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5. The present m%ntion rel ates generally to an in vivo systemtor gene
expressi on and, nore particularly, to ﬁhe use of the systemto screen
for nol ecul es which are capabl e of I nhtBbiting, reducing, altering or

ot herwi se nodul ating the expression of a target nucl eoti de sequence or
the activity of a gene product The in vivo system of the present

invention is particularl ylﬁ\gtn@%\,@( ENE VEXPRESSION S9sTRM eening for
antisense, sense or 10 ribozyme constructs or transdom nant pol ypepti des,
smal | peptides or other chem cal conpounds and which are capabl e of
inhibiting, reducing, altering or otherw se nodul ati ng expression of
target genes or target genetic sequences or the activity of target

gene products.of co i i t I [ i ral
and. ©" ) B R fppRlon Rk RERLTAE D i REa{RA el eBaiG . %)
for the nucl egidre pativalap 10The Glecsfiihelsysteiii to screen formolepules Whivhtarocapable of
defined just prior to the clains. Thr ou(%hou_t this specjfication

unl ess the cornnhihitingemeducing, @ltaring,ios cotheryase,seguiaing - g expression gf a target

variations such as.yconprises: Qr.". L.sing. i .

imply the inclnﬁgggﬁdeoﬁeggengf 8t 818%8?%‘%&??{ %@eﬁ?deuggr*‘%erﬂg’r‘oug o? ‘gige nts esmor
integers but jpventiBRls pdifcftaey bitindh edlusively asdfalr foe bareening for antisenges rsense or
group of elenents or integers. - The rapidly ingreasing sophisticgation

of reconbi Hantribokyme cohstuictsqyr transdorainant, palvpeptides, smatlipeptidesher ether chemcals
fally i t ant..i,ndust ri es. i.ncl udi. foovters 4C

G cul ture.  ROmPPRHS, B WhieH o cepgely 0 i, NeBng ptering. BP Uiferife

reconbi nant  modubiiioleRFIREMOPEPtalgEt genes sitBrgel genblic Seqieestr the aithity of eage

mol ecul es, ribozymes and other ~ ~genetic sequences and/or non-nucleodde
nol ecul es suclgens predictsdef commekciati inportagesnsuch as in tthe smedical, agtisudtyeal Andof

genet i ¢ seavenee: f e
15

Sequence Identity Numbers (SEQ ID NOs.) for the nucleotide sequences referred to in
the specification are defined just prior to the claims.

Throughout this specification, unless the context requires otherwise, the word
20 ‘“comprise", or variations such as "comprises” or "comprising", will be understood to

imply the inclusion of a stated element ot integer or group of elements or integers but

not the exclusion of any other element or integer or group of elements or integers.

The rapidly increasing sophistication of recombinant DNA technology is greatly
25 facilitating the efficacy of many commaercially important industries including areas of
medicine, agriculture, horticulture and fermentation. An important tool in recombinant
DNA technology is the use of antisense molecules, sense molecules, ribozymes and other
genetic sequences and/or non-nucleotide molecules such as peptides or chemicat agents
to affect expression of genetic sequences.
30
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Ri bozynmes are RNA nol ecul es whi ch possess highly specific endoribonucl ease ¥
activity. In particular, they conprise a hybridising region which is
conpl ementary in nucl eotide sequence to at least part of a target RNA
and a catalytic region which is adapted to 5 <cleave the target RNA. An
exanpl e wheré ribozynmes are well described is Hasel of f J. and Cerl ach

‘W Nat ure Riozyses apoRNAlmelculasiwhichiposssssibighlyrspecifia endaribappeleasaactivity.

" No. WD 89/05852. Antjsense nol ecyl es.are genetic .constructs which. ar,
General |y I8 Dartic(at; RERGEPGSe & BYHTIAi0R FRRLom BhsD it SUnplsthebapLen fyblgotde

Al though t Rennécto BPREstart of a t@gei RNAhnd Al dat i £ isl lygar

"t is possialeCher t_heoﬁfo?maaﬁgupl ex with al |19§%ré% Sﬁ*?‘?’s‘éfﬁtag?ge‘? TRNA

wi th a donslegve thei target Rbé&f Anréxamplef Where ribozymes arewell desosibed jstHaseloff J. Sense

nucl eoti de ¢ truct: us j ~Sup ssj on, and have_been,shown to be

ef fective |aH8?2%{?E$h’g 'g@ﬁf’ésg%n%@ﬁ_o?&@%%‘,#%ﬂaggﬁ@gf'AppﬁcatwnThere |

I's a need 4, d&0PRIMS5ESS. © AUiitisensRNASIRANES arel Pénetid RioHbtyucky Whith! B LeiBlafigU! €S

such 15 as antisense, sense and ribozynme constructs, transdom nant '

pol ypept i deemplemdnkary émnirclectide sequences to tacget dRINAc aAltihamghdbe éxach smqdetofnt i al

effector nolecul gs .in nodul at.i ng expression . of .target netic,, -

sequences  GPIghar SutsPsRpolspulty f el 3h i Fhssible R Y 10658 o Yiple Wi atl

M cr oor ganins o d RN AUSHY a GGl R fidri iR _ W RN h.gT S6ki

hodel s%t %B%Bgﬁgﬁestiﬁg f'o?éco% 0undsﬁlIMi ch a?i?%dé?,ﬁ' or- exéirrp e,)sgheir

vi abi ity SGensebini¢legtideocapstructs are uséd oy oosuppression and: haves he¢rgmws to be

experi ment al,, hosts faor .nol ecul ar eneti,c gnal ysis. Their assets
Thelude.a. SHISPIvE,BeRupinG SRERRRE P Jof PRRIG R 38 S chni ques {or or ow ng

and anal ysi ng l-arge nunbers of cells and the relative ease of _

i ntroduci ng and recovering - nucleic acids fromthese cells. Mre than
10[ err] ni dihere isanheadstocievelop zfliectiveoappyoashes £ rapidly evalyatingimelecules sueht s

malian cells is ,slow

wh h duct i f 10 .and -
"o e, s R BERRY b AR s P Eodptiost Sl pemidiac  on
of ManRyd bk 6héﬁ£%o?nﬂm&f£Waﬁéﬁé&&m& e8led ﬁ%o&@%ﬁiﬁp&'%gops

fundanment al features of eukariyoti c RNA physiol ogy.. Bacte

have no nucifdangetcgenetic seguencescrrtheactivity of productsi encbded therebyof conpl etel y

di stinct RNA and DNA bi nding proteins, have few or no 30 spliced nRNAs, no
spl i ceosomal machinery for intron renoval, and use a different system .

L(é;-/ :[APJSSi/ 8-%1526&@&&& Hi\f&tﬁéﬂo’@ﬁ BedrPéonSidered as a ORVERER I Hvo @%Qel system
20 for testing for compounds which affect, for example, their viability or ability to grow.
-Microorganisms are ﬁdvantag_eous experimental hosts for molecular and genetic analysis.
Their assets include a short geheration time, readily available techniques for growing and
analysing large numbers of cells and the relative ease of intx'oducing and recovering
nucleic acids from these cells. More than 10! microorganisms can readily be grown
25 on inexpensive nutrients whereas the production of even 10° mammalian cells is slow
. and 'e.xpepsi_vc._ However, while bactenal cells have been used in the elucidation of
many basic aspects of gene expression, they lack many of the fundamental features of
~ eukaryotic RNA physioiogy.- Bacterial cells have no nuclear compartment, contain a’
reduced number of completely distinct RNA and DNA binding proteins, have few or no
30 spliced mRNAs, no splicgbsomal_machincry for intron removal, and use a different
* system for the initiation of protein translation.



Yeast cel | s, on the other hand, have greater benefits as experi ment al

model s becwg ggy have al| the basic features of hi ORYeF7A B9s0BE40t €S
sueh as plant and aninmal cells plus a generation time rem niscent of

bacteria. There is a | arge set of nolecul ay and genetic t echni ques
avail abl e for introducing, analyzing andr covering nucl eic acids in these

[ mvest i gat i onk o telReon e iy B, hekerEseay @Ref af RrmERGhBONFI prsaute B | <

that are | ar ggavang ﬁxersakféYfeﬁa&y% hrxghef 6kdrydtd Such as plm%a%nnaeemg

anal ysi s. However, many | aboratories have attenpted unsuccesst ul I y
to use antisegmeration tinge remihiscentrof bactérizol There iina darge Setcfimejesularsand genetic
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no reports of conplete y su cess use of antlsense and/or ribozynme
constructs toto genera%mpmxﬂﬂwngmﬁqreastmeﬂsﬁlaoma largs. amdleccanplex enmughvienfacilitate
target syste h have rked 15 well in aninmal and plant cells. It is
surprising th rogg GRS & é‘sr s apparently so recalcitrant to, for
exanpl e, antisense and ri bozyne inhibition. Artificial antisense
approaches have been successfully explored in virtually every other
eukaryotic syHowaver, margvhbbwwrihsf bavenaitempted upsueessfullyt toli wse  antisenses andh
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hi gher eukar yrhge of géretic ahd molecule teols areccurrently divaifableh r Tordatethere have been
structure and behavioyr, intron distributi on and smal |, nucl ear

ri bonucl eopr o%reaogapf the; completelgnguccessiyl prepfcamtisense apd/Ae e eOnSHEUGH &

o o B Spte S g e Y i i
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and manmal i an (e.g., human) genes, insect genes _and plant enes. 30
I'n work I ead.wgalaﬁramotq, Her ﬁm@m agtippase; agh ribezyane Fpehitien antisense
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nodul at i on of anghipe slime anould Diciosiefivm disedddigmon of target genes. The present
I nvention t herefore, prowdes for the first time, a suitable m crobial
nodel of a%ne expression fo the efficient screening of genetic

constructs suple ﬁﬁo@?&dsﬁ%a&%ﬂﬁﬁnﬁ?ﬁp&rh@%@as a highly characterised genetic
system. There are a number of features of S. pombe that render these cells more similar

to human and other higher eukaryotic cells than S, cerevisae including chromatin

structure and behaviour, intron distributith and small nuclear ribonucleoprotein particle

25 RNAs and proteins. Furthermore, S. pombe cell division cycles are very similar to those

of higher eukaryotic organisms. This makes S. pombe a potentially valuable model for

studying higher eukaryotic gene expression including expression of animal and

-mammalian (e.g. human) genes, insect genes and plant genes.

30 In work leading up to the present invention, the inventors sought to evaluate S. pombe
as a potential model for studying altered expression of target genes. The inventors
discovered that certain genetic constructs are expressed in S. pombe and lead to altered



constructs and nol ecul es such as transdom nant pol ypeptides, snall peptide§

and ot h¥0%/29%%¥eni cal conpounds as potentially effectivePSEANos083pabl e of

modul ati ng expression of . target genes of eukaryotic, prokaryotic or v

viral origin or capable of nodulating act+vity of products of such

genes. The present invention-'is useful, for exanple, in screening

bact er i ophagdutitionlofigxpressia includingr suppression bhtabgen gepasl YRiriresdat inveméyy, | de

encodi ng sequences for effectors aof gene expression. The presen

i nvent i on FRerefare, PEQMIdEs for thedirst time, a Flﬁtab?ﬁemgc@l@ehmﬁéd# g6B¢ expression for |

di agnostic _ 4 . _ Tedicr _ ' ealth
2 et J0fehing GRBERNE Tonaford 3oH R s Sense and HiSme

I ndustries as agroc nol ecul es and

crop i nfjust:oﬁmas ar?d énol?d_\ﬂ?mﬁh ][as Imansdimﬁnaﬁr;mw}:lepﬁdéshml:l pept?ﬁes iaﬁﬂ gﬂie'ron
contenpl ates a nethod of identifying 15 nolecules capable of inhibiting,.
~ reduci ng o_Fhesmelrmunmoamaéysgfs%\@sqgsaweap@?q-a&gegulmg expessaiogof

activity ol t 0, .0 aut : L6J | 1)
train o rariel @ECbe ARARONE Kby R ELt vifE! i 6P BRiebe S RIER AR
gene, intr of peadidtstef such @enes. Tlid prRbent Gitvenition dsTasefal) ferf éxaaiple; dn atteemihg Of
said nol ecule to be tested and determning the ef fect of, said nolecule
on expr essibasteriephage (fisplay, dibragiescfos nayel ipFoteip, olypeptide qrupeptide engeding
target gen e | . Or rably. .1 C. IRt ch as
ant senae, Seuenees for PSS of Béne S RERioN, C Rehety RESREGFIsRRRRIAI it " °
target Wengn teY scpédnbig olipotextial dtagnosticcairbtherapeiticmolecules dort thethedicdtandes,
random nucl eoti de sequences or nucl eotide sequences selected for 25

cl eavage i animalhealtirinsusiries aswell a5 @/rangs-ofagrochemical maleaules fopthe plant and (
non-nucleothge.gﬁkg | es such as transdom nant pol ypeptides, snall
pepti des aftPr * conpounds as well as "~ to synthetic nucleotide

nol ecul es or nucl eoti de anal ogue nol ecules. The term "nodul ati ng
expressi on" and_other |ike expressions includes up-regulating and down-

regul at i ng Acserdingly, erie aspest ofithe preseny inventjon contgmplntes a methed nifidenyifying

| | . 3 M . - .. . . ;o :
ant agort ot SO EtapebITBE b TRGERY S ool At RpRESBIBRU g0
agents, sugbnéior dctivitg>ofathpet géneptydirs, saiinethod comphising generating & straialofot {/\fjoe

nol ecul es who activity is regulated by cellular, factors including .
95/ 29254  Schizosaccharomyces pombe capable of expressing said target gene, introducing to said

i gnal's.  AGER o ppybe B birkctye b ¥ Vahi hofliite b} s ab RbucPiltidiede |,
expr essi on effieyt dfsaiinolecdle ol ¥xpressicrnof said tahget lglieedr activity of thepiodwurt ofithe

nmol ecul es such as anti sense, sense or ribozyne nol ecul es.
target gene.

-The molecules are preferably genetic constructs such as-antisense, sense nucleotide
sequences or ribozymes relative to a target gene, or other nucleotide sequences such as
oligonucleotides, random nucleotide séquenoes or nucleotide sequences selected for

25 cleavage in vitro. The present invention extends, however, to non-nucleotide molecules
such as transdominant polypeptides, small peptides and chemical compounds as well as
to synthetic nucleoﬁde ipole_cules. or r_mcleotide ‘analogue molecules. . The term
"modulaﬁng eXpression“ and other like eXpresSions-incl__udes up-regulating and down-
regulating activity of a product of a target sequence. -Accordingly, niolec_ules which so

30. modulate expression or activity may be agonists p_r.antagonis_ts. Furthermore, the present

" invention extends to identifying agents, such as for example, ribozymes, antisense and
sense nucleotide mdlecules. who activity is regulated by cellular factors including



5 * The net hod of the present invention may al so be used in conjunction or
I n conbi natg

with or as an adjunct to in vitro eval uatj
e erinments ?rol’s’fz%zgﬂtrfy target nol ecul es of i nterest. i&@&%’ﬁ(&ﬁ/

hod of the present invention may be used in random as wel | as
rat ional drug design. This would be particufarly useful, for exanple, for
t he further evaluation of a ribozyme which is effectrvern vitro. In

one enbodi nent Wﬂmmglenedﬁmsmacmﬂ)tmmeﬁelqums asignaind d e Addygonally, rinbsuyere
sequence.  peneCFATREAIEEE Hlevel of Fire of g aremin ek b GEipred e basing e 16vel
activity. of mbiflatifg MoldtBRs suéhsasuéﬁﬂeﬂs@ dehe GPﬁEoQﬁﬁafHﬁﬁéul%?nse to

i nclude a cl assi cal genom c gene as well as a genétic sequence
conprising only the coding portrons of a gene (i.e. exons) and a cDNA
sequence corregpondin a nRNA, transcrr e' as contenpl at

t.. " 3
herei n espe€i al g,rq °aé1fé]?q PrSend inyeptign,m Qlé?lge P%ﬂlﬁﬁg’é’“ﬁ"%(ﬁ com matxon
OCCUrring geney, ano%dhadldjuna to M50 e@ﬂﬁéﬁﬁh%&rﬁn&ﬁ@% ﬁ%ﬁ tﬁigﬁf ﬁxBIe@ﬁﬂeX‘%Fn

a target gene a er’ gene or genetic sequence
therefore, is imerestdeXmdrdingle the methodcofnte presgnt iavention mayt b@usedanaﬁndom as

_fﬁg“?Q?Sﬁ?”d e %%g%@e“éﬁieg&m“c Fis ol be erisuitetypsckd r Smme, fouahe ng
l:f)ﬂjl 3ggtrgtnero¥"g%tgrc ropora |o%ﬁg“ﬂﬁﬁlpgﬁ&uﬁg{\sg‘? T?ﬁ@?eggl&%é?w

However, tHeé t audedtidgaeguentss ané addedasd ﬂweibozpme t@fadﬂgaa,cms &xample, targetung the

Partrcul arly preferred endogenous or honol o refer ed o fein as
25 " ndi genoudboZyme 1o BartiGuiAr SequeRce; pEaktr (‘%E"g’d%r E’e? @"ﬁmte 1
pr ot ei ns, mdu;’g}vﬁycel I cycles and/or are | nvol ved in prograrrrred cell
deat hs. Such genes“and in particul ar ant agoni sts thereof identified in
accordance with the present invention nay be useful in t he treatnment
of cancers in panmal s such as humans. Sher | mport ant end&geno S genes
are S. ponbe hbhoIEHUEEYTIS wead iR lFseEHOY‘ S Eﬁm)to BERAmIF |2pne0

porbe. gened B #E R} ERREAe edubos éﬁrﬁ‘%ﬁ'ﬁt{*ﬂ%‘m ik ORGSR UERE [ oD =
conprise honol agbaisDNA seqhence correspofiding it niRNAteinbcript.n " genie" M \entemplated

honol ogous functions to _animal, manmal I an or E)l ant WO 95/ 29254
PCT/ AU95/ 00235herein especially in relation to a target gene includes a naturally occurrigg gene, a partzal

Pancti onal 1y Bete: Byt enk B 8ol MR et bR ARyt B e

ani mal , mamral seyieste. PAdigene", theréffes $s considered! lieréin R0 Théla8d any Yargdt HhRlcbfide
aspect of the present |nvent|on -the target gene construct conpri ses

either a t2Pgeseqyenseamdanay beofenkarystic; prokenyptie or wizaliosigin. Brefemblys the target
operably ' L LiEtl e Vel GRS SRMESE pSASP elind ' SRS okl 55 ©

Al ternatively,
which has been introduced by transformation, conjugation, eléctroporation or other

means to the yeast cell. However, the target gene may alternatively be "endogenous".
Particularly preferred endogenous ot homologous (also referred to herein as
25 “indigenous") S. pombe genes are those which encode cell cycle proteins, modulate cell
cycles and/or are involved in programmed cell deaths. Such genes and in particular
antagonists thereof identified in accordance with the present invention may be useful in
the treatment of cancers in mammals sich as humans. Other important endogenous

genes are S. pombe homologues of mammialian -(e.g. human) genes. A particularly
30 useful yeast in accordance with this aspett of the présént invention has S. pombe genes
" replaced by a mammalian (e.g. human) homologues or comprise homologous animal,

mammalian or plant genes or have homologous functions to animal, mammalian or plant



gene nmay be inserted in an operable |ocation adjacent to an S. ponbe gene
such as WOP529254 ponbe honol ogue of a heterol ogous (e.g. PEAATINNNGIS gene.
Such a genetic construct 10 when expressed in S. ponbe may in one form
direct the synthesis of a fusion pal gpepti de having a target gene
encoded portion and a reporter nol ecule portion. In accordance wth .

this aspect gehed. h&n@kﬁﬁﬁl@tof'sﬁc}lﬁé‘?é&f‘is @{é@i &y & Hiatidh Wwhitl efunEtionall
sequence is tested for its ability to lter the expression of the targe?, _
gene by ref somplamented on etherwiseosubstitutedf byt hemologoust afranjpaale mamypalianeorplant
activity of the reporter nolecule. 15 In accordance with this aspect
of the preséﬁ?eﬁ' nvention, there is provided a nethod of I denti fyi ng
geneti c sequences capabl e of inhibiting, reducing or otherw se regul ating
expression of a target gene, said nethod conprising generating a strain of
S. powbe 5 In apartibulariyfprefemed saspeny of thel presegteinvgntmen, ithe sargetngenieccanstmgatr uct

B N

effective ampued t@h ndclosid! equéiRd Thédting h Pepoftet Al Hle? ”ﬂlt&ﬁmf& repértedn
I nhibition, reduction, or down-regul ation of .expression of said reporter

gene. | n sorgene may besisserted ip-an epetable locationyadjdcent toant S pomde gene such as a S.
alternative enjodi nent, c I cal , agent s i pcl.udi ng &t ransdon nant

ol ypent | dedomdHomaigse ol (e mrmmalivn) Siohn such A eauic Csuet ¢ o
their nogul ﬁ@g Lol Vi TRev IHat § Sn Rfibdc LRthagl iﬁ:sito e
productiﬁ ﬁwg east lgeﬁl'pg?‘b&m g‘?eb%ﬁn" ?S%%lrs%ﬁl'pt 2%2% mgﬂbot
the target golypeptidelhavinga targpbgenecencodesr portiomand aapportezmolecule pottienulia.

General ly, the reporte | ecul e wi,ll be encoded by a nugl eotjde sequence
30 placed QERRRIEIRE-IB i eSDREicPHie PRESKRE JAURREGC A dBeRRe e 35 4, 8805

product. A uendE e lekte i s 1 ) Dae in
the detectaba reg(rl)lft er d%ﬂﬂ?ﬁ%a Lel.%%é %@@%@%%ﬁgp&&%ﬁem
PCT/ AU95/ 0028 expression of the reporter gene sequence or activity of the reporter molecule. - I n a

pref'errefl5 enbodi ment, the genetic sequence to be tested is an antisense
nol ecul e conprising five or nore. nucleotides, a-ribozyne, a triplex, .

an RNA or prigtRterddfceOWith this @éSPﬁﬁﬁ? m‘ﬁ“ﬁ

co- suppression, transdom nant ‘mut ant otl esiﬂ{’ﬁ - l%lg? ect | \E‘/aeﬁfethod of

i nterfering iGtmifying ganétic sequencesciapablerof inhibitirigk educing orsothetwise régnlating

occuring 5 or synthetic chemcal, conpqunds.,.In a nost preferre ’
enbodi ment, ?‘H@sﬂéﬁéﬁr‘l iActarget geae i  eniirising genesating & srail af . pore

i
nmol ecul e, a Fg{é}f***h'fg | stic consthf ;,m‘ futh rﬂ% € 2By
be any nol eccé %mggpa e o %?%_ﬁ%ét?%ﬁ%’ﬁﬁﬁgﬁﬁhglﬁoe SI é’na and o8 y f)le an
enzyne (20 g.reparter|genekapablesofiprowidinglam identifyablé signahecintroduking o said strain of
antibiotic resi stapnce, confer 'Pon-anti biotic c%nepoung r&si st ance, be a
f1 uor ogeni c ik elfecive amount of a genetic construct to be tested and assaying for an
inhibition, reduction, or dow;__l-_r___egnlation of expression of said reporter gene. In some |
assays upéregulation may also be tested. In an alternative émquiment, chemical agents
including transdo_niinant polypeptides, small peptides or other chemical compounds are

25 tested for their modulatory ability.

The rationale behiﬁd this method is'the.production-in the yeast cell of a single mRNA
transcript encoding .both the target gene product or a portion thereof an& reporter-
molecule. Generally, the reporter molecule will be encoded by a nucleotide sequence
30 placed d_dwhstream of the nucleotide sequence encoding the target gene product. A
genetic sequence is then tested by reference_ to a change in the detectable reporter

molecule.



f1 tior escent protein, a chem | um nescent conpound, a biotynol ated conpound,
an ess&g'fibzsgrowth factor, cell cycle protein or a nol | bl e
of.‘,gi ving a cedls a defi ned phenotype such as size, col 3’3&%1‘%%@2@%
surface phenotype (e.g. rough or snooth edges, concave or convex

colonies). The [err]-gal actosi dase gene is &-particularly useful 15
reporter nolecule. The reporter nolecule may al so be a fusion reporter

nol ecul e et prederrechembodiment; thsgenetic sasjuerng! to Pedesterd is ioantisensg gpgjecule

h I d - I . Particularl. .

ol ecubes. | nl TP s Bh BRRe orcleotass, & aboay i, & pidlor ABCRIA. G BRHST decoy,
al Cell 53: 658s&f3¢ mol&% for S inl selbeSridcPRipPRSGor, Gdsdominadt RNk ieatider
Mb). Gen. Cenet. 2220: 314-316, 1990], firefly luciferase (L

, 20
phl eonyci n r estlefectivednigrfaming BN&s qriBMNAs prprotains audthe like suqlicas nafgallysoccpging
20: 3383- 3390, .1992] .. f | t i n ( GEP). L Chal & . al
Sei ence 2635 g6 et chimipgl FeiooundS! Ot & moll Btk Frbbaielf the el

confers resi St aendeQo B4 4Bsté ¥ uIRMisense maHshid<ANehscMBbleGHIB or GitRizyma20:
95-101, 1989) and the S. ponbe urad4 gene and fusion derivatives

thereof (for exanple see Myers et al Current Genetics 27: 243-248, 25

1995). Another. suitable r rter .nol ecul.e s adenosi ne pho. I, bosyl

t ransf er ase The FERPES I?’OI%Q‘%C may B any gf‘ﬂﬁ“&eg‘éaﬁgﬁf’ ﬁi ﬂ]’é‘fﬁﬂ‘ @g?htﬁrﬁbz%mg%ﬁl 6‘8‘?

gene construct ' ' : igheer
b ﬁo@"‘%ﬁgenoﬂ g@%ﬁgﬁ%w&asxa&s and hors€ bacﬁgﬂaﬁ&w Bﬁdﬁﬁe?,%onﬁ? ahebiete

the control of ter or exogenous pronoter or may
exi st as ariOexresistaince oaferaion-antibiotic aompourd eesistance,/bey a finobegenisf compound, a
exogenous pro ny be, used such as the SV4

ters m 0O prompter. A suitable
endogenous nﬁ“ﬁb‘r"%‘t é’otF’é" {3 &b ¥gniscony > aﬁjnroﬂlm‘i efompound, g,

95/ 29254 essential growth factor, cell cycle protein or a molecule capable of giving a cell a
PCT/ AU95/ 00235 gro T, 6T eycle profein of P 55Te T

geneti c sequendefinetd phesotypestuchl ag size) colonr and ¢ellomefacaphepotype (a1g rough or smooth

ri bozyne construct) na be i,nt,rqduged to the.,yeast .cell b ny

nunber of rreangé)geﬁc‘fqﬁ‘ﬂ?‘%? r convex, cojnaie) tﬁﬁ B ?laetﬂﬁf%sﬁaﬁ%ﬁﬁ & partichlarly useful

el ectropor gki o th . | : ed
P qgo W%ﬁmﬁ. §he -regotfer IROEIIE nﬁéﬁﬂ%ﬂé% dH¥sion reporRr Midle&ile

under an endogenous oOr exogenous pronoter or i ntroduced W thout 5
a pronoter. betweesl hthe patsxve nteporterc moleculgse rori batwedre S. apontbe chormologmsofind

geneti c sequenges having an effect n expressi.on,of, target. genes., The
target genes i ﬁi‘F’i?E‘B%ﬁ%ﬁ?"p‘ot qrticylardy, yse iremﬁwa malpcules m“ﬁl‘dg&h@gmmres
of eukaryotic ' w # f @éﬁ'ﬂ;ﬁga* d
their receptors gn?aggr%%ag?&;sp C |éesgé?8gr¢e»g g%’d%g?.gﬁ?’ ggg%?[é anp esqg{‘l?g]
prokaryotic  [Pobjseke<r iahCModleGes rGéney 212220.03141316; 1990], [faefly Jucifesqgse (LI,
genes. Exanpl es of viral genes i nclude H'V and Hepatitis genes. The
subj ect in nt-p@ﬁmnxcipmﬁfeqymem/@@p[ﬂménquﬁ@ ucl. Aéw Sprellit3388- a
di sease model sy QGyaHigh k! oot Prbteth RIFEP{CHIR b O X0BHES 263: 802-805,
1994], neomycin phosphotransferase (Neo) which confers resistance to G418 (Gmunder
and Kohli Mol Gen. Genet. 220: 95-101, 1989) and the S. pombe ura4 gene and
fusion derivatives thereof (for example see Myers et al Current Genetics 27: 243-248,
25 1995). Another suitable reporter molecule is adenosine phosphoribosyl transferase

(APRT).

he

The target gene including a fusion target gene construct may be integrated into the
chromosome of S. pombe under the control of an endogenous promoter or eXogenous

30 promoter or may exist as an extrachromosomal, replicating element. Any number of
‘exogenous promoters may be used such as the SV40 promoter. A suitable endogenous
promoter is the regulated S. pombe adhl promoter.



sequences to target viral, cancer and aberrant "self' genes. The method of
“the pre¥@Rs2984 i nvention may al so be useful as drug scr eemiauysmesgents.

- For exanpl e, receptor genes are engi neered and expressed in a reportere
gene-dependent manner. The nodified yeasg. is then used in high

t hrough- put assays for agoni sts or antagoni sts of the receptors.

Al t hough t I £y Y xenpl,i.f] ina.S.: . . iL.n vivo
model and 20 FEPET sSABHER e lekeeB @ T ah drierd? o deie BIERRC T AEEHLE

ol ecul e, - tdoastpucts analy: bewetrdduced to the geasarcell 19X any dantber aftmeg OplRLERS

ot her suitabl e eukaryotic organi snms angd other reporter mol ecul es.

Ot her  aspedfaasiormation, sopjugation, AlEEEIRASHIN, RINGAERSt Qhers, ﬁxe\senmuwsm for
screeni ng I | Wale] Mol I MM aTa W iy, . Se
ol at | ng PR A &FerBRaRE of dgBb irbiiter by bR U4 DD
product ,5 sa promoteri vo. nodel system conpri:sing a strain of S. ponbe
capabl e of expressing said target gene wherein nolecules to be tested are
introduced into said S. ponbe and screened for-inhibition, reduction or

- down regul agy s ssal gt - | QN i s
forther *dectthesent inBRS ot e fapitFiFeeni of penctld fogBbag RavibP W ghiel
WO 95/2925%n expression of target genes. The target genes include eukaryotic, prokaryotic and viral

PCT/ AU95/ 00235 , C 0 -9- I'n

the fi gur esgenes. Examples,of eukaryotic gepes inelude, mammaliag growthfaglersoand fiygokingsl ysi s -

of S. p .1-0 t QSi . ; i - t - * .

4/ [err] _?ggﬁ%’@ﬁf‘)és‘% lc.fggégfsoaglés? g‘?m‘f;eg 5%?%%“’?%*@%%‘?&‘%@ e@_ﬂg.&mﬂes olfrp??_lfa&mtg 21s
a repr esentgenes inchidevp-galactogidaset &1l pfthegen specifici gefies. N ERamplesof viral genes
Figure 3 is a diagrammtic representation showing [err]-gal actosidase

anti sense- dnefudoFIY gnd Hepatitisgeges. oFhesubiect iiverfiands partigularly applicgblesfonthes o
di agr aMBl | gy ARAEACIF U dfiRast" IR0 syt SflabiR °FtR oscRbing Por° ket §afetic
expression 1 n S oponbe.” - . _

- sequences to target viral, cancer and aberrant "self" genes. The method of the present

15 invention may also be u_seful as drug screemng reagents. _Fo‘r example, receptor genes
. are engineered and expressed in a reporter gene-dependent--manner.. The modified yeast
is then used in high through-put assays for agonists or antagonists of the receptors.

- Although the present invention is exemplified using S. pombe as the in vivo model and
20 B-galactosidase gene as both the target and reporter molecule, the present invention
“clearly extends to and-encompasses other suitable eukaryotic organisms and other

reporter molecules.

Other aspects of the present invention include an in vivo mbde,_l system for screening of
25 molecules capable of inhibiting, reducing or otherwise modulating expression of a target
gene or activity of a target gene product, sald in vivo model'systém comprising a strain |
of S. pombe capable of expressing said target gene wherein molecules to be tested are
introduced into said S: pombe and scréened. for inhibition, reduction or down regulation
~ of said target gene.. |
The present invention is further described by the following non-linﬁting figures and

examples.



Figure 5 is a diagrammatic representati on showi ng that [err]-gal act osi dase
gene suppr i I's transcription-dependent. Figure 6 |
di agr ammat ﬁi’argg%?zégent ation showi ng | ong and short-arned | agfﬂ“t}’c'é@'}é’é

coht ai ni ng a singl e hamer head cl eavage donai n. 20 Figure 7 is a
representation showing in vitro cl eavage by9t-he short-arned | acz

ri bozymes. Figure 8 is a photographic representati on show ng
expressi on of [Imthy fgweshort - ar ned | acZ ri bozynes in S. ponbe

transformants. Cells transforned with plasm ds containing 25 lacZ ri bozyme
genes showed expression of the respective ribozynmes wi th conparabl e

st eady-state | S? ré-1 is a represchtdHbf s}%ai.iﬁg %eﬂﬁitg@giaﬁllﬁﬂgsiﬁ%?@%%@tq-gig?&gﬁwg

in vivo assay ong and “short-arne ozynes. The usi on of
a hamrer head r stesing:n®he §2+1¥eurs 4éf-galattosidase lacusi veasnmed &b colRiactrR€4H6t ed i n
differential_elimnation of anti sense RNA-nedi at ed suppression. The
short-armed? acZ ri bozynes did not significantly reduce [err]-gal act osi dase

ggr} XUQ% 10023 Sf@r%y % Yrefiresentation showing regulated gene expression in 8. fé’f”be'
Figure 10 is a graphical representation show ng the antisense RNA inhibits

gene expression .in S ponbe strain RB3-2., Figure 11 is
di agr ammati c r%ﬂﬂ‘ﬂ?éﬁ? %flﬁamfﬁgfeﬁq%ﬁm@ﬁ@w&@‘gm& WUseRsh apg%gqtgrolg,

cont ai ni ng thes&ﬁ%‘oﬁ%@ﬁ% dieker r]-gal act osi dase-urad 3' expression
cassette. I gure EI S a schemmatic di agram showi ng the | acZ target

gene and arii sense and control plasmds. 10 Figure 13 Ais a
hot ographi c representation of a, Northern, bl qQt of total  RNA jsol
P grap g‘?gure 4n 1Is a diagrammatic representation ow?ng that antisense iUSQA &heb?ts gene

expression in S. pombe.

Figure § is a diagrammatic representation showing that B-galactosidase gene suppression
15 is transcription-dependent.

Figure 6 is a diagrammatic representation showing Iong and short-armed lacZ ribozymes

containing a single hammerhead cleavage domain.

20 Figure 7 is a representation showing in vitro cleavage by the short-armed lacZ
ribozymes.

Figure 8 is a photographic representation showing expression of long and short-armed
lacZ ribozymes in S. pombe transformants. Cells transformed with plasmids containing

25 lacZ ribozyme genes showed expression of the respective ribozymes with comparable
steady-state levels. '

Figure 9 is a graphical representation showing in vivo assay of long and short-armed -
lacZ ribozymes. The inclusion of a hammerhead riboZyme in the short 5’ lacZ antisense
30 RNA resulted in differential elimination of antisense RNA-mediated suppression. The
~ short-armed JacZ ribozymes did not significantly reduce p-galactosidase activity.



fromKC4-6 cells transformed with each of the expressi on vectors shown in
Fi gur e W9.95/29254 Figure 13 B is a photographi c represenPETIATAS/IOR3IS

northern blot of total RNA isolated from i ndependent pGrI2 v
transof rmants of strain KD4-6 (GI2, GI2-9.and GI2-3) grown 15 in the
presence (+) and absence (-) of 4 [err]Mthiamne. Figure 14 is a
graphi cal ripaRSeOtietd E&Héifbh' [4R& T, %;,%@ | JRfse vity
in Iaczggntlselnse%?aans orhmants. - ures ¥ a‘fie graSﬁgééigl

r epr esent atexpressisimawSngombastraien RB3-2.0n i n [er r]-gal act osi dase activity

by long lacZ antisense RNA is transcription-dependent. The mi ddl e panel
sunmmarizes the experinmental ‘design. Single colonies from three

P B 14 kgt ARl ORTIA NS iy 120

OFF). It rwmam_ngl thesadifeprofmoterep-galactosidaseiuras 3’ £XPressin cassdtecach

transformant on EMMU were streaked to EMWTHI +U (nm 1 pronoter OFF),
and (D) cells of each transformant grow ng on ‘EMVHTHI +U were streaked
to EMMHU ( nts
t he averag%ﬂr{)aree mgée?g%lﬁggg?&féggk’%}#;ﬁ%?g %%ﬁ?gtgé%{paar{l dfsgl?{?l %@l on
i's I ndionadbeplaiytidshe ‘error bars. 30 Figure 16 is a graphical
representation showing the role of antisense RNA | evel on the

suppression of the lacZ gene in RB3-2. WO 95/ 29254

EXCI\{\/énglo%gére 13 A is a photographic representaﬁo%gMo&gf tﬁ'glp%ﬁlﬁ isolated
Pl asm d pRHrm\EC4-6 xels transferhedcwith dachoof the lbhpnesbmi Vectdts ,shdwn B Pigurh2m ‘
265: 5 10857-10864, 1990. . EXAWPLE

2 | NHI BI TION OF [err] - GALACTOSI DASE EXPRESSI ON
Figure 13 B is a photographic representation of a northern blot of total RNA isolated

from independent pGT2 transofrmants of strain KD4-6 (GT2, GT2-2 and GT2-3) grown
15 in the presence (+) and absence (-) of 4 uM thiamine. - |

Figure 14 is a graphical representatlon showing reductlon of p-galactosidase activity in

lacZ antisense transformants

20 Figures 15 A-D are graphical representations showing that reduction in B-galactosidase
acﬁvity by long lacZ antisense RNA is transcription-dependent. The middle panel
summarizes the exp‘erimenfal design.  Single colonies from three independent

transformants of pREP1 and pGT2 were split and streaked onto (A) EMM+U (nmt!
_ promoter ON) or (B) EMM+TJI+U (nmtl promoter OFF). In the second stage of the

25 - experiment (C) cells of each transformant on EMM+U were streaked to EMM+THI+U
(nmt] promoter OFF), and '(D') cells of each transformant growing on EMM+THI+U
were streaked to EMM+U (nmt! promoter ON). Each sample in the histogram
represents the average of three independent transformants and the standard deviation is

 “indicated by the error bars. o

30 | _ . , - o
Figure 16 is a graphical represeﬁ_tation showing the role of antisense RNA level on the
suppression of the lacZ gene in RB3-2.



1G The present inventioh is conveniently exenplified using the

[err]-gal act osi dase gene from E. coli as a target. This t he
advant age WO H295g a wel | characterised and easily d@@@t@&"’@gﬁ ul ar
pffenot ype. Cells expressing [err]-gal actosi dase turn blue or becone

fl uorescent when incubated with appropriatd substrate anal ogues. This
permts rapid visual identification or fluorescence-activated cell
sorting and quantitation of cells 15 EXAMEPIE nh the gene. Moreover, there
are very sensitive solution enzy ﬁﬂge&% ermt accurate
guantitative assessnent of [err]éﬁggiiﬁ@'r P&F&El on using extracts of
cell populations. [err]-Gal actosi dase has been used as a reporter gene in
nol ecul ar bi ol ogy experinments in many systens and is an excell ent

bui | di ng bl ocPldsaiid gmBPlfwsé oosstruted rabeording toQelburdrelli Kasd. 8inl bbemse2bst o
tag a wide variety of cellular or viral genes and nonitor 20 their

expr essi on 5dn60§$1 %9%%@990 In accordance with an exenplified
enbodi ment of the present invention, the [err]- gal act osi dase gene has
been put under the control of the SV40 early pronoter. This has been

integrated into the ura4 gene | ocus OoEXAMPLBEe2to create KC4-6, a stable

25 constitutive strain of yeast expressin err].- ' . Figure 1
shows a di agram of the INHI]¥ Wp &m&@mﬁ#ﬁsﬁe n ddl e of
the diagramis a representati on of the integrated [err]-gal act osi dase
gene and the bottom of the figure shows a Southern bl ot confirmng the

integrity pf (1R présefnventivh ik eonvenidatlp ekanplifiedeusiygnthe iPrgalatosjdasd geriehficom
strain used to derive KC4-6) and ot her sim|l {%st ral‘i"é C ear L% ot her
target genes rﬁfoﬁeas%tﬂrﬂﬁermﬁl geng bas the advantagg o L ghar d and

;‘f ‘ £ Qe{: e & Eé}}}&%%ggrég %&@h\é OCQES expres3jfig 5@%@?&?&% biue or become

PCT/ AU95/ 0023 Hluorescent when incubated with appr ogriaxe substrate analogues. Thislgermits rapid
Regul at ed expression of antisense genes has been achi eved u3| nggegl sorregis
vectors with visual idsmtificationaor Suoreseenpe-activated; eelb s%"ﬁﬁ WRfec

t he vector t ié REivERs

pr onot er. %%ﬁ%%@gﬁmsﬁ%am OF&t% prom) er are %ressed

at a very hi ghpetrfit @bcutiite GuaitRitivel disdskifierft of Prgatactdsidasé expression dsing extracts of
Transcription is al nost undetectable in _the presence of thLamE T&s ri ght

hand panel cell papulationse PoGalnesasidase hapbeesaisedias a,eppIs 8506 In [P

b o UG B e M A s i 9

absence of t hi@urAdiesiddse cadiBe sed foaBE 8 )widé Watidty ofcethdmeer vitdl genes 4ndi raonitor
("+" Ianes%o only the target, sense-orientation [err]-gal actosidase

transcript20 s ther expressioncand physiologsx pr essi on systens may al so be used.
Figure 3 shows diagrans of the antisense gene constructs used in the -
present disclosure.

In accordance with an exemplified embodiment of the present invention, the pB-
galactosidase gene has been put under the control of the SV40 early promoter. This has
been integrated into the ura4 gene locus of S. pombe to create KC4-6, a stable

25 constitutive strain of yeast expressing B-galactosidase. Figure 1 shows a diagram of the
wild-type urad locus at the top. The middle of the diagram is a representation of the
integrated B-galactosidase gene and the bottom of the figure shows a Southern blot
confirming the integrity of the chromoSothal B-galactosidase gene in B2-1 (the strain
used to derive KC4-6) and other similar strains. Clearly, other target genes may be

30 inserted into the urad or another locus.” Furthermore, the target gene may also be
expressed from extra-chromosomal episomes or plasmids.




Antisense or reverse orientation fragnents enconpassing the protein-coding
domai n WO 952925éng) , the 5° end of the gene and the 3' enBCDAUSSW23ene were

each cloned behind the 15 nnt pronoter in the pREP1 expression plasnmd. A,
set "of plasm ds were constructed as - _jpcontrols for potenti al

non-specific effects on the pattern of gene expression, cell growth ' o

I ' ' f
[or 1] gal Ao AR BonVR RS iERSe pis WS e Ry Rl LENE el VAU Dh
3' end as wehditiasalprematess. dhgmaesﬁows the struatpeeof the vectopRIEPT whichtceritains

reporter gepe luciferase: A frang shift nut on was, 20 nserted in, the
oo & ons SRS A db qussesie,tno fHisRS] SroThelshy SsaRHcE cls’Peé SoPeuata af thisoral

[err]-gal agﬂr&ﬁbﬂf‘%ﬁ‘e eﬁr@&s&d at ﬁ%égiéhfghofwélhﬁpéﬁgte Hin { S3ERtRSS BRAGne!

ot her reporter and target nes may- a in such a system
The anti%s eﬁ&msgapﬁochnlmosu mrdetaemblrm the presatoemfuhmduneat ‘Dhe tight hand panel

b1 though ouRGHEHE: BoRovH & geRseRai BRAHIOn Pipedewith  dooblg Sended di s
are grown géﬂd»??dihﬁsé ?ﬁﬁ:ienWhm’ﬁ L ifents Y tﬁvaxpf e?é?orpfoftiﬁ‘ﬁsenseﬁa- 4 for

anti sense denes. Log phase s at ‘a constant ce nsity are assa
[err] gakdctosidase m indhe absepcelof thjamineutin tive %4 danes).add thé erestmcenafphor e

substrate Q. nitrophgn r D-gl actro Lansi ONRG) . Repor.ter
enzyne |evéh@na% U &nﬁﬂn@ab{)?h Bty PCIRE S dhealbeon s FEpoTD s

m nut esy &%ﬂdﬁ gﬁ}ggsggn YellR¥g been assayed in
trlpllcate and the resu %f‘{severa experiments are conpiled in Figur
4. The .schematic diagramon. the l'eft depicts the prot ocol for t he P‘

experi nment nd t hi s§ ogr am indicates the aver, | evel
; e oshovia AGHIR of fhe AB1ipSESt EaeIOBHINES Yol ot e arotspt disclosurgy,

[err]-gala

95/ 29254 | ) )

PCT/ AUps, odiisense or reverse -°"°"-‘a“°_n' fragments encompassing the protein coding, domain

t he anti sen@eng)othets end of thehgenerandrthe 3t end ofltheogene twere sacinclanel Hehxixdatlieon of

t he popuy] ati on. e seen t at the par ntal ,pREP 1 asmd and '
all of ﬂﬁe ’M”M&fﬁ% ﬁﬁgﬁg’&’fe&mﬂ gimidn A 86t Pgﬁﬁ’é da%el | ed

ovel o | CProl fobpflend nbl %@@Pﬁﬁéﬁw&ﬁ%@ﬁ@eé"ﬁﬁ. %‘*?’tng %5“’@05""”‘8

5 antisensa ﬁagﬂmﬂdﬁsemmmquw sen%é%:emﬁmtﬁ'agmems of B-galactosidase
[err]-gala | dase | evel et , 3 antl ense cells show a
5056 and 10FPBANE CPEME FREBAIATERARS 5 2ol and e a8 Wl = gepon |

e rorat \Eoeint T Sf Aafr R 1Spiiflc gl Aettels 3L, faRlc M VaBER ) 1 O

regul at 2@n. insertefiGn thedong sdnise cortivd gendito elinsinate die produdllomof ispursous additionalhe
expressi on f t he gnti se [err I ac,t 0Si dase a serieg of
experi ment ﬁ%ssd??tﬂ IﬁJ&R@LEPf%Q‘ 2or o e#’&Pﬁ‘F‘F’ a&fﬂ?‘ur es
of the Ion&&g& hﬁ?rﬁﬁ am s’ con%r&? stergnt r ol pREPl strain were _

‘alternatelygrown™in t ni ng rredl umto I nhi bit antisense
production and then _
‘The annsense gene expression vectors are introduced into the B-galactomdase-expresmng
25 target strain by electroporation. although other methods of gene transfer may also be
used. The cells are grown in media lacking thiamine to promote expression of the
antisense genes. Log phase cells at a constant cell density are assayed for f-
galactosidase activity usmg solution assays and the chromophore substrate O-nitrophenol
p-D-glactropyranside (ONPG). Reporter enzyme levels are determined by observing the
30 OD 420 nm after 30 minutes. Multiple _ipdepende_nt transformants have been assayed
. in triplicate and the results from several experiments are compiled in Figure 4. The
schematic diagram on the left depicts the pro'tocol for the expé’riment and the histogram
indicates the average level of B-galactosidase activity in cells transformed with each of



id thiamne-free nediumto "turn on" antisense expression (right side of

m ddl e di a&p&n}’lS in Figure 5). Reciprocal experinments were perforned
where cul t SERPL grown in thi am ne-free and then i nPCI/AU95/00235

t Hi am ne- cont ai ni ng medi um (l eft side of middle diagram Figure 5). As
shown in the flanking histograns, cells wild8k showed significant

i nhibition of [err]-gal actosidase in the absence of thiam ne showed no

i nhi bi ti on whethe antisengy comstriots. t Theasson bar ificatd the stahddrd deviation of the popudatioh.
while cells whjch showed no 20 inhjbition_ of J err]-gal act osi dase when
grown in thi amtféndfotrer thay the parsatalbpREBE plasmid andy pll f the, plasmidsrhavingosense

hi stograns i n Eigur ( 1141 of - £ hi am. .
Ccondrt ons. whi iRt penk BEn o Hbolb e I EDE fyithin o8 Rifobepual ervor of tis
on-of f/ of f - on system, ek sarheRtisof frghlaatbsiddsb activitye 5.ongniecdelll camthiniigott dase
pl asm d produces, t ranscrlgt-de endent and sequence, speci fi c antisense

suppr essi on? of aatisense plasmi iblyishowv *géﬁ’lé reductipe indbgalgctosidaspdevel ahile the
oo . . . ’
gene strain of &S, Beuhee, s ?}ﬁ‘} g?g%sagngal OU/:?pédﬁ?tio?{ r&ﬁ%kgiévhﬁ/b ?IFo}xg%/ experiment

bi ochem cal explorations of ar ne’reguratron te
Fromthis, it isthefistdoduniintation oflshtidefist gene isiSpréssionda e velibcatd| dénonbgaters €

gene inactivation nethods to inhibit gene activity in S. ponbe. The
present denonstieelatye apivity ofithe lopgy $'tapds3) fragmentsdas artifijal gengesgrlatior. but
it will be appreciated by persons skilled inthe art that it is

applicable to other genes, synthetic antisense and ribozyne

ol i gonucl ed0i dBs cohifitnp tig:t .thddWsesed ihibitiinNisiR0fSthe LRPFSSIOIO of WP AREEhRB-
t ransdom nant WO 95/ 29254 . .o
PCT/ AU95/ 00235galactosidase RNA a series of experiments documented in Figure 5, was performed.

A'so PPaop Tlsl e 4F de1Gle Ehi NEin "BR, B¥Ronl ORERD S veR ' °
nol ecul e t her aglfemidtél$ growh in thiamiteoRRGRAY medihmfte inhibit AitfSensk prddA6isiP4nd thent
is applicable to a disease nodel system All that i.s required is

si mpl e genet i dndaminesfres wadiumts "thmonsantisense gxpressions(zight side of middle djagram

effects ongge | Vit Vg o e | icatian of this technolo IS the
rapid and } gl ﬁgbﬁgﬁﬂ_gé)é_e%m%ﬂ ‘?‘B'be‘ﬂg‘@gme BTr?ormed ‘t’;’é‘ﬁ% c"ﬁ'ﬁﬁ? Wﬁgé{?ﬁm m
approaches anchizaiifé-freé 'aB@hél it Eifine-coffaiing HRdivd lelt! side ©f PRHAN Widgram
for application through genetic engi neering and genetic mani pulation Tn the

hunan, 10 nedfigate, SaniAsshown dmtthe flankisgkistogramsn cellp which ishowesd significant
SOPLE S | oS Rl R T e A il
STRAI'N KCA- 6. grown in thiamine (left two histograms in Figure 5) whilé cells which showed no
20 inhibition of B-galactosidase when grown in thiamine showed approximately 55%

inhibition (right two histograms in Figure 5) when grown in thé absence of thiamine

(conditions which turn on antisense RNA transcription). These on-offfoff-on

experiments indicate that the long p-galactosidase plasmid produces transcript-dependent

and sequence specific antisense suppression of the B-galactosidase gene in the KC4-6

25 type reporter gene strain of S. pombe. This system is valuable for genetic and
biochemical explorations of artificial gene regulation technology.

From this, it is clear that one skilled in the art can now develop and use gene
inactivation methods to inhibit gene activity in S. pombe. The present demonstration
30 shows utility for antisense RNA transcripts but it will be appreciated by persons skilled
in the art that it is applicable to other genes, synthetic antisense and ribozyme
oligonucleotides, triplex, RNA and protein decoys, sense co-suppression, transdominant



‘The [err]-gal act osi dase gene was pl aced under the control of the S. ponbe
adhl proMN 29254 and the S. ponbe ura4 3' processing r egicTmuvosioosadhl
pronoter-[err]-gal actosidase-urad 3' expression cassette was
integrated at the ura4 | ocus of S. ponbe figo. produce strain 599- 2.
Figure 6 shows the integrated cassette at the ura4 locus in strain 599-2.
- This 20 st r&hﬁtaﬂﬁﬁplg‘rééﬁxéfddéf&tﬁe 1ﬁ!érfe§n% m? aid TNRs, Qe O AL Sydhdf is also_
ascospore isolate -~ stra I'so contai’ns the |n¥egra? Tadh1
pronot er - [ erapphgthem @lm ittentification aid d«\plcqumm small mokezelet thempemtius anda4

1 ocus as indi ure 11_and exhibi.ted.a 20-fold incr

[err]-gal acth zfgﬁ 34iops. 'é'ﬂ?ﬁ‘imB\'Fe it lk@Pl’é‘aéStt? éfiﬁeﬁgﬁn@a tem. Al
transf or med hatt 13 febired is s téo'i@ﬁ‘?&l Uil S nt ed
in Figure 3 (Exarrpfie 2) anlgﬁ’glesg éﬂ% or F%r“?] gef acéﬂoozll gag% c?sﬁ (ﬁ

Mul ti pl e § ncfestscemgenerastivityr mant s were assayed in triplicate and the
results for these experiments are sunnarlzed in Figure 10. The

protocol for this assay is as-for Fi gure 4 (Exanple 2). Cells of S. ponbe
expr essi ng G applicatiG'6f MY {eSkidioy y'%‘% E@ﬂ\ﬁ |

[err]-gal act osi apase activity whi'le g Qn@?gffaéﬁdééfé hgignés@wcalaenocf
short. 3' antgese nmnvm-appmaehmlang combinatietizof therd 20/ daerthidéeffective eohktiuctn,

respectivel Yeo As Lndi cated,, the contro asni d transfqQrmants_ exhibited

simlar applicatign "f"@“gﬁ' 355?%?’6@?‘??&@‘8 and; g‘?ﬂepﬁ manipyatioRirpthe human,

transforrmntlﬁeméulla:m Lt 303 "OFiBRBitn applictfORlaaldll N9 ant | sense or control
pec |

pl asni ds have beeh sho to express WO 95/ 29254
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pl asni d-derived RNA. The pri mary advm& B3-2 over KC4-6 is that
single colonies of RB3-2 turn b rredl um This reflects the

Elcghgr Ievel CONSTRUCTIONOF ANY. POMBE ST sycﬁ‘iﬁﬁl‘iﬁi@ﬁ’led to

| NHI BI TI O\I OF M@M@Blmumsmmm LEVELS COMPEREWT%t

strain RB3-2 described in Exanple 3 for antisense inhibition of
[err]- gal actasi dase. The resuﬁwwﬁm In Figure 10. Long and 5'
anti sense ﬂgcto dase Eﬂ’ac@é Fale
[err]-galactosidase eilpr es on t han ftlﬁ%tﬁ?gﬁéﬂé&l%t@%& bfoadh,& promoter

di agr ammat i anddhe &s,mmbtumd BObtddessm@regﬁin. JFhig adhl maen-ﬁ-gslaemﬁdm driggur e
11. EXAVPLE
RELATI ONSHI B’ SERIAgsien B?séﬂtmteam\ﬂtﬁe pragnlpcus of S pombe to produce strain

AND PHENOTY QEAP@I @Ite @&éetﬁx r ed, by
i ncubat i on ?? transt or mant S on it d coﬁt%?%ﬂ%ln&gé ﬁ%@g‘g%#? ﬂ"
chr onpge2q c strainswasxdressed té hdhw&mbé Strdih t@ olea!the hstosporé ivdlate RB3CNTRES a
bl ue phenot ysg_m tg the colo tﬂ es when hgdrol ysed. RB3-2 transformants
n also contains. the ‘integrated adhl promoter-B-galactosidase-ura4 3’ expression
cassette at the ura4 locus as mdlcated in Flgure 11 and exhibited a 20-fold increase in

p-galactrosidase mRNA expression over KC4-6. Strain RB3-2 was transformed with the
set of antlsense and control plasmids represented i in Flgure 3 (Example 2) and assayed

25 . for B-galactomdase actmty Multiple mdependent transformants were assayed in
triplicate and the results for these expenments are summarized in Figure 10. The
protocol for ttus assay is as for Figure 4 (Example 2). Cells of S. pombe expressing the

| long antlsense RNA show a 55% reductnon in B—galactosxdase activity whlle the short

~ 5' antisense RNA— and short 3' antisense RNA-expressmg cells show a 22% and 4%

30 reduction, respectxvely As indicated, the control plasmid transformants exhibited similar
levels of B-galactos1dase activity to the PREP1 transformants. All RB3-2 transformants
containing antisense or control plasmids have been sh_qwn to express the expecte_d.



déscribed in Figure 10 were plated on nedia containing 50, 100, 150 and
200[err]g/m _of Xgal . After 5 days of growth an obvious reduction in
t he i nt ens™32%P2¥¥he bl ue col our 20 of the strains expressEGRAYIFD0235
fdll-length and 5 antisense was detectabl e when conpared to the
control transforned strain. This result delbnastrates a rel atonshi p between
| acZ expressi on and phenotype and illustrates how the S ponbe strain
RB3-2 can be plasthid-derived RNAge Téeiprinsary exdwartagei ofcRBB2/ ogarnKCH& ivcthaesingle,

fromlibraties_encodi dom genet i equepgces, that redyce th
expr essi on of cpﬁaglelsaqugpgrai;w BY é’gsft?ﬂj] Q’éﬁ‘ﬂ‘ﬁst iSrreflpets, %%’é&ﬁﬂﬂ%‘@s‘%.
Phenyl -[err]-Qx-g@gﬁ@ﬂ bPPYaBRRSIdER ihm_g%gig%qomgund for such a

subs roi

sui ci de trate and is currently un nvesti gati on. WO

95/ 29254

PCT/ AU95/ 00235 ' : - 16 -
EXAVPLE 6052 ANTI SENSE MEDI ATED REEXAMEAE & 1ac2 EXPRESSION IN S.
ponbe 5 Yeast NHIBITTONOF HENE EXPRESSIGN RIBEE S gz 2l n
972 (h-) was used as the host for 1ntegration an expression ofr the

Escheri chi a cdlhie yeast ZtrafnRB3-Sdescribed MEianild 3 wWas testddefor amtBenserighibitionNERC
1914 (h+, leul-32) were tained fromthe Nati(inal Col | ection of Yeast
Cultures @A@PJB i g esylts s shovmda Figyse 100 Lgngrand jyahtisense malgculesgs
wer e perforne ' 3 biﬁw' : idrf¥nhR 3©

Experi ment s W@\{%@ﬁﬁ%&ﬂcﬁﬁ%@ gﬁ?a %{r?%t‘é gr E%%éjr se %a%nl}g%r_m&ql%mﬂe.
Spring Harldbr A diagranimatic fepresantation| of thiptdrgey geae hoRB3-2 is shdiew ity Pigure 1993) .
The transformation of S. ponbe cells with episomal plasnm d DNA or

| i neari zed plasm d DNA was carried out using el ectroporation (Prentice,

H L. Nucleic Acids Res. 20. 621, %@gﬁ? §?1e repl acenent at the ura4

| ocus in S. ponbe was 15 achieved as escrilbe by Gimmet al., MIl. Gen.
Geget. (215: 81-86,Rmasrlv ONsm)BmmmElecmmomd cmmu(rm) A!Y;I/ES
medi um (BI O 101 Inc., Vista, CA). Qr n e extrose (SD) nedi um
cont ai ni ng bi ol ogi cal suppl emntﬁ?l&kgﬁ‘gl@ REARBER | yeast

genetics: & | abhgr : Is EEEPWP | I ng
Har bor, 20 New ﬁ%ﬁyﬁ‘gg%?%?ﬁuﬁgﬁh?@%@@m‘ﬂn@‘& um t%mdm%?ét a,
CA) was used tontaining XpdlaiXgaldx a chronsogeniesubstratd of thetdneype Gopiltosidasy and t

transf or mants. regsi on, of transcription fromthis_pronoter was
achi eved by t ﬁ%‘ﬁg’gd? 'ﬁﬁ%l’b@omeam the ¢alogjeswhen hydrolysed r2 transformants a|

concentration . . BLal e . y
10857- 10864, ?W&%%W@%ﬂ%&%%%@%@ lp&oﬁl'rggo &4 pQ0kg/l of
performed usi XgakSAften$ daysdf gretitic me obvibs fedactiontid theridtdisiy bP thd Blae coldust a,
CA) (More et g}lﬁ Meth, nzympl . 194: 795-823, 1991). To exanm ne the
bl ue col olr}@ ¢ 6f thg strams expressin, éﬁﬂhlmthand 5' antisense was detéctable when compared
to the control transformed strain. This result demonstrates a relationship between lacZ
expression and phenotype and illustrates how the S. pombe straiti’ RB3-2 can be used in
a genetic screen to identify genetic sequences, from librdties encoding random genetic
sequences, that reduce the expression of the target lacZ expt‘essxﬁgyeast strain when
25 hydrolysed. Phenyl-B-d-galactropyranoside is a candidate compotid for such a suicide
substrate and is currently under investigation.




expressing the E. coll lacZ gene, cells were plated onto SD or EMM nedi a
buf f er edyo 9si299sk h pot assi um phosphate (to pH 7.0) and conpeiyRboe¥sRl  at
final concentrations ranging from50 to 200 [err]g/mM (Rose et al.

Met hods in yeast genetics: A laboratory ?ﬁ course manual . Cold Spri ng

Har bor Press, Cold Spring Harbor, New Yor 1990). WO 95/ 29254
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Pl asmi ds and Yeast Strain Construction ' -AI'I st andard DNA mani pul ati ons
were carried out as described by Sammm.; 8! - 1989, Mol ecul ar
Cloning: A laboratory manual. Cold ri Har bor Laboratory Press,

Col d " -Spri ng AMTHENS AITED'M(EUEMI%N 7 lagg BXBRESSIOM IN of. pombehe
Sv40 early 5 pronoter and 3' processing signals was integrated into the
S. ponbe genome using ura4 fl anki ng DNA sequences and honol ogous

T econbi ngt | YaasiStrdias WnddViediae ur a4 gene | ocus. The ura4 DNA sequences
flanking the urad4 transcriptional unit were isolated from pC& (Prof.
J. Kohl i, Ubthizasacahgrasmyces pombestrain Ga (he) rwaams«;d ‘as the how fan imdegratiorEend

fraoment (CoLmmat o e Mlher S oo e ooht “Siis oy oy ol SoPARET .

a bl unt endNCYOTSY (4+, reuztm)wrasbthlnedhbnmbwa%nﬂm%ﬂ&Y@Jsﬁtﬁmuei
pNEB193] (New Engl and Biol a I n Beverly, MA) fromwhich the region

bet ween t he(AERC stituté ot quodsResesrchn Nomwicho [UK). n¥east -matingsawerel glecformd t o

t NEB 195,., The | t { .SV40
o 1y plboprding docsfrd HBissites LAl er e@%ﬁ%ﬁ%ﬁ% PR ABSISN Yoaskodhi ng
sequence 151abm@&9}£m%uar Oﬂléfgf.%rﬂigaﬁﬁbér £y Al Q18 i e ¢

Inc., Palo Alto Site 5' to the SV40 pro
pSV[err] waNewoYlorki éﬁB&)oThmtrans&rmtlbn ofi S! porsbe cells with episoned @iasimid)DNA or

Findl 11 P?meze@" b LA LIVA WA e o st BoB P rovtbr el Ls i
produce P‘Oaﬁép dzélNW 1992)) GéheFeblabbritrtof tﬁ?‘%}?ai *i@éustxﬂe%i%e%i y

pronot er was cat ed allj acent to the urad 3 ragnment
doubl e- drSgead:hxewldeassiedcriHed HyoOiimnx et aksiMol. Gen. -Genets2I5e §1-86)988at ei t her
end by ura4 sequences. This.fragment was used to transform = S. ponbe

strain-972 (h-) and 5-FOA resistance was used to identify yeast

transf or MNkgag cells Werk rg?&mﬁaﬁiﬁfaﬂ@é}& ﬂsjinéﬂﬂﬂf O W1 hESVIMETAN S Snthetic

Putative integrants we characterr f espéct ‘to
struct ur e oflextiuse (Sla)lmledmnscmminmg biclegical rsup;ilembus e!m erol., Matlhqu in yeast

pr onot er - drrven. Ia n The stru ‘aiur the i rate CZ expression
cassette a Mé%“ ld g Haebne i s

depi cte scmg;a? 5?5@%) %‘E‘&%H I,
1990) vvgs use b&?kmgxpressr on- vector o‘rmco%%tlralhrgﬁnogl f‘& ac W
ant i sense ' gebaincmakimium reypyessienifrom: dtedpmmm mqreastdtmsfoﬁﬂamsr Represdion vfed

\é\ﬁ[rgrrat i Caisubcl o.ned | nt 0 Rgr%]mc?tgr %Qseac %Heb t% addxstfotneofa ar e(é esent ed

EMM medium at a final concentration of 4uM- (Maundrell K., J. Biol. Chem. 265:
10857-10864 1990). Conjugation and spomlatlon-of S. ' pombe cells was performed using

25 nutrient deficlent ME agar medium (BIO 101 Inc;, Vista, CA) (Moreno et al., Meth.
Enzymol. 194: 795-823, 1991) To examine the blue colony colour of yeast integrants
expressing the E. coli lacZ gene, cells were plated onto SD or EMM media buffered

| with potassium  phosphate (to pH 7.0) and containing Xgal'at final concentrations -

ranging from 50 to 200 pg/nﬂ' (Rose et al., Methods in yeast geneﬁcs: A laboratorSr

30 course mannal Cold Spring Harbor Press, .Cold Spring Harbor, New York, 1990).



Fi‘gure 12. The long | acZ BanH fragnent spans positions -56 to +3419 of the

SV40 254
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prionoter-driven | acZ expression cassette. |n order to construct the |ong
sense control plasmd, a frameshift m}ta'tlon was introduced at base

+909 in the | g¢cZ BanH fragment. The fragnment was linearized with C al,
filled and re?iﬁa’c‘&j“q’ﬁé“ﬁrwﬂﬂrﬂmﬂhs confirmed by DNA sequenci ng

and the | aczB P tation
relative to t?}ﬁ‘i@fﬁ prormt%#ﬁl s pla %&gﬁﬁ Jutd%s‘%egcnryt}gd@eg&ﬁb%??fﬁd
served as a c¢939, CMoIeGIilalE@B&nghlxhbﬁﬁt&rﬁmuﬂh@dld)SMgiHﬁ’bBﬁhﬁor&bmm

in the antisense orientation,. short 5' and 3' lacZ fragnents were

generat ed usi kgld SRringdisrhes, New ¥ork: ﬁfheeféc,opﬁd«pzlsﬁnemﬂer CeRto VAP gailni d

ragnent el POt g Wﬁﬁ@&%&%&%gﬂ ok A
and 5' - AAfladiadE DM Geduenées pmBinatica-ad he WR Bipe wras gefié

t he short 3' DNA frarrent these seqences were 15
5' - AAGAGATCT Tosuy A heart N ATSE? ankirg fgg@txagsqmg]mlamgwerexsolatedfmm

i 11 restri cPuR DIRte) B ETTRG e S B G

anplifi ed DNAfragmert/(GeikBh ebal,, TRRL GO Geher. 21508E86, 1988)) TRk apmhdnt K8 fillé®O
to +912 while the short 3' DNA was | ocat ed between +3093 and +3454 with

the TAA stl@p umﬂledﬂenm fragmentef AN At padymeragsian sabelones ast4 bluntomd fragment

Cubctoned as B A Fiagh B STHRFR T8 i B pRERRo3) oy BRbiART piollsh i,

sense and ant Bgedie MA) ﬁéﬁﬁ%@lﬂﬁenﬁi&aﬁéﬁ&éﬁﬁe%ﬁhﬂ@%@ﬂ%ﬂﬁh%@ﬁol 12ilep Vs :
pGTI58 (short 'sense) pGT59 (sh S' antisense), pGI60 (shor

sense), and p&asdeletedbre create pNEBnkISs dhe dycZ expressiopeepssette cconlainng the %Vﬁ&m d
5 R e e i
Madi

i son, k) ia eubefdnbd from the 1 the h@?@ﬁwg e Ce a@nmag' i*hlé«'a%l A). The

Total genonmic DNA was 1 SoO usi ng gl ass s as
descri bed by EﬁoRIl—hfefS‘rﬂmt}wﬁNWpMnuter(m@SW mwiﬂed&sﬁmhﬂi‘aﬂindﬂbsﬂ\lﬁy

arber anal v SR 3 EoARi BndlzEcorY adastes, e kave Aescoe oS 0RR SO RBELAS o
standard procelHifStradihiink Defwedhi' e & LT SPAY ?Séeﬁu&ﬁgs in pNEB 195 to produce
- plasmid pNEBD2 with an orientation such that the SV40 early promotér was located

20 adjacent to the ura4 3' fragment. A PacI-Pmel double-digest relesistid the lacZ expression

cassette flanked at either end by wra4 sequences. This fragment was used to transform

S. pombe strain 972 (h-) and 5-FOA resistance was used to identify yeast transformants

baving undergone a disruption of the wra4 locus. Putative integrants were then

characterized with respect to the structure of the ura4 locus and expression of the SV40

25  early promoter-driven lacZ gene. The structure of the integrated /acZ expression cassette

at the ura4 locus in chromosome III of the S. pombe genome is depicted schematically
in Figure 12.

Plasmid pREP1 (Maundrell, 1990) was used as the expression vector for construction
30 of lacZ antisense gene-containing plasmids and sense controls. All fragments used were
subcloned into pREP1 at the unique BamHI site and dre represented schematically in
Figure 12. The long lacZ BamHI fragmer* spans positions -56 to +3419 of the SV40
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hybri di zati on were as descri bed (Sanbrook et al., Mol ecular Coning: A v
| aboratory -~ manual. Cold Spring Harigr Laboratory Press, Cold Spring

Har bor, New York, 1989) with the exception of Northern blots which =

were hybri giriefronfdteddrvenl ReZ éggﬁs'ﬁdﬁ?&ﬁéﬂeﬁ@. In ‘ordef % Wohstruct ¢he® TgrgC4knse
Laboratories Inc,, Palo Alto, CA). DNA used as probes included the 5 1Iong
| acZ BarnHl cantxod piasmid; radfraeshifd sutqtioBawad infraducet rat hasent909riorthe heeZBanHB!

[ REP1.. All D ' d f | di J _ .
o] 1 abBRPBE IR rasment Wes Togian, wik Clg AR g gt 1B frpmeshit
|t o it | 0qakconeA SYDNquek g 1123647 Bl iaghURrbisaid B FREPFI Vs

det ected by autoradi ography and quantified using a - phosphor i nager
(Bi 0- Rad Lubtheasensé osentation nelative ©0Athe mmtl pronjoterr [Fhizaplasmisk iwds slesignatedre

or 7] - gal aBOT6E a8 Ervafes o conteed fof AT L whi contas R 267 Brsin Hsbaieat oo

(Ausubel efy ﬁg.mﬁmgﬁ&@ﬁéﬁ.ocol s in . nolecular biology. Geen
Publ i shing Assocl ates and Wl ey-Interscience, New York, 15 1987).. For S.

ponbe strains 972 and NCYC 1913, 1x10[err] cells were assayed for
[err]-gal agt osi dage Jvigy follown rowt h of yeast transformauts in EVM
or BV The ROt S ot e, reBmanss fisre aeheraied pstng 1 alyFtase sikn Eracion
~cel I s/ qy. ' %ff@% ' r ® ﬁtQEd['l{engn 'xﬁ@t%'?:séd sf or mant and
[err]-ggl a t%lgjl as m&%ﬂ?’z‘“ca cu a‘f&e%f'ag‘:ﬁrdi ng to the ornmul a descri bed
in Ausubel aati pal i fiCua téminprotfocdallsei ns lod ecul &r' bifat #agym €Snaen @ re

rocul t6 " S-AAREAGHIERRCILREASCHETTECANERN RNE st Bt amg

model  syst S%?%GRE‘WT@GKNAWCA@@G@@GM@C@ (TSEE%H) WQ;

regul ati on, '

acZ reporter gene was chosen as atarget. This
gene of f erForhethdvashages 3f tBNAvafrapimenty cheisapi deguemmsi twere

! o CRPARASR TGt EAcHiicToR r i TR Ry ™ =
As [ ' [ ; ' AT o/} . '
Cotony cor Su AGKGATCTL AN P TTATCATUN TOGATCEH ISEQHh ROM Clikaih 01 1°
substrat e kasala Billitestristion site was adiiedRe bothithe 58 and 38aids of tBSanplifiecdDNA E.

oo, HalReba T BoR Y Bebbet phiianton Hob4s shEH shitk e oRTBRA . ng
SFT ot vol i Mg SBALAL 00k 1345 T AIE S Slod O Lz i "
20 +3141. PCR amplified DNA was cloned into the BglII site in pSP72 (Promega Corp.,
~ Madison, WI) and subcloned as BglIl fragments into the: BamHI site of pREP! in both
the sense and antisense orientations. The plasmid designations were as follows: pGT58
(short 5' sense), pGT59 (short 5’ antisense), pGT60 (short 3' sense), and pGT61 (short
3’ antisense). A non-sequence specific plasmid control pGT68, containing the luciferase
25 gene, was constructed by linker ligating the Stul-BamHI fragment of pGEM-luc
(Pmmega Corp., Madison, WI) into pREPl. ' '

'DNA:RNA Isolation and Hybridization
Total g_en_omié DNA was isolated from S. pombe cells using glass beads as described by
30 Hoffman and Winston (1987) Gene 53: 659-667. These DNA samples were used for
Southern arialysis of chf_bmbsomal DNA and copy number analysis of plasmids. Yeast
| total RNA was purified.using a standard procedures. Nucleic acid electrophoresis and
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fromthe preci 9ezséiite used in mammal i an cells (Jones et al m&‘%?‘“?és

659- 667, 1988). The | acZ gene expressi,on cassette was integrated into
S. ponbe chronosone 111 to create a stabl e

err] -gal act osi,dase-.expr essi sfrain. IntegratiqQn was accopplished b
Fapl acement  EYOKEAUER SviaRiaS SERrEbnt CSamPrDNE 8 ik WolSaNs: KR oA laboratory
ura4-fl anked e LN 116 A | g Rhid '
i nt egrant usi {r}gﬁéalF)gyi&ggi egc]t | on§?é?gétok?fg%r%q@ﬁtég{%ﬁg’fngwW&%’ﬁgsg)
chr f)nos omal | y“ﬁthltm%p'ﬁ)r.ﬁdfm?irtmeﬂws Mha?rmeke[h)@ndm limtg;] Express HypriStzatibrer n
anal ysi s on genonic | at e omstrain r - -, .
iras? suad.) aEiapIeten L ok K A PGS sz Pt el By

is straig i At r amHI-
gene- cont a?ni %&E%?%ign revggélg%ﬂtfﬁgfm?r@s:%ﬁr)gl n eng?E?g@b@aggml%bm and
produced an assguempe infpREPS. AﬂiDNAqﬁoﬁmms@&fgahghﬁdimlﬁdam@gP-hhdl&ﬁemmgthel | s

assayed. o facilitate transformatjon wth epi sonal ressi op vectors
the I eul nutat{<8RPTHAS labeﬁmgi miéms&%anh Mﬁﬁ@%@br@@ﬁ%‘ PACS/C

1914 (h+, | euks « L AN o] ' e S} -6
(ura4:: Sv40-| Q%MQS m?@d?ﬁﬁe@?eé? ﬁtpgadgo??%k \;\agg d‘%ﬁﬁgﬂoﬁ% oa
express [ err] phasphadiager (BieRad Lhbotatlosies; iHerbaddes, GA) hat of the parental

strain [err]2-1. 15 Al'l lacZ antisense genes were expressed fromthe
epi somal ﬂasm’d pREP1 (Maundrell, K. J Biol Chem 265: 10857-10864,

1990) using t e It | onoter. This pronoter is repressed
BBy N

in the presen ntrations greater than 0.5 [err] M

and maxi mal | y THe eagymes actdvitynoft the BbsthkeZgieneengaded produst, Pripstactodiasedwas | |
K. J. Biol. 20 Chem ,265: 10857-10864, 1990). A set of antisense genes_ were
construct ed t 8sspyedqusing a cell permesbifizationnmsthod (Ausybel gt @y Larey

FrBF &y
to different ' e g | I
anti sense gen%@ﬁgé’@o édq’gé“gf‘%bé’ﬁ%‘é'ga@%?‘?{&%‘gﬁ eﬁﬂm@‘?&ngpgnt‘%?;ry
to 56 basd$ oi987M)e For S.MpombesitrimdorEaué NEYQ 191X nhi108 celislivage assayed efgi ON

of the target nRNA and 288 bases of the 3' untranslated region. The shorter
25 ant i sensePyalewsidasec activity follgwing grondiyof yeast Eansfrmants in EMM os EMM

the 5 or 3' media hthiniff tHikiAined6 4 EiNRnsiGOOE 1GL108 ¥BUARE THpliRhid B8dagls wiRs ©

constructed in order to exam ne non-specific effects of high level

nnt| pronot er petforned for saphctransformantand] fegalpctosidase ugits salcwated aceording)toghe
levels (Fig. 12)..T trols jnclpudad t ~oriented .. f t
for each of t TR fesrbel BuABubel, o phoChmtd mraShIR if il hislosy, (GER

sense 30 20 | PabIBLIALbLiSies kid WA 1RagidrBS N Vom0l pl asri d vas

prepared by introducCing a frameshift mutation into the lacZ gene to
elimnate [err]-gal actosi dase activity of any resul tant gene product.
[err]-Gal act Oﬁi dlﬁfe enzyme assays on pGI62 plasm d transformants WO
95/ 29254 esults

PCT/ AU95/ 0023fy order to examine the suitability of fission yeast as 2 model system for thé analysis of
antisense RNA-mediated gene regulation, the E. coli lacZ reporter gene was chosen as

25 a target. This gene offers the advantages of the availability of rapid and sensitive

solution enzyme assays for the gene product p-galactosidase (Ausubel ef al., Current

protocols in molecular biology. Green Publishing Associates and Wiley-Interscience,

~New York, 1987) and confers a blue colony colour to . pombe on medium containing

~ the chromogenic substrate Xgal (Kudla Nucleic Acids Res. 16: 8603-8617, 1988). The

30 E. coli lacZ gene was expressed at a low constitutive level in S. pombe placing it under

control of the SV40 early promoter and 3’ processing sequences. This mammalian viral

promoter has been shown to function effectively in S. pombe with transcription initiating



of strain NCYC 1913 (h-, leul-32) confirmed that transcripts produced from
t he | ongwo9s/29zsdanse control gene were not transl ated i ntopggiavéSoo23s

[ err]-gal act osi dase. : The target strain KC4-6 was transfornmed with
each of the plasnid constructs descri bedsg2 above and three independent
‘transformants were anal yzed to detect RNA transcripts - expressed from

B P oness: Sott U HEARDge el A ihnBRRUAN Kelly (ohet Y CLEH V5 690687, A8kD)
nml pﬂ'hﬁinoé’rgenﬂex;ﬁ&%iomsdeae wai ihtedrared into S, pomebe¢hrbmossinelEtodredtdiei 1

3' ends i ndi cates t hat each of the transgformants produced
an RNA specg t?flpgﬁﬂé‘:teﬂﬂ%‘i?teé&reﬁlﬂﬁ straip. Infegration wasaccemplished by seplacement

relative tog, 0, I NWith

expr essi on |£§1§| lgﬁéf g@ﬁ%ﬁ% Ms‘aﬁre sfﬁr%r 'ﬂalgke%?% 1%?&%%&%%5“& _
t hat the 5expndaxbntnﬁcambnloﬁa3tabm lmuﬁﬁiéﬁ-EOAmlbcﬁomﬂﬁhJ m)dmﬁﬂégﬁty ﬁﬂ

t hi am ne ana? t he pr essi on | eyel of long lacZ antisense RNA,

all the ant e‘?lgemmﬁ yi tegrated single,repygplagmid DN, was eenfigned b § oamgm

| acZ mRNA. z Ri
the effect o ant | se WA%@?& ﬁfé‘??sé%&ﬁ“ ?ﬁr ggﬁ’l ac? ‘ggﬁéejlégg%gggtf'
(Ausubel et clhrlomoséimal smmm of the a4 loous'sf thisistrain is shovon fl 12. BRpression

Publ i shing Assogi ate mnd W ey-Interscience, New York, 1 ) Thr ee :
i ndependent 2Bal¥HS 0B hish{asZ; ganexcontpining strpin reyealed (hat thersiraip eupressed lacZ

t hi am n frﬁﬁug he. g 1 Cell s of
S. ponbgl expres‘gl &W}%%Mrﬁﬁﬁ% ant %ﬁse @Mgﬂl é% ttion
in[err]- galracfaeﬁﬂaia&ﬁnﬁbfmaﬁdrwaW1®m|dx§ressmn Vestors giel el tﬁlﬁatﬁlﬁoﬁsf’ {
or short 3' _ conpl enent ariv/ transcri pt mEroduced .20% and 10% | ess )

[ er r] - gal acinsendysedsintaf3-} bygrossiag with XCyl9lﬁr(htokul-éatandalrandmmmbspmant s

Tovel s of r e SRR RIS i S920050% T nd BRERREARn wes

transf or manslsown ty expresd P2galactbdiddse (b teveRGiMARC0 fat of the[pafenkal Qﬁhﬁcsm' dase
activi ty observed was due to the presence of |acZ antisense RNA and

was not ldue to non-specific interference with gene expression or cell

P74 20). o o e Wi B S e,

transcripti KnJ. BRAsChén.a65:010857110864; 1990) fsifig ditteondRivAAT Amfl ProthbiRt. This
woul d repress or derepress the nntl pronoter prior..to assaying for

[ err] - gal acPiomalersis repressedin the ipresencernfdhismingat concentrationigreater thant®:5 pMhg

gICEF? 2&;?85%%%%&%@3%&) pisl tﬁé] fbsence ofexogge?t/otzlsg Db amine (Maundre]ézl( J. Biol.
long | aQB aCheme?ss: POSSTOI0860,T990). 18 k6t dffantibenké {e&%% edhstritR 1Y produse

medi um t o . pernmit antisense RNA expression (ON, Fig. 15) -and

t hi ami ne- coftigensenBNAsdpf) yarying sizes icamplsmentary | tgedlfﬁrmeglpnmmﬁdhe dargeOFF;

Fig. 15). | ﬁ:%gsagg ?lt-‘l'gs ?ﬁ}s e IlongnlacZ antisense gene was des1gned to produce an antisense
RNA complementary to 56 bases of the 5 untrarislated sequence, the entire codmg
region of the target mRNA and 288 bases of the 3 tmtranslated region. The shorter

25 antisense genes were des1gned to produce RNA complementary to either the 5' or 3’

--ends of the lacZ mRNA. Control expressmn plasmlds were: constructed in order to
examine non-specific effects of hlgh level nmtl promoter-dnven transcnptton on f-
galactos1dase enzyme levels (Flg 12) These controls mcluded the sense-onented
fragments for each of the antxsense genes and the ﬁreﬂy luciferase gene in the sense

30 orientation (Fig. 12) The long IacZ sense ¢ontrol plasmld was prepared by mtroducmg
a frameshift mutation into the lacZ gene to eliminate P-galactosidase activity of any
resultant gene product. B-Galactosidase enzyme assays on pGT62 plasmid transformants



pGT2-containing cells grown in the absence of thiamne produced 40% | ess
5 Jerr]- j dase than the pREP1 transformants (Fig. . l.s from
the sane 2@1@%&8%4 grown in the presence of thiam ne shé’m‘@g’ﬁ{’%l

| evel s of [err]-gal actosidase activity (Fizg. 15B). The reversibility
of antisense RNA regul ati on was denonstrat€d by transferring cells

fromthiam ne-free nmedium SO\(I% to. thiam ne-containing nmedi um (OFF), and
cells f r ofrsthain iNGY €t 3 (hi, deplt33) sonfirmedohat) transexiptaptndused Heom thg long

0 el S S AR 0

[err]-gal actosi dase activity in the presence of thiamne (Fig. 150C).
This indicates that repressing |acZ anti sense RNA transcription permtted

target gene The targetstraindCH6twasrteansformed withgaghnoftht plasmid eenstrsets desstibedy
control pREP 1. transfermnts. Ln contrast, QRGI2 trans LS ...
previ ousl %ex%ﬁ’oﬁ’let g rw&?PePQV&|‘?“8fP"P%‘?q?]We5%P5@¥%?§i @a%gﬁwmcmm
in the presenggprédsed ﬁbﬁfﬂl@ﬂaﬁﬁlﬂs&ﬂrﬁéjgehesﬁwﬁi SaBAisiwhslcBmpletainlspipt DTinttas €
activity when grown on thiam ne-free medium (Fig. 15D). The experinent

confirms that 3’ processingeregionr DN4efiagmentcas gembeeAll BNAsoproducedcisematbe tnmsh

t I pti f the | ti dth o .
ovorsi by | | yPORAIR R BEREEPS A4 besenof UR TRGLPERBRER SR Al frib- Figwre 134

effects such gRiidadsIRdt BEHSF ﬁx@%ﬁgﬂﬁmﬁmdue’eﬂ an RNA spéciés bt the expeefedStzel he

effectiveness of antisense RNA regulation in the present system

partial i i biAnakysisaff ¢ach RNAadpecien sélativectontite cliromosamallyesnandade amtiymRNA

| ong | acZ antisgn - RNA to deterpine wh er it coyld du e, the
bi s corony. EERGIRR ttdhe epmession ovels o oflToabt BNAS wets, Pl FIRTG 130 hovrc 2
gene in S. po : | 'mfé éﬂN’}Q %&QJ ioRaiN nAhiEndiae d t he
appropriate cg?r%ﬁhg%{é%?g?gr%c?e p adtgg onzst |ant11 ne- rag%iarrggﬁia e fhd
cont ai ni ng a thenexprestioXdevel afrlong ach amtisenseRINAOak rfor all tthe datisensec RDEAS, a1 at
30C there s no det egt abl ualitative difference in the blue

col our phenot %@Vﬁmﬁt@@ g’ft Pﬁ&e get}ap%mécz anti sense RNA- expressi ng
celI's and jishose expressing control RNAs. It is concl uded that a 55%

reduction in [err]-gal actosi dase enzynme activity in S. ponbe in 30
i nsuf ficient PBeGaladtesiddséenxyraé akaays abereilused 1od emwiitopahe effect of abfisensecRNA

phenot ypi ¢  egdgilel il doc? gl A GoR TABMBLISH or."Chilon SFB6L1A BmBloBEHESS:

Thi s VO

PCT/ AU95/ 0023§iologg. Green Publishing Associates and Wiley-Interscience, New Yot 1987?5. Thred\@s
shown in Exarrpl e 5. EXANVPLE 7

ANTI SENSE SUPPdEssdon tmsfosmantscfor @able pbsmb] cotmet SerAgrowRBin thiagine-free
|5, PRGN QT LRGN FRF R g a5 O e B LG
lacZ antisense RNA showed a 45% reduction in p-galactosidase activity, while cells
expressing the short 5’ or short 3’ complementary transcripts produced 20% and 10%
less PB-galactosidase activity, respectively. In contrast, all transformants containing
plasmids with the sense-orientated gene fragments exhibited levels of p-galactosidase
25 activity comparable to the pREP1 transformants. This suggests that the decrease in
B-galactosidase activity observed was due to the presence of lacZ antisense RNA and
was not due to non-specific interference with gene expression or cell physiology.

To confirm that the observed reduction of P-galactosidase activity was dependent on
30 lacZ antisense RNA transcription, yeast transformants wére grown under conditions that
would repress or derepress the nm#l promoter prior to assaying for B-galactosidase
activity. Independent transformants, containing either control plasmid pREP1 or the



the expected ratios of antisense RNA indicated for each transformation.
Three woo9smskspendent transformants for each plasm ds coRGI/AEPSNA3S\er e
assayed in triplicate as her ei nbef ore descri bed. The data are
sunmari seed in Figure 16. The data show-t32at for 10 the lacZ target gene,
the | evel of suppression is dependent upon the | eve of antisense

For exanpl e, 1oﬁ€? ad? SliRshse! S@hidOSGTRPRERSIRItRMLY GirowARInOthidihine!fiee Gh8dium peen
when Is transfornmed with the two anti sense-encodi_ng pl asm ds.

The pl asni dqunﬂﬁ%sense RMAdexpressRR @M:oﬁkg d8) and thigminesgontaining medigmotot er
WA Ch il one Have Do, ool ok O96E80 oS o5hb LR b

Transf or mant ,q19. taﬂi;?gsrl'!ﬁ lgrown in the @b@éﬂ&bdoﬁ thmmne roduced 40%Rdless® 20
(Antlsense T%rg cs)n °1° g P pREP4

0:1 pB-galactosidase than the pmntransformants (Flg lqﬁgﬁgﬂs fr@m thesame culture
0.025: 1 _25 érown in the presence of ﬂnanﬁggﬁ%jwed control levels of %-%éﬂ%@ ida HtivRy fg.

0.3:1 anti1 sense
2-4:1 515B). The reversibility of aﬂﬂREBée RNA mgulation quRERmnsuated by teansferring -

gegcrll benge;&%Srfsqf;&&gg I‘Fned;‘h ium (tqlﬁI l !’ﬂ"?}g’% et that thggk_.?)\; a(ﬁfoﬂ%r

et on’i oEP Rk suc%"ﬂé aple (GRS %‘%W@%@ém{oﬁﬂ?“‘enﬁ.on

al so | nC'lUdeﬁGﬁiZ'uafsfdrhenﬁthuilyashom 40%’rmdncmomm then dbsencg of rthiamine
referred to or ‘indicated in this aﬁem fi.cation, indiv

[l .
col I ect i vel yexhibitednoinhibition of fagalacipsidass activiy ighe pre sepﬁg)o ﬁg‘a é(f'?}g B0y A

steps or featyre
PCT/ AU95/ 002 1§1dxcates maY\QeI?rgés%?gz?a%Z antisense RNA transcrépuon permitted target gene

SEQUENCE LI S&ﬁi&sxon to refuln td-ihvsare lbwrsmmd in control pRED1 taisfor@ms. (S
ONLY): ATKINS, David; ARNDI, Geg M .an
contrast, pGT2 transformants previously e 1tmg normal levels of ﬁ-galactos1dase_

15 when grown in the presence of thiamine revealed a 55% decrease in B-galactosidase
_ activity when grown on thiamine-free medium (Fi ig. lSD) The experiment conﬁrms that

~ the decrease in lacZ gene expression is dependent on transcription of the lacZ antisense
gene and the :obser_i'ed_._;'e_versibility eliminates the involvement of additional genetic
_ effects such as target gene rearrangement.
20 _ _ . _
To further assess the effectiveness of antisense RNA regulation in the present system,
partial inhibition of B-galaetos:dase activity was examined by the long lacZ antisense
RNA to determine whether it could modulate; the ‘blue colony colour phenotype
associated with expression of the lacZ gene in S. pombe. Ce_lls containing the lacZ
25 antisense plasmids or the appropriate control vectors were plated on thiamine-free nledia
containing a range of Xgal concentrations. Following extended incubation at 30°C there
was no detectaole qualitative difference in the biue. colour phenotype exhibited by the
long lacZ antisense RNA-expressing cells and those expressing control RNAs. It is ]
, concluded that a 55% reduction in B-galactomdase enzyme activity in S. pombe in
30 msuﬂ'xcxent to alter the visible cellular phenotype. '

. However, phenotypic readout is still a valuable parameter in the screening process. This



Jénat han G APPLI CANT (OTHER THAN US): GENE SHEARS PTY LI M TED

(i) TI TLE%}»@\H’ | ON: AN I N VI VO GENE EXPRESSI ON SYSTEM petrausiootss 1)
NUMBER OF SEQUENCES: 4 (i v) CORRESPONDENCE ADDRESS: (A

ADDRESSEE: DAVI ES COLLI SON CAVE @@ STREET: 1 LITTLE COLLI NS
STREET (O aATY: MELBOURNE . (D) STATE: VICTORI A

(E) COUNTRY: (F) ZIP: 3000 (v) COMPUTER
READABLE FO?MW%%“ Examplg Py UM TYPE: Fl oppy di sk (B)

COMPUTER | BM PC conpati bl e (C) OPERATI NG SYSTEM PC- DOS/ M5- DOS
(D) SOFTWARE: Patentln Rel ease #1.0, Version #1.25 (vi) CURRENT
APPL| CATI ON DATA: (A) APPLI CEXAMPLEVEER PCT | NTERNATI ONAL

(A APPLI CaT SUTONRLE SHFRESSION g itk [z CERER S nohmg AN rEs.2
20- APR- 19945 (VI N )ISATE’?BNBMMCBWHBME RNA LEVEL(A) NAMVE:
HUGHES DR, E JOHN (C) ,REFERENCE/ DOCKET NUMBER: EJH/ EK

(ix) TEL ECC]\/NLmlH@i’r-I waoraesformped with the combinapignsiofintasprigigshowg in Jablg 4 witly 7

I(DCBZZI'/ XEBE}:'S%(Z 3; ! 3 %%éd”?:gs of antxseﬁé@ ﬁﬁAz ?t%cﬁcated for each transformation. Three

independent transformants for each plasmids combination were assayed in triplicate as
hereinbefore described. The data are summariseed in Figure 16. The data show that for

10 the JacZ target gene, the level of suppression is dependent upon the leve of antisense
RNA. For example, the highest level of suppression of approximately 65% is seen when
RB3-2 is transformed with the two antisense-encoding plasmids. The plasmids pREP42
and pREP82 encode derivatives of the nmt/ promoter in which mutations have been
introduced which result in weaker levels of transcription.

15
Table 1
Transformant Plasmid 1 Plasmid 2 Ratio
20 (Antisense: Target)
1 pREP1 pREP4 0:1
2 pREP1 pREP$2::antisense 0.025:1
25 3 pREP1 pREP42::antisense 0.3:1
4 pREP1 pREP4::antisense 2-4:1
5 pREP1:antisense pREP4::antisense 4-8:1

30 Those skilled in the art will appreciate that the invention described herein is susceptible
to variations and modifications other thari those spécifically described. It is to be
understood that the invention includes all such varigtions and modifications. The
invention also includes all of the steps, features, compositions and compounds referred
to or indicated in this specification, individually or collectively, and any and all

35 combinations of any two or more of said steps or features.



- 25 - | (2) 1 NFORMATI ON FOR SEQ I D NO 1: (i) SEQUENCE
CHARACTWG 93Pot3d: - (A) LENGTH. 35 base pai [PE€T/AU95/00235 '
(B) TYPE: nucleic acid (C) STRANDEDNESS: single

(D) -TOPO-OGY: i near (i) MOLES3ILE TYPE: DNA (xi)
SEQUENCE DESCRI PTI ON: SEQ I D NO 1: ' AAGAGATCT G CCTCTGAGCT ATTCCAGAAG
TAGTG © (2) | NFORMATI ON FOR SEQ

I'D NO 2: (i) .SEQJ%, %ﬁl (A
LENGTH: 35 base pairs BN Eg nucl ei ¢ aci d

- (C) STRANDEDNESS: si ngl e o (D) TOPOLOGY: |i near (1)
MOLECULE TYPE: DNA (Xxi SEQJENCE DESCRI PTI ON: SEQ | D NO 2:

AAGAGATCTC @FGRERAE MaGee. -

. (2) 1 NFORVATI ON FOR SEQ | D NO: 3: (1) SEQJENCE CHARACTERI STI Cs:

(A) LENGTH: 35(1))A§'PLI)@AN§" (US ONLY): ATKINSB)DaWEARNIDT,eGmgM dnd IZANT,

(C) STRANDEDNESS: single _ Jonatlidd) GTOPOLOGY: | i near

35
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(F) ZIP: 3000

(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatibie :
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25

(vi) CURRENT APPLICATION DATA: _
(A) APPLICATION NUMBER: PCT INTERNATIONAL
(B) FILING DA_TE 20-APR-1995

(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: PM5169/94 (AU)
(B) FILING DATE 20-APR-1994

(viii) ATTORNEY/AGENT INFORMATION
(A) NAME: HUGHES DR, E JOHN L
(C) REFERENCE/DOCKET NUMBER EJH/EK
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(ii) MOLECULE TYPE: DNA (xi) SEQUENCE DESCRI PTION: SEQ I D NO 3:
AAGAGATCTT hGdARSHCC GGAATTACAG CTGAG

(2) | NFORVATI ON FOR SEQ I D NO 4: (i) SEQUENCE CHRRRAPEH®Y cs:
(A) LENGTH 35 base pairs 5 TYPE: nucleic acid

(C) STRANDEDNESS: singl e (D) 2YOPOLOGY: | i near (i)
MOLECULE TYPE: DNA (xi) SEQJENCE DESCRI PTI ON: SEQ | D NQ 4:
AAGAGATCTC AATGEAT. T 35
IMGACATCTC, QAT iR TRL s &

PCT/ AU95/ 00235 {i) SEQUENCE CHARACTERISTICS: - 26 -

CLAI MB: 1. %Mmuéfemdgﬁgﬁsyl ng nol ecul es capabl e of
i nhi biting, reducing oncotiwiptoNess: sing1d10dul ating expression of a target

gene or activity of a tBr GeroLeg@nelipeoduct, sai d net hod conpri sing

generating a straifipioSebie 98RE ChAr omycesponbe capabl e of expressing said
target gene, introducing to said strain of S. ponbe an effective anmpbunt of

said mol ecul e (xi} SEGENER DEEHIBAON (88 ERMAi g t he ef fect of said

nol ecul e on expression of said target gene or activity of the product
of the target J@RREATCTG CCTCTGAGCT ATTCOAGRBE MmddT@ccording to claim 1 wherasn the
nol ecule to be tested is a genetic . sequence.

{2) INFORMATION FOR SEQ ID NO:2:
{i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 35 base pairs
(B} TYPE: nucleic acid
{C) STRANDEDNESS: single
{D} TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

ARGAGATCTC ATCGATAATT TCACCGCCGA AAGGC 3s

{2) INFORMATION FOR SEQ ID NO:3:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 35 base pairs
(B) TYPE: nucleic acid
(C} STRANDEDNESS: single
{D) TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA

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

AAGAGATCIT CAGTATCGGC GGAATTACAG CTGAG 35

{2) INFORMATION FOR SEQ ID NO:4:
{i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 35 base pairs
(B} TYPE: nucleic acid
{C) STRANDEDNESS: single
{D} TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

AAGAGATCTC AATGTATCTT ATCATGTCTG GATCC : 35



3. A net hod according to claim1 wherein the nolecule to be tested is a

pepti de,wo952925p0l ypepti de, or a chem cal conpound. PCT/AU95/00235 et hod
according to claim2 wherein the genetic sequence is an antisense

mol ecul e relative to all or part of the .tz get gene. 5. A et hod
according to claim2 wherein the genetic sequence is a sense nol ecul e
relative to @LA1MS: part of the target gene. 6. A nethod
according to claim2 wherein the genetic sequence is a ribozyne. 7.

A method according to claim1 wherein the target gene is an exogenous gene

g]::cordl nge'ltJ (I;f:\(r:lyglt%] t&ﬂ‘gpg}‘%o ig“ﬁo %&o {"ﬁéé b?%°%’“§1blwﬁ‘?q?&?ﬁ)?ro%}g§tw‘ged

of an exogeru%aumﬁsﬁ%seﬂﬁes@wﬁamaqwget gier AUty 6f #farddt'g@he Pfdddét)said method 9
A nmet hod accordin oclaim7 or 8 wherein the eukafyotic gene Is a

manmmal i an comprgpmggeneratmg aweniaof Sofigoraccharomyces pombe capable of expressing saxd
PCT/ AU95/ 00235

A met hod accBFef! BE% dtraduringdo spid stpin ofik Pazhe AR effectiye amount 8!21%‘1 a}qleca}e
part oftoabafemmnaaaa&hmﬁ GHé efteétCof @id mcmef &?Eﬁ.ﬁfg%orﬂﬂf eésan%l ﬁtg o

_receptor or a cancer-specif gene. od accor
claim?7 or 8gedemreact1vltjnefd1d<pm;im of thestargét gene.pl ant gene.

met hod according to claim7 or 8 wherein the viral gene is of HIV or
hepatitis

-S—"

2. A method according to claim 1 wherein the. molecule to be tested is a genetic

- sequence. | B o ‘

3. A method aceording to claim 1 wherein the molecule to be tested is a peptide,
poiypeptide, or a chemical compound.

4, A method according to claim 2 wherein the genetic sequence is an 'antisense
molecule relative to all or part of the target gene. '

5. -A method accordmg to claim 2 wherein the genetxc sequence is a sense molecule
relative to all or part of the target gene.

6.. A method according to claim 2 wherein the genetic sequence is a ribozyme.

7. A method according to claim 1 wherein the target gene is an ex'ogenoﬁs gene of
eukaryotic, prokaryotic or viral origin. |

8. | A method according to claim 1 wherein the 'ta‘rg'et'gene is a S. pombe homelogue
of an exogenous gene of eukaryotic, pfokarydtic or viral origin.

9. A method according to claim 7 or 8 wherein the eukaryotic gene is a mammalian

gene.

* € L M s



OFi gi n. A nethod according to claim1l wherein the target gene

13.
or a porti fis fused to a genetic sequence en i g_v@
reporter N&P%g}géggapabl e of providing an i dent i fyabl efgﬂﬁﬂa s 238
14. A met hod according to clai'm 13 whereijy) the reporter nolecule is an

enzyne, confer antibiotic resistance,”“«onfers resistance to a chem cal
conpound, a fluorogenic ound, a fluor ei n,

conp . scent py ot a
cheni | um nesceh®. coApoethad acconding {melpim & vherein ﬁ@dﬁ%‘@ﬂm gene gucadss pll pr part
growt h factor, cel | t oki ne, prat ei £ Qo NV Lk ar. crani
defined phenot ﬁgsﬁ’mcf wrlg_cyt&}g%hgtg%g@ﬁ g%é%fé%mg@g |md?§%\;v%%err es ?\clit’1 e

reporter nol ecyb. i S adenosi ne phosphori bosyl transferase, Neo, CGus,

Cat, Lux or GFP or functional parts thereof. 16. A et hod
according to claim 13 wherein the reporter nolecule is a fusion

reporter nol ecyle bgtween . \ :

177" A et hod Thecorirged Beordinh RHGRLT 3P 8 iRn BRCebEBNCGRALE pRER B,
control of an endogenous S. ponbe pronoter. . 18. A et hod
according to claim 17 wherein the endogenous prompter |s the fSHI J)erbe
adhl promoter. 12.  Anpethed agppding to claim 7 or 8 wherein the viral gene 1 0 V or hepatitis
PCT/ AU95/ 00235 ., . - 28 -

19. A et hod °H8®or di ng to claim1 wherein the target gene is under the
control of an exogenous pronoter. 20. A nmet hod according to

claim 19 wherein the exogenous pronoter is the $V40 g_rormt,er. .
13. A method according to claim 1 wherein the target gene or a portion thereof is

fused to a genetic sequence encoding a reporter molecule capable of providing an
identifyable signal.

14. A method according to claim 13 wherein the reporter molecule is an enzyme,
confer atibiotic resistance, confers resistance to a chemical compound, a fluorogenic
compound, a fluorescent protein, a chemiluminescent compound, a biotynolated
compound, an essential growth factor, a cell cytokine protein or a2 molecule giving a cell
a defined phenotype.

15. A method according to claim 13 wherein the reporter molecule is adenosine
phosphoribosyl transferase, Neo, Gus, Cat, Lux or GFP or functional parts thereof.

16. A method according to claim 13 wherein the reporter molecule is a fusion
reporter molecule between an S. pombe homologous and heterologous gene.

17. A method according to claim 1 wherein the target gene is under the control of
an endogenous S. pombe promoter.

18. A method according to claim 17 wherein the endogenous promoter is the S.
pombe adhl promoter.

O



21. A method of identi fying genetic sequences capabl e of inhibiting,

reduci now@nsn92s4 Ot herwi se regul ating expression of a tapEpAussngs sai d
met hod corrprl sing generating a : strain of S. ponbe capabl e of :

expressing said target gene in a genetic gppstruct which . further
conprises a reporter gene capable of providing an identifyahle signal,

I nt roduci ng to said strain of S. ponbe -an effective anount of a
geneti c sequence to be tested and assaying for an inhibition,
reduction, ol9.ot hArmethgd lae¢ardingab claiyar b swhierein tfe target! gemepisrunder the contrgbof.

22. A nmet hod according to claim?21 wherein the genetic sequence to be
tested is ananexogen%pgm mol ecul e relative to the target gene and which
conprises 5 or nore nucl eoti des. - 23. A et hod according to
claim 21 wherein the genetic sequence to be tested is a - ribozyne, . '
triplex, RNA20.t r aAsuiethiod avtordingatotclaime ] ® ohertirs thedéxfogendusprombter iether8V4ANAS
or DNAs or is a sense construct relative to the target gene. 24.

A met hod accPRORIOS-to cl ai m 21 wherein the target gene is a manmal.ian gene
or an S. ponbe honol ogue of ‘a mammal i an gene. . 25. A et hod
according to claim24 wherein the mammal i an gene encodes aII or part

of a growth 2hct oA, mﬂmﬁtmdamfymgggmh sé@rehoes capablecoft inkibiting, aedyiny or or
IS a cancer . specj fic gene. . A_.nmet hod according to,claim
21 wherein t ﬂ@ewswgu g %Breéswrp p&attarar-'t g«m said methegreampnsipg; generating a

PCT/ AU95/ OOZg‘%m o%?tnf
27. A net ho accor ’r’tzget &ab}ea?fme’?{esvxﬁgr el nmf%et ar ge gatéer% ﬁ SO thhrl%l}
origin. ] furthe? Eomyj nsesmﬁoﬂérgaﬁaaﬁhhhgoﬂprocﬂmgrmaaendfﬁm sighdlcinwbduting s {
H 'V or a hepatitis virus.
p to said stram of S. pombe an effective amount of a genetic sequence to be tested and
assaying for an inhibition, reduction, or other regulation of expression of said reporter

gene.

22. A method according to claim 21 wherein the genetic sequence to be tested is an
antisense molecule relative to the target gene and which comprises 5 or more

nucleotides.
23. A method according to claim 21 'Wherein the genetic sequence to be tested is a
ribozyme, triplex, RNA, transdominant mutant nucleotides, defecttve interfering RNAs

or DNAs or is a sense construct relative to the target gene.

24. A method according to claim 21 wherein the-target gene is a mammalian gene
or an S. pombe homologue of a mammalian gene. |

25. A method according to claim 24 wherein the mammalian gene encodes all or part
~of a growth factor, a cytokine, a growth factor or a cytokine receptor, or is a cancer

specific gene.

26. A method accordmg to claim 21 wherein the target gene is of plant origin.
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29. A nmet hod according to claim21 wherein the reporter gene encodes an
enzyne, ers antibiotic resistance, confers resist

chemi cal cg’r?pgg}l}% ,4 a fluorogenic conmpound, a fl uoresc@?f?&pgﬁsﬁi@lsn, a
chem | um nescent conpound, a biotynol at ed 5 conpound, an essenti al
growm h factor, a cell cytokine protein or & %ol ecul e giving a cell a
defi ned phenotype. 30. .. A nethod accordiing to claim 21 wherein the
reporter gene éﬁcod&%ﬁ’?@mg t°n‘§a“&'£’s Fﬁe}’b@fs?‘gf‘trmfl%f“ §€¥xh‘lﬁgq"s
Neo, CGus, Cat, Lux or G-P or functional parts thereof. 31. A

met hod according to claim21 wherein the reporter gene is a fusion reporter
mol ecul e bet we@8. an Smeimdiaectdrdingl togdaim 2Zthehéreincthe vimys s Hijé oz .a hepatitis vind2.
A nmet hod according to claim?21 wherein the target gene is under the control
of an endogenous S. ponbe pronoter. 33. A et hod accordi ng
to claim21 whegel n 4 BRufRNRAGEAY o RIAAH Whdrtin e redort e

pr onot er . 3114.£ A net ho agcor ing to (I:ll aigrnéif %%erneei n ﬁéga?ar ete’

gene is under tconfeesomitibidticatsistance, confers redstime to prchemical compound, a flkdrogenié
met hod according to claim19 wherein the exogﬁno_us pronoter is the SV40

pronot er . compgund, a sfluqrescenty profeiaeia shem enlc CORpPwY 0 biptyaelateds
AP _ . 3 o o f
P arget Cgene GBuipoft ap esseptidl Bblfth B o QLINEFUIE piEl ofh e A o UhIC

nmodel system cagefinad phemotyder ai n of S. ponbe capabl e of expressi ng
said target gene wherein nolecules to be tested are introduced into said S.
WD 95/ 29254

PCT/ AU95/ 00235 : : : = - :
ponbe and scr ee3’r(1)éd f%rmefthn% abcic?rldbnr% tor% e } (‘)‘ﬁlel(‘)erm thre x;teer ﬁngtepgo’rﬁéglades%s@e
target gene.  phosphoribozyl transferase, or is Neo, Gus, Cat, Lux or GFP or functional parts thereof.

31. A method according to claim 21 wherein the reporter gene is a fusion reporter
molecule between an S. pombe homologous and heterologous gene.

32. A method according to claim 21 wherein the target gene is under the control of
an endogenous S. pombe promoter.

33. A method according to claim 21 wherein the endogenous promoter is the S.
pombe adhl promoter. '

34. A method according to claim 1 wherein the target gene is under the control of

an exogenous promoter.

35. A method according to claim 19 wherein the exogenous promoter is the SV40

promoter.

36. An in vivo model system for screening of molecules capable of inhibiting,
reducing or otherwise modulating expression of a target gene or activity of a target gene
product, said in vivo model system comprising a strain of S. pombe capable of
expressing said target gene wherein molecules to be tested are introduced into said S.

U B




37. © An in vivo nodel system according to claim36 wherein the nolecule

to be tae0es29254 1S a genetic sequence. 38. An paxUSHORI3dEl
system according to claim 36 wherein the nolecule to be tested is a .
‘peptide, polypeptide or a chem cal- conmpawpd 39. An in vivo nodel
system according to claim 37 wherein the genetic sequence is an

anti sense oibél fhdr REedhéd fortifhidition? red@fibn 8f ofh2e rdgdl JFsafa .40.
An in vi vomrré)del system accgrldi ng c;[ 0 %I ai n?S?omhefééglﬁnﬁ?%e genettafgcet g(lqeuence

S a sense nolecule relative to all or part of the target gene.

41. An in ) vo podel. syst.em accor di to cl.aiJjp 37 wherein th netic,
sequence is 37. | &R 1 B8 é}?\ggfgystem accgr&%ng tOMWWeW&E%W%%??EéEn%%?@di ng
to claim36 ig\ﬁae%'(eggﬁb Sdyeh@ €t gene is an exogenous gene of -

eukaryotic, prokaryotic or viral origin. 43.  An in vivo nodel
system according to claim 36 wherein the target gene is a S. - ponbe
honol ogue of, an exogenous gene of eukaryotic,. karyotjc or vjral origin.
4a. An i n 3o ABALIVE pedelysiem peapiig o cim I Whertin the mplespls 1 be prste
eukaryotic s a pepBAE polypepiBéORhicREmiA8N€ompound. . 45 ~ An in vivo nodel
system according'to cl ai'm 44 wherein the nmammlian gene encodes a

grow h factor, a cytokine, a growh factor or ‘cytokine receptor or a
cancer - pecifi.c gene. 46. .. An jn vjvo node] system accordi ng
Uo ol ai m 42 b 43ARHEpHPmedsL systam apeirins 10 clairg 47 wherelg the gipetig spaence Is 1o
95/ 29254 ti 1 ‘relative to all or part of the tar. .
PCT/ AU9S/ Ooza?,nSan. sense molecule re. ive | P get geng

40.  An in vivo model system according to claim 37 wherein the genetic sequence is
a sense molecule relative to all or part of the target gene.

41.  An in vivo model system according to claim 37 wherein the genetic sequence is
a ribozyme. ' -

42.  An in vivo model system according to claim 36 wherein the target gene is an
exogenous gene of eukaryotic, prokaryotic or viral origin. .

43.  An in vivo model system according to claim 36 wherein the target géne isas.

pombe homologue of an exbgenous gene of eukaryotic, prokaryotic or viral origin.

44, An in vivo quel system according to claim 42 or 43 wherein the eukaryotic

gene is a mammalian gene. -

-45.  An in vivo model system according to claim 44 wherein the mammalian gene
encodes. a growth factor, a cytokine, a growth factor or cytokine receptor or a caricer-
specific gene. - o o

46.  An in vivo model system according to claim 42 or 43 wherein the eukaryotic
.gene is a plant gene. | o y

* c L M S *



- 31 - 47. An in vivo nodel systeniaccording to claim42 or 43
wherein th ' (gene S of HI'V or hepatitis origin.

in vivo nnﬁgﬁisystenraccording to claim 36 wherein the tar ‘?”Sgﬁ@éé?
portion thereof is fused to a genetic sequgrce encodi ng a reporter nDIecuIe
capabl e of provi di ng an |dent|fyable gnal . 49. An in vivo

del t di t I 48 wh th t I
enzyrre, ”cont erd-ant FBbYPe Tl SisieRt accoring i eine 49 oF 4 ciberan v ietiesns 5
conmpound, VA" gyrpound, a fluorescent protein, a
chem [ um nesce%i?q:orrgg%ﬁk%n bi ot ynol at ed conmpound, an essent I al

gromh factor, a cell cytokl ne protein or a nolecule giving a cell a
defi ned phenot An in vivo nodel, system according to claim

48 wherein thexﬁ?epd%rér Vig @e@ﬁléystem aceQrding;ionelainh 86 JHsSHA She fAsgsH gene or a
t f
5 A vi Beptotreof l fustd'th @ edc sudor Uikobigg"iepfilir molecul LB R0

An

nmol ecul e previdirdguai dentifyatsle signalool ecul e between an S. ponbe honol ogous
and het erol ogous gene. 52. An in vivo nodel system according to
claim 36 wherein the target gene i s under the control of an endogenous

S. ponbe promier. an in vivoIodel fsﬁgerﬁ 'ﬁcé’drdﬂg{(ﬁgﬁénsw J}‘ng‘%ﬁgﬁg n{)%’g’}& '

52 wherein the éndogenous prono

54, An in vi mmnrmdﬁhe,wﬁfemmmbmﬁcdesigaﬁda edlﬂ‘mrrasfstaﬂaelt@arehézhﬁalt ¢ongiundiene
I s under 3&0 control of %genous pr onpt er . An in vivo
model syst em & dBIORIESEIC SOmPp werescent P!"Pféme%ogmlﬁﬁ%ﬁt gempound, jag

the SV40 pronOgiGhmolated compound, an essentlal growth factor, a cell cytokine protein or a molecule
giving a cell a defined phenotype.

50.  An in vivo model system according to claim 48 wherein the reporter molecule
is a denosine phosphoribozyl transferase, Neo, Gus, Cat, Lux or GFP or a functional part
thereof.,

51.  An in vivo model system according to claim 48 wherein the reporter molecule
is a fusion reporter molecule between an S. pombe homologous and heterologous gene.

52, An in vivo model system according to claim 36 wherein the target gene is under

the control of an endogenous S. pombe promoter.

53.  Aninvivo model system according to claim 52 wherein the endogenous promoter
is the S. pombe adhl promoter.

54.  An invivo model system according to claim 36 wherein the target gene is under
- the control of an exogenous promoter.

55.  An in vivo model system according to claim 54 wherein the exogenous promoter
is the SV40 promoter.
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