‘o&%\pmm? carﬁ@,megf,é ﬁﬂ‘g:ﬁgg@& Eéﬁﬂgﬁggﬁ%g&gmllég§ two 1si on

conpri si ng ene enco
prot 2t weaniinersneana compisiagiscri pti on, the first fusion protein

conprising a fgfst chfhinBeRbafiQohiifing D iRl nuleicthcidncOBing AlfRiod BANGR Which
' activates transcription, the fusion protein comprising a first polypeptide which binds w a zer
operator sequence in the presence of tetracycline or a tetracycline analogue operatively linked
to a second polypeptide which activates transcription in eukaryotic cells; and
25 a second container means containing a second nucleic acid comprising a cloning site
- for introduction of a nucleotide sequence to be transcribed operatively linked to at least one
tet operator sequence.

88.  The kit of claim 87, further comprising a third container means containing a third
30 nucleic acid encoding a fusion protein which inhibits transcription, the fusion protein

comprising a first polypeptide which binds to a res operator sequence operatively linked to a

heterologous second polypeptide which inhibits transcription in eukaryotic cells.

89.  The kit of claim 88, further comprising a fourth container means containing a

35  tetracycline or a tetracycline analogue.
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operatively linked to a second polypeptlde whi ch activate transcr tion in
- eukaryotic cells; . 9 EﬂjﬂfMEMFSHEET
reconbi nant vector for coordinate, b|d|rect|onal t'ranscription of a

first and a second nucloctide sequence to be transcribed, the vector
conprising a nucloctide sequence conprising in a 5 and 3" direction:
a first cloning site for introduction of a first nucl eotide sequence to be
transcri bed, ich_] i v i_.nke t Ieast et . oper at or
sequence%\/\hl \gﬂ ge%%%?aﬁél\%l QJe%:‘ielg tgo Coo%‘%'lgloa o cl oﬁf“ﬁérglcf:é%
|ntroducFFéﬁS§¢l@t§@@o@@ ﬁu@n§§$lé@dseqaeneadtDUDéOCtadscsegadpceheovbetor

further eeaRkcsHB@aadditheOnaledt@il atipri SHMENEeSnSUtht hat t?@qﬁ%ﬁkgrst

sufficient for use i.n cukaryotic cells, wherein transcription o
and secoffd™RELFEEE; 4B ?e&ueﬁ@@ Pt FodEEEd it o t he vector proceeds in
opposi te direet Ednstrelahing $bté hFomntidteasiuddion @f apeiaktOAuseaBERnae-

80. The a C ereln the.first.a econd
nucleotiggﬁgggggngé pg %% raﬁg%%l %ﬁavelﬁegﬁeF Fgﬁ&gé&lP%F%'Fﬁb first
and second cléﬁl%@@ﬁqegﬂerégpeepﬁvetyr seguenfiee natiaribi imnopeeatavenf

cl ai m 8031 inkenetn the first and second nucl eoti de sequences encodes

ol ypeptide subunits qof a_heterodi geric _protein. 82. The reconbi nant
5ec¥grpof cla?n1§6coﬂﬁer8FHnPH€ f8ite nfeFeotNBECdugtéABe eficodessacpnet ein

of interestlanditibe seguendcaucteothdle tyefiREdaI)COdBSe avdeteet aplerAaLker .
comprising additional requlatory sequences such that the vector

is sufficient for use in cukaryotic cells, wherein transcription

of the first and second nucleotide sequence introduced into the
vector proceeds in opposite directions relative to the at least
one tet operation sequence.

80. The recombinant vector of claim 79, wherein the first and
second nucleotide sequence to be transcribed have been introduced
into the first and second cloning sites, respectively.

81. The recombinant vector of claim 80, wherein the first and
second nucleotide sequences encodes polypeptide subunits of a
heterodimeric protein.

82. The recombinant vector of claim 80, wherein the first
nucleotide sequence encodes a protein of interest and the second

nucleotide sequence encodes a detectable marker.

83. An isolated nucleic acid composition comprising at least one

recombinant vector for independent regulation of transcription
of a first and a second nucleotide sequence to be transcribed,
the at least one vector comprising a nucleotlde sequence
comprising:

a first cloning site for introduction of a first nucleotide
sequence to be transcribed, operatively linked to at least one
tet operator sequence of a first class type; and
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83. An isolated nucleic acid conposition conprising at | ea@pﬁmaﬂ SHEEL
~reconbi nant vector for independent regqulat.ion of transcrip nof a first
and a second nucl eotide sequence to be transcribed, thé at |east one vector
conprising a nucl eoti de sequence conpri%%ng: a first cloning site for
introduction of a first nucl eoti-de sequéhce to be transcribed, operatively
linked to at | east one .tet operator sequence of a first class type; and

94 a Seconldi M GHily | Qi et ECial Bl R 380004 Nyc! 2alidy
sequence to _be transcribed, opératively I'inked to at Teast oOne tel Opérator
sequence WCledddeh BeIuases e be tganstrdbede| eperatiyedynpaskedot oot

cl ai m 83 1e4xer @ik aidth@pdha dr Isquenddh @ s e Yt dHR S daaRfe et operator
sequence is a class B tet operator sequence. 85. The nucl éic acid
conposition of claim83, wherein the first and second nucl eoti de sequence
to be tr&dscriThednheleibeanidtompheiddiomicE thaimi 83) winskesat erid droriheg

site, respet @l yene H8cohfe dUTRIGHE Jr CREROR AR Y LA ED. suherein

the first _nucl eoti equence conpri a therapedtic gene a e Second
nucl eot | §&288qBeEd CPFFRLSEs SEB@NGSde gene.

85. The nucleic acid composition of claim 83, wherein the first

- and second nucleotide sequence to be transcribed have been
introduced into the first and second cloning site, respectively.

86. The nucleic acid composition of claim 85, wherein the first

nucleotide sequence comprises a therapeutic gene and the second
nucleotide sequence comprises a suicide gene.
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