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OPTIM ZED M NI ZYI\/ES AND M NI R BOZYMES AND USES THEREOF

Throughout t hig, % okCation various references are cited |n a@gﬁ’cket
by aut hor and pu |cat|on year. The full citations 10 are ?

al phabetically and may be found i med} at el y pr ecedi ng the cl ai ns.
These publ i catOREEMIZED MENEDYMES AND IMEINTRIBOZYHES DAND cfsxs EHE0FO t he
present application. Background of the Invention 15 Sever al
types of ribozynmes have been identified in |iving organi sms. One of
the first ribozymes to show catalytic turnover was the RNA noiety of
ri bonucl ease P. Ri bonucl ease P (RNase P) cl eaves precursor tRNAs
(pre-tRNAs) at their 5 ends to give the mature 5 -term ni of tRNAs.
In Escherichia 20 coli and Bacillus subtilis, the RNase P hol oenzyne is
conposed of one basic protein subunit of approxinmate Merr] 14, 000
(119 am no aci ds) and one single stranded RNA nol ecul e of 377 and 401
nucl eoti des, r Ll vel y .[ Baer 1990; Altnmpn 1987; . Waugh, 1989;

Pace, 1990; Ni s 3BPligatianevagaPsy FEIRESARES Age SabAdciRavage
was the L-19 bracketl h?eamelmmgamiaqmmldeatibr\/@eafr (Thd &€lahydeastions The

413 nucl gof i e ﬁ%q C | M) 1y t cliear <t
precursolr from et?a t%/ér?en‘lféfyﬁﬁerm)p |li§pc%?é be%xcﬁésegguﬁ% lﬁlﬂmdg‘%’fm
exons | i gat ed PF§cesérgonphet eChdtthice Biesmy patddersions argr ubereby 982;
Cech, 1981]. ikrickperaved by wdfsenee iatb-the presgilt @ippdicadebhon is the

requirenent of a guanosine or 5 guanosi ne nucl eotide cofactor. The
hanmer head, which in nature undergoes a self-cleavage reaction,
constitutes aBackgro zynmes. A nunber of plant pathogenlc
RNAs 35315 [Sy@@%&ralgg?pe§yaP”§1bé§§ﬁés[ﬁéﬁﬁ“déin %%%%tl?i&&nhﬂgl

one ani mal viral ayl or 1990] and a transcript from sat € I|te

I1 of DNA of ﬂ?gaﬁé\ﬁ{ﬂ [Ep9p§| ﬁ> f§t§7 lEﬁgt giRozymes to show catalytic

" turnover was the RNA moiety of ribonuclease P. Ribonuclease
P (RNase P) cleaves precursor tRNAs (pre-tRNAs) at their 5
ends to give the mature 5‘/-termini of tRNAs. In Escherxichia
20 coli and Bacillus subtilis, the RNase P holoenzyme is
composed of one basic protein subunit of approximate M,
14,000 (119 amino acids) and one single stranded RNA
molecule of 377 and 401 nucleotides, respectively (Baer,
1990; Altman 1987; Waugh, 1989; Pace, 1990; Nichols, 1988] .

25 Another early ribozyme to .show cleavage was the L- 19
intervening sequence (IVS) from tetrahymena. The 413

nucleotide intervening sequence (IVS) in the nuclear rRNA
precursor from Tetrahymena thermophila can be excisea and

the two exons ligated in the complete absence of any protein

30 [Kruger, 1982; Cech, 1981). Unique to this class of self-
' splicing reaction is the regquirement of a guanosine or 5’
guanosine nucleotide cofactor. The hammerhead, which in
nature undergoes a self-cleavage reaction, constitutes a

third class of ribozymes. A number of plant pathogenic RNAs

35 [Symons, 1989; Symons, 1990; Bruening, 1989; Bruening 1990},
one animal viral RNA [Taylor, 1990] and a transcript from
satellite II of DNA of the newt [Epstein, 1987; Epstein
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-2- 1989] and from a Neurospora DNA plasm d [Saville, 1990]
undergo a site specific self-cleavage reaction in vitroto : uce
cl eavage fragﬁghg%mﬂfth a 2',3 -cyclic phosphate and gch§ﬁgQB§§yl
group. This reaction is unllke RNase P RNA 5 cl eavage of pre-tRNAs,
where the internucleotide bond under goes a phosphoryl transfer
reaction in the presence of My[ err] of- ot her divalent cations. Meta

cations may be e 0 y 1 he

reactions %%%I]mi‘%é %%Jnd%te@%&% Bﬁﬁ %ﬂ%rlgjs'dczggh}%yzég?%e 10
cl eavage of DNA u?@@%ﬁ#t%uﬁ1te §Qgglf+ﬁr%§%ﬁ7ﬁ}e§999$ regdfdon in VEEEDi kAt on
of RNA strands | @@ibe 1982¥agd FraoRent#ovich 3 27, 3'-cyc3lcCM%dphaQ€0§ﬂ@at e

(ings [Pan, 1992] oS uBlLeAE EAG W) sencr BHORENGRE TENGERLETS LeRUO

1986] and carbon cente L Ccciri
ri bozymes wPth 151eavagsy reifnd@r%ft@asm yvhem eddE; vw\yegr@lmtﬁg‘-%rba%d

5 hrough1994 St eﬁﬁkﬂékﬁg&% af phdbpHdrfQ ﬁﬁéx%ﬁdz?&eaﬁﬂlﬁéolmtﬁw p&BE@ﬁK@roﬁnd
oyce, zoSta e apLlity lgn a riboz
specifically targadt and er c?%‘é%eréthycﬁgé?ﬁ?\at é%tﬂﬁlA‘g At e "R &m}%d to
much interest essenpiahetpoR¥nt catakhppls cBhilen dP%RhmmEtheadreabbignes in
éransgem c pl ant&oc@rﬂé‘nh dbé!il%”aété‘eéhé@ é§a999§bé£ﬁ@s‘3>’can cat@ﬂf‘ilé StRé .
OISO hEP OVE A L ) St S0 el s G
t he maxi num cl esepijeation oéduuwstyan&WnﬂGzeﬁnchlﬁﬁﬁcesbermpedmmgncﬁcafeved

invitroin 3+ 1&F a8k pﬂos}nﬂ‘t@ %ﬁg@ggﬁnnuabm Ofasdﬁéwr@é 6¢aRMAwith
sequences Sax na and ker man 90; Evans, et

nd
al ., 1992; Mazz aONOFEHSTS |, [+ ett?8 FF Far n CEREPES ar e
f ewer whol e ceII[Mahh$tﬁﬁ1992 PlcciEiéWLpussszmuwﬁrndlaye déborgheat eiitl hat

high level $50f Loy kiridR0ZY "EariRAESSH ﬁrv%.t gHk rl@‘é’u?o &%@t@&etﬁ?g&&ﬁd
accunul ati on of ta&gft sequence I.n ViVvo on_and ennln S, 989;

Cotten and Birnst®F 1quf§89f-i5hé§é;aﬁﬂp cEion BR{l| eeplutden PIHEFPFlé?d et
al ., 1992; Perrideycet 1#H94; Szostak9IBJ92]Anot her article suggests a
necessity for the target WO 96/ 40906

PCT/ AU96/ 00343
The ability to design a ribozyme to specifically target and

20 cleave any designated RNA sequence has led to much interest
in the potential application of hammerhead ribozymes in
transgenic plants and in animal health as gene therapy
agents or drugs. To improve the ability to treat a disease
or target a specific nucleic acid, it is desirable to

25 optimize the ribozyme to achieve the maximum cleavage
activity. While much success has been achieved in wvitro in

targeting and cleaving 2 number of designated RNA sequences

(Saxena and Ackerman, 1990; Lamb and Hay, 1990; Evans, et

al., 1992; Mazzolini, et al., 1992; Homann, et al., 1993},
30 there are fewer whole cell examples.

Previous reports have demonstrated that high levels of
ribozyme expression are required to achieve reduced
accumulation of target sequence in vive [Cameron and
35 Jennings, 1989%9; Cotten and Birnsteil, 1989; Sioud and
Drilca, 1991; L‘Huillier, et al., 1992; Perriman et al.,
1993]. Another article suggests a necessity for the target



- 3- and ribozyne to be sequestered in the same cellul ar

conpartnent [Sullenger and Cech, 1993]. These reports denonstrate

t hat hamerh j ynes are clearly capabl e of speci fg e of a
designated t %#Jo withinab bi ol ogi cal system ﬂ&l%@ggﬁ 40906
PCT/ AU96/ 00343 -4- Summary of the

I nvention This invention is directed to inproved catal ytic conpounds,
m ni zymes and mniribozynes, capable of hyBridizing with a target RNA

to be cleaved. Jh ] iZ.X s and ,m ni_ri hozynes.5 . C ositions_of the
present inventi %rrllgrr;%/ﬂﬁoe usedgf’n be Seglufe?%e’c:frgdi 1 ggg 1%%'% nﬁ?hggiﬁged as
di agnostic or compa¥areifeutfeligpaars.and Cech, 1A93d6/ 40T@se reports

PCT/ AU96/ 00343 demonst_rateBEhé‘E HREerheld QR HzyhbBs HtdJW1esrly capablaUbe 1
shows the CAT Expression (Mean_ SE (Stﬁgdard £ Errorpﬁgtth. I\/ban%) for
Different treat RIS *EalheavVage &net i FERLITETERr FEFHBY r‘Ylgrlhflé’at . 5

Figure 2 shows bielegicalt sofst@mamar Bl ue Reduction (nean [err] SEM
in the sane experinents as in Figure 1. Extent of reduction rel ates
to metabolic activity of the cells during the 18 hours
post-transfection. 10 Figure 3 shows the cl eavage of the IL-2
substrate at 37[err] C by mni zynes (wth cctt and gtttt |inkers) and

a ribozyme with DNA ar ns.



15 Figure 4 shows the nunbering schene of (Hertel 1992) for a

hammer head ri bozynme and its substrate (Seq ID No. 1-2). Figure 5
shows tine taken for 50% of an 809-nucl eoti de interl ewl% A
transcript toWR¥%%ved by the miniribozyne 20 | L2MBUUU PPPEE
circles) and the ribozyne |IL2RA (open circles) as a function of

t enperat ure. Sequence of mniribozynme | L2ZM3UUUUC is 5 CAAUGCAA
CUGAUGA GUUUUC GAAAC AGGa 3' (SEQ |ID4#NO. 49) and ribozyme IL2RA is
25 5' CAAUGCA@ CUGA UUUG@A.C GAAAC AG&: 3' (SEQ I D NO

50) . The YRR the |L2 transcript is 5

UCCUGUC* UUGCAUUGT®1s( SE@ntibnNGs diectgfete impuspyedseatalytic 3mpmpousidgavage
site which is 82q3ueloRts dasy IfiQMriR8z9me &N apable oEORGLE{ NS P witheavage
experinment: 50 mM Tri S. HCl ’ftng 8, .10 nvi I\/%Q grgrr], g 2. Jerr]M
transcript, 1 [eRFErH RiRiBoAMELERVERboz MR MRLZYMes  3Rg IP4 rlik;ﬂze’!F“ﬁél ly
| abel | ed, n& heatnderamposhgions hefit the presemmneialvienyishemawabepeaskdr dud.
WD 96/ 40906 : : ; P 0034345 :

Det ai | ed Descri pﬁ%’%gofozf h%l ent i oﬁhey mayTﬁgsA?%%én%%ondf’as'g%ﬁ%ﬁ edto a
conpound havi ng thereBeHREI® agents.(seq ID No. 3): 5 [err] 10°
wherein each X represents a nucl eotide which nay be the sane or
different and Q represents guani di ne and may be



substituted or nodified in its sugar, base or phosphate; 15 wherein each

of (X)[err] and (X)[err], represents an oligonucleotide havi ng a
predet erm ned sequence which is capabl e of hybri di zing with an RNA
target sequend¥OM0MS | eaved; wherein each of n and % CTAYS$MBEht s an
I nt eger whi ch defines the number of nucleotides in the

ol i gonucl eoti de; wherein 20 each solid line represents a chem cal |inkage
provi di ng coval ent bonds between the-hucl eotides | ocated on either
side thereof; wherein "a" re-resents an |nteger whi ch defines a

nunber of nucleo o SHe S¢-53S+T 4 ¥ may be O or 1 and if
0, the A IocatedFsguné prmaws]ths mard @éstptresthen G(#8an  kos8Med SBandhrd

(lerr]; and gergher 8N chd! Uiedn)CPEBSENES ecdfendl | GUMGREEL depath 1

the | proviso t "b" represents an i nteger Ich is .
Al ternatively, tﬁﬁP%EhTERﬁufﬁnﬁﬁrﬁéﬁge@rk?fQﬁﬁHﬂ%EaESeq | D No 30 4) -
[err] 355 In the conpounds above, the oligonucleotide

calerrl- 1S Bigufl o il Bee e ior Rratnfhl 8164 -#Edbicrs BT heEACLY:

(X)[err] i s abse )
PCT/ AU96/ 00343 SEM) in the same experiments as in_Pigure 1. Tﬁ§t$%§e§§r

“b" of (T/U[err}kedscicei eeabtys afidletibolidactivity of Riigd efedbkyduring
(T/Uerr] is a Eﬂl[férﬂ0u€§ post: tIQﬁsfégé glon is also directed to

conpositions conpri €7 conpounds "above in association with an
accept abl e 10 ~ carrier; the carrier is preferably a pharmaceutically
acceptabl e carri pigure 3 ‘show#hehd rieavagd df5 thkeS LM rAtisedatd AN 37°C by

\‘z,'h: gﬁ”gﬁ leotide 10n:, ddPNShEh YGY AhaCoUA 11008 MUELEL 1S SGALCNS e
DNA arms.

15 Figure 4 shows the numbering scheme of (Hertel 1992) for a
hammerhead ribozyme and its substrate (Seq ID No. 1-2).

Figure 5 shows time taken for 50% of an 809-nucleoctide
interleukin-2 transcript to be cleaved by the miniribozyme

20 IL2MGUUUUC (filled circles) and the ribozyme IL2RA (open
circles) as a function of temperature.

Sequence of miniribozyme IL2MGUUUUC is 5’ CAAUGCAA CUGAUGA
GUUUUC 'GAAAC AGGa 3' (SEQ. ID NO. 49) and ribozyme IL2RA is

25 5/ CAAUGCAA CUGAUGA GUCCUUUUGGAC GAAAC AGGa 3’ (SEQ. ID NO.
50) . '

The target sequence within the IL2 transcript is 5’
UCCUGUC*UUGCAUUG 3’ (SEQ. ID NO. 51), where * represents the

30 cleavage site which is 82 nucleotides from the 5° end.
Conditions for cleavage experiment: 50 mM Tris.HCl, pH 8, 10
mM MgCl,, 0.2 uM transcript, 1 uM miniribozyme or ribozyme,
transcript internally labelled, no heat-denaturing or heat-.
annealing step was performed.



transcription gives rise to the conpound above. The transfer vect or
may be a bacterial plasm d, a bacteriophage DNA a cosm d, an
eukaryotic viral DNA, a plant DNA virus, a conposite gem nivirus, a
bi nary plant e¥P84¥%n vector (R 15 or Ti) an infectivePFFAY3P:icle
or a portion thereof. The packaged ol i gonucl eotide transfer vector
may contain pronot er sequences for RNA pol ynerase |1, human .
tRNA[err], pl ant tRNA, human t RNA, snRNA pronoter or RNA pol ynerase
I'1'l. The invention also includes a host cell transformed by 20 t he
transfer vector. 2 leg serivtion off sher Invertipnt cell, an
eukaryotic host cmiils, iaverdtic@plils BO8écte ko 8 compourd®HefN nGOBKBO8Srmeld . @
Chi nese hanst er ogﬁg IBOﬁL cgi[, a manmal i an host cell, a plant host
cell, a plant pro oﬁ*ast ) “host cell, a hematopoietic host cell, a stem
cell, a 25 hemat opoi etic progenitor cell, a lynphoid cell, T-cell, a
B-cell, pre-$ celd:, a(gP4+rIxcell or @ pesipheral bl ood nmononucl ear
cell. The i nvent Tonaal so provi 8desca net hod of cleaving a target 30
MRNA in a subject which conbrises adninistéu{ng to the subj ect an
effective anount of the conpound abolkd ,or a G vector capable of
expressing _the conpound. T/U TEE ™A adhinistration may be topical in
an anount between 1 ng and \(T/ltﬁbng. GFRE adni ni stration may al so be
systemc and 35 adm nistered in an anmount between 1 ng and 500

err]gl/k [ dmpnistration . .al so _be _aerosol
Eidn‘i ]nigst ?ati on. %82%%%q %{nIggg%&pﬁ@(istd%%‘?%o%éFﬁggﬁb?h may be theggme

96/ 40906 or different and Q represepE[/ AUSBLAI843 and may be

- 3' o cl eavisnpsaitatgeat ??Rmédh.?%@d host i €2l J:uét‘ﬂ,]? k&ﬁ&ﬁé@ﬁﬁf S&?osphate;d
admini steriqg to st_ ce effectjve amun e .. conpaun
above. g&Q Thghgggggéﬁﬁ ggo@gh1éﬁ§yE*hft$ﬁﬁrﬁ? Fi 88 ahigorycisrtdde
nucl ei ¢ aci d whi 8AVitBI capatredsteryinedi zeequenach ahiBNA is capablget of
sggyepce.lThe CohpbyDdi Aoy ewiray Eﬁﬁfﬁmﬁ Eé#ﬁ&ﬂ$f%&ﬁence to'%@skgg%ﬁedﬁ

addi ti onal non-n V. _OCCUErin i,gonucl eoti de’ conpoun li C
conpri ses nucleo?%§%§4%w5§§§ éédﬁé%%grheFFﬁﬁﬁﬁ S a3 IRTREST ¥ ERdahineE
regi on and nucl eShrdasmbppsef seyeleriides in thec gpabpauciedtdsis divtiergini t h
a predeterm@oned eaegelsolid 1liR(URHBMsents Hecherd@dill i Didage ¥GARLNEA! Y
occurring

covalent bonds between the nucleotides located on either
side thereof; wherein “a" represents an integer which defines
a number of nucleotides with the proviso that “a" may be 0
or 1 and if 0, the A located 5’ of (X), is bonded to the G
25 located 3’ of (X},; and
" wherein (T/U)b represents an oligonucleotide with the
proviso that “b" represents an integer which is 3 or 4.

Alternativ_ely, the compound may have the formula (Seg ID No.

30 4):
@, (X),, 5
A ~u
35 G (X) ke
¢+ & " -4
/oy 6—Xx/

In the compounds above, the oligonucleotide 3'-(X)n- is 3’'-
40 (X) \4-A- or is 3’'-(X),,-C-A-. Preferably, (X)

, is absent.



ol i gonucl eoti de conpound nmay be a hanmerhead ri bozyne, a mnizyme, a
hai rpin ribozynme, a hepatitis delta ribozyne, an 15 RNAase P ribozyne or

a conbination thereof. See for exanple hanmer head ri el of f
et al. U S P RHO9G,. 5,254,678, issued Qct. 18, 19#"?@5’3@2& U.s.
Pat ent No. 5,298,612, issued Mar. 29, 1994; Goup | introns, Cech et
al. US Patent No. 4,740,463, issued April 26, 1988 Al tman 20 et al.
U.S. Patent No. 5,168,053, issued Dec. 1, 1992 or | nt er nati onal
Publication No ¥Q.93/Q358 §) rb'h%tfatrzt/tﬁ dggtﬁreferablr)}b%y Std €390

Bl unenfeld et al PCT I (na}tl ona Application WO 90/ 05157) and
hai rpi n ri bozynBEeEEHRD T/0)y i@ df wappl i cation No. EP 360, 257, Hanpel

et al. Nuc. Acids 25 Res (1990) 18:299-304). Preferred cIeavage

sites in the ta ts e; e ﬁ#’%%
GUA, UUA and UU(‘EQE tq%ﬁ 18 %S% ﬁH?Q&fed to i e reactl on 05%3' t gns
may conpri e a 8be ?W’é{sur%b%nﬂab(ﬂﬁso&lééﬁée@)thc apo ASEREabd

degr ee(s) Garrpéefertaiel ycaroiembast poefegHias( sx tmzaéﬁmaiﬁyt&eé&lyc :
nore preferably gree(s) to 43 degree(s) C., pH from
about 6.0 to abo%%ggkgﬁ) ac%‘%%ggntratl on of dival ent cation (such as

My[err]) from about.- 1 to about 100 mM 35 (preferably 1 to 20 mM. The
nucl eotides of trhe sefflueiiciem is aled [ airécesad (¥ [ anr |oxifgdrir-leopaends

above rray lge of ?%}i?]gggb*%ctor con%nggg 4598§c§é’$gi<ﬂ &y te%c%n% €nh on

hybri di za on W
PCT/ AU96/ 00343 transcription gives rise to the compoundyabove. The iglaasteges in

thﬁb tar gfet RNiA vé&td@sﬁﬁbeél &'I&Eaﬂitlbrlal plaBanZYéﬂ(?f(aml]@pMad @mr,rahi f
nu er o nucl eot i eac PS r n err 0
g(‘%?é u&H a%‘ﬁiaryouf: o] VJ'rr‘—flucl e LEE & N '("r‘l)‘%

t he conmpounds abov 7 ddsF ol genera
i ncubat ed at | ofeWposite gemiptvigss ed, binarh rd@nAbexPT OB iy Mestsr ¢th 0

about 25 15 thaegrrg.e(%h Gnfeetavd @ge dpazmrg:w tdg fahq:dmloeotauéeeof
sequences in sSups L des

(X)[err] and %'xfaepla]c 5?3dn8}tﬂl%%% °|’:'1F$ l?glstf Jfﬁgtcr maYi ﬁ\%‘ﬁ’faﬁgn i's
al so directed tpr@maeémsreguenmdfm RNB| @ erage béiyné%l}“anvwfé%@ Bach
ribozyme is dirpechad tQNA,tBGESL tRNA, &equerp&m&ieﬁrho&ameﬁdl &ReOr

different. In a t| t hese.co I ntI £ dto
o ant i sense 1t pofbe ipvertGh G180 ERURSTE nA%, ST R A lY
Ant i sense 20 tbeqﬁeme%emamﬁo@ of Thybhpatztﬁblt-‘es aﬁn m@kawoélﬂamﬁr- or

15 plant arecuel| kRoOWhkeRQot ShENBBKEketY, alan B.S.cdiat edstNocell, a
monkey COS host cell, a Chinese hamster ovary host cell, a
mammalian host cell, a plant host cell, a plant protoplast
host cell, a hematopoietic host cell, a stem cell, a

25 hematopoietic progenitor cell, a lymphoid cell, T-cell, a
B-cell, pre-B cell, a CD4+T-cell or a peripheral blood
mononuclear cell. '

The invention also provides a method of cleaving a target
30 mRNA in a subject which comprises administering to the
subject an effective amount of the compound above or a
vector capable of expressing the compound. The
administration may be topical in an amount between 1 ng and
10 mg. The administration may also be systemic and
35 administered in an amount between 1 ng and 500 ug/kg
weight/day. The administration may alsc be aerosol
administration. The invention also provides a method of



5,107, 065, issued April 21, 1992). As the ribozyne acts as an enzyne,
showi ng turnover, the ratio of ribozyme to substrate may vary w dely.
20 A target RNA cont ai ni ng a suitable cleavage site such

site may be | WABWHP®E with a conpound described above. gﬁ/A%oous

nucl eoti de sequences (X)[err] and (X)[err] of the corrpounds above are
selected to hybridize with their substrate. They nay be sel ected so
as to be conplenentary to nucl eoti de sequenges 25 fl anki ng the cl eavage
site in the target RNA.  On incubation of the ribozyme or ribozyne
conposi tion and ¢leavin®t patt@rget mRNEn dmzyndiastbstebl ewbibelpl egmpsiges ned

as a result of hasRinisteridd HoGhHBEhWBENCEDL I &S POFELa vBUGhERhE 088 tRet he

ri bozyme and t he a?)r?trate Nucl eoti de sequences conpl enentary to 30
(X)[err] and (X)FEH™ & conpounds above flanking the cl eavage
site in the substrate may form a doubl e stranded duplex with (X)[err]

and (X)[errg aSrﬁer%%m bbuff %%%epal Enhg}g £ b@&ﬁmse aiPakht DgehSe Vel |

known in the art %’e‘i e: rooli QL The, formati on of
a doubl e strand mﬁgE’rFkBSIS canablen qf é"(Ytbirdgé ingywith an A [ ed
to as hybridi zszrget sequen¢é3anﬂheok¢m§cﬂﬂm aboTé enagx tfanthed doytpridezat | on
or dupl ex L,an Gt [ oTakd | :

00 66l ago0s  LeHsEChe a?‘ﬁ 1_98’“' ﬁﬁy%gﬁéfég%}ﬂ@%lgaglgg
-10- r eacﬁcf“ipcé’é‘ée&’géﬁr,’ GIPTARGFIHE L 1AGE VIPRE FREUSPCBofafines

conponent s10sucha aonsetrired cathljitdberegior dndenuslepeiddésnghose seiriénce
reaction mxtured Oc% Eﬁigr ylamy gﬁﬁﬂglﬁg{ﬂe%&@ Oa[]eﬁkédetefmmlé'ade{a 98 o

non- denat uri ng condlt ons [ Sanbr
specifical |y on §R4f¥S-on wi tThe headditionahnofea - nPﬁ‘é’-‘%"é‘dbouﬁGW%*‘h’éﬁl ve
and falls wthipligomedpetide cotibotihd Smapybst aomammezesﬁsm driigdzyme A a

ri bozyne cont ai S]EP:?EI u |

conserved regi o% r;l}c'}in"ml’na i %fg?éé'f édqf gﬂra 'ﬁﬂnuc %%ésjgﬁgc?wg h a
routi ne 1015 maifézse P rlbw)ﬂ&e \ﬁFI P FRrhIimadi Py %Fi&ﬁﬁe@él -at TP r\/\ﬁ?‘ﬁ’@?&l n
the field to hammdrbedad htr&bbamt | B dIEEt cer AP, clmasvageaeéna t}6 get

RNA a vagi o t I no t 15
art [See for exarﬁﬁaﬁd ég’ %'Sse!%% 8@5] %ugg%ge mn |U§ wtéﬂt ﬁ?e be
assessed by runrfirAPR - Zed@SeH PREURE 5 H\?fe?r é;muP I t’-ﬁérgﬁﬁstgﬁﬁ% ?%
radi oactively | allel edg. opaeeity N1 de740,463, agaia@daprdl 24 herssgel Asymiens

under denapyringCoRAi i @NSparent No. 5,168,053, issued Dec. 1, 1992 or BCT
International Publication No WO 92/03566), hepatitis delta
ribozymes (e.g. Blumenfeld et al. PCT International
Application No. W0/90/05157) and hairpin ribozymes (European
Patent Application No. EP 360,257, Hampel et al. Nuc. Acids
25 Res. (1990) 18:299-304).

Preferred cleavage sites in the target RNA have the sequence
"XUX", preferably GUC, GUU, GUA, UUA and UUC. By way of
example, suitable reaction conditions may comprise a
30 temperature f£rom about 4 degree(s) C. to about 60 degree(s)
C., preferably from about 10 degree(s) to 45 degree(s) C.,
more preferably from about 20 degree(s) to 43 degree(s) C.,
PH £rom about 6.0 to abocut 9.0 and concentration of divalent
cation (such as Mg®') from about 1 to about 100 mM
35 (preferably 1 to 20 mM). The nucleotides of the sequences
(X}, and (X),, of the compounds above may be of any number
and sequence sufficient to enable hybridization with the



and then subjecting the gel to autoradiography or other 20 anal yti cal
techni que to detect cleavage fragnents [ Sanbr ook, 1989] . I n
anot her enbodi nent, the invention provides a conposition whi 84}

conpri ses t heWOHp¥hds above in association with an 25 BCRALARR
carrier. The invention is also directed to an oligonucl eoti de
transfer vector containing a nucl eotide sequence or sequences whi ch
on transcription gives ri se to the conpourids 30 above. The transfer
vector may be a bacter.i. pl asm nmbi_nant bact md, a
bact er i ophage Dlﬁ}&l(i Stifes cH3ni oFa§ﬁetéulJ§§p§’ ti%° viPEFT ‘Ilh&re[ai%ansfer
vect or may Rmmsncanhamr@m @plaﬂ-&t rumbemn st |rxsmﬂsntpd©mmreach

sequence S ndsq f f(@d) % RK) X”Sfa@?e |domﬁ%d@°hﬁ8€éa$&dﬂ las @ 35
viral, pronoter such as MV L as CaI\N

S35 or a pronot %s’b‘é‘f ‘{ﬁst) h "4 Igeneraﬂﬁ ;ﬁet h"ncub?ﬁé’fd \%ct
also contatn arempeEpptopesat euch as aboui\D296(4g%€6(s) C. to about 25

PCT/ AU96/ 00343 gegree(s) €. to aid hybrldlzlng ﬁE%h the nhEldBeddel ON
sequence. Preferably, the pl ant or ani r%ﬁe i s .capabl e of
u

expressi on in a JeYEPSER dhiRfepubstrate. g E1P88i D %%oul d
be regul ated by n’ in dxXdQgemdus(®ignalaret cncm raetessanhﬂry t egsalk. spahefi c

or 5 temporalsuesal 93 Ry rieraal kb %@%ae&@yeﬂlmmpm

to elicit transcri ption of downstream sequences, é’ al s
contai n sef¥ienceS-RGFYBLFec iR e FERIRTE: e hG%FeCt d t@eﬁon"éwt _
epi sonal replicadecquence whéchosséy Cled |the skHthe ofhdiiffierant on Znh saddirtdwindes a

host cell 11 ansigdiRd B¥pbifias may Hd BILEEnVAF A RheP R ﬁe&@g%wge

whi ch may be a E aryotic ‘host ce or_"an eu aryotlc ost cell e.g.
yeast cell or y&sEecHL® payppe ] jitondQP hages I JSHREY. AntisfRse ce |
(e.g. COS), a Ci‘sémcbarr&hpabbya:bﬁ/ hfstidielihg folan Mn:tmlaamamﬁxistor

cell onea pr‘r%lodl répa?}c ag'gl J:vell OJEnovﬁ'x @e@nt Saewmak gelt;comlasb EOS{:aESAH ‘No.

I n provi
ol i gonucl eot i de Et'rjé’r'f's%? \Peﬁﬁuﬁfi AgEihediei oA herpe? §ébozyme acts as

an enzyme, showing turnover, the ratio of ribozyme to
substrate may vary widely.

20 A target RNA containing a suitable cleavage site such as XUX
site may be incubated with a compound described above. The
nucleotide sequences (X), and (X), of the compounds above
are selected to hybridize with their substrate. They may be
selected so as to be complementary to nucleotide sequences

25 flanking the cleavage site in the target RNA. On incubation
of the ribozyme or ribozyme composition and its substrate,
an enzyme/substrate complex is formed as a result of base
pairing between corresponding nucleotides in the ribozyme
and the substrate. Nucleotide sequences complementary to

30 (X)n and (X}, of the compounds above flanking the cleavage
site in the substrate may form a double stranded duplex with
(X), and (X}, as a result of base pairing, which base

pairing is well known in the art [See for example: Sambroock,
1989]. The formation of a double stranded duplex between
35 the nucleotides may be referred to as hybridization
[Sambrook, 1989]. The extent of hybridization or duplex
formation between the ribozyme and its substrate can be



20 which is a plant virus, a conposite manmalian virus, a

gemnivirus, a Ti or R plasm d, an infective phage particle or
portion thereof. I n anot her enbodi nent, the conposition, as.

di scussed abovVWO9M0996j s n association with an acceptaBFEAUARBe,
Thi s I nvention al so provides a conposition as di scussed

her ei nabove wherei n t he ol i gonucl eoti de IS an

ol i gori bonucl eoti de or an RNA-DNA hybrid neieeul e conpri sing
nucl eoti des whi ch may be substituted or nodified in their 30 sugar, base
or phosphate grodF29*tY ASSERERRr £9%t IFXR™PRE. PY Iabejdmsci @i 88 Rotan
ol i gori bonucl eot cdwponentfyuah RNAwith a EMioisbedy| end Hohey esybjaidtdng
substitutions or +padi-fheaidPRs ' yde a5 e | .
xture hB.%%f?%g%%ﬁ% d gggu%ﬁgﬁﬁg$ﬂﬂéreSég

provi di ng that endgnucl ease activity 1 oSt : rrvativ
modi fi cations ar 8R48T nEBzdsRAiRg ewnditions [Samiyomd,40988]. If the

PCT/ AU96/ 00343 target is cleaved specifically on- l&icubation WMth the

nucl eoti des may | e r f depxyribonucl eati.d ey

ri bonucl eoti des, g%é‘%%‘?’b&%%c erg‘ﬁ"ﬁgo#b%ﬁ%’c‘feec?ﬂ%dgaﬁgﬁﬁ'h??m the sgope
derivatives ther88f tHulshelrventdesori bdgcoringlinkangibozymes empndadasng
(X)[err] and (X) bgpstitutRy be wdwARd Auldtided $habhtiddnservedirediBf

ri bozyme from degr.adat.i on. or xanmpl e, . , ]
deoxyr i bonucl eot g sb%rsé'“ﬁpggi S&: i1 ttjg’rt ﬁ%g%fﬁ’t%ﬁs& ACTIVILY | iR doN4&LBs.
Modi fi ed bdfes, ®mapaes.or phosphate |inkages of nucl eoti des, such as
phosphoram dat e, or phosphor ot hi oate | i nkages in the sugar phosphate

chain of X err] and rr] may..also 10  proyide resistance to nuclease
attack. Bi ndi ngﬁﬁf Vﬁft?‘l r?éff}/dﬁy apﬁ?SlgEe pPY I PLsh IFathec figld to

ci rcunst ances, byhpebvihiisngnventionurébattesiesheokdbgvage tdie f warget RNA

(i bonucl eot i des. nay be XAABXYY | dMRERODY Iirioul nEGA el R IME IS0k Re | 1
some gl rcunsgaz es tt ma %;B?e%ers%ar%to Oé)gtll mze the

conposi ti ok~of tRE"s %ﬁ%n %”s?’g%“[ ‘| SEARETPRF 1792 t o Viggemay, for
target RNA cl eavegpmpleThbechssasagpd byt rwnringofthei bmoties productzaViwhgre

fllanking nucl eotthe wRBeePEES WA CRalyddddivea yt Olabel_eéi)t aéﬂetac%%‘i%lﬁ@ﬁ@? and
whi ch are conprised_whol Iaé of deox%/rl b%ﬁcl e‘gtl esrég}a%, I N .SQme
circunstances, h2WE O’ % CRHEEAISL(FYFRSPS UPReL dFaty {CoRddt ions,
optim zati on mayand thennggbyechinyi thaggel nitet ausovadilegraphyhoomcbebet des
and pbbonugh£niiidas tébﬂdl@{u@uebe@éﬂé& SLAHPILL ErhdhbRE S | (AR rook, |
(X)[err]. gﬁg xanpl e, nucleotides in the ribozynme which are proxi mal
to the cl eavage in a target RNA may be in the formof 25

ri bonucl eoti des.

In another embodiment, the invention provides a composition

or

which comprises the compounds above in association with an
25 acceptable carrier.

The invention is also directed to an oligonucleotide
transfer vector containing a nucleotide sequence or
sequences which on transcription gives rise to the compounds
30 above. The transfer vector may be a bacterial plasmid, a
recombinant bacterial plasmid, a bacteriophage DNA, a
cosmid, or an eukaryotic viral DNA. The transfer vector may
also contain an appropriate transcription promoter sequence
such as that for RNA polymerase II, RNA polymerase III, a
35 viral promoter such as SV40 or HIV LTR, a plant promoter
such as CaMV 835 or a promoter associated with animal
health. The vector may also contain an appropriate



The respective 3 and 5 termni of the sequences (X)[err] and

(X)[err] or alternatively the 3" and 5° end termni of the ribozyrre
may be nodifi @1 to stabilize the ribozynme from 30 degr adat i on.

exanpl e, bl ocRNYP49%ups may be added to prevent ter mrﬁngq?Efﬁ‘f:’é%se
attack, in particular 3" -5 progressive exonuclease activity. By
way of exanpl e, bl ocki ng groups may be sel ected from substituted or
unsubstituted al kyl, substltut ed or unsubstttuted phenyl, 35 substituted

or unsubstituted uent sel ect ed from
- (err] alkyl; Ea og ens sucgggﬁé# SPrr%\éra%ly, Wdrw aff %grr]
- Clerr] al koxy BﬁﬁmPﬁérl igecappble n@f i ¥pyession in mvg-@/té@@ﬁnner

PCT{AU96/00343 Such promoﬁfr contrﬁl regions would- be 'feg%?#EEQOtbye
anal ogues suc pho [ ot hi oat es osphonates _or
phosphor ani dat esQ do&smu eosS’g t3 %’gl'ec{tfat?%e"'( SEJC%"‘%S §$ € aR¥ner
of the riboS8e m)F@fll%ral exzarmmn areby eextarnal iyo aduth betseresit tcmmbotm;lsbe

empl oyed as 5 tot e.um:mal tbaﬁ.e,&ftgugfrpl&s dovm%zlalaaciébaeeﬂéé)élp ”B»Z Rgy an
inverted |i nkage § as a %m di ne %

pyr ophosphat e |i Akage" 43 ajﬁl tsﬁ’guﬁﬂﬁ Bstae t 1 tegrat%ﬂ”’c St H‘él host
groups whi ch al t@?n@h% uspgsombil| reyl bfattimmn in ther hbszyred Inol ecul e to

ot her nucl eases nay be inserted into the 3" and/or 5 end of the

ri bozyne. For exa am np-acridine atfached to the ri bozyrre
my act as-a J&F‘fﬁ%‘”’bla&éﬁl REPHH D & °§§n€F;€ etranstorageebyothe

nucl ease at_sxmﬁém tMeetorboay menend iemede s abndé pr wisichn mayer bal agi ng
15  agent to ghfbiEndAY eekyt bélﬁcéf W éuka&yo\%é'h@& 2391 Ly

appreci ated that_a var] yof ot her chemg ca rou germne or
sper mi di ne coul dy%aesruﬁgg& R~ YF38¢ ?Eﬂt?grﬁ?é"r ¥.7cbI1 hq;s%: ic€ldl s8 E@E’;‘:ﬂﬁl e
to stabilize thehesthomiie ter.gm 20S), alalriacakl hambyeendaddi hgstt ceDlana RNA
mol ecul e. SThesrﬁ'e.mmaliaﬂmlhpo%‘t!l eéeffm ke gﬁ.gﬂyc%ﬁ@ t Eg%l' N o Lo g a{xt[..'

In I ptT onal

vivo by DNA i.n ence el ng erably ed to transc
cont r ol sequenc&r‘%\?p«fﬁ%ﬂ’: S‘g’? Exanpl es of RNA nol ecul es into
whi ch ribozynes could be i nserted may i nclude, but are 25 not limted

to, tRNA  nRNAn rBNA  enibdNAmeht Ot Nehe RNA ;g f@ﬂl ?Q%é& on,

the ribozynme may be inserted.into an enlneered stales
structure. The & ide transfer vector, as mentioned herelnabove,

which is a plant virus, a comp051te mammalian virus, a
geminivirus, a Ti or Ri plasmid, an infective phage particle
or portion thereof.

In another embodiment, the composition, as discussed above,
25 is in association with an acceptable carrier. This
invention also provides a composition as discussed
hereinabove wherein the oligonucleotide is an
oligoribonucleotide or an RNA-DNA hybrid molecule comprising
nucleotides which may be substituted or modified in their
30 sugar, base or phosphate group. It is preferred that the
oligonucleotide be an oligoribonucleotide or a hybrid RNA-
DNA molecule. However, other substitutions or modifications
in the nucleotide are possible providing that endonuclease
activity is not lost. Such derivatives or modifications are
35 described below.



al so be coupled with other stabilizing structures such as a

transcription termnator on the 3 end such as the T7 30 terninator

p-i ndependent _term nator, cry element (Celfand - et al. Hnﬁﬂ

4, 666, 848, |S§GEHMWQ9 19, 1987) or the TrpE term nator ur ernDre
sequences such as the pol y(A) addition signal AATAAA may be added. In
addi tion, strategies involving changing the I ength of the 3' non- 35
codi ng region nay be used (see Gllies, U-382-Patent No. 5,149, 635,

i ssued Septenber Al ter atlvel stabi lizing seq ence or
protein bindi ng BE& %§8%ﬁ deg may be' in themEP§§/269QE9erlb°nuc edtides

PCT/ AU96/ 00343 ribonucleotides, deoxyribonucleotide ribénucleot1dd3hgbd;d§{ﬂ'

International applig, ip&msqgﬁ;e%g% gEthPeMes#ﬁ% id FU‘thelE?.aﬁ]Eiﬁ%

possible to insert the conpoun
The conpounds oFeqHREes ($bnBPen (Fay BBYCBS aFRafETy toopptimize stability
non- coval engl y assoctabed M}:Idzyﬁ;faf [ rﬂrb)h aghigradatiebnas For pr ek&mpbe,

steroids, hor %%fﬁ i) (rm t:LdQECl %i'c xaecéz.%ta&e“ Vgquﬁgceéctlor)l( oﬁ o

i ntercal ating as acri I Ves

9-ami no acri di ne!;lhﬂanléaﬁﬁﬁe Mpdified hasess ySugaks 0F RPOFPRALE fléakages

substrate nucl ecdf dRicieaueass, such a@rpndégaha@am&éﬁe nb&Ypﬁ@épHo&bﬁﬁio&@é' s,
or localization jn a rrent For

exanple, the imkaigleﬁo% rrélée o#“gﬁﬁegg?é’%‘@ﬁf AR nt | o% r%i# g(e’ a?%%c?la?%d
with 1RNA raitice p‘epwmeorwpnmlaaﬁs ahtatk napiadingtaffinicy may
bri Rglt Egttﬂebrl dbéjﬂéé-mbt = %Eldhiﬁgcﬁﬁ%sbﬁf?&d%&'hc@r&@t{iﬁ?&nﬁes, byng%ei&lﬁgttlg
suc at hybridi zati nd c e .o arge ue ake
pl ace. Nucl eoti & @eecﬁj:é'r% rﬁf{}% ttglﬁded?om tIRE 1 5‘3’8 %ﬁ%%'d 5'
termni of the séepryuidenucleotideser ok soubingfbeng GheuﬁeérnaUMVe$9m¢he
3" and 5' end tetidimdaes :kheuh&bO%%”EnE@ebﬁﬁfﬁaseoafEbﬂiﬁﬂéé(”the
substrat es Such addi Jgﬁ%l nucleot|g S orn1tr1€
helices with  SOTROFHJHOD soé% Sii ?o 9@?’ rhi Eﬂ Shabl e
i nteracti on w t htargetht R¥&oteanags.y f’ﬁiedexle@mar acgivity ofArn.bcpzmwel Y,
godlflefl basefs (mmN tsﬁaﬁ%ﬂ{g&nﬁ&{é&ﬂd@%&s aaudiﬁ wﬂmzﬁ nto
rinciples o ucl ei ¢ Aci ructyre aen in
addi ti onal nucl etoaf‘f%fg: nd n%"cf}b Lérgd i'\%/Isfa é@%ﬁ%te
ei ther single std%nmbonuclegtldeml anayDNAigeneont i eidsawstpaces, trlmreat,
or quadrupget, reducéc'{lta&ft&@ztﬂti}ns Wt Qu@H%ﬁQ&ﬁnﬂﬁfadd&st B@t&ﬂbﬁ&f?&r@ may
Sui t abl e 30 bases .woul d ’véﬁUde | n03|€ QEH%I cgtgm ne 5: om)urd.am I
and ot her such bHEESYEs %ﬁ%y 19 1&offi™ VF?h@ ¥ygibonucleotides an

ribonucleotides in the nucleotide sequences (X), and (X),

For example, nucleotides in the ribozyme which are proximal
to the cleavage site in a target RNA may be in the form of
25 ribonucleotides.

The respective 3’ and 5’ termini of the sequences (X), and
(X)
ribozyme, may be modified to stabilize the ribozyme from

or alternatively the 3’ and 5’ end termini of the

30 degradation. For example, blocking groups may be added to
prevent terminal nuclease attack, in particular 3/-5‘
progressive exonuclease activity. By way of example,
blocking groups may be selected from substituted or
unsubstituted alkyl, substituted or unsubstituted phenyl,

35 substituted or unsubstituted alkanoyl. Substituents may be
selected from C, - G alkyl; halogens such as F, Cl or Br;
hydroxy; amino; C, - C; alkoxy and the like. Alternatively,



descri bed, for exanple, in Principles of Nucleic Acid Structure

[ Saenger, 1984]. 35 The conmpounds of this invention may be
produced by cl eotide synthetic techni ques which ar t he
art, dwﬂé’g’éq%%ed for exanple by Carruthers et al. %ﬂ%ng{h

VO 96/ 40906 PCT/ AU96/ 00343

- 15- al. and Sproat et al. [Carrut hei%s), 1987; Foehl er, 1986;

Sproat, 1984]. Generally, such synthetic procedures i nvoI ve t he
sequential coupliRgcgt;asti V%‘i‘io@ﬂgspr Olhfied  ag Ej?ﬁ SAS IR 6L O
give a protected ng& tlde hai n;, V\/nereafterag groups may be
removed by suit JHEEYLPhOSE %“aﬁtr?e';nt °‘Pr ePBPSPI]F A HEAL S/ poHFds ’-%icflle% e

synthesi zed on derivatimeso(sicd syileei zeansmeh af t]lwsmbﬁmf nh;ie%@@l i ed
Bi osystenms (a Di el%'ho'&rgf rg@{é&é}uﬁl{@ ucle@gr ”EE&%C]W ?H be \Pen d as

Alternatively, t rb g I N accor ance Wt

be producéd byeriaAdC F-%?JFW Froups . é?i'{qcéféngeQﬁéHEegaEnbedl ﬁg sal d
ri bozymes in hosmveetkd 11nkag1=r suehcakl af 8 ez syHyerEitki 1 imkaye ez wmgs such
as T3, SP6 or VITBI, t o_bei ng

synt hesi zed chem cgﬁ- ztyegea's}%\?{mg?ﬁ a8’in é}ge %ﬂgé&%g@ 8 0 des may be
synt hesi zed enzynati cal I y The phosphodi ester bonds of RNA can

be replaced | Abyematzmgspbﬁé@%éﬂmt:a hlndkages busbapuiﬁiplﬂy aﬁscehl;gt ion
usi ng uc rthi ot QSR rase
using ! $93kera papsRler LNl olidhospiates, Ll T RUIMEASE:2
phosphort hi ot ri piresphat endyen |51’vef—‘§¢10r1>fof tb@nm@ezmeon t Bor exampdéduce

the Rp i sorre][ Frs-hhenahaﬁﬂ&réﬁ haﬁ@aﬁueld nE@QEneTIi'Qbozyme”}hbbﬁ(Ecﬂ Oaﬁraduce
transcripts fu i wit pos r ot e li aes adj.acent
to a given nucl é%ﬁgggi 0% grol"lgdug & Q"ael Fﬁsgg%%?c? IAk't ﬁlsgrl pts
cont ai ni ng a&sﬁﬁbxq’nré'-thél ylma@éﬁmﬁ $iazs/or aﬁka@emtm@afi@ttnaas to

produce trnscr isglestf ablyl@tabfadrmuedw»tia anassker, ot htoaim be rdadikgges
adj acent to a given nuc

r.to substi tuted
transcripts conf&FAr ﬁdagﬁg {b)ﬁﬁm? e‘f%p;)egty 2 n@tBﬁﬁsﬁﬁ%%?% oaa('ioé‘plsi 'nitafe per
mol ecul e, are deperimbaed ¢y spermififitneeudddbehisedbéoka(29bNed Ganmngd.et al .
(1995) describe nmet hods of using T7 RNA poI ynerase to produce chineric

e e oot Solb 08 opd RSO s5p, B0 rivomme srom
20 degradatlon by embedding it in an RNA molecule. These
molecules can be produced either jn vitro or in wvivo by DNA
coding sequences being operably linked to transcriptional.
control segquences as appropriate. Examples of RNA molecules

into which ribozymes could be inserted may include, but are

25 not limited to, tRNA, mRNA, rRNA, snRNA or other RNA
molecules. In addition, the ribozyme may be inserted into

an engineered stable stem loop structure. The compound may

also be coupled with other stabilizing structures such as a
transcription terminator on the 3’ end such as the T7

30 terminator, p-independent terminator, cry element (Gelfand
et al. U.S. Patent No. 4,666,848, issued May 19, 13887) or

the TrpE terminator. Furthermore, sequences such as the
poly(A) addition signal AATAAA may be added. 1In addition,
strategies involving changing the length of the 3’ non-

35 coding region may be used (see Gillies, U.S. Patent No.
5,149,635, issued September 22, 1992). Alternatively, a
stabilizing sequence or protein binding domain such as



35 | i nkages), and al so ri bonucl eoti des and 2'-0O

nmet hyl nucl eotides (wth and wthout phosphorothioate | i nkages) .
These net hods have been shown to produce WD 96/ 40906

PCT/ AU96/ 003430 96/40906 - 16- PCHAUROMM3 1t s
containing up to 50% deoxyri bonucl eoti des, and up to 58%

2' - 0- et hyl nucl eoti des. Aurup et al (1992) descri be net hods for
using T7 polynerase to produce transéf#ipts containing

2' -fluoro-2 di eoxygut i and
2' - ani no- 2' deoxyurléi Ber %ﬁtérna%l%nal %cagt%r 92{35301 BRYr RS
1990) Fur t her Yag8ns f‘@,rther, ltpﬂ@d@@lsﬁgbihew|1§'€S§)rrte§h©fc@meumdmetttq on

are further a Diiasauisedibedd®We13anbr ook, 1989]. 10 Nucl eoti des
represented in the conpounds above conprise a sugar, base, and a
nonophosphate group or a phosphodi ester | i nkage. Accordi ngly,

nucl eoti de 5 deMheat cowpounds of thmduhveatimsmgy e nadalahtlfe drevel
of the sugar, b - oRl h gLAQYRi h
o covalengPi? hase §d m'ﬂ es | R totﬁg‘ge Mcorrpounfcais as e

i nkages. It is 15 referred that t nucl eot |
be ri bonuPFeseiass  StteTRAAFDNA R ‘WW‘BPFGS lipddeyer nuclgifer acid
substitutions osequeéntesat i dnsersalidtdngucmedecdtear e(such ams&lcb}ﬁhne

providing that gpdapuelicase a6k ¥dnpde gﬁgtmhgsfamdz&g i (Ie Asdel of

this invention, the _sugar_of e, nu ribose or
deoxyri basd sucﬁ*°fih£¥ ?H@%Pé&%@’ |f§r a subshnater nufale?fr%fémﬁ@ﬁm@e
or a deoxyriberudneatdade, affinity efqecidnggity ceftlist her ruxséalitita:lwzgah

noi ety of the | e e d e cordi

rethods 25 i SoRASTAR CRulrfaRic R IP LS AREOT SR St le

This invention &HPZ¥Bes,3fi 518 RERRFIHCANVERS1iPE PR %%:g%ﬁsouatedrm
nucl eoti des as RmAg Bsn&irhn lpaﬂtidieﬁt icanspaeteirs which akly SQs@i@@V&@e

activity qfg thegggg%xgﬂh X g f into gﬂ;zéa%s%%ﬁ%ﬁg%&ﬂ gl yde or

repl acenent of % en, am no or azido
groups; 2'-al kyPHELEAC heil sush 5PAkt PHHE?— 8% ian §n§ué?3re&§agﬁe°f the
02' - hydroxyl bekagget sequeneeonayerdake pbatde Qhurtasyidesetibnced dxalymbet 0

or ovi e EAORULEES e A0, SOnLAL B L OE, fod )

Cerr]’ gl ve eosi des, the 35
i nvention is d| r‘§ & é‘él‘dtd b@nﬁ%%%?h"%l%% i3'uped 3' end terwn;mxwf such
as 2' 0-al2oyl, ehe2'riborgineylto Aldceeaski wEfinity for substrates. Such

additional nuclectide sequences may form triple helices with

target sequences [Strobel, 19591] which may enable

interaction with an intramolecularly folded substrate.

. Altermatively, modified bases (non-natural or modified bases

25 as described in Principles of Nucleic Acid Structure

' [Saenger, 1984]) within the additional nucleotide sequences

may be used that will associate with either single stranded

or duplex DNA generating base pair, triplet, or quadruplet,

interactions with nucleotides in the substrate. Suitable

30 bases would include inosine, 5-methylcytosine, S-bromouracil

and other such bases as are well known in the art, as
described, for example, in Principles of Nucleic Acid -

Structure [Saenger, 1984].

35 The compounds of this invention may be produced by
nucleotide synthetic techniques which are known in the art,
and described for example by Carruthers et al., Foehler et
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-17- t he carbon backbone of the sugar may be substituted such as

in 2' C—aIIyI Accordingly, the base of the nucl eot]

adeni ne, WO9/MM06 o adeni ne, cytosine, guanine, hypoxan IAHR%N?HOSIHE
met hyl cyt05|ne thym ne, xanthine, wuracil, or other met hyl at ed
bases. Nucl eot i de bases, deoxynucl eoti de bases, and ribonucl eoti de
10 bases are well known in the art and aPé described, for exanpl e

in Principles 0£1NU858' gé%bg %Er%ﬁt“rﬁaE EHQ?E 1987; %8§ﬂier 198

Furt her nor e, nucl rlbonuc?eotlde
derivatives, §EEB§§¢[%??6%S G%ﬂﬁiaéFYr SuCh ﬁﬁHFFFE%E|Rﬁﬂ$§9u§eﬁeFFVR%B%n in
the art [See f othexaspheendinl &aAPIRy, E84 actabatedl19408, prdtébes@ may

be iDcorporatednucleo%iéétﬁ&séébgéygﬁbgade %@&@eé@g%pBﬁXigé?fJguchal

endonucl ease theé ozyne~i S no one
previ ousl y 5 endUh@b@ﬂ@’éﬁE%aEéOW’ima Wmsbén%abﬁ | yewmereed by subtabhely

assessed. 20 treatlét{érﬁddl pr@fbramkratm@ M@Bﬁhdsfwﬂmlﬁé eéimtm&eszaaeozﬁ ound
in nature, an

d_b h
synthetical |y p?%dﬁ@&&mmgﬁg ngggigh&ﬁr s%éin 5?%%%§§i%% € 5’8%8%%1e1970]
For exanpl e, anBhosystems dad Divigiont rQﬁgeﬁsrB‘én Elm;r)be Bhaxpiagiad, osuch

as al kyl ation omnmméltrﬁg@ékﬁtt@%ly, the SHb6IYRES ﬁq&o&aahcaswﬁlerr]

and Nerr], of g nlne and ubstltut on of
by thlokebg gro g é%?h &Fybanf BE?%%#F@a?ﬁBn ST B
i ntroduction nucl@ﬂtxﬂ«}quycnsys ¢ngading pedéddoibdzimes i@xanptesebls

t hi oketo 30 geriy ale11etred KRB CANEGRHE é'z@zy:@édsﬁcﬁeéé?aﬁét ogugnsye.

Bases may be su?zt uted with various groups, such as hal ogen,
hydr oxy, am ne %@& 25fitro, phenyl and the li ke. The
phosphate nmoiety of nucleotldes or the phosphodi ester |i nkages

of do:c l go?u@,l eot rdesadita onl €8 Mmgegynéﬁsneaocﬂeﬁw@n}zatm%z%?s with
ol aconent o BRI FPRTR ey be synenedRaf end o VATE, L, e
gi ves phosphphaspliedissster bonds of RNA can be replaced by
phosphorothiocate linkages by in_vitro transcription using

nucleoside o-phosphorthiotriphosphates. T7 RNA polymerase

20 specifically incorporates the Sp isomerxr of o-
phosphorthiotriphosphate with inversion of configuration to

produce the Ré igsomer of the phosphorothicate linkage. The

methods to produce transcripts fully substituted with
phosphorothiocate linkages adjacent to a given nucleoctide, or

25 to produce partially substituted transcripts containing
approximately one phosphorothioate linkage. The methods to

produce transcripts fully substituted with phosphorothioate

linkages adjacent to a given nucleotide, or to produce

partially substituted transcripts containing approximately

30 one phosphorothiocate linkage per molecule, are described by

Ruffner and Uhlenbeck (1980). Conrad et al. (1995) describe

methods of using T7 RNA polymerase to produce chimeric

transcripts containing ribonucleotides and
deoxyribonucleotides (with and without phosphorothioate
35 linkages), and also ribonucleotides and 27-0-

methylnucleotides ({(with and without phosphorothiocate
linkages) . These methods have been shown to produce
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- 18- (phosphor ot hi oat es, phosphorodithioates) and phosphonat es,
respectively. Substitutions of oxygen with nitrogen, y 5%@?
carbon deri vaVPP?#4"f %y be nmade in bridging or non bri BGFAY |t|ons
It has been well established fromwork 5 I nvol vi ng anti sense

ol i gonucl eoti des [Unl man, 1990] that phosphodi est er and
phosphor ot hi oat e derivatives -léefficiently enter cells

(particularly when of short |engt] EOS§ i bl ue to assom ation with
a cel lular recdfgscripts c%?ﬁﬂ’ﬂ?%éi?n&ﬁa? g ?%"3& epdgdery ken up
by cells by 10 up vipt IB8%f 2t hetmewiyeotudleakidest r alAdyup et al fugamit her
aspect of the i ii@n ﬁégxbégs Al ehabGVery polr@&&%gestéucpreéu@éﬁ

am de, a sul fonam de, roxyl am ne,
3' -thiof or rracettd‘{ansﬁréﬁﬁ |<i%1taéfl”&9'1 2t1fjuere- Z_S'dewwlﬁ%n@t - AUPEP -
replace the corprerddoxyelytREoa@hodinESt BT -amino-2'dakageridhese rmdmirwga,tlons

may i ncrease relsdg's} an&gnéé)#var 9@95 Ruﬁ‘ﬁ %}/ aﬁh9ral)'0| e?ﬁggggnd/or nm, oved

phar macoki neti ¢ fofafi on on €sis o %SG Ruci®ot i des
and their 20 prrqmaplaratt%nnhpsmau fafedtRpoipnestion are ROSHBIE

NUCLEOTI DE didhdistdCcBé1ewS [Sambrookyoababbdi fications may be 2' fluoro,
2' amino, 2' Oallyl, 25 2" Callyl, 2" Onethyl, 2' Oalkyl,

4' -t hio-ri bose, a-anoner, arabinose, other sugars, or
non-circult@r Nuclegtdidegurepresented i:hdd}malcmpounwedabd:wtd:mism be

phosphor ot hi oatgg 3@, baé@onalmléjgﬂdi'@phos hasehex ¥ gabBospRofiester
bridging), 3 bri dgi hasphor ot h| Oatﬁl@ . ﬁ@brl dj hos hor ot h| oat e,
phosphor ani dat e&-7k898y; | dgf?%g&pﬁﬁé‘g Kor ami Wt ®bri cﬂﬁtﬁg@. ives
phosphor ani dat eyodigiienk iphs spatorke eadet her the k@ewmiogih@hat gggar, bame,
phosphate tri egiRicphodBhate groupings or phosphodiester linkages. It is
15 preferred that the nucleotides in the compounds above be
ribonucleotides or RNA/DNA hybrids, however, other
substitutions or modifications in the nucleotide are
possible providing that endonuclease activity is not lost.

20 In one aspect of this invention, the sugar of the nucleotide
may be a ribose or a deoxyribose such that the nucleotide is
either a ribonucleotide or a deoxyribonucleotide,
respectively. Furthermore, the sugar moiety of the
nucleotide may be modified according to well known methods

25 in the art [See for example: Saenger, 1984; Sober, 1970].
This invention embraces various modifications to the sugar
moiety of nucleotides as long as such modifications do not
abolish cleavage activity of the ribozyme. Examples of
modified sugars include replacement of secondary hydroxyl

30 groups with halogen, amino or azido groups; 2’-alkylation;
conformational variants such as the 02’-hydroxyl being
cis-oriented to the glycosyl C,’ -N 1link to provide
arabinonucleosides, and conformational isomers at carbon C,’
to give alpha -nucleosides, and the like. In addition, the

35 invention is directed to compounds with a substituted 2
hydroxyl such as 2’ 0-allyl, or 2’ O-methyl. Alternatively,
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-19- The phosphodi ester |inkage may be replaced by an am' de,

car banat e, urea, am ne, hydroxyl anm ne,

t hi of or macet 2#8%;4% et her allyl, ether, t hi oet her, or gﬁi‘%ﬁ%@ept i de
nucleic acid) li nkage 5 Modi fications in base may be puri ne,

2, 6-di am nopuri ne, 2-am nopurine, Q-err]-nmethyl guanosine,

5-al kenyl pyri m di nes, 5- propyne, inosine, 5-nethylcytosine,

pseudouri di ne, ﬁﬁ@sdaﬁ:bon backBdrit08€ ©he URMJEW MRQSBe - st itutedS8NBL as

nucl eoti des may, ge cleq with the foll ow ng chem cal | i nkers:

1, 3- propane-di of’ % ne-didls, or various pol yners of

(et hyl enegl ycol , tet raet hyl ene gl ycol ,

hexaet hyl enegl y}i@b&rdﬂx'fgly, the%é)@é J}@Cl-lﬁé Qﬁtcllgaéla@ :ﬁi}ﬁb% RRAipRY be

sel ected f[so nverted |ink a e I n %g di ester or
i nverted 3ﬂb§%h3flﬁﬁ+%ea’t e‘fyt%s LD, I afgp(? 188 o ARRRIPE apped
(et hoxyet hyl amheehphosgttosdnedat eymdee, xantlldbdef i edracislygacs othgr be

synthesi zed  agethfPddDases. 2' -deoxy-2'-fluoro uridine (Sinha, 1984);
-deoxy-2' fluoro cytidi ne (Sinha, 1984); 2'-deoxy-2'
fl uor oadenosi ne; synthesis and incorporation into ribozynme (d sen,

1991); 25 2' Nukeleot-ide- basew ldlebd'yﬁecbemtlae- Besey; 2andiibeontyledt e :
(Hei denrepgh, 1994 %agrg rgﬁflgﬁ ﬁﬁ hd' §y$ﬁ§'Qfeoﬁﬁgcrhbe@d698§'ne

or guanosi ne) (Aval rom
Ger nany) ofxamp e({ﬁuﬁﬁﬁnc1p es 9 gﬂyclelc Ac1d Structure [Saenger,

-deoxy-2'-C aibgul} r'i beareheptoxkes; nucleotide, - OrtiBbhydleddride, and

2
i bonucl eot | des, gag AR cor (50T 02 1@a§iVﬁ;991@msggaglons gL abi e

from Chengenes, esea

2' -0 al kyl - ri boReg] L%b?w@éxs S¥At weélsknown ingkke Fporisse éorpexamgbs
Sproat, BisS., 42&ddBr, [1@mu];- ssbeE; 19701, anduthds@emay e dnderpadepesi ne

and guanosi ne, fﬁetﬁge‘}%kzyﬁe m§§® géﬁiggggn%ﬁo%gée%ﬁﬁ L BAALE eadd NET

nodi fi ed sugars,
PCT/ AU96/ 00343 act1v1ty of the ribozyme is not lost. As mentioned

previously, endoribonuclease activity may be readily and
routinely assessed.
20
In addition, a large number of modified bases are found in
nature, and a wide range of modified bases have been
synthetically produced [See for example: Saenger, 1984;
Scober, 1970]. For example, amino groups and ring nitrogens
25 may be alkylated, such as alkylation of ring nitrogen atoms
or carbon atoms such as N, and N, of guanine and C ; of
cytosine; substitution of keto by thiocketo groups;
saturation of carbon-carbon double bonds, and introduction
of a C-glycosyl link in pseudouridine. Examples of thiocketo
30 derivatives are 6-mercaptopurine and 6-mercaptoguanine.
Bases may be substituted with wvarious groups, such as
halogen, hydroxy, amine, alkyl, azido, nitro, phenyl and the
like. The phosphate moiety of nucleotides or the
phosphodiester linkages of oligonucleotides are also subject
35 to derivatization or modifications, which are well known in
the art. For example, replacement of oxygen with nitrogen,
sulphur or carbon gives phosphoramidates,



- 20- Ar abi nose (Garbesi, A, 1993); Hexose-thym di ne (Augustyns,

K., 1992) and | i near anal ogues of sugars (Hendry, 1994). Modi fi ed

phosphat es be s nt hesi zed as follows: 5 Phosphorothbeil,tA%%ms“

synt hesi zed b Fcation of oxidation procedure duri

phosphoram dite synthesis. Reagent s comercially avallable from

Perkin El mer and ot hers, products ar,g mxture of isonmers, sone

nmet hods avail abl e for st ereospeci fi ¢ synthesi s of phosphor ot hi oat e,

che [ﬁf: 10 (SHhesp hor]&ﬁﬂa%o,atEQQS K&H&Qﬂﬁ&&i:&&h@ageéﬁ' aidIpholphBnated §94;
rut hers at on ridgin

phosphorothloatégépec%ﬁvg¥§ %ff%u%éﬁggpho ofﬁ?ggg &&th nitrogen,

phosphor ani dat esulghism oy Fagbcwg derexamms malye be phﬁﬁﬁphint bridging tori Bener

with sol ution qgﬂ@gmglq:dﬂ%lbﬁgw fehaHR) whdl estiBORHAA froR work988;
Jager, . 1988 Let si ridagi

phosphoramsdat IR Y & %gl%ens& ‘i]ﬁ@roﬁ\’;‘deotlg% 3”@?’5&??@ ﬂg%qlex'égft
(Let si nger, 199%hospyadimsterS. &hd phospi€8SthiThmire Jdekivatliogs); day

Bri dgi ng PhOSthffﬁgigﬂﬂiy(ékter cellk® é¥E§Eu§ar£§ JHRHTLE Do analeagg) onl y,
weak bi nder) 20 (& yaznov, Vet hyl hosghonate agents

are mml?%?%;l-kPJyY S |t éSSOQE-%F-ﬂ-ngeé’éEFc ‘é‘ﬁe‘?rgé’ﬁg?P
St er eospeci f i C; Mdtthytlahaephohatiss salreopgﬁrabl@&aeaﬁﬂ;kmakéﬁ% by cellM byer,
1991 S ; O her
al kyl) phosgﬁg)r(\)a/tt e%?ﬁﬁ?gﬁ?%ggiggﬁf%# 4%%3?@%98%)5 Phosphatee

triesters(Sumrers, 1986). Repl acenents for the Phosphodi ester
Li nkage may be a furthpet haspered off thé| dwwention previdesi alteenatiee

Y555: Do Mosnmek il il ptod aniphe, LATIBLRASD K riA-URPIRESES,
Lebret on, 1994/ i W@F&ﬁi a3’- tmgﬁma%%k alw#demzbaameéhwﬂmner,
1994, Sti rLshak glycol ﬂﬂ&hoﬂabus::eﬂ:&&fh tHai @eafrbﬁﬂm:eal( \ﬁ&ddépﬁbdles&ér

v 994
1582? Hydr OxyI al?ﬁﬁ%r < %gég?%i %P"gseur ggét%“% gesgg#g’{d Bwadde
( Mat t eucci , 1990‘-?‘5\]363-?{’%r W@?ﬁﬁ?o?@mmw& neRaimARpkinetics. p| | y|

et her (Cao 1994); Alyl, Ether, Thioether (Cao, WO 96/ 40906
PCT/ AU96/ 00343 9
Al kane (De Masmaecf( J;.'S on wheils crf Prloé:re]ct?d Nédeotides and heir

Incorporatlon into Modified Ribozymes.

POSSIBLE NUCLEOTIDE

Modifications

Sugar Mcdifications may be 2’ flucro, 2' amino, 2’ 0O-allyl,
25 2 C-allyl, 2’ O-methyl, 2° O©O-alkyl, 4’-thio-ribose,

¢-anomexr, arabinose, other sugars, or non-circular

analogues.

Phosphate Modifications may be phosphorothioate
30 (non-bridging), phosphorodithicate (non bridging), 3’

bridging phosphorothioate, 5’ briding phosphorothicate,
phosphoramidates, 3’ bridging phosphoramidate, 5’ bridging
phosphoramidate, methyl phosphonate, other alky phosphonates
or phosphate triesters. '

a5



bi ndi ng and anti sense properties (N elsen, 1993A; Hanvey, 1992;

Eghol m 1993; N el sen, 1993B); PNA Synthesis (Eghol m 1992A; Eghol m
1992B); Prepn of purine PNA nononers and 5 ol i gos (avail ag cially
from M I 1ipor WOSEH#MES at i on) . Modi fi ed bases may be s hﬁﬁ@%@ﬁé

fol | ows: Purine; synthesis and incorporation into ribozyme (SIim

1992; Fu, 1992; Fu, 1993); 7-deazaGuanosi ne, synthesis and 10

incorporation into ribozyme (Fu, 1993); I-10sine, synthesis and

i ncor poration into ri bozyne (Slim 1992; Fu,
1993) 7- deazaAdeHasi RBosREedIRafier rimkaseomsor ke orepkaced by anriamidee (Fu,

1992; Seel a, 1993barfMi-dTet BHiGdaRBEMEECe, urea SYNdnefd, S HRArbRGOERMHAL I ON

into ribozyme ( 993 1 ur i synt oat
1991); 2-am nop%?iﬁae éta]'l Ehﬁ?ﬁe%‘?asdegﬁg i nt ‘El f‘?‘Sﬁ ];1 ?‘I boé

1994; Tuschl, thlo@?@‘): OlrsBEBaﬁmtweie apgilrési aciadd lmgper ation i nt o
ri bozyne (blg, 1994 Tuschl, 1993); Xanthosine, synthesis and

i ncorporation i ribozyme (.Tuschl 993) ; 6- azat hymd

6- aza- 2' - deoxy 56 tHbsPes %nHaVn%’& FOYdton %'n{éhammpurme'

ol i gonucl eot i de®- E(rﬁarmhmlpelggej’imﬁfaﬁllganybpymem d$ reekenylpyrimpd opmane

(G lead, Froehl §I vopyRes| ﬂ@@ élemeishx&{é B8ine, psdRRMAQWihd NShasRasi C
ri bose or deoxyrihoSe. s %%CLJEICL)% - MODI FI CATI ONS a\/\I'-I

HAVE BEEN TESTEFFPos€ ory RPE%E Sugars. Mbdi fi cations may
be nmade td0the 2' OH group of the sugar at all non-conserved

nucl eot i des m)gérﬁé %El@@@l&é'ss"nﬁ§ B@erﬁgcedb@ﬂh taue"'foim@ng cgetﬁlcal

2' am no, -0 , O net |1 Sel"ect
oAt ont i ons iy s fes R ERELotip] o AlksaS sito TRy oF variftis ppLers
nucl eotides C3,084, A6letiylA%ieddlYycoAl3, Altraethiplmie 35 glycol,

Modi fications cgapngleiaeiegeyto1f he 2' OH groups of &, B and Al5. 1.
WD 96/ 40906 PCT/ AU96/ 00343
-22- 5For a ri bozyrre W t h good cl eavage activity, nodifications
shoul d not be nhed Mo : 2 G2theABS. énd emgepte 622ectaatd from: e 2' H
(DNA)) . Cfner%wrt@&cemni e ¢S eAdPNSafstd Frandnfdiredy no
5 single m)dlflctlongusesa |g rSﬁ tlonjnqeavage actjvity;
however, activi® FERR s nor &2 m){i’i a? e ribose, ‘or end-capped
(methoxyethylamine phosphoramidate) .

20
Modified sugars may  be synthesized as follows:

2’ -deoxy-2’ ~-fluoro uridine (Sinha, 1984); 2’-deoxy-2’ fluoro
cytidine (Sinha, 1984); 2'-deoxy-2’ fluoroadenosine;
synthesis and incorporation intc ribozyme (Olsen, 1991};

25 2’ ~deoxy-2'-amino uridine and 2’-deoxy-2’-amino cytidine
(Heidenreich, 1994); 2’-0-allyl-{uridine or cytidine or
adenosine or guanosine) (Available from Boehringer Mannheim,
Mannheim, Germany) or (Badger, 1994) .

-deoxy-2’-C-allyl-ribonuclectides; 2’ -0-methyl

30 ribonucleotides see Review: (Sproat, B.S., 19%91A) (also

Available from Chemgenes, Waltham, MA. or Glen Research,
Sterling, VA. other 2'-O-alkyl-ribonucleotides, Synthesis
see (Monia, B. P., 1993; Sproat, B. S., 1991B); a-énomer of
uridine, cytidine, adenosine and guanosine, see (Debart, ¥.,
35 1992 and references therein); Other modified sugars, etc.



are included in the ribozymne. Phosphate. 10 The phosphate groups

of the nonconserved nucl eoti des may be phosphor ot hi oat es
(phosphorot hi oated DNA). Preferably, when non- conserve des
are DNA, onl y WQ®R$48996; hy ce phosphates at the 3' and 5'F %ﬁﬁ@&/@({%ﬁ

ri bozyme are phosphor ot hi oates. 15 The phosphates 5 to the
conserved nucl eotides C3, W, G5, & and Gl2, and 3" to A9
and N15. 2, may be phosphor ot hi 0a2@s; but phosphates 5" to A9, A13

and Al4 may of be hosphor qt hi erved nucl eoti des.

G M Tgar 2aPTbert GHEBRAR . IFTL FoiRes s PR e o SRR

2'amino). 2'H KYang?%z)a,m llin@lan:eaenlomes Heesl @elgaémlﬁHendry, IP4) .
-Oallyl (Paolella, 92), 2'-OMthyl (Usnman, 95) are 25 al |

nodi fi cations that germt cl eavage. Possi bI)éJ canngt have_2' am no
modi fi cation (s¥¢8iteds phosphates He3Y mPeha YRt RFABEADAY | GAlLA¥SAni ch
resulted i s PhospHoebdtitivate ;asyntheyized doeioddificat powbabh | oxidiae ioa

phosphat e can bE”ghoaahty G 35, &P a{;@hﬁﬁgﬁmg&e “BrmgpBtEPIe! pagincs

Sugar - 2' OH grSBHmEEﬁlﬁ-bl}fmcﬁVﬁlé le 2f¥Ptc YReFkigp)Elper and qthegken,
91; He: flelnr <(a|b ChprOd@yct'aaei noxtieelodn isOigrs 3some Aetkods |a/\}a:(ll£ﬂ&n,fo)95)
2'-Oally ut e , , are
nodi fi cati ons tﬁggggogﬁn %ﬁé Lyéﬁhesmg Ofs gho&l%é&ghé@ggg O%AO% r%%
PCT/ AU96/ 38343 (Stec, 1991); Phosphorodithioate; (Elgyup, A. Bphodff4te -
5' phosphat e cagabactheesphor otibicagt e ( Beiareygma, 1991);93) 3/-brihing

e a0 BogHBnRobbagee! S CSESN! | L aBING! Diondeonol IRAED, o

Cannot hapBosphpTFRidatas |  (mn-bpidgsngl {, cxidiga e  \WHOSDEHSe
92), 2'anmi no (Ptekestedlwivhl |5c61ﬁﬁ:.1o912)¢or3:aﬁ1ﬁﬁt e required amine);
15 . (Froehler, B., 1988; Jdager, A., 1988; Letsinger, R.L.,

1988); 3' bridging phosphoramidate (NH replaces 3’ 0} (Forms
very stable duplexes) (Letsinger, 1892; Gryaznov, S. M.,
1995; Chen, J. K., 1995); 5’ Bridging Phosphoramidate (NH
replaces 5’ 0©; thymidine analogue only, weak binder)
20 {(Gryaznov, S. M., 1992); Methylphosphonate (reagents are
commercially available; Glen Research or Chemgenes
Stereospecific; Rp isomers bind stronger: (Savchenko, 1994;
Miller, 1991); 5’-deoxy, 5'-methylphosphonate (Szabo, 1995);
Other alkyl-phosphonates (Fathi, 1994A; Pathi, 1994B);
25 Phosphate triesters(Summers, 1586).

Replacements for the Phosphodiester Linkage may be
synthesized as follows:
For zxreview see (De Mesmaker, 1995) Amides (Chur,1993;
30 Blommers, 19924; De Mesmaeker, 1993; De Mesmaeker, 1994A; De
Mesmaeker, 1994B; Lebreton, 1993; Lebreton, 1994A; Lebreton,
1994B; Idsiak, 1993): Carbamate (Waldner, 1994; Stirchak,
1987; Habus, 1994; Thiocarbamate (Waldner,1995); Ureas
{(Waldner, 1994) 2Amines (De Mesmaeker,1994C; Caulfield,
35 1994) ; Hydroxylamine (Debart,1992; Vasseur,1992; Formacetal
{Matteucci,1990; Jones, 1993)Thioformacetal (Jones,1993);
Allyl ether (Cao,1994); Allyl, Ether, Thioether (Cao,



(Paolella, 92), 2°F (Wlliams, 92). 10 A6 Base - can be purine

(i.e. 6-amno group is not essential) (Fu, 92). N/ cannot be C7 in A
base (Fu, 92). Sugar- 2' OH group can be nodifi ed. ul t,
90; O ¥R 946 vang, 92, Fu, 92), 2'F (Osen, 91), %&F}F{,{ﬁ

(but only if W is 2'CH) (Paol eIIa, 92) are rmdifications that
permt cleavage. N7 Seens to be a sensitive site for pyrimdine
endonucl eases; protection achi eved i rNis rGor rA ( Shi mayama, 93).

3% 2ROt L kS OdGRE Ok JoBat BN AV sl of

92), 2'F (Pieken enre m no eken,
2'-0-allyl (Paorinding omd @t:@emshwopeyshmﬁ @i;yelaﬂe@ 1993R,| Hanvey,
nodi fications tfl§i§ZPQ§gHotJ.m(;|€99@;9@1elsen, 1&93@')1951310@@1&%5&% (E holm,

phosmor oL oat (fgs BERACUSRPLERLEY os poinb A MRl gne

2'H (Fu, 92, Woligoss, (ag2ilabler) copmercinldy Vitiom Miatlile corporafiami no
(WILians, 92) 2'-0Oall yI (Paolella, 92). 30 (Perreault (91) says

can have 2'H, (,92 hi s site i itical if lots of
ot her conserveﬁﬂ‘a’c?’e%q afn y be YWS)lzed as %ﬁ& PiHte - 5 phosphate
probably can bePwphbsshospthemise and indgporBiiphodiphat ejibo2pme A9lim,

Sugar - 2' OH grpyg, Caﬁub@ﬁld'ﬁd e@ssg)H GQiééﬂan%noéikke,%ynthes;Ls baba
Perreaul t _(91) saé/s cannot I—leozyme q sen WO 96/ 40906

PCT/ AU96/ 8343 In rporatlon 1nto Fu, 19 3 } psInosine, Sﬁpék%ﬁlSQI)
2'-Oallyl (Paochmd| a, i®)rpRat@oibt hyht$ Usmaihozyme  OElian 2992} Fu,

modi fications tgés ppradd, L RAYYEe, sgnthgg$$pr¥ﬂd9 1n§r§a!ma At e;gagnot

be phosphorot hi oate uza ner hos ate
can be 5 PRERPFGIOt hiFdat el %?n meSRekE 93p23) - OG'GFZ-hYlguanBéé’éeL

2-am no group isymsisaﬂs’ and camoapobat i oo sims) :(ﬂi»oznme {GrasB) . 1993);
sugar - gH -ral%ﬁangghf{@é es%EﬁeéEI)éj'(fs?%E’cO“§991)Z R ;Rn.nopﬁggéf eaul t,

91; Yang, |ams
OK.  Cannot be %Yfrﬂte\ﬁﬁsl pEfsinepsporation 12“'—"0?%]!’?%}{“( §8r 1994 Gapeh

1933}); Iscguanosine, synthesis and incorporation into
ribozyme (Ng, 1994; Tuschl, 1993); Xanthosine, synthesis and
incorporation into ribozyme (Tuschl, 1993);6-azathymidine,
20 6-aza-2'-deoxycytidine, synthesis and incorporation into
oligonucleotides (Sanghvi, 1993); b5-alkenylpyrimidines;
5-propyne (Gilead, Froehler); inosine; 5-methylcytosine;
pseudouridine; abasic ribose or deoxyribose.

25 SUMMARY OF NUCLEOTIDE-MODIFICATICONS WHICH HAVE BEEN TESTED
IN RIBOZYMES.
Sugars.
Modifications may be made to the 2'0OH group of the sugar at
all non-conserved nucleotides; modifications tested have

30 been 2'H (DNA), 2'F, 2'amino, 2'-0-allyl, 2’-~0O-methyl,
2'-C-allyl.
Selected modifications may be made to the 2'OH groups of the
conserved nucleotides C3, U4, A6, N7, A9, Gl2, Al3, Al4,
Ni5.2. '

35 Modifications cannot be made to the 2’'OH groups of G5, G8
and Al5.1.



Phosphate - 5' phosphate can be phosphor ot hi oate (Shi mayans, 93). 15

Al3 Base - Can change N7 to C. in A base (Fu, 92). 6-amno

group essenti E?ﬂ t be purine) (Slim 92). Sugar - 2. p can
tolerate SOITE%%I | @éé)lt i ons. 2'H (Perreault, 91; Yanlé,gw 6%%
2'-Oallyl (Paolella, 92), 20 2'-O-Methyl (Usman, 95) are

nodi fications that permt cl eavage. Cannot have 2'F if each of Al3,
Al4, Al15.1 have 2'F (Pieken, 91). =22- pPhosphate - 5' phosphate

cannot be phosp Can

t hi LGRuffner, 90). 25 . Al4 , .. Base -
change N7 to C. h%—‘ﬁgg %‘Ec‘?%e B BuSeRe E%F?H%ge actigly, modifiegbigns
2' OH group can t®H¥Hgk Bosohe mast tPc@i difs. G8, 2GHE, Al5.1( Rexqgegdulil2 &in
Yang, 92), 2'-Owédlylg (@mhella, 92), 30 2'-O-Methyl (Usman, 95) are
nodi fi cations that Rgrrrit cl eagaf%e. Cannot have 2'F if each of Al3,
Al4, Al5.1 have CEHeTallYpr e¥feRL FOrgRdiicatiops2h iR e 8 ang Aljphsdiat e
cannot be Sphospinglst hinodification (Gadderera By BiductAdh lin cleaBage

Ca h N7 t dxri e E 3 @y l t E)e
pupi ﬁe?n(geSI A gézbt-ciw.t&, Uhow&?&r\;@agg}ﬁ{o%ggegggyges as mdzeS kL BLcd SR

PCT/ AU96/ 00343 &Y€ included in the ribozyme. .25 Sugar'-
Cannot nodify 2'OH  Cannot have 2'H (Yang, 92), 2'-Oallyl
(Paolella, 92), ﬂiJ:sp(ﬂaft 13 and Al4 also are 2'F) (Pi eken, 91).
N15.2 5 Sugar__ - sel ected nodifications permt cleavage. 2'F

(Pi eken, 919 HeiehPBPERhatR groppsof| th nppgeresteed gmcleotides amayOhekt hyl
(Usnman, 95) are phxgphbeethisitdshaphessibrothioated [DRAY 20€preferablfalienl €

low if 2'H (Yan ). Mol at., have_ 10 2' amino modi fication
(several Cs in %szg?dn%spe%g%dz %‘%ng‘ﬁ%&ldes HOi ekt i BHP%{%? r 8Eul TS n
reduction in actBhAsPpatgfd at theeffecand s5pr @nalsl yousheo Wozwut orar€ls. 2)
(Pieken, 91). phosphorothiocates. 3" phosphate can be

phosphor ot {¢ oat e, h é L ORY, Modi fication aj.. the 3. end

of an ol i gonucl e&el 8605 ?Q{:QE ?nﬁ%%?enégnserveé nuceleo%:.%es &3, IP‘L, %‘;5,
G8 and G122, and ' to A9 and N15.2, may be
phosphorothioates; but phosphates 5’ to A9, Al3 and Al4 may
not be phosphorothiocates.

20 Conserved nucleotides.
c3
Sugar -~ 2’-OH group can be modified (except, probably, for
2’amino). 2'H (Yang, 92), 2'F (Pieken, 91; Heidenreich,
. 92), 27’-0C-allyl (Paolella, 92), 2’'-0-Methyl {(Usman, 95) are
25 all modifications that permit cleavage.
Pogsibly cannot have 2’amino modification (several Cs in
ribozyme had 2’'amino wmodification which resulted in
reduction in activity, and effect is probably due to 2’amino
on C3 and/or Ci15.2) (Pieken, 91).
30 Phosphate - 5' phosphate can be phosphorothioate (Shimayama,

93)
U4
Sugar - 2'0OH group can be modified. 2'H (Yang, 92), 2'F
(Pieken, 91; Heidenreich, 92), 2'amino (Pieken, 91},

35 2’-C-allyl (Usman, 95), 2’-0-allyl (but keep as 2’'OH if A6
is 2'-0-allyl) (Paclella, 92) are modifications that permit
cleavage.



3' VEA( met hoxyet hyl am ne) phosphoram date in last two (or | ast)

i nternucl eotide |inkages; 3'-3" inverted diester |l i nkage or 3'-3
inverted phosphoram date (Shaw, 91). 20 3'-3 inverted Thym,di or
303 | inked NOSSHB0; ose (Usman, 95). Any 9%‘%@# Bon  of
t he above listed nucl eoti de nodi fications, substitutions, or
derivatizations, made at 25 the I evel of the sugar, base, or
nonophosphat e gr oupi ngs or phosphoph8@direster |inkages may be nmade in

t he conpounds rovi ded that endonucl ease activity,is not | ost.

The conpounds o%h"[sl?ﬁgt? n'vg-’ntP ﬁs%?teoé:aﬁng%r%tﬁsﬁ‘@ﬁ"%%’oo% (SBIgF¥ g i n
cells as a part9®f a DNA or RNA transfer vector, or a conbination
thereof, for thg maintenance, replication and transcription of the

ri bozyme sequences of . this inventiaon, 35 Nucl eqtide sequences
encoding the R&pound@Mgio FFREP °on G baght ilsn SRSPATdadnt EGPRCEd Bent o
t he genones of amdddmeyotl0ddi, 90 01Fupr okaryotic host cell for subsequent

expression (for - L4 ; ; '
PCT/ AL96/ 00343 Sugar canno\é\omg.ﬁe Q\ggﬁfzcatlons to _22 E?—H of G5. ex%arrrgsloé‘: as

descri bed [ Santt®tk,2 'foddprreavkhon??i | FRiemadtondls Fu, ng3; peikkians.t at ed
by transfer vedzir,s ehambnd nt (Biredded,i NbR; wWillidwe, hosk)genpnen-metiiyah

vectors nmay inca%q_ﬁgggl eg%j ,dez,F miﬁgg*ﬂgpc%,ﬁ for exanple of viral or

regul atory origin, ich facilitate genomc integration. Methods for
the inserton A6 of nucl eotide sequences into a host genone are
described for Base -exanpbe purisahiicek etamino ajyduidogannét é@sserdt3amrook,
1989, - Hoogd, 3996 498%lmor 10 o MichSlge. agld sgpuences encoding
the ribozynmes “of’ this Invention integrated intd the genone nay
preferably incl3ngar- 2'°“pﬂ¥ﬁb‘9er°%nd’%rfﬁ§?e‘3ﬁ%l et s{RgrareailE /| i%fked to
t_h;ah nucl emsiteiﬁ sequeaag, esgpdrng 911€, gj'mammﬁeﬁtfbi& $ 2 Nvendiisn,

Wi an ropr e m, pat., on_s c pa 0 . = £X[r.essi ng
said ri bgjzoéy)rre (R ol [y o ?Eugﬂ&gg S ERLERE 2 bl Tl S N RS
prokaryotic (sudirtapersitcrlegvausst cells. | deal |y, the pronoter and
enhancer el enmens are designed for

Seems to be a sensitive site for pyrimidine endonucleases;
protection achieved if rN is rG or rA (Shimayama, 93).
20 Sugar ~ 2'CH group can be modified. 2'H (tested 4T) (Yang,
82}, 2’'F (Pieken, 91; Heidenreich, 92), 2‘’-amino (Pieken,
91), 2'-0-allyl (Paolella, 92), 2’-0-Methyl (Usman, 95) are
all modifications that permit cleavage.
3’ phosphate can be phosphorothiocate (has been tested for N
25 = U) (Shimayama, 93).
G8
Sugar -~ cannot make modifications to 2'0OH of G8. Cannot have
2'H (Fu, 92; Williams, 92; Yang, 92), 2’'F (Williams, 92),
2'amino (Williams, 92), 2'-0-allyl {(Paolella, 92) .
30 (Perreaul: (91) says can have 2'H, but Yang (92) says this
site is critical if lots of other conserved nucleotides are
DNA.)
Phosphate - 5’ phosphate probably can be phosphorothiocate
(see N7 phosphate) . '
35 A9
Sugar - 2'OH group can be modified. 2'H (Olsen, 91; Fu, 92;
but Perreault (91) says cannot be 2'H), 2'F (Olsen, 91;



expression in a tissue and/or devel opnentally specific manner. 20
Addi tionally, the compounds of the present invention may be pr epar ed
by net hods known per se in the art for the synt hesi s of RNA

mol ecul es. (FHOWHEWBl e, according to recomrended pr o B GEALEEYP43
Pronmega, Madison, Ws., USA). In 25 particular, the ribozymes of the

i nvention may be prepared from a correspondi ng DNA sequence
(DNA which on transcription yiel d4a ri bozynme, and which nay be
synt hesi zed accordi ng to nethods known per se in the art for

synt hesi s of DNR}esfrer My 21 1iked s éﬁaﬁﬂlﬁol yRer ade-Bdlethyg; dﬁ‘ﬁf“éﬁf‘vsuch
as a pronoter fos) T@reralll mpdifieaesen®rtHaits permit Rwawg/rrerase A DNA

Tgated into o CRACERSd? 2 [ P0PH Rphare Henhdf MEC HhodshiRta0A0RY o
DNA. Were the (Buzayapansd@r \Rufiferoont™ins an 3RNAP5'9$§>hétﬁsecéﬁonb§er
operably 3§ phossEbt o HNALeON SEERPEtI 930 .a ri bozynme, the ribozyme may

be conveniently géoduced upon incubation with an RNA pol ymer ase.
Ri bozynmes may, Fher ef ore, be produced in vitro WO 96/ 40906
PCT/ AU96/ 00343 Base - 2-amino group is essential (canngt7be inosindjy (Sdéwbati on
of RNA pol yneraggyw.th an RNA poI ymer ase pronoter operably linked to

DNA encoding a Libozymne, Rrgsence of ribo Ieotldes and an
appr ot at o bur PEpee] 12" Gityp oaroRpGeee GPTE, RALFGLFRtLORRS

(i ncl udi ngonmamméPerreaukt, S}il.amanganaz yWadliamel 1%3), rdpmibe (Piekshect ed
with an , §£’Prﬁi?il§éxﬁ‘s t rmsf‘.&re \tﬁ@t Ol cRraidd 3 FoqRahh SafiBl €65 fl
encodi ng a r|b05 cord ﬁif t he present i nventi on,
operably |inked“t 3 s’ P onot er such that the ribozyne
is transcri bed Phosrb’rm‘deostSt:qb}iasphete cal &S phospiEtarhsoaty (Bhimayhea) al
plasm ds or virgdy (RNA and DNA) or portion thereof. Nucleotide
sequences corresgondlng to ribozynmes are generally placed under the
control of trong pronoters such as, the lac, Sv40 late, SV40 early,
net al | ot hi onei nBase |ahda chaoget ¥7stoPart ioukabageudBhiul 92b. 6aamino
promoters regubat eéél:‘lntfialt (Edhifor e FhribBIPREfn, 92) . (devel oprental )

speci fic manner’ or regul at ed i nduci b gigm)ter suitable for
gene theory, \/\h?‘&ﬁﬁaﬁay BeCH gToup cRR FRkeRahf AAMEMOgR54ERBI E hen? CB .
The vector nmay ORerreaultan atlendfdamgys 6OR) an Za!d@‘ﬂalay%oc(nﬁce‘leMar,us%Bee for

exanpl e 290  PEI_dnarmAat | Qﬂé&aﬁ’ ublgsgat 08 %dl\ﬁ@cgéigﬁg 6% hatAdBELYLE US

Medi at ed Transfe{ of Genes to the Gastr0| r}t esthna Tr act
cleavage. Cannot have 2 if each of Al3, A14 Al5.1 have

2'F (Pieken, 91).

Phosphate - 5’ phosphate cannot be phosphorothicate
(Ruffner, 90).
25 Al4
Base - Can change N7 to C. (Fu, 92). Can be purine (Slim,
92).
Sugar - 2’'OH group can tolerate some modifications. 2'H
(Perreault, 91; Yang, 92), 2'-0-allyl (Paclella, 92),
30 2’-0-Methyl (Usman, 95) are modifications that permit

cleavage. Cannot have 2'F if each of Al3, Al4, Al5.1 have
2'F (Pieken, 91).

Phosphate -~ 5' phosphate cannot be phosphorothicate
- (Ruffner, 90).
35 Al5.1
Base - Can change N7 to C. (Fu, 92). 6-amino group

essential (cannot be purine) (Slim, 82).



U S. Serial No. 747,371; PCT International Publication No. WO

94/ 11506, "Adenovirus-Medi ated Gene Transfer to Cardi ac and Vascul ar
Snoot h Muscl e, den et al., US. Serial 25 No. 07/977,496:; PCT
| nt er nat i onal ‘?Sﬁéf’f‘%@[. on No. WO 94/ 11522, "Vector fo"rc'l‘l"ﬂ?‘s"m’43
Expressi on of Therapy- Rel evant Genes," U. Stein et al.,PCT

I nternational Publication No. WO 94/ 11524, "Targetabl e Vector
Particles,” W Anderson et al. U S28erial No. 973, 307; 30 PCT

I nternational Publication No. V\D 94/ 17832, "Targeting and Del i very of

Genes and Anti viSRERTAJe(REPRt BOGZEf-YszB%cheCannOt bredeen /iy USaRgnt o) G
Nererow et al ., 2U- S—aﬁajm 8(|}.>ab|!D§11a, 92), 08/94@.£1 293 agel Q&/‘zoéés@?a%:e 2'F)

Ri bozynmes may bQP‘ilafc?{i transcribed in vivo from a transfer
vect or, r er natl vely, may be transcribed as part of a |arger
RNA nol ecﬁ"F'-é-2 For exanple, DNA corresponding to ribozyne

96/ 40906 6/.00343

- 28- f or (g%glr{r% 9% 25 ety afRon gto gl (Pacdeddp. RRA! -

mol ecul es may hél pOtBe@mb |({Uswanhe 953)boayee mulidtidations thagapeshit

nucl ease di gest coBavagdin cells. On transl atl on the reporter gene nmay

give rise to a te|n ossi bl, whose presence can_ be
directly assayegag rd ff%"é &%n%gﬁfnd@ad‘ﬂ 't h?%) i n%ﬁ?ﬁ?ﬁry NEFRBRE | Reveved
in gene 10 tRéRmpYOt mOAKE irmtsionhiereyerhdr Cexamplmibozyinks hhdory ambhaan
suffering from acdigeas€ion Wﬂﬂc@xs rakVic88eih em@&{d’rp@ép aJ:Q.:urlQ?t | E0k,

sequences rmy bsubagated i g8 dted %oﬁfﬂcﬁi:lénéegg ke Q?.L’E%vage 2rr WO

treated with the.tibozynme or an fer vegtor { bozynme to
i nactivate the |ﬁ¥% T i TUPIER ue to L3 anddpry E%ﬁr?l)ed(ﬁ%?kteﬁe Balient to
repopul ate a target 5| te with ‘egiloisphtteetas, bs plraighettoe ki vave
therapy. 1In theshlmayangaasg3qf H V, nucl eoti de sequences encodi ng ri bozynes
of this 135 Mﬁ% capabl e of |nact|vat|n t he HIVV|rus may be

i ntegrated’into PH& i 2Fyrififocyt e By e oligonusdaqtdde] oy a
non-integrati ngrwb@zmecsuch as adenovi rus. Such cells woul d be
resistant to H fs/'Mmqséaw@&ymmaphosgh%%ﬁ.xdwsreﬂf Myédtw S0 gonf er
such resistance tof such _as _a bacterr al asmd or

nsfer v
viral e R ta I RBRERRRE fdrer doPRagRRodig Sonoereriade Bicerer
conpounds, may bénkagesfredt’ed’i hhvertdd phokpanrantdatisnishaw, 91) Vi vo [ See

for exanphe: Llgwei!ymnvdP8dd Mapai@ihe 198313+ BC€1inked abasic ribose
{(Usman, 95).

Any combination of the above listed nucleotide
modifications, substitutions, or derivatizations, made at

25 the level of the sugar, base, or monophosphate groupings or
phosphophodiester linkages may be made in the compounds
provided that endonuclease activity is not lost.

The compounds of this invention may be incorporated and

30 expressed in cells as a part of a DNA or RNA transfer
vector, or a combination thereof, for the maintenance,
replication and transcription of the ribozyme sequences of
this invention.

35 Nucleotide sequences encoding the compounds of this
invention may be integrated into the genome of a eukaryotic
or prokaryotic host cell for subsequent expression (for



25 inside the cell, the transfer vector in sone cases nmay replicate
and be transcribed by cellular polynerases to produce ribozyme RNAs
whi ch may have ri bozyme sequences of this invention;Nkhﬁ 0 me
RNAs produced ﬁ% i nactivate a desired target RNA b“b9a6&
Alternatively, a transfer 30 vect or containing one or nore ribozyme
sequences nay be transfected into cells by electroporation, PEG high
vel ocity particle bonmbardnment or I|pofect§ﬁ or introduced into

cell's by way of eﬂxﬁﬁl%@' agéeﬂsaa txeshgfcsakeslmh 2S Genomi 8 £AQUHaEELA ON.
such that the transkger vect or art t her eof becorres | nt"egr at ed

into the genome™dY W& i‘t%'é? by ranﬁfr%é’@FFBF?oY‘ihb‘F I SSRESr ARER .
genetic materi athgi \estr igenome. t Gudbbovsuess whagh iacfutde immdebvade a
desired target ENA, £ 984030, -

PCT/ AL96/ 00343 ences, for exaﬁﬂ@e 8 & or regulg%ory or lglnTrgﬁé h
vectors expr essFAgLIHURFA GEEOBL Ct R kegTRIdRT: onMARYOdEs f°rtﬁ?QS&ﬁ§BF51Qﬁ
replication in CEfnuﬁleeehaefQEqan&bbeinto a hexprasrion@ agk ﬂé&m&ﬂﬁ@a for
sequences. Alte ngvel El@_gefer V. ncgdi

sequences of thlés Imven |%%1 rr:atokbEt andﬁ@é% Ieetoa'fci ZE Pt oﬁédg?' PR host
cells, and thusEegans ARGt 1989] -in transient expression of ribozyne

sequences. Methods for t he production of DNA and RNA transfer
vectors, ch mds d viral nstructs _a ll’l the
art and 1 aﬁ‘éc%i%scrl 5ad forT fr%?l eerbtiloc% %116 % &t 8F ﬂ&%ar?drl‘?

1989] . Imegnition %«J@%%@raé:edoanaog‘éweganpye coryrpesfe lauenebw@e

sequence encodlpgo:w@efl aﬁayreama‘nctelirl Seldheitls OﬁpeﬂEIyathinked td i fied to
a pronoter and ot tﬁggulg ces t:E,leqm red

A gge expr F‘SSI on and
optionally repl e F StTeetne H? %Y“éem?&r {’7 cEPS
Sui t abl e prormtvex%hand ra@@erpamaye termusmmnoeeqﬁmcet rmﬂ;feapaielﬁ ot

nai nt enangs ande:eﬁm% ﬁgoaai@ nbozymelﬁnta eﬁﬂh@bm@ac&ﬁm als aglflaptder

cell types are descr.i hed f rrple in
fogan 20 [ ROURR £53de)1BRoproRatvs Y (sRAR, 85 bRl hol cELfy

i nventi on have &Q@d&‘i vehe promotisr apdarhanast blieyegdiscare afas ianedi tms For
exanpl e, S SOREE RAUSH NG VELSSES kAQSP AededBpRBhEalBY BBedbfic

i nactivated by agrrﬂnl stering to a subject infected wth a

20

Additionally, the compounds of the present invention may be

prepared by methods known per se in the art for the

synthesis of RNA molecules. (For example, according to

~ recommended protocols of Promega, Madison, Wis., USA). In

25 particular, the ribozymes of the invention may be prepared

from a corresponding DNA sequence (DNA which on

transcription vyields a ribozyme, and which may be

synthesized according to methods known per se in the art for

the synthesis of DNA) operably linked to an RNA polymerase

30 promoter such as a promoter for T3 or T7 polymerase or SPé

RNA polymerase. A DNA sequence corresponding to a ribozyme

of the present invention may be ligated into a DNA transfer

vector, such as plasmid or bacteriophage DNA. Where the

transfer vector contains an RNA polymerase promoter operably

35 linked to DNA corresponding to a ribozyme, the ribozyme may

be conveniently produced upon incubation with an RNA

polymerase. Ribozymes may, therefore, be produced in wvitro




virus, a ri bozyme in accordance with the present invention adapted to
hybri di ze to and cl eave specific RNA transcripts of the virus. Such
ri bozymes may_be delivered by parenteral or other ne 0

adni ni strati oNO %8S natively, a subject 30 i nfected wi ?‘E A%ﬁﬁg)g:gge
causing virus may be adm nistered a non-virul ent virus such as

vacci nia or adenovirus which has beeg.genetical ly engineered to
contain DNA corresponding to ari bozgﬂe operably linked to an RNA
pronoter, such gha Lhe+; g4 b I clibgd SN dhe t he
host ani mal, 3515311 ?ransﬁl&?t edf w,ﬁlt%%”?ﬁe%%lg%%ereg viarusl_{,bﬁt o&?f#%czgse

cl eavage RRYTCSET| PRETADI Nt PR tOh ENEPRRACIRAA ] (HFS2YMBt 1 thee

di sease causi ngprdseie of ribonucledt¥Dd®e/ 4090&n appropriate buffer. In

PCT/ AU96/ 00343 ,; : . . : I pozymes
of the present Favént F%lﬁawg\;éc gjft?%kuﬁxa’rc’ £ie cel%spp(l- %%%Pfiéﬁgt%arﬁ]aﬁéé&

di seases chuse®¥HBt e8| ¥eapy taells) mawr Res SKABFERCHRF uMiTHSVETOr t he

AIDS-virus (H \§ppriopriibee transfe¥amctdrof cdnumimiagd gutietde digwagaiwhi ch
may be treated e %odi‘ﬂgt hat h?ﬁé?\?@é/nefn Ofa ng%alnggen&hgﬁ] 'ﬂ% UGG Q! as! s,

cervi cal preneopl asi a,” papl IIOFYB. | §ease, acterral an rrokaryoti c

i nfection, virainvyeatden;ospanabhgopiaked cto an REBnEPLyTRIEASE RRAGATET Wit h

Ithekloroduct!on éﬁclﬁbﬁfitgrﬁhé?!\iaﬂ?ozme isstict!fka?}ﬁdi(i%gas ihn t@z@& ¥t raealioi d ]
eukem a. Seqases [ I nf ect,l ons 1 C e.treate n ant W t
bosynedtr ° - ashafhr Weqeersnrd B BackReis ThheRfal OLRaL (R N

bact eri al ~ DNAif ot portsiops tiberens .Cr Sunleat iddissquengesa rdrdespemiing

gssom at edde E heep! ?ﬁoiﬁe’ﬂ ard egéﬂ_xéf'alaly_ wgésa I ﬁh'dlelé‘f the ctohﬂﬁsg.e%;f woul d
€ conpoundas argeti n enes assogl ate anet o

Govel opment . St BEBROFREs vk . the Lat, SVAD: Faveh BIAN SARon No.

WO 92/ 18625, emetmllddthibhein, or lStleid |mrdiicelrs, PettibcuIearlyOhissEfivilng

Vel e S eride Py s isbocers | PRSPTLARN LI Fsalie TOET S N sethcdpPol ot
. , , , | 3 | SSI S, . S
et al.; 20 BERVRlPRPREE R bhal SRS MG Cat GRTRS. D 9’3}%}5%@‘6, regitiatesy

"Mai nt enance ofindhicet8ee prbsoBanssitaiNle \Ady igeme theaty, which malyaibs ng

the priority ofurde$ tiRerdcterNOSor Cgéo%é@zoﬁéocl?é?ﬁcals. - The §R8+04 ZnayPOE
I nternational Publi.cati pn No. WO 94/ 725593

: L. entitled "N\ethod "Far
bt ai ni ng Mal e-28t BPFPRV BN 3" 3% FIRGTASS8C1ateq VaFus- %@? I'B'/Efe‘?’f?é‘fﬁ al
Publ i catifh No.POEDIGLEZH4GEonal PubldegattipndNS Prit &3¢ 0B3F S Getidertawigrudl e
Sterile Plants'Meditked Trans@®ir Jf Genes to 1HE RthREnebstieal MBA-vmoul d
depend on the partiqulal, wo. 747,371; PCT International Publication No.

WO 94/11506, "Adenovirus-Mediated Gene Transfer to Cardiac
and Vascular Smooth Muscle," J. Leiden et al., U.S. Serial

25 No. 07/977,496; PCT International Publication No. WC
94/11522, "Vector for the Expression of Therapy-Relevant
Genes, " U. Stein et al.,PCT International Publication No. WO
94/11524, "Targetable Vector Particles," W. Anderson et al.,
U.S8. Serial No. 973,307; .

30 PCT International Publication No. WO 94/17832, "Targeting
and Delivery of Genes and Antiviral Agents into Cells by the
Adenovirus Penton," G. Nemerow et al., U.S. Serial Nos.
08/046,159 and 08/015,225. Ribozymes may be directly
transcribed in wivo from a transfer vector, or

35 alternatively, may be transcribed as part of a larger RNA
molecule. For example, DNA corresponding to ribozyme
sequences may be ligated into the 3’ end of a reporter gene,



30 di sease being treated and could be readily determ ned by a

physi ci an or by a plant biologist as appropriate. Cenerally treat nent
woul d continue until the disease being treated was anel 35
The ribozynes Y 9¥#8%pr esent invention also have particul ar Pt bsEhosss
application to the inactivation of RNA transcripts in bacteria and

ot her prokaryotic cells, plants, aninmals g%j_ WO 96/ 40906

PCT/ AU96/ 00343 - 31- yeast cells.

In bacteria, R'\Vfdffaé]&r( 152t S aCffterf Qr +@%A8PA€ion stop PRGHRNI.ORRAGR, ®RMAI Ch

cause bacteri al c eat r}%?é'rra% a#) i\ctlvaged by transfecti nq_ a cell

with a DNA trané“P Fcu i p\/\,ﬁ?cﬁt $1138pdbfe THPZYBPo

ri bozyme in 5agaa,nst3rmaai@asw thgedtd opr eselmin igeidst.i On mbam:éllatrnam |t\h:et es

t he phage [ | f 'to
orfbl &, &n\égeywé *}‘is% b9zy g&omﬁ pw.bw gﬁed&% v

and taken u by %‘8% bacterl al tq effect Cleava
RNA. Sinil &r POEFERGRCPY &?afjﬁﬁ?‘i’% ¥egsayed. | n culture may, for
exanpl e, be prot ected frominfection or 10 di sease associated wth

nycopl asma i nf Q‘He' %mgoﬂlﬂage of this qu%%hl:? n In'a!ggﬁta J.Qlﬁrgiyé&nlﬁn%gtnge

i ke. RNA tranScripts in plants may be 1 nactivated using ribozynes
encoded by a tr&heFapYvEeERRiGIRS ¥ierfe OPr AXRIWLE ofeibs LIQR GhAden um

t umef aci ens. sufifferingu€hom V& Cdidesasedl @uch ast RaNST ££4d efbriciied &r@haat

cell and iy o0r ghedorthe CIAUNT™S: oy B SN H IS BE, 20RO

RNA pol ynmerase ‘eavage pecifiC
sequence. Eﬁd’@&éﬁeuiéxhgeﬁéb@?mﬁscqq th@CthBFantbe W?ﬁﬁ-’-@&ﬁ agemsn cel |

20 types may bed ﬁﬁ@f&|iﬂé’tﬁﬁﬁeﬂst@&Hehgaﬁﬂém&&d&eﬁd?pﬁi&ep&eﬁﬁf@et site
| nvent i on. (_‘[%?J 9: gaPat e%fﬂf r c! eca]ﬂ.%%nmxy %o erapy possihgl e

characteristics may BE o
using the ri boz?ﬁ§§ of Hhe EP@%%‘Pﬁlqem?éﬁ'@%W% gncoding ré#@?@%% cHedbisom

f][w tdolr tuseat dnseasesni kabeBRES o\ﬁhlﬁﬁc%5aratﬂﬁ§ eausenivbyviﬂ%l Ph&F UGkl ONn
of a deleteriou I’l or ver roau a aI‘tICU ar rotein.
The conpounds 1nke %%SE? bed" s ]é’g e eusé% Ofowgﬁo 3'% Ral & st"éripl ?’Fy by
destroyi ng the p¥Preaspdoelic |M'|lﬁtagmmg VAgtoreFHBhReas adendgvgrushe i n
vivo applicatioBactl ddiag iwazaTese ofed{idtani0 to i ﬂwn&hgectibzbuaﬁas,the

ani mal s, plant s, 30 UKALYOLS Gl a1eo AR KRELC 88 LEancch as T

henot ypi ¢ nodi
p yp 50

A transfer vector such as a bacterial plasmid or wviral RNA
or DNA or portion thereof, enceding one or more of the
compounds, may be transfected into cells of an organism in
vivo [See for example: Llewellyn, 1987; Hanahan, 1983]. Once
25 inside the cell, the transfer vector in some cases may
replicate and be transcribed by cellular polymerases to
produce ribozyme RNAs which may have ribozyme sequences of
this invention; the <ribozyme RNAs produced may then
inactivate a desired target RNA. Alternatively, a transfer
30 vector containing one or more ribozyme sequences may be
transfected into «cells by electroporation, PEG, high
velocity particle bombardment or lipofectants, or introduced
into cells by way of micromanipulation technigues such as
microinjection, such that the transfer vector or a part
35 thereof becomes integrated into the genome of the host cell.
Transcription of the integrated genetic material gives rise
to ribozymes, which act to inactivate a desired target RNA.



the treatnment of disease, it is necessary to introduce the ri bozyme
into cells whereafter, cleavage of target RNAs takes place. In vivo
applications are highly suitable to 35 t he conpounds as di scussed herein.
WO 96/ 40906 WO 96/40906 PCT/ AU96/ 00BGTYAU96/00343
- 32- Met hods for the introduction of RNA and DNA sequences into
cells, and the expression of the sane in prokaryotic and eukaryotic
cells are well known in the art for exanpt® as di scussed by Cotten
and Friedman [Cotten, 1990; Friedman, 5 1989]. The sane wi dely known

met hods may beTG?P?fQ%xYQQtorheexpresslpgeszbnzymeﬁenﬁlchls inventiochheay

conmpounds of t fbes baymxé oafrrayemdartq%pomt %d h8k0 cell £6F! Sehy1direct
cel lul ar uptake he ri I nvention woul d_cross

this
the cel nenbra%?rSFsﬁ%?loﬁaff ?%%Wﬁ sequenFﬁE eQ%FSE%??{H%%YTHﬁFﬁﬁﬁﬁﬁEnt
Agents may be eegkeyedncgding rikmsymeceequirnagisant uphik énventiomsnayi pesones

or lipophidic 1ncapaBT§“dﬁ Qépllcaﬂﬁﬂd in h&EH'Eﬁﬂakllﬁﬁd tﬁﬁg”ﬂé§ res §ECh
as ' dlneth U|fOXI The conpounds o?

present |nvent| ﬁﬁ? fﬁﬁ%xﬁﬁﬁﬁ?@dlﬂPtﬁg rlb°zyﬂﬁaﬁﬁ88€ﬁ??%mﬂW%F@%@ﬂ for'
veterinarally dbeepradhetianr pér PNan@nd RNA exansifent yeehoes, aseckeks known
inthe art, %lbgﬁic!l:-ijeand vn.rafad'd’ris%ﬁrﬁcéé‘q}r %ve‘i@t ﬁﬁowﬁaiﬂll r]:.qle (;%t Lpge and

vari ous sugar 20 solu£ % fatt Qci osones
penetrating Sg8qrd! ege OF o F7R %Q ﬁgéﬁt§a H°PheeF|Eé;eﬁ§qu§€Pkbed f or
exanpl e i1® Renil8gebn' s Pharnaceutical Sciences, 17th Edi ti on, Mack
Publ i shing Co., Easton, Pa., Edited by Gst ol et al., whichis

i ncor porated her ei n by reference. iculturally acceptable
carriers and e???ﬁ?€ﬁ¥sV%9Epﬁ%IV°uld gﬁﬁﬁﬁﬁfiW1qqm@I&ﬁF ahe innellgaeidat er;

surfactants; deegqugeté ssncodingpehki eibédyne Rifodagsadabée: tat e o%@@hﬁlyt al c;

I norgani c r. Or.g NLeS9 ut|o S. . .mneral_eart and clays
30 cal ci um caggé‘%éto 8 %%&%%lg cgﬁ Eﬁm SAPPRL AT e T PIErS A as
anmoni umul f afer &ﬁﬁﬁﬁ?ﬁﬁ?%hé%%hQPEl°%ﬁ¥%Y Eﬁﬂhﬁﬂaﬁﬁdunﬂn prokagmdtic

agr obact eri um anagbpcéBnrycaid eallsal spitiet profhoters an&xyag@bbeoﬁylgin
such as, for eéﬁgpé&esgrf@,gntrgﬁgr Wlleor mairbeBihSs DOl RR210"N e

i ke. 35 oun nvent (@e\Va
plant, anlmal bacterlal and other cell types are well

known in the art and are described for example in Hogan
20 [Hogan, 1986; 1989].

The ribozymes of the present invention have extensive
therapeutic and biological applications. For example,
disease causing viruses in man and animals may be

25 inactivated by administering to a subject infected with a
virus, a ribozyme in accordance with the present invention
adapted to hybridize to and cleave specific RNA transcripts
of the virus. Such ribozymes may be delivered by parenteral
or other means of administration. Alternatively, a subject

30 infected with a disease causing virus may be administered a
non-virulent virus such as vaccinia or adenovirus which has
been genetically engineered to contain DNA corresponding to
a ribozyme operably linked to an RNA promoter, such that the
ribozyme is transcribed in the cells of the host animal,

35 transfected with the engineered virus, to effect cleavage
and/or inactivation of the target RNA transcript of the
disease causing virus.



cbrrposition with one or nore anti-viral, anti-fungal, WO

96/ 40906 PCT/ AU96/ 00343

- 33- anti - bacterial, anti-parasitic, anti - prot azoan or

ant i hel mi nt hi cW@MHPYS her bi ci des, pesticides or the |ike, FPCT/AUPGH0343
exanpl e as described in the Merck Index (1989) 1ith Edition, Merck &
Co. Inc. 5 By way of exanple only, therapeutic conpositions of this
i nvention may be directed agai nst Herpes SBfipl ex virus types 1 and 2,
psoriasis, cervigal preneoplasia, papillom di,sease, and bacteri al
and prokaryotic 1 egi‘?‘a S o ht%ﬁ Presexy nERIERtARY, Baye eRanpierlar

i nvol ve topi cal ampliczdtioontof viral disbeaggsecawsddefot texaipldi,sepaseche For
exanple, in the, LheAbLeRLLET (HRAPSS Vi JLYiS (HrPPZYRRS. By be
formul ated into aengsa?n cant ai n:';nr'}g ((;1 co),ncen%!rél;{?Ion of'?gl.gl(%kﬁp' 0 100
mM ri bozyne, pr@f’@“ﬁﬁlef PINRPREn13Rf aniea L [H&RasayWEECh mayidhe pereansid ed
to the sites of iwiftdrttive pilbszymds t 6f 14hiay inventidqier insiide opseFidsiLause
amel i oration of yin : [ LoD, qs LQr e.final
devel opment of to ictél:?IquB .ﬂen%;ag}farﬁf'gfi n%qtﬁt%#xg?hglts%g fretr?t%ct&er%? us‘?‘r‘ld
i nfection, ProkesyPFieneRfegidaroxi ¥irgl of infectiopoz gnes merblastic
formul ati ons 20 condiniohsi agsddicvethwithothexprgiuetibe beShB&rihd kg nal
model , such as i fied r which vi.r . part.icles, such as
2 X 106 pl aque .ornr% négseu%l %s_ aré’?a %%‘3’.‘" nge%a,&#is"tee‘y{e&lai'nfbé‘&e?&ﬁ§ W us
particles ith thdnégrtappemwhich may rkayttyeated cih plangenwitherikbymes wdd
to investigatemd®s imfdmtGbhvenasdide t rRaig@ENt , imrEuHion0’ rbRAZWR] |
requi red and . i onsj der at i ons Si ar ;investigations_. in aninma
nodel s pri or tolﬁlﬁr?ac%l{%llgal gé?r%)l/ at%o re?@oﬁ;g}lit edtse3te) ané)eﬁ'r?ﬁaé,e in
respect of the BSéRcABAedofWisdorphants, vaapll ligfiection. di Sfasmyriciemliazal
pr eEeOpI asi a, angtepesl &maS?é U@&nﬁﬁ;nﬁ]cbvté)@getin‘gn 8abkORssoPAM& :w’i|th, or
prokaryot i in io a i.,nfection various neoplastic
Pondi ) ond> | wERdR “SameYobice  devalleREhECN. Bram e el o bt T
speci es. - IngsrpatienahPutdicasproalo agil i994LB6AS5 ar entyitrierchl "Malien t he
35 . fp[rr? of ceeaptle Wiknes! meih@%ﬁébﬂigiihbw%w%éﬂmen?k@@st And
m xed wi vi sc onpane : e ounds_o i S L nvention nmay
be i ncor por at edafg%f'gbﬁpapmos%hég%? -E%tehg'?’g?em 05, Hatene wo. 438043
entitled "Male Sterile Brassica Plants," S. Hoekstra et al.;

20 PCT International Publication No. WO 93/25695, entitled
"Maintenance of Male-Sterile Plants," M. Williams et al.,
claiming the priority of U.S. Serial Nos. 07/970,840 and
‘07/8992,072; PCT International Publication No. WO 94/25593,

. entitled "Method For Obtaining Male-Sterile Plants" Stiekema

25 et al.; PCT International Publication No. WO 94/29465,

entitled "Process For Generating Male Sterile Plants" Dirks

ét al.

The period of treatment would depend on the particular

30 disease being treated and could be readily determined by a
physician or by a plant biclogist as appropriate. Generally
treatment would continue until the disease being treated was
ameliorated.

35 The ribozymes of the present invention also have particular
application to the inactivation of RNA transcripts in
bacteria and other prokaryotic cells, plants, animals and
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- 34- barrier type preparations to shield the ribozynes from

nucl ease attack or other degradative agents (such as I and
adverse envi rYRMEAP8¢ conditions such as W | i ght) SEHE“Saﬁﬁiﬁ
Conpositions may be provided as unit dosages, such as capsul es (for
exanple gelatin capsul es), tablets, suppositories and the |ike.

I nj ectabl e conpositions may be in tRé-form of sterile solutions of

ri bozyme in salj gdextr 0s t ons

for oral §é%% nlgtrat?%nggéieﬁf %k?hér?g?ﬁfiﬁt%nﬁgpeﬁ?Fgg§amp

sol uti ons, ba%%’?ﬂpﬁpha@&psdlwéécm &Bué@sbaﬁt;leth@l | ¢4l deadwymeay g al so

be provi ded in {het Brapedf A @féﬂéﬂe@:tfl‘ﬂ sdistaipeqicel gasea transfer
i mpr egnat ed banda es,

Z‘ es,and t | ike, Thegnp unds 15 of t|s
invention may B ent®dddd *Fn aﬁ%’&?onﬁg gyoduc ngb 2odEgPeg¥EFe 12
pol ymers 5suc raccq;sianCpowwlad:&lecpremtd inventioPhehtidcdnkictalvatespoiss t i ons

whi ch may be usgih m sAlternam\éqrw%ea&@bg | heds £f fhyeKaMPhgeq i N
Remi ngton's TTFCEU'[I Clences, 1 The present
i nvention is fur? F?é’:a GRFER '8 Yo e fragters %?(pﬁ'é?ﬁ FoRL1Ba¥RET (R

conpri sing a gertee getARgeN8YAL | Sikcthily, eukapyotmtt: exndmptokergbnatocells

sequences at it Jnedbd RafndSr, examﬁl%spset b¥8£é(ct¥@§rf%‘oﬂx $AEd-OEHRT L
sequence on exp ession 25 % ovi d I boz DNA cassette may

further btd Jp%ﬁalseof ap aFthnsf"éFhve&YGPp ﬁ?‘f‘%bl énf%?tlc%nsf%??qehg t he
DNA cassett e i nifectploant forghl aimfaatsient and the ol kel ant genone. I n
a nost preferred enbodi nent of the present i nvention, the DNA cassette
is carried by broad host range 30 pl asm d and which is capabl e of

t ransf or mat i on B $rpREAYiPtS incplants grpgbagitastdvatrdisiaghribPArYTes DNA
on the left antencoded ilght aberdpster avecteet site BBI ok frar grpralydes, a

sel ect abl £ Mar |§§F Jb%ct%‘é?ﬁﬁxy()ttﬁge_gch&% erial g%r hgl rg | i c%é on

and opti onal
present invent |fd‘h‘=‘n£f§6t?ﬂc’r%§ Bl#rk cell aﬁéah%t‘%ﬂﬁtqeé‘nsf-g? siepzyes
genetic bul | et safee. proditfecc aidet the datigsi &f FNA tpslymsrasehigld vieawcity

mcro projectid@racr cleavage of a specific target RNA sequence.
Endogenous gene transcripts in plants, animals or other cell
20 types may be inactivated using the compounds of the present
invention. Accordingly, undesirable phenotypes or
characteristics may be modulated. It may, for example, be
possible using the ribozymes of the present invention to
remove stones from fruit or treat diseases in humans which
25 are caused by the production of a deleteriocus protein, or
over production of a particular protein. The compounds
described above may be used to effect male sterility by
destroying the pollen production in a plant. Furthermore,
for the in vivo applications of the ribozymes of this
30 invention in humans, animals, plants, and eukaryotic and
prokaryotic cells, such as in phenotypic modification and
the treatment of disease, it is necessary to introduce the
ribozyme into cells whereafter, cleavage of target RNAs
takes place. In vivo applications are highly suitable to

35 the compounds as discussed herein.
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- 35- bonmbardnent) and el ectroporati on anongst others [Mliga,

1993; Bryant, 1992: or Shi manoto, 1989]. The presen nis
al so directed P(?"é"%ofansgem c plant 5 resistant to a vi rE"s'J’M?Q‘;"Eén one
contai ning a sequence which gives rise, on transcription, to the
nucl ei ¢ acid nol ecul e nment i oned abov%ITHThi s transgenic pl ant,
including fruits, and seeds thereof, y be fromalfalfa, apple,

ar abi dopsi s, Methdi | & ¢hRAn e £880LE PSR BARCHNA CAUMALAUECinto
carnati on, fi%ava casuarl na, ., clover, corn, , cott courgette,
cucunber, eucal 9% dpEh enﬁ?‘BﬁeS%ﬁf then Fane 3t H%6: aryotlc £,

rose, snap dragew;ansmmaamem@um well akdewn yin the amlrffdromampm/eeé

pepper, tobacco-- S ed are
the plant cells C17 %{%orry%&&ﬁm@?@hﬂaegﬁ% Frée&fcé:orfec?‘g%%ll’a(rg\‘skgﬁlng%ector
as well &8s al989]. Eb@kaa%tw:éelaukm%me@h@ﬁsmaxtbe preidtized ani hoe
cell, co r’rppi-gséyg; imvemtGbgot i de sequence which is, or on
transcription gives rise to, the nucleic acid nolecule. 20 The present
invention will now be illustrated by way of non-limting Exanples
only, with refeFepceomeoynds fof | B sginventiggn Maynike Agcerrephreed apke
EE%#LE;G/ 243 cells bYOi9Pe4O UM lular uptake, where the ribozymes of thls
a
i 2y s L8ont a RS 97 "R 087U EREOTT b SRR P i 1 Wl
bet ween t he contke vestracelbbilatesenjigionnenhd Bpents m&Yebe employéere to

fol | owi ng advanéxalg@&e éenuz(alx) uptB&e @u&hzwqﬁa%wmég%rcIle.gz»sgg@n@t es
in vitro. See ovvlngEL atafor thet%st systems Interle

CAT, and "r‘T\’h‘i’a HRETERASHL TRyttt t O
activity agai ns@lmethylS@A'ﬁOPcnd@HOm@Itﬂae (lséte Exarrpl e 2). 10 (| i ) The
L2 mnizyge (IL2Mgtttt) shows activity agai nst

TTT)

The compounds of the present invention may be combined with
pharmaceutically and veterinarally acceptable carriers and
excipients which are well known in the art, and include
carriers such as water, saline, dextrose and various sugar

20 solutions, fatty acids, liposomes, oils, skin penetrating
-agents, gel forming agents and the like, as described for
example in Remington’s Pharmaceutical Sciences, 17th
Edition, Mack Publishing Co., Easton, Pa., Edited by Ostol
et al., which is incorporated herein by reference.

25
Agriculturally acceptable carriers and excipients are well
known in the art and include water; surfactants; detergents;
particularly biodegradable detergents; talc; inorganic
and/or organic nutrient solutions; mineral earths and clays;

30 calcium carbonate; gypsum; calcium sulfate; fertilizers such
as ammonium sulfate, ammonium phosphate, urea, carborundum,
and agrobacterium tumefaciens; and natural products of
vegetable origin such as, for example, grain, meals and
flours, bark meals; and the like.

35 '
The compounds of this invention may be provided in a
composition with one or more anti-viral, anti-fungal,



Interleukin-2 in PBW cells (see Experinent 3)(Seq | D No. 5).

Mnizyne gt t t t 15 [err] 20 1. Method for determ ning
rates of clea % [err]) by m ni zynmes. 25 In /00343
experinments, é‘gﬂgﬁ"{“ (gﬁns are optim zed so that the rat e- |Arctnﬁt| ng step
in the reaction is cleavage of the substrate. The substrate consists
of only a small nunber of nucl eotides, in order to prevent strong

sel f-associ ation, 30 and hence substrate33ssociation with the nminizyne is

not rate-1im.t ‘l?gg I n addition, the minjzyme congentration is
at |east two-folRPrE8CEFTtHan sufS aPBXBBALEN r at AGH: "PTOLRZQRR ch % hi gh
enough to ensur erdlihednbathit eagmitecuhesbacides, pesitdgndebyoni the \iniks,

Thus, the neaswgd &gl ilen alsNeffs 39 bedOXREMIHE Mk RN De 11dke8 Afth

cl eavage of the substrate. The substrate is labelled on its 5 end
with [[err]P]-p Qfe. Merck & fQed@Fal, the ninizyne and substrate are
heat ed toges her in buffer for two mnutes at 80[err] C w t hout

magnesi um in 0 : o .
PCT/ AU96/ 00343 By way of Vgta%@l% %Qﬁy, therapeutic COR_\%Qf_ltJ.OI‘J.S oforté'xelrs to

denat ure the nudif¥eBlier daypPecairactesorgaépst terpes SimpleKeyirus H@mSS
shown not to be nee@dsapy ipedridsiRer ebrvical GASLeoplaeis) eqyasia lomaction

o] 0O AR MU e b s s ABAEEE HEELE s
[err]M (t3Di caliTpREments Fayp afey examplper ipyplve tOPiE?‘}p?EBiljr%t,ion of
tenperature = 3tiGozphe8.td (i kiter b&ukiitedse. Foﬁndxiﬁléys?ﬁr’r&:}lteﬁgd
eact i on mxtur & ARCIRRF ot HEHRRE) wizus  Ae i, corEPERTES cibo Dy
addi ng excess Efpamuhated into a cream containing a concentration of 0.1 nM
to 100 mM ribozyme, preferably 1 nM to 1 mM. The c¢ream may
15 then be applied to the site of infection over a 1 to 14 day
period in order to cause ameliocration of symptoms of the
infection. Prior to the £final develcopment of topical
formulations for the treatment of <virus infection,
effectiveness and toxicity of the ribozymes and formulations
20 involving them may, for example, be tested on an animal
model, such as scarified mouse ear, to which wvirus
particles, such as 2 X 10% plaque forming units are added.
A titer of infectious virus particles in the ear after
treatment c¢an then be determined to investigate
25 effectiveness of treatment, amount of ribozyme required and
like considerations. Similar investigations in animal
models prior to human trials may alsoc be conducted, Zfor
example, in respect of the treatment of psoriasis, papilloma
disease, cervical preneoplasia, and in diseases such as HIV
30 infection, bacterial or prokaryotic infection, wviral
infection and various neoplastic conditions, which
neoplastic conditions involve a deleterious RNA species.

Compositions for topical application are generally in the
35 form of creams, where the ribozymes of this invention may be
mixed with viscous components. The compounds of this
invention may be incorporated into liposcmes or other



10 f or mam de. The sanples are electrophoresed on a

pol yacryl am de gel containing 7Murea, and the anmounts of 5' - product
and uncl eaved substrate are quantified using a Phosphorlgg&&r
(Mol ecul ar DyMW4M648996and | rageQuant sof t war e. Ki neti c 53 B are

obtained by fitting the data for % of 15 product formed (P[err]) versus
time (t) to the equation 34- Plerr] = Plerr] -
(exp(-k[err]t)P[err]) where P[err] 4s the amount of product at tine

t, Plerr] is thgaapDunt 28e prbaPhedHEE b tsiidi® Mdhe KEShEdyrhss t Beom
first-order rate-constan

_ for the reaction, and Plerr th
di ff erence bet wBBRFREE attacﬂfer‘&%nt%tg@rof f)?’lc')?]%]?ct'tlva?t f"g‘imf%rlr(]ss%’?g #s= 0.

This is a ngoheases omal ddvesteoedsirknnetixl ecpratiitdonér surhhashuv
k[err], Pi?éﬁi)?”d Plerr] are determ ned by |l east-squares fitting of
the data. 25 2. Sequences of nol ecul es. Upper-case letters
represent Pibonucl eotides, |ower-case 30 | etters represent

deoxyri bonucl eotbslpssitions malnter | prdorided syst emit( FeabBsNo. suechlOxs

Substrate (15- ”8£Qas§§es (for example 5 gwp%%do%;(?ablets’ Vo

96/ 40906

- 38- M ni z§@RPesitorigstand thef dike. fnjectable compositions may be
in the form of sterile soclutions of ribozyme in saline,
10 dextrose or other media. Compositions for oral

administration may be in the form of suspensions, solutions,
syrups, capsules, tablets and the like. Ribozymes may also
be provided in the form of an article for sustained release,
impregnated bandages, patches and the like. The compounds
15 of this invention may be embedded in liposomes or
biodegradable polymers such as polylactic acid.
Pharmaceutical compositions which may be used in this
invention are described, for example, in Remington’s
Pharmaceutical Sciences, see above.
20
The present invention is further directed to a plant DNA
expression cassette comprising a gene sequence flanked by
promoter and terminator sequences at its 5’- and 3’ends
respectively wherein said genetic sequence on expression
25 'provides a ribozyme RNA. The DNA cassette may further be
part of a DNA transfer vector suitable for transferring the
DNA cassette into a plant cell and insertion into a plant
genome. In é most preferred embodiment of the present
invention, the DNA cassette is carried by broad host range
30 plasmid and which is capable of transformation into plant
cells using Agrobacterium comprising Ti DNA on the left and
right borders, a selectable marker for prokaryotes, a
selectable marker for .eukaryotes, a bacterial origin of
replication and optional plant promoters and terminators
35 such as pGA470. The present invention also includes other
means of transfer such as genetic bullets (e.g. DNA-coated
tungsten particles, high-velocity micro projectile



10 M ni zyme dg[err]dc[err] [err] 15 Mnizyne c ct t

[err] 20 25 QO her interleukin-2 mnizynes. "X" represents
t he deoxyri bonucl eotides formng the |inker between _the

ri bonucl eot i d®§ 96/40908e vari ous sequences of "x" that have PCHAUABE ¢
appear in the following table (Table 1). 30 . [err] 35 TAT
system (Seq ID No. 11-13) 40 Substrate_(13-ner) 5'
GGAAGUC AGCCUa 3’ Mnizyne gttt =357 [err] 45 M ni zyne t
ttt S0 bomBhkhment) O8nd electroporation amongst others [Maliga,

19893; Bryant, 1992; or Shimamoto, 1989].

The present invention is also directed to a transgenic plant
5 resistant to a virus, its genome containing a sequence which
gives rise, on transcription, to the nucleic acid molecule
mentioned above. This transgenic plant, including fruits,
and seeds thereof, may be from alfalfa, apple, arabidopsis,
barley, bean, canola (oilseed rape), cantaloupe, carnation,
10 cassava, casuarina, clover, c¢orn, cotton, courgette,
cucumber, eucalyptus, grape, melon, papaya, pepper, potato,
rice, rose, snap dragon, soybean, squash, strawberry,
sunflower, sweet pepper, tobacco, tomato, walnut, wheat or
zucchini. Also included are the plant cells transformed by
15 the above-mentioned transfer vector, as well as a
prokaryotic, eukaryotic or yeast, plant or animal cell,
comprising a nucleotide sequence whickh is, or on
transcription gives rise to, the nucleic acid molecule.

20 The present invention will now be illustrated by way of
non-limiting Examples only, with reference to the following
non-limiting Examples, and Figures.
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- 39- CAT system (Seq |ID No.14-17) Substrate (17 ner) 10 5

UUCCAUGUC GCCAGAAT 3" 5 Mnizyme gt t t t

Mnizyme t t WQ96/40906 [err] 15 20 Mnizyme g gt t t'JCT’AU%’“‘P@rr]

25 Tunmor Necrosis Factor [err] (TNF[err]) system (Seq |ID No. 18-20)

30 Substrate (20-ner) 5" CCAGGBCAGUC AGAUCAUCUt 3

Mnizyme gttt t [err] 35 40 Menizyme t t t t [err]
Example 1

10

15

20

25

30

35

Minizymes containing the deoxyribonucleotides 4 (GTTTT) and
d(GTTTTT) between the conserved nucleotides A, and G,, offer
the following advantages:

(i) These minizymes show fast cleavage rates in vitro. See
following data for the test systems Interleukin-2, TAT, CAT,
and TNFo.

(ii) - The CAT minizyme (CATMgtttt) shows activity against
CAT in CHO cells (see Example 2).

(iii) The IL2 minizyme (IL2Mgtttt) shows activity against
Interleukin-2 in PBMN cells (see Experiment 3) (Seq ID No.
5).

Minizyme gt t t t

3’ .o XXXXXCA XAXKXXK . v eow s 57
.\ ~cue
¢n SEGU’/
St- -t

1. Method for determining rates of cleavage (k) by

minjizymes.

In these experiments, conditions are optimized so that the
rate-limiting step in the reaction is cleavage of the
substrate. The substrate consists of only a small number of
nucleotides, in order to prevent strong self-association,
and hence substrate association with the minizyme is not
rate-limiting. 1In addition, the minizyme concentration is
at least two-fold greater than substrate concentration,
which is high enough to ensure all substrate molecules are
bound by minizymes. Thus, the measured rate in these
experiments should be rate of cleavage of the substrate.

The substrate is labelled on its 5’ end with [*Pp]-phosphate.
In general, the minizyme and substrate are heated together
in buffer for two minutes at 80'C without magnesium, in



WO 96/ 40906
PCT/ AU96/ 00343
Obser ved cleqy

- 40 - 3.

gte (k[err] mn[err]) and extent of cleg¢3gRkdd3ad of

short substr‘? gy m ni zynmes with various |inkers. ("Table 1B)".

Experinental c
I nterl eukin-2
37[err] C, [Sub
TNFMgtttt] 4.
Expt. 3

U k[err]
3' cctt

0.011 (.001)
0.049 84.2
0.058 86. Is

0. 016 76. 3
gttt

0.113 (.008)
0.225 84.9 0.
0.253 84.1

0. 200 84. 3
gttta 10
0.024 (.003)

0. 043 (. 006)
0.107 83.9
82.1 0. 094
0. 049 82.4
gtgtt

0.180 (.002)
0. 069 (.005)
91.7

PCT/ AU96/ 00343

20

25

30

35

ondltlons: 10mM MgC [err], 50 mM Tris.HCI, pH 8.2 (for

and TAT systens) and pH 8.0 (for CAT and TNF[err] systens),

strate]= 2[err]M [Mnizyn@f= 5[err]M (except [TNCM ttt,

Expt . 2

3[err
J NLand39§§¥F§yﬁ%§IHHﬂ%§PC acid m°1eEPéP§} howsver Kyhdsr |
st hk$ebedn Shewni] hot t&Pbe netkessdy ihntemhmibernoZ 5'

caésgg ¢ t't['I;[ie Q:lgégagg O#eactionoig ]ijnigggted by a%iid':gz N@i" fo

the migtyry at 882§ [(Mgflgh)= dPmMy [Tris.HC1 buffer) =
)64 [BZndzyme] = 5 Qu6ltyplE)ly), Srsubderbtbic = 2 yM

(t?{qucglggig8tem;ﬁ‘a§ure 5 157‘:849“589 Q%gr( Olgleuk 2( 3)
args T4 gatems) and pH 8.0 (fay MY amgl BFa systgmsds. 3

B84 Qre taﬂé’_e:{ 1frc§ﬂ1t thé reaction mixtur®. 287 vaBdud

tlﬁlefGQa%% tém reacé:.on s stoppeé }a)y g%ézlr& eecc6§§)EDTA 8'-;61d( 3)

formamide.026 Tig5. Ssampl@s)2Aa1®. Electrophoresed on

pAYB1ahi 8 agel contaihi®d’ 7M &i:eQ and- 933 é%(&nfhts8 é)f8

85 p(rSo)gu%%7 gdoli%?leaveé% s(uf)Sté'FFFt ére quazi‘:hlfle% us:t(szgloftl

$hopphorImager (Molecular Dynamgiqy)8apdoDBigeQua8s $Qftwagtet.-t

Ki®e®48 %a%eters are cbtained b fn.tth@‘@ze( d8093) for 86 df5)

prggufzf gaﬂl%i (P? versuso t]i%]é g) 0%% th%f%xatloa 072 85.3
90 (6) gtttt(dg[err]dc[err]) 0. 041 90.0 0. 040
9& (L4:h>.( -Opé,)p(.&%bs(-_ﬁﬁ) WO 96/ 40906

where P, is the amount of product at time t, P, is the amount
of product at t = w, k., is the first-order rate-constant
for the reaction, and P, is the difference between the

percentage of product at ¢t = w and t = 0. This is a

conventional first-order kinetic equation from which Kops

Pa, aa F,are determined by least-squares fitting of the data.

2. Seguences of molecules.

Upper-case letters represent ribonucleotides, lower-case
letters represent deoxyribonucleotides.

Interleukin~-2 system. {Seg ID No. 6-10)

Substrate (15-mer)
5/ UCCUGUC UUGCAUUg 3’

X



-41- Expt . 1 Expt . 2 Expt . 3

Mean M ni zyrre i nker k[err] 9%°_ k[err] 9%°_ K[ err]

" € rr]) %'-‘_ ([err]) TAT tttt

o 574 0.4 Wolssbggl 1) 0. 0717 CT B8R4,

(2) gtttt . 0.179 89. 7 0.190 90.8

0.185 (.008) 90 (1) CAT tttt 0.186 82.9 0.175
84.7 0.181(.008) 282 (1) gt t t t~ 0. 526*
60. 8 0.448* 63.8 0.478* 62.8 0.48* (0.04) 62 (2) gttt tA
0.791* 72.0 MBOFymel At ¢ ¢ 0. 80* (0. 01) 72 (1) gt t
ttA 0.650* 63.0 @t taLng_a_CAo 453 368,964 _4.d "4

0.59* (0. 16) 65 (5) ggttta “cug .. 0.278* 68.8 0. 352*
67.6 5 0.32¢ (0.05) A 68 (1) “NANF[err] tttt

0.002 70.0# 0.002 70.0# G agub02 (.001) 70.0# gtttt
0.274 59.0 0.180 74.2 0.303 7 _90.25 (0. 06) 64 (9) #

fixed at this value. ~four different syftke§és, 71 average of data for the
four sythesges. * reactlond|§ bl,p‘hasm rate constant for the initial faster
reaction is ‘Si veriinizyme 9 cV\AD 96/ 46996, '

PCT/ AU96/ 00343 . Y 2%2s IR RS Moni zynes
with 5 d(GITTT) linkers have inproved cl ea‘vage activityin vitro
conpared with those with 5 d(TTTT) |inker Takdre” 2 System
k[err] (Myttis) k[err](Mttt) k[err]( tttt)/k[e_‘;"r](lvtttt)
t-t-t”

Minizyme c ¢ t t

3 a-g-g—a-—Ca a-a-~-c—g-t—a-a-c 5’
20 A “CUG
A A
G {%GC
t c
Nt —c”
25 : '
Other interleukin-2 minizymes. "x" represents the
deoxyribonuclectides forming the 1linker between the
ribonucleotides. The various sequences of "x" that have
been tested appear in the following table (Table 1).
30 _
3 a~-g-g—-a-CA a—a—c—g—t—a—a—c 5
A C'UG
A
G AGU/
35 x’
TAT system. (Seg ID No. 11-13)
40 Substrate (13-mer) 5/ GGAAGUC AGCCUa 3¢
Minizyme g t t t t
3’ a-g-g-t-c—c-t-t-CA t-c-g-g-a-t-c-c~-t-g 5’
A T UGy
45 A A
G acuy”’
t g
Nttt
Minizyme t £t £ t
50 3’ a-g-g-t-c—c-t—t—CA - t-c-g-g-a-t-c—c-t-g 5’
A G _
A A
G AGU
t

t
55 AN t—t/



Interleukin-2 0.270 0.051 5.3 TAT 0. 185
0.071 2.6 CAT 0.59 0. 181

3.3 TNF[ err 0.25 0. 002 125

The data in tE@PE06show that the minizymes with gtttt |inkEriAU6/00343
consistently show k[err] values of 0.2 mn[err] or better. Since we

know that IL2Mytttt, with k[err] = 0.27 mnlerr], is active in cells

(see Exanple 3), we can conclude that a minizyme with at least 5 this

| evel of activitgarnsypdedd) Videa0 IpyRbem siygul d not be hi ndered in cells
by its k[err] value (1.e. rate of cleavage should not be rate limting
in cells), all oShbsttategklBbaiery equal 5’ (SUCKABSUC BEERGARtt e3bei ng
accessi bl e). 10 Exanple 2. Mnizyme Suppression of CAT Expression in CHO

Cel | s. 5 | nt Méabeymerg t t M & zynmes are sequence specific RNA

endonucl eases derived from3’ 3aseafddre-hd®ner he&dSr8beSrhes®y &l nmination
of helix Il. 15 Mnizynes have been sho to hiveit significant in
vitroe cl eavage activity against both shprt RNA tqé s as well as long
transcri bed gRNA. This report describeg the tegting of a

particular mnizynme targeted against the~gonRNA-Of CAT

(Chl oranpheni col acetyl transferase) expressed in a mammalian 20 cel
i ne. The m Mizyzgmeitst & ¢hineric DNA/RNA nol ecul e synt hesi zed
by solid phase net hods3‘and-far-grgf-eeaeddi nt o cacChier-c-t{tH n&e hanst er
ovary) cel L5 ine stably expressing CATR CUG~\yD 96/ 40906
PCT/ AU96/ 00343 A B43- Experi nent al
Pr ot ocol A CHO based. CAT expressi%g cell I'fAE MC 11, in which CAT is
expressed fromthe Human netal |l ot hi onefs.J 1A ) pronoter, was used in
all experipgnts. The MI pronoter is transcriptionally 5 active at very |ow
metal concentr at voRi ARkk & reasenabl e | evel of CAT expression is
observed in the absence of 3'nduckighgby-adied c-oefat-sc-t—t-a 8:x 10[err]
cells were plated out in EMEM contai ni ng 1@9@foetﬁG.c§Qj

A

1 I'd

25 G AGU
t g
Nt-t-g”

Tumor Necrosis Factor o(TNFa) system. (Seq ID No. 18-20)

30
Substrate (20-mer) 5’ CCAGGCAGUC AGAUCAUCUt 3
Minizyme g £t £t t t
3 g-g-t—-c-c—g—t—CA t—c—-t-a-g-t—-a-g—a—-a 5’
35 A UG
A ~a
g g/AGﬁ
Nttt
40
Minizyme t t t t
: 3! g-g-t—c-c-g-t—Ca t—c—-t-a-g-t-a—g—sa-a 5’
A CuG
A T
45 G AGU
t

tl
Nt



10 serum and allowed to attach overnight (14-16 hours). The cells wer e
washed once wwth 1 x PBS to renove serum then the test nol ecul es
(pre-treated yé &%Rﬁi nutes with 1[err]L of |ipofectam ne SG BCO BRL,

Li fe Technol og) &% ryland, USA) in serumfree EMEM W APHGAL [ | ed
to the cells. The final concentration of test 15 nolecules was 10 [err]M
After four hours both serum and Al anar Bl pe (Al'amar Bi o- Sci ences I nc,
Sacranento CA) (each to a final concetitfati on of 10% was added to
the cells and incubation continued for a further 18 hours. At this tine
t he super nat ant was renoved and the cunul ative cel I met abol ic acti vi ty

det erm ned 20 3.by Mmedr@eavme aRtee .. omin 3 and; extentopf cleavage (7R ) i short
reagent. Th wer.e harv U iipimassayed (Sl eigh,
3Bt By Wil VS S HhaGAT (bl

1986) .

PCT/ AU96/ 00343 -44- Al amar Bl ue
Assay. Alamar Blue is comrer ci al mat eri al desi zfned for use
in cyt ot oﬁmnyleatsls@}asmm* 100N Mg Gl.c30 miy dris.TiCd, pH f52 tor {ngerleakinZoand

oagont 15 rent] iR GO WHTAT Bl TRER Bl S Dl B, 0°

f1 uorescence. [NéniBpide) =08V i(bicestd TNGMme, AINENMgfuoy s14.3uMpf Al amar Bl ue by

absor pti on spectroscopy. Target nmRNA 10 The target site in the CAT
MRNA corresponds to CAT site 3 descri bed in Hasel off and Gerlach
(1988). The cl eavage tripl et xptl S a Spte aEP,‘ﬂ t | ocat eqgégmnar ds the
3" end 662 nucl eoti des fromthe AT art codon 15 Sequences_of

mol ecul es Minbzyhredinken| ecukgs %4Pe akd,I ol%Rs kSeqBPD Ny, 20824)%P. (6)
Lower case letters are DNA, upper case letters are RNA. t RNA

Yeast tRNA (SigRRdasbpenol / Chl orof orm extracted. 20 Nerr] 5'
nnn nnn nn nnrg, NAn- nn 3 (n=a g, cort) CAT Anti sense 5 att
ctg ccg aca t gaa 3 CAT M ni zyne 5' att ctg cc CUGAUGA gtttt

GAAAC at g gaa <3tt CAT | n&81G v&#M ni0AYinB# 5' att ctg cc CUGAIGA gt ¥t
GAGAC at g gaa &t 25 Bold Gin CAT lowscgiive bbasispne repoesens ths 2

mut ation that i 0058 86.1 0064 82.1 0.061 (004) 84 (3)
ttete 0016 763 0015 80.0 0016 (001) 78 (3)
gttt 0.118 823 0107 845 0.113 (008) 83 (2
gritt 0299 835 0287 853 0225 849 0270 (040) 85 (1)
gtitet ' 0287 824 0253 84.l 0270 (024) 83 (l)
gttty 0200 843  0.169 88.6 0.185 (022) 8 (3)
gttta 0026 859 0022 94.7 0.024 (003) 90 (6)
gtttta 0047 810 0038 884 0043 (006) 85 (5)
gttg 0122 823 0092 898  0.107 839 0.107 (015) 85 (&)
gttttg 0.101 821 0.094 84.2 0.098 (.005) 83 (2)
ggttt 0049 824 0048 894 ' 0.049 (001) 86 (5)
gigtt 0.178 830  0.181 832 0.180 (002) 83 (1)
gltgt 0065 939 0072 853 0069 (005) 90 (6)
gt (dgdc'*?) 0041 900 0040 917 . 0.041 (001) 91 (1)

SUBSTITUTE SHEET (Rule 26)



i nactivates the mnizyne. 30 WD 96/ 40906

PCT/ AU96/ 00343 -45-
Resul ts. Tabl e 3. Data fromthree |ndependent Experinents
Tr eat nent WO 96/40906 Repl i cas CAT Activity [err] SEMAugmoﬁgarrar
Blue [err] SEM Experiment 1'
serum starved + 3 9385.4err] 318 1.08 [err]
0. 06 | i pof ect am ne b 3 3788 [err]
603 1. 19 [err] xefel AndixBbAse  Expt.3 3 Mean 3885
[err] 490 Mlmzvmelmkero 9% [ gy | 05 gplnagtiv M ni, z
7043 [err] ? Ok"" #E. 88 e;?él?“r] Okﬂin??*? %f (N[ err]
3 F254—terr1—8+6 8—966~terr—8-06
Exper-i ment gAr serum starved + 2 10573 455 1. 045
[err] 0.03 ., Iipofect a”bﬁ‘ﬂ 80.1 L RNRog7 919 00% (005 91 @
9680 [err] "6b6 938 [err]]] 0.6 M nzyne 0.185 (oo) % (]) 3
4943 [err] 8§74 0”(3 3 [P P02 Ant i sense %185 (008) M 3
5073 [err] 467 0.883 [err] 0.01 | nactive M nizyne 3
6641 [err] 42 0.872 [err] 0.05 N err] 3
360 ,[e”% gﬁz | 0.tks 85 ol € pl7508fP 0.181(008) 84 (1)
perien gttt 0.526* 60.8 0.448* 638 0478 628 048*(004) 62 (2)

g 0.791* 720 0.809* 714 0.80* (001) 72 (D)

gt 0.650% 63.0

gttt 0.453* 61.0

gret 0.59*(0.16) 65 ()

ggtit 0.278* 688 0.352% 676 0.32%(0.05) 68 (1)

TNFa

Tttt 0002 7004 0002 7004 0.002 (001) 70.0#

gttt 0274 590 0.180 742 0303 587 0.25 (0.06) 64 (9

# fixed at this value.
~ four different syntheses,  average of data for the four syntheses.
* reaction is biphasic; rate constant for the initial faster reaction is given.

SUBSTITUTE SHEET (RULE 26)



serum starved + 2 4143 [err] 269 0.89 [err]

0. 05 | i pof ect am ne t RNA 3 5646

[err] 235 0.781 [err] 0.02 M ni zyme

2855 [err] 49?’096/40906 1.031 [err] 0.07 Ant i sense PCT/AU%/&’W 3

2978 [err] 259 0.712 [err] 0.10 | nactive M nizyne 3

5969 [err] 225 0.778 [err] 0.04 N err]

3 2210 [err] 195 -42-0.767 [err] 0.04 WO

96/ 40906 PCT/ AU96/ 00343

- 46- Tabl e 4 Mean [err] SEM CAT Expression as a percentage of

Control . GCont Mihizymesewitle riId(GITAIT) elinkers. hpvef mpravet rtﬁedvﬂg:bah@ﬂr[zt?edni vitro

Tr eat ment erinen nt. 2 Experiment 3 Mean [err] SEM

Cont r ol I{%‘Fﬁ“@‘hﬁe Wit gdﬁ%ﬁ}“&ﬁs 100 6.5 100 t RNA
[err] 6.8 136.3 [err] 4.2 114 [err] 22 M ni zyme

40 4 [err] 15 9 8 [err] 19.7 68.9 [err] 17.2 52 [err] 9

Ant i sense 4Tableperr] 12.6 48.0 [err] 9.2 71.9 [err] 8.7 54 [err]

9 | nactiv M ni zyme 5.0 [err] 9. 62.8 [err] 9.7 144.1
[err] 3.8 9§Yfé‘}r] 25 kw[dﬁfﬁ“? &‘f@rr] 12. kas Mgk 8. 0
53.3 [err] 8.8 57 [err] 11 Fi gure 1 shows the CAT Expressmn

(Mean [err] SEMj TOr DITTErent 5 treatments: —Eachexperment—s perfor med
in triplicat enterienkjoe 0.27@ b0l t he extent of Al anab.Bl ue Reduction

mean SEM i he sa L.ments as in Figure 1 tent of

geduct i onlvgel'g ’iés to g@t@%gﬁﬁcl activity of the cel Psgacjuri ng the 18
hours post- CAT transfectigpe 10 Dp3gyssi on. The CAT mj132yma
contained the new linker 5 gtttt. \Wen tested against a short 17-nmer
synt hetic RN%Wstrate in%#ro at 37[erPP2 15 the minizyne BPeaved

the substrate with a reasonable rate constant (- 0.5 mn[err], t1/2 -
1.4 mnutes) — I alt EXpertents a

The data in table 2 show that the minizymes with gtttt linkers
consistently show kys values of 0.2 min! or better. Since we
know that IL2Mgtttt, with k,, = 0.27 min', is active in cells
(see Example 3), we can conclude that a minizyme with at least

5 this level of activity in an in wvitro system should not be
hindered in cells by its k,, value (i.e. rate of cleavage should
not be rate limiting in cells), all other things being equai
(such as target site being accessible).

10 Example 2. Minizyme Suppression of CAT Expression in CHO Cells.

Introduction
Minizymes are sequence specific RNA endonucleases derived from
standard hammerhead ribozymes by elimination of helix II.
15 Minizymes have been shown to exhibit significant in wvitro
cleavage activity against both short RNA targets as well as long
transcribed RNA. This report describes the testing of a
particular minizyme targeted against the mRNA of CAT
(Chloramphenicol acetyl transferase) expressed in a mammalian
20 c_ell line. The minizyme is a chimeric DNA/RNA molecule
synthesized by solid phase methods and transfected into a CHO
(chinese hamster ovary) cell line stably expressing CAT.

SUBSTITUTE SHEET (RULE 26)



constant number of cells (8 x 10[err]) were seeded and treated

identically with the exception of the added oli gonucl eoti des. Based on
observed CAT activity, the random 17-mer does not 20 ap

appropri at e ®n®a49P06nopl ecul e. Accordingly t RNA was i ngﬁ%ﬁr@e‘}ﬁ"’@i‘fm of
the experinents to provide an alternative control. The m ni zyme
and the DNA antisense show simlar |levels of 25 suppression (52 9% 54
9% respectively) and both are: si gnifgzcantly. nore effective than the
i nactivated mnizyne (94 [err] WO 96/ 40906

PCT/ AU96/ 0034 Experimental Protocol -47- 25% nean
resul ts Tabl e ) emo MBlSedOblly { bEp iUt 1A e AN I SPTIEI AN CAPONL NG

activity in this cultgged cel | stem ave been mn

danger of sel CHITFSE lfﬁa‘lf‘e”iﬁ i msta%lﬂﬁmqeé\?eﬁfas“aﬂs@amﬂten ywas
control and haweed hier efldr @experinemist.or €the MY patomotergbs erxdnametiphobnsbly by
Al amar Bl ueg actrl%@UQE'@é'Qy a;%wamé‘@aés'&ﬁc&fzt{{@iép%‘h'df bCH Ve ariiRe 1E‘?r§i of

nol ecul es. iS Interesti to nQte that the mni ymewsap

| ess t OXi &ﬁ%ﬁ‘?ﬁfﬁé%ﬁ?. ‘s% erNegl thek ?era}k?ﬁfrﬁ‘F? ab‘l"cg“‘? gﬁr@

10 Therefore twetalsd.ative activity of the mnizyne may be greater t han
that of the anti sense since a proportion of the apparent activity of
the anti sense nol ecy ould result froma reduction in cel]l ﬁabolism
conpared with %%lli’yrﬁ? Se¥EEY E{l@tpg out 15“%%"@%5‘1“1“‘—’1'%9 'acfPF\FF‘ i 8&lbf

DNA- ar nred x@ bcmgmms azdd afilawed nes aagachsovernidhtt diibetki mwrsiRNATha velbs

The nol ecul es f dé‘;sée %hgé) once Ul%hf 9l LOWHRg 1| Aaihes s(a_%m?]) Pﬁ%e £ DRENcest

synt hesi zed an actjvity using one ar assays
descri bed bel dvelecul%|‘eear5r%q6§ SoRafPeRHERES |”&6?y?1/é1’ m Hipofectamine
deoxyri bonucl e(@Iaf®s BRI, Lifet Feclknai®gikscMapptiandi, zBSA)0 ihhsesurbSireat EMEM)

Mol ecule 3 is x?ez?é PRl 2284 "@J“"E%%héé‘i!l%' boﬁﬂ@f&h”b&ﬂéﬁtx"ﬁtﬁ'& a of ! DKEL

of se uence re aCl n stem
q leégles &as p ter four hours

oth serum ané giamar Blue
(Alamar Bio- Sc1ences Inc, Sacramento CA) (each to a final
concentration of 10%) was added to the cells and incubation
continued for a further 18 hours. At this time the supernatant
was removed and the cumulative cell metabolic activity determined
20 by measuring the extent of reduction of the Alamar Blue reagent.

The cells were harvested and CAT activity assayed (Sleigh, 1986).
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ri bozyme. Molecule 4 is a minizyme with 5° d(GITTT) |inker, whi ch has

been rendered inactive by replacing the conserved Alerr] by a G

Mol ecule 5 is a DNA antisense control with sequence 30 conplenentary to the
15- nucl eot i dewoa6@eM6sequence. Mol ecul e 6 is a DNA cont F’GF’W?’WY‘? e
sane base conposition as the DNA antisense, but with scranbl ed
sequence. Molecule 1 is a 15- nucl eotide, synthetic substrate with the
sanme sequence as that targeted in thesdt2 mRNA;, it is used to
determne 35 cleavage rate constants for the ribozynme and mnizynmes in
vitro. In t%%ﬁu@g'&%sﬁﬁféﬂ’ow, ri bonucl eoti des are denoted by WO

96/ 40906 Alamar Blue is a commercial mabPe&Fi#196e80348a for use in

etters (SeocVBRES CELL NG B B R

o0 ers (LDE/EORERAEShaA CAZO L N UGkl ROV 8 Feauces

i nt erl euki n- Qngﬁgwl@@ﬁ&g% an energy dependent fashion. The reduced form

| L2S15 5 3f the redgent] is readily quantifiedDhij- aitReél r ibHozySotdeAdnDNA

20 3. spégé{-\]lm or by fluorescence. vﬁ h%@'MLH&P tqlngIIuééé' ki'eorm

of Alamar Blue by absorption spectroscopy.

Target mRNA

10 The target site in the CAT mRNA corresponds to CAT site 3
described in Haseloff and Gerlach (1988). The cleavage triplet
is a GUC site and is located towards the 3' end 662 nucleotides
from the ATG start codon.

15 Sequences of molecules
The test molecules are as follows (Seq ID No. 21-24):
Lower case letters are DNA, upper case letters are RNA,

tRNA Yeast tRNA (Sigma) Phenol/Chloroform extracted.
20 N, S5' npn nnn nnn nan ann nn 3' (n=a, g, € or t)

CAT Antisense 5' att ctg ccg aca tgg aa 3!

CAT Minizyme 5' att ctg cc CUGAUGA gtttt GARAC atg gaa 3°

CAT Inactive Minizyme 5' att ctg cc CUGAUGA gtttt GAGAC atg gaa 3!

25 Bold G in CAT Inactive Minizyme represents the mutation that

inactivates the minizyme.

30
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4. [err] i nactive mnizymne WO

96/ 40906 PCT/ AU96/ 00343

- 49- 5. 3' aggacagaacgtaac 5' DNA anti se I

| L2AS 6. WO 96/40906 3' a3t cgcagaaagca 5 DNA r andgéfmé égn"ge
control 1L2C

[err] 5 mnizynme with dCCTTIlnker

IL2M err] 10 A A 5-15 Preparation of

ol i gonucl eoti de The ol i gonucl eoti des were synt hesi sed on an Applied
Bi osystens 20 (ié"é‘["er Cty, CA nodel 391 synthesiser using protected DNA
phosphoram di t e ﬂpmers and RNA nononers, protected at the 2' - hydr oxyl
by tert-butyldi rret ylsilyl groups, fromMIIlipore (Mar | borough, M.
For conveni ence pafa fiohthreeIndepen8atExpbridaenis’ nucl eotide in all nolecules is

a deoxyri bonucl eotide. The 25 nmet hods used for the deprotection and
gel -purificati OD_.DL_LhE___aLLg.ODuCLEOIJ_dES_JAELe—.as—deSCLLbed_pLEVI ously

Used oo ot oTEMAGE n bel I's MR prectbl 49Pea R coMePaaier Man Lﬁﬁ;
onTacetate anmd 809 et hranct—ang—them washed 30 W C

fromO0.3 M sodi

(rather than once) in cold 80% et hanol bg&me1rdryi ng under vacuum The
ol i gonucl eoti des were re-dissolved in aut ocl aved, de-ionized water. The
concentrati ons edfumni dtasved + 3 9385318 1.08 & 0.06
lipofectamine
Minizyme 3 3788 =603 1.19£0.06
Antisense 3 3885+ 490 0.975£0.05
Inactive
Minizyme 3 7043 £ 695 1.085+:001 (n=2)
N, 3 7254 + 876 0.966 =0.06
Experiment 2'
serum starved + 2 10573 £455 1.045=0.03
lipofectamine
tRNA 3 9680 £ 656 0.938 +0.04
Minizyme 3 4943 £ 974 0.953 £0.02
Antisense 3 5073 + 467 0.883 £0.01
JInactive Minizyme 3 6641 £ 642 0.872£0.05
N,, 3 4260 + 342 0.857 £0.05
Experiment 3'
serum starved + 2 4143 £269 0.89£0.05
lipofectamine
tRNA 3 5646 £235 0.781+0.02
Minizyme 3 2855491 1.031 %0.07
Antisense 3 2978 £ 259 0.712£0.10
Inactive Minizyme 3 5969 % 225 0.778 £0.04
N, 3 2210195 0.767 £ 0.04




ol i gonucl eoti de solutions were determ ned by UV spectroscopy usi ng the
follow ng nolar extinction coefficients for the WO 96/ 40906
PCT/ AU96/ 00343 50-

nucl eot i des alVOYHOMA A 15,400, G 11,700, C 7,300, T and UPETAUISDEHY
Lnol [err]cnferr]. The purity of each oI i gonucl eot| de was checked by
phosphorylating the 5 end using [[err]] ATP and pol ynucl eoti de ki nase
(Boehri nger Mannheim Gernany) as descri bedépreviously 5 (MCall et al.,
1992). The oligonucl eotides were stored at -20[err] C

Det er mi ni ng r dablg4of cl eavage (k[err]) by minizynmes 10 The rates at

whi ch the mni zyrres I L2 err] and | L2|V[err%) and ri bozynme (I L2R- DNA)

cl eaved thelr% 3‘@%?‘?“&?‘@" 12S15) were deternmined in 10
mv MyCl [err], ¢ henim sgeyed .25, at 37 Cwith 5 [err]M
m ni zynme and ' '

%ﬁﬁ%ﬁ&ﬁhﬁ%ﬁ&%ﬁﬂﬁﬂb&ﬁﬁw
end with [[ergll; Emosphaggi aa 1 an r at eat ed
Ha m nut s at Bt tt3 . ﬁ

together in bufter for t O[er put to err]Cfor 2
m nutes, cent 055 3 €n returned to
37[err] C for Zryaanut es . before smagggmg thel;;(,ga_qtzl on Rys 2di ng MgCl [err]

(at 37[err] C) Mifizjnite 408 Xiswre. Tigmaplume ofsd-hpareacspen m xture was
generally 30 atisehser r] L. 412+ {25 r] L &0gdes wergduken at s¥api ous tines, and
t he react isativei n t hese were quenched by adding 4 [err]L of 20 nM EDTA,
80% f or mam de, Midizg®¢ br onPheh®? bl uet28iP. V. 1% xiMdd.8cyan8#£25he sanpl es
were el ectrophbar esed on #3A5W%Ipol yatd34 i de g83+88 conakdl ng 7M urea,
and the amounts—of 5 -product and uncleaved 25 substrate were quantified
usi ng a Mol ecul ar Dynam cs Phosphor | mager (Sunnyvale, CA) and

| mgeQuant software. Kinetic paraneters were obtained by fitting the
data for % of product f or med céa,‘lle”]) versus tinme (t% to_the_equation
Plerr] = P[erﬁ*@réeﬂ(-ﬂ%‘fsr]tt}ﬁ?[ r |B¥P¥esshARr dMeRRr £] SEN) { fer aRbikrret
product at %1i nxdatmehesr|Eashtdypeatinant bé perfopmedutid tatiplizaferr]|Figure
klerrl, s NG ighchls OhdCExialedRORSLARL 4 tﬂ%@uctéoﬁe@rfetahoa sgiaf fzi Ud

is the difference between t per cent age o =lerr

= 0. This i s £FEnFEREFHIRALSt F? sin drigere 1. l@i"r’f@f"ﬁc"gq{%ﬂ‘i"&’rc’f’r ?ﬂ-%ﬁ%l’rm
k[ err], P[err mexadoRfier rdctavatgetas nthed deplss dwedsiy- sthear 28 fhioutrsngoadt -t he

data. The quotgd fFLerggpStants
10

Discussion.

The CAT minizyme contained the new linker 5’'gtttt. When tested

against a short 17-mer synthetic RNA substrate in vitro at 37°C,
15 the minizyme cleaved the substrate with a reascnable rate

constant (~ 0.5 min"', t'/, ~ 1.4 minutes). 1In all experiments a

constant number of cells (8 x 104 were seeded and treated
identically with the exception of the added oligonucleotides.
Based on cbserved CAT activity, the random 17-mer does not
20 appear to be an appropriate control molecule. Accordingly tRNA
was included in two of the experiments to provide an alternative

control.
The minizyme and the DNA antisense show similar levels of

25 suppression (52 + 9%, 54 i+ 9%, respectively) and both are
significantly. more effective than the inactivated minizyme (94 =+
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SUBSTI TUTE SHEET (RULE 26) WO 96/ 40906

PCT/ AU96/ 00343 -51- are the nean
({err] standard devi ation) of at |east two experi nments. 5 Assays
for interl eukiff %4096 Abbr evi ati ons: PBWN (peripheral bl S&8/AU8HA| ear
cells), PHA (phytohermaggl utinin), 1L-2 (interleukin-2). 10
Interleukin-2 is synthesised and secreted by T-I|ynphocytes fol |l ow ng
their activation by antigens or mtogens. -k~ experinments to determ ne
how wel | the test nol ecules could suppress the production of IL-2, an

enriched popul%Ryonmean resRikmnTEBEMN 4l cel TRUSHIPRER r Bh2 f BEREEYTR 1304 hiehe

t est nol ecul egntlizenzd tEenshéving aicrdviky hirPlAisocplodimsd dd1l12 syktenl |
cases, t hese test nolecules were co-transfected with 1 [err]g tRNA and
their. effects on IL-2 levels were determned relative to the ef fect of
the control wiehaygsbeer mingfuingf theedapgrmief Selecting a siggdet pyotrin
assayed by shree mmiRodisavdln afie aneépadfibicy wane26lassayclavaidiheeéfordy

measuring the r%{%;[%dof thFe Siiher nat ﬁfa%e}‘lf\%rgt%&qsga\/%}?el I

te
the growt h of - dependen nouse n anot he Asl%rr?%g IIOIE

produced by PBreduction) cas|a neRsHEE f the PEMEACHEY (He thanteHemodecyles.
| evel s were 1t aSsantserdigtangl Yobot@atati et heniFywd N sofagphaeeatiyuleded
25 cells. In [t o] -RLO- assa ' Qassay il Gh p; re

free and recep orl-ébgtﬁ}ﬁé ?%Q%%%\%g%gs%é?‘f éslmaécf&;w . _§ m 3, Pigui&2).

10 Therefore the relative activity of the minizyme may be greater

than that of the antisense, since a proportion of the apparent

activity of the antisense molecule could result from a reduction

in cell metabolism compared with minizyme treated cells.

15 Example 3
The activities of DNA-armed ribozymes and minizymes against
Interleukin-2 mRNA in vivo.

The molecules tested.

20
The following molecules (2-7) have been synthesized and tested
for activity using one or more of the assays described below.
Molecule 2 is a hammerhead ribozyme with deoxyribonucleotides
in the arms which hybridize to the substrate. Molecule 3 is a

25 minimized hammerhead ribozyme (minizyme) with a linker of
sequence 4d(GTTTT) replacing stem-loop II of the full-sized
ribozyme. Molecule 4 is a minizyme with 5’ d&(GTTTT) linker,
which has been rendered inactive by replacing the conserved A.
by a G. Molecule 5 is a DNA antisense control with sequence

30 complementary to the 15-nuclectide target sequence. Molecule €
is a DNA control with the same base composition as the DNA
antisense, but with scrambled sequence. Molecule 1 is a
15-nucleotide, synthetic substrate with the same sequence as
that targeted in the IL2 m-RNA; it is used to determine

35 cleavage rate constants for the ribozyme and minizymes in
vitre. In the sequences below, ribonucleotides are denoted by
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| ndi rect bi o- assay. This assay is specific for interleukin-2 and is
based on the 30 absolute requirement of I1L-2 for the gromh of CTLL cells.

Before use, the CILL cells, maintained continuously proliferating in
conpl ete medi a728H%Mi ng added IL-2, were washed 3 tinesP ‘FW%W&‘%te
medi a wi t hout added IL 2(Tabl es 13a and 13b). 35 - WD 96/ 40906
PCT/ AU96/ 00343 -52- In
mcrotitre trays 100,000 PBWN cells (enri chedf-in T-cell s) wer e

transfected in @tyg;{_ RP. S 10% f serunm) with
the test and co %%Fecu %g}%t rgé ‘%@ 8 ¥ OJEePqu:ﬁﬂ%s Lyu%?ﬁﬁrﬁse
[err] g/ nLDOTAP X5d&si §ed MAr¥meidh-3¢ar rrany) according 5 to the

manuf acturer's instructions. After a period of 7 hours, the cells were
stinmulated with 5 [err]g/nL PHA (Signa). After an additional 15-20
hours, supernatants fromthe PBWN cells were serially diluted and, in
trlpllcate 0 [e”]Lf’OMﬁFﬂ wer e add 000 CTLL ceIIs
in 20 [err]L51mcaid|a The CTLL ce éb?gi A\j\ﬁetg% al | oned ¥ W%

were pulsed with [err]Hthym dine for 4 hours, were harvestedLngmd then
t he DNA- associ ated radi oactivity was determ ned. Sl ow grow h of t he

with good ct|V|ty agai nst interl i n t he OB rikozymge

CTLL cells (I O:ﬁfl evel of,,i ncor RO at ed errl Ht hyglp' di ne) i ndi cates | ow
| evel s of intefTeukin-2 % n %e ségsrn i t28%d 5 hence a test nolecul e
per cent age Thhi bition of IL-2 by Aest nol ecdE-2R-DNA npasured in the

range where the cell grow h-r Ate QU Ilnearl y dependent on the anpunt of
I L-2 (Sioud, 1994). 20 Di GectAbl 0- assay. PBWN cel | s were
transfected with the test nol ecul estﬁor 12 hours, stimulated with PHA

for about 48 hours, pulsed wth A rr]Hthym dine, and then harvested 18
hours latelr% o determ ne 25 DNA- asﬁ; iated radioactivity (Tables 14a and

14b) . Enzynme Anplified Sensi ;Gr \ty I mmuno-Assay (EASIA).
Uu U
hizig
20
3. 3 agga C\ :;1 acgtaac 5 minizyme with dGTTTT linker
z‘\ CUG\ IL2Mgrrr
A A
| /
oo
25 G A
{ |
g
\
t—t—t/
4. 3 aggaC\ ?acgtaac 5 inactive minizyme
1? CUG (GAAAC - GAGAC)
30 (I} /A IL2M,,..i0e
A GU
I /
G A
-
\t-t—t/

35



Total IL-2 in the supernatant from PBW cells transfected with 30 20[err]M

IL2M err] and 20[err]MIL2M err] was determ ned using |L2- EASIA a

sol i d- phase Enz me Anplified Sensitivity |nmmuno-Assay fornmed in
mcrotitre é’é““&‘@cor ding to the manufacturer's i nsuPEE{ﬁ‘I?F(@“-"‘-"

( MADGENI X) (TabI e 15). 35 Toxicity to cells. WD 96/ 40906

PCT/ AU96/ 00343 - 53- The viability
of PBWN cells which had been transfected w4d+ test and control nolecul es
was determ ned using acridine orange and et hidi um brom de. Dead cells

appear orange &and live %eldggacagmmagt greens'i n t heDNAastwae cohtrolnese
i ndicators. The assays 5 were perforned on PBWN cells &Qﬁ%%mere

transfected with the test and control nolecules for riod of 22-27
hours; these cells were not stinulated with PHA since this results in
cel | aggregati on ang, hence |naccurac in_cell ﬂntln I n

parallel, cell% fromth éﬁﬁ%‘%&ﬁ&ﬁﬁ&ﬂ%& raﬁsfectéﬁ Ph%ﬂﬂ%”?est and
control nolgcules and stinmulated with PHA and when cSMRr natants from
these cells were collected for assaying IL-2 | evel s, the viabilities of
the cells not stinulated by PHA were det er ni ned. B2Qctivities of
DNA- ar ned ri bozynmes and m ni zynes. The original set of nolecules

synt hesi zed for testing contained the DNA-arnmed ri bozynme, the mnizyne

with d(CCTT) I%.nker, th& aggEUNA a anserasaeq Smihizyme viACCITdinkersequence
control (nolecules 20 2, 7, 5 qng respectively) these first

experi nments using the |nd|rpct ‘gsay wth traﬁu? i on concentrations
of test 1onmol ecules at 10[errAM the DNA-arned ri bozynme showed good
activity agai nst L2, mhlleith inizyme with d(CCTT) |inker and the
DNA random sequence cont rol® d no activity; the DNA antisense 25
showed about 50% the activity o& tAe DNA-arned ri bozyne. The activities
of the DNA-arned ribozyne and the hlnlzyne in cells correlated with the
observed cl eavage activities of\t nol ecul es as measured agai nst the
short synthetic IL2 substrate .Lcln V|tro. Since the cleavage rate shown
by the mnizyne with 30 d(CCTT) |1 nker was extrenely slow, we investigated
t he reasont5 '

Preparation of oligonuclectides

The oligonucleotides were synthesised on an Applied Biosystems
20 (Foster City, CA) model 391 synthesiser using protected DNA
phosphoramidite monomers and RNA monomers, protected at the
2’ -hydroxyl by tert-butyldimethylsilyl groups, from Millipore
(Marlborough, MA). For convenience in the syntheses, the 3°
nucleotide in all molecules is a deoxyribonucleotide. The
25 methods used for the deprotection and gel-purification of the
oligonucleotides were as described previously (McCall et al.,

1992), with the exception that the oligonucleotides used for
testing in cells were precipitated twice (rather than once)
from 0.3 M sodium acetate and 80% ethanol, and then washed
30 twice (rather than once) in cold 80% ethanol before drying
under vacuum. The oligonucleotides were re-dissolved in
autoclaved, de-ionized water. The concentrations of the
oligonucleotide solutions were determined by UV spectroscopy
using the following molar extinction coefficients for the



for this poor activity. In this investigation we found that by changi ng

the linker fromb5' d(CCTT) to 5 d(GITTT) the cl eavage rate of the

m ni zyme coul d be increased 25-fold. The observed cl eavage rate
constants in 1YOMMAE [err], at pH 8.25 and 37 C, 35 for t hECHAEEQRE
ri bozyme, the mnizynme with d(CCTT) | i nker, and the new mnizyne with
d(GITTT) linker, against their V\D 96/ 40906

PCT/ AU96/ 00343 -50- -54- cognat e,
short substrate are 1.4 (0.2), 0.011 (0.001) and 0.27 (0.04) mnf[err]

respectively. Rucleqliqesmiatg 26Ren®t sk Aert§Oof Gt ke QIS 72800 v & mnd By e

with 5 d(GITT8)olifEremveTaENphESiZ @F eBchasDEgstallRcthge Rhifs ahdRied by
ri bozyme, the mnizyme with d(GITTT) |inker, an inactivated m ni zymne

with d(GITTT) |PAREPROYRLAING shei Sbrend usdagt - "DRAP andpeldowcieqtiédec
cl:gntrol R(e gﬁl ecuicg%aé’e 6?;%&35%”&“%{;@%&0 gaggﬁ y) até)rde%‘égg.ﬁé& gf&l%%' '157
the tables b E]?tjefeﬁsr-e@rtlﬁ é‘ﬁgég '}f‘ é’ﬁgf’ﬁg? yere s¥opedyiats or ent

concentrations) 20 €nhi biting the production of 15 IL2 is presented as %
i nhi bition averaged over two or three i ndependent experinments (each
done in duplicate or triplicate) with standard deviations given in
brackets. |n thBeteymining rategaefi pleavage fkbleby mieizimes show t he

ef fectiveness of the t est rml ecul es against I1L2, relative to that of

t he DNA 20 random seqguence rol taken as having 0% inhibitory effect.
Si nce ribozyfes™ BR AR A 18 tB%l'Wd‘l&é’WEFobEd”g?f and JLe¥emhtdifes t o
ot her ol i gonucl ebbozignd atiB@R-DNAApecbsgvade their bedgraate ,t sabrt haubathialaet or y

effects of these@zﬂ@éf@wﬁe%e Q\é@érmw ne@rt% 2Boyg rtégt&a ”0§‘o SR Gk b ef ftﬁﬁéz‘)f
at | Nt er est .

a random y-chose ol |go are the
experi ments, RRQ\ éﬁ%s 'alasto Ejﬂ Sd%ﬁuaam?cﬁﬁﬁ zcéfﬁ‘t FBPStratenDlréeul e.
General |y, the %tmﬁbm&edahatbed;m igk Shoewdl with JBRE-pleisphiaty . aghe nst

L2 rel ativest opi @%cﬁ‘éulag@:?@téi%e heafé& wg%%@f&&egnfﬁtffe@f %@atw”

relative to t RNA en .a Vi n 300 |b| ory effect t he second. of
éach pai r of taﬁf%%tes at.%oh% gt ? %Qutes, c ntrlfuged briefly

at room temperature, and then returned to 37'C for 2 minutes
before starting the reaction by adding MgCl, (at 37°C) to the
mixture. The volume of the reaction mixture was generally 30

20 uL. 2 ulL samples were taken at various times, and the
reactions in these were quenched by adding 4 ulL of 20 mM EDTA,
80% formamide, 0.1% bromphenol blue and 0.1% xylene cyanol. The
samples were electrophoresed on a 15% polyacrylamide gel
‘containing 7M urea, and the amounts of 5’-product and uncleaved

25 substrate were quantified using a Molecular Dynamics _
PhosphorImager (Sunnyvale, CA) and ImageQuant software. Kinetic
parameters were obtained by fitting the data for % of product
formed (P.) versus time (t) to the eguation

P. = P. - (exp(-k.t)P,)
30 where P. is the amount of product at time t, P_is the amount of

product at t = _, ke, is the first-order rate-constant for the
reaction, and P, is the difference between the percentage of
product at t = o and t = 0. This is a conventional first-order
kinetic equation from which k.., P. and P, are determined by

35 least-squares fitting of the data. The quoted rate constants

SUBSTITUTE SHEET (RULE 26)



WD 96/ 40906

PCT/ AU96/ 00343 - 55-

I ndirect assay. %.inhibition of 1L2 as neasured by the indirect assay.
Tabl e 13A. Da%ég)?ﬁé‘ﬁoﬁotsi ve to DNA random sequence control . PCT/AUS6/00543

Transfection concentration 5 Test nolecule 5 [err]M- 10
[err] M 20 [err]M | L2R- DNA 33 42
(13) 69 (1) IL2M err] -51- 31 41(4)
53 (11) IL2M err] 5 o 6 (27) 28
(6) 10 | L2AS2Tre the 'mean (+ sggndard deviation) o%lﬁqj%east two 13 (6)
Tabl e 13B. Dat axpekahémtes.t 0 t RNA. 15

Transfection concentration Test nol ecul e 5 [err]M 10
[err]M 20 [err] M | L2R- DNA 45 51
(9) 80(4) | L2M err] 43 51 (3)
Zizg?z) Zolﬁzkéénggrkor int:erleukin—%5 22 35 %S)(17) 49 47
(15) | L2C 18 16 (7) 35 (9)
WD 96/ 40906

iati : PB i .
PCT/AU96/OO343AbbreV1a ions: PBMN (peripheral bloocd mononuclear c?%%§) PHA

Direct assay. IPPYRPBETIFHUSANERD, atl 1 adited L eRRimA N dual experiments by
t he direct assay. Table 14A. Data relative to

randonﬁipqgggg%lgﬁigﬂjg.is synthesised and secreted by T-lymphocytes

following their activation by antigens or mitogens. In
experiments to determine how well the test molecules could
suppress the production of IL-2, an enriched population of
human PEMN T-cells were transfected with the test molecules,

15 and then stimulated with PHA to produce IL-2. In all cases,
these test molecules were co-transfected with 1 ug tRNA and
their effects on IL-2 levels were determined relative to the
effect of the control which was lug tRNA. The amounts of IL-2
secreted were assayed by three methods. In one method, IL-2 was

20 assayed indirectly by measuring the ability of the supernatant
from the PBMN cells to promote the growth of IL2-dependent
mouse CTLL cells. In another, since IL-2 produced by PBMN
T-cells promotes the growth of the same cells, IL-2 levels were
assayed directly by measuring the growth of the stimulated

25 cells. In addition to these bio-assays, immunoassays (which
measure free and receptor-bound IL-2) were perforhed.

Indirect bioc-assay.

This assay is specific for interleukin-2 and is based on the
30 absolute requirement of IL-2 for the growth of CTLL cells.

Before use, the CTLL cells, maintained continuously

preliferating in complete media containing added IL-2, were

washed 3 times in complete media without added IL-2{Tables 13a

and 13b).
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Transfection concentration 5 Test nol ecul e

10[err] M | L2R- DNA 67 (3)
| L2M err] 46 (6) I r
24 (2) 10 | MK/M0906 | 2?7’%‘11%9‘}“"343
Tabl e 14B. Data relative to tRNA. :
Transfecti on concentration Test nol ecul e
10 [err]M 15 | L2R- DNA -52- 73 (4)
IL2M err] _ 55 57) IL2M err] '
37 (2) | LEaSmicrotitre trays 100,000 PBMN cells (enriche@oiviajchis) | L2C
%8 54) | | FASE At ransfdédide ihScomp Besd eRidiam CRPNEPIuat 108 Ped£U+daUf

Pyt st .
teRilA gg ecu el Egmx@}r‘rith the test andléjclanrgrol moleé&i@g;l(?ty ts',ogorngc!atiove/A\} (7)2%
| L2M err] using 25 ug/mLDOTAP (Boehrjipger Mannheim, Germargiom@ccordipgt r ol
é&?yﬁb96/00§43t0 the manufacturez?8 ins¥ructions. AftdP He4d886of 7 hours,

. . =57 s y. of

fesul te. thCBRAE A THBBIDRES (YLt ok ™k B [(Sigmay , ARE et

d(GTTTT) |inkerddit2npatr})-2hbauasi i SURSEnAtesi E6Pn thegdBNEt cells were
interleukin-2 g huipy PBMYLELhS, ThereifBeateof 100688 firvd each i REIES

o g b Shah S aap o e, R S B B Seqsp TS (D
site on thaol L¥erBNAllaved to grow for 20 hours, were pulsed with
"H-thymidine for 4 hours, were harvested, and then the
DNA-associated radiocactivity was determined. Slow growth of
the CTLL cells {(low level of incorporated °‘H-thymidine)
indicates low levels of interleukin-2 in the supernatant, and
15 hence a test molecule with good activity against interleukin-2
in the PBMN cells. The percentage inhibition of IL-2 by the
test molecules is measured in the range where the cell
growth-rate is linearly dependent on the amount of IL-2 (Sioud,
1994) .
20
Direct bioc-assay.
PBMN cells were transfected with the test molecules for 12
hours, stimulated with PHA for about 48 hours, pulsed with
*H-thymidine, and then harvested 18 hours later to determine
25 DNA-associated radiocactivity (Tables 1l4a and 14b).

Enzyme Amplified Semsitivity Immuno-Assay (EASIA).

Total IL-2 in the supernatant from PBMN cells transfected with
30 20uM IL2M._... and 20uM IL2M.... was determined using IL2-EASIA,

a solid-phase Enzyme Amplified Sensitivity Immunc-Assay

performed in microtitre plates according to the manufacturer’s

instructions (MADGENIX) (Tablé 15).

35 Toxicity to cells.
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10 transfection concentrations of 5, 10 and 20 [err]M The nol ecul es do
not appear to be toxic to cells over a 24-hour period. Exanpl e 4

M ni-ribozyne Comments in publications on hamrerhead ri boz

t each t hat Swégfuggoq can be reduced to 2 b.p. without |os%C18+U9ééP§49| ty,
but further reduction to 1 b.p. results in at least a 10-fold

reduction in activity (see data from Tuschi and Eckstein (1993) 20 and from
Long and Unl enbeck (1994)). Note that thesesdata are for all-RNA

ri bozynes. W have found that ribozynes with 1 b.p. in helix Il, such
that the sequerfhe gHabildsy| e6pPBNN qells whickshere heens tCISREctae Vet may
be ﬂT4O[) ru, haysdeindecohbasl mole{@%e@ﬂﬁaé%ét\/éifﬂirﬁfj 8B 2h® Y45 di hB o3y amkse
W t .p. in | C z n o "

sorw cases, | AihSthigiun BSuid PRI cBLLP s Trdhat AREAIRE corls
exceed that of QHR?ﬂﬁﬂgrﬁ§Pzéﬂ é@eunxﬁﬁeeceueézshees éatgﬁﬁthhe apadY¥s shed
data, these §i n@bmqae&rfertneaabhypmmemabedhamere trdabfedtel MitRethed

bel ow.. 30 158 heBL ] BOALIPSCBN S 08555 27 nonlBPOLsc05°

letters represen ers répfesen
deoxyr i bonucl eo‘t?lﬂ’é WeT@h SOF 2 fBEMBLAreds Wi hh oPHA o igicef GhF-ém&P‘-ﬁ;f-st AR fehber
of nucl eoti des idgiddtfation anBshénde imRiceavhey M nieymesustind.abahl ed M

fol owed by th§a anseeiq”%@ﬁ?sv\if%%e%{)é éﬁé SO W10 £t 0Fs FORSY YV8Pn the

nucl eoti des Al
PCT/ AU96/ 00323 test and control molecules and stlmtg@.ted w:.ath}a,e,a,n]i VEE]@J
Krgtttc is a nsupedrenznme Erohhthdedippelssystemollecsetihfor assaying IL-2

deoxyri bonucl e%&ﬁé e vﬁg?\%mfﬂﬁf%c%ff’tﬁé I ) Hat stFyLiat%nggeF%g%R%@s

whi ch contain 'l 00 are

(i f made of ri be® es), RB5 (wth deoxyrlbonuclotldes in the arns
whi ch hybridize to the substrates, and ribonucl eoti des el sewhere), and
RC (if made;of acefpQXdd B2 nﬁﬁhoaweé, 1BYEERE fél{d tnta% conser ved
rlbonucleot}des err]-Alerr] and ol ?fﬂcf * 9llgnterleukln 2

system (Seq I D No. 32-38) 10 1L2S15 (15 mer substrate)
The original set of molecules synthesized for testing contained

the DNA-armed ribozyme, the minizyme with d(CCTT) linker, the
DNA antisense, and the DNA random-sequence control {(molecules
20 2, 7, 5 and 6 respectively). In these first experiments using
the indirect assay, with transfection concentrations of test
molecules at 10uM, the DNA-armed ribozyme showed good activity
against IL2, while the minizyme with d(CCTT) linker and the DNA
random-sequence control showed no activity; the DNA antisense
25 showed about 50% the activity of the DNA-armed ribozyme. The
activities of the DNA-armed ribozyme and the minizyme in cells
correlated with the observed cleavage activities of these
molecules as measured against the short synthetic IL2 substrate
in vitro. Since the cleavage rate shown bty the minizyme with
30 4d{CCTT) linker was extremely slow, we investigated the reason
for this poor activity. In this investigation we found that by
changing the linker from 5 4(CCTT) to 5’ A(GTTTT) the cleavage
rate of the minizyme could be increased 25-fold. The observed
cleavage rate constants in 10 mM MgCl.,, at pH 8.25 and 37°C,
35 for the DNA-armed ribozyme, the minizyme with 4(CCTT) linker,
and the new miniiyme with d(GTTTT) linker, against their
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5'  UCCUGUCUUGCAUUg 3' 15 | L2Mgtttc (DNA/RNA mini-ribozynme with

d(GITTC) I|i nker

m ni-ribozyne w;)th,‘;(%&?TTTTC) | i nker . [err]

WD 96/ 40906
- 59- | L2" RB"

10

15

20

[err] 20 25 IL2Mgttttc ( DNA/ RNA

35
PCT/ AU9 6P @TaLU%/00343
DNA- armed ri bozyne [err] 5 :

-54 -

cognate, short substrate are 1.4 (0.2), 0.011 (0.001) and 0.27
(0.04) min?, respectively.

Following the discovery of the highly active minizyme with

d (GTTTT) linker, we synthesized in large scale the DNA-armed
ribozyme, the minizyme with d&{(GTTTT) linker, an inactivated
minizyme with A(GTTTT} linker, the DNA antisense, and the DNA
random-sequence control (molecules 2-6 above), and tested them

for activity in cells.
Results from inpedendent experiments using molecules 2-6.

In the tables below, the effectiveness of each test molecule
(at different concentrations) in inhibiting the production of
IL2 is presented as % inhibition averaged over two or three
independent experiments {each done in duplicate or triplicate)
with standard deviations given in brackets. In the first of
each pair of tables, the data show the effectiveness of the
test molecules against IL2, relative to that of the DNA
random-sequence contreol taken as having 0% inhibitory effect.
Since ribozymes and minizymes are being developed as
alternatives to other oligonucleotide-based therapies, we
believe that the inhibitory effects of these molecules, over

" and above the non-specific effects of a randomly-chosen

25

30

oligonucleotide, are the data of interest. In most
experiments, tRNA was alsc included as an additional control
molecule. Generally, the DNA random-sequence control showed
some activity against IL2 relative to tRNA, and so these data
are presented for information (relative to tRNA taken as having
0% inhibitory effect) in the second of each pair of tables.
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10 15 [|L2"RC" DNA-containing ribozyne [err] 20 25

L2 M3UUUUC(al | -RNA m niribozyme with r(GQUUUUC) |inkers [err] 30

35 WO 96/ 40906

PCT/ AU96/ 0034 3V0 96/40906 PCT/AU96/00343
-55-

Indirect assay. % inhibition of IL2 as measured by the indirect assay.

Table 13A. Data relative to DNA random-sequence control.

Transfection concentration
5 Test molecule SuM 10uM 20, M
IL2R-DNA 33 42 (13) 69 (1)
IL2Mrr 31 41 (4) 53 (11)
IL2M,.... 5 6 (27) 28 (6)
10 IL2AS 10 21(19) 13 (6)

Table 13B. Data relative to tRNA.

15 Transfection concentration
Test molecule 5 M 10M 20M
IL2R-DNA 45 51 (9) 80 (4)
IL2M, 1y 43 51 (3) 73 (12)
20 IL2M,.,. 22 22 (17) 47 (12)
IL2AS 25 35 (9) 49 (15)

IL2C 18 16 (7) 35(9)




- 60- L2 (all RNA ribozyne) [err] 5 10

TAT system (Seq I D No. 39-43) TATS13 (13 ner substrate) 5'
GGAAGUCACGCCU a 3! 20 TATS21 (21 mer substrate) PCTIAUI6/00
UCCAGGAAGUCACKRPRMES 3+ 25  TATMgtttc (DNA/RNA mini-ribbozyne win
d(GITTC) |inker [err] 30 35 '

-56-

Direct assay. % inhibition of TL2 as measured in individual experiments by the direct

assay.
Table 14A. Data relative to DNA random-sequence control.
Transfection concentration
5 Test molecule 10 M
IL2ZR-DNA : 67 (3)
IL2Mrror 46 (6)
IL2M,..c. 24 (2)
10 IL2AS 28 (14)
Table 14B. Data relative to tRNA.
Transfection concentration
Test molecule 10 .M
15 '
IL2R-DNA 73 (4)
IL2M e ' 55(7)
IL2M,,... 37(2)
IL2AS 40 (14)
20 IL2C . 18 (4)
EASIA
Table 15. Transfection concentration 20 ¢ /M.
Test molecule IU/ml % inhibition relative to tRNA
25
IL2M e 70 72%
IL2M,..... 120 52 %
control (tRNA) 2% -

30



WO 96/ 40906 PCT/ AU96/ 00343

-61- TATMgttttc (DNA/RNA mini-ribozyme with d(GITTTC) |i nker

[err] 5 1 TAT"RC' DNA-contai ning ribozyne er 15

20 25 W"“?‘“?BP system (Seq I D No. 44-47) 30 KrSi3 (1?%[”9 rat e)
-57-

Summary of results.

The DNA-armed ribozyme (IL2R-DNA) and the minizyme with

5 d(GTTTIT) linker (IL2Mg) show activity specifically against
interleukin-2 in human PBMN cells. The effects of these two
molecules are greater than those measured for a DNA antisense
molecule (IL2AS) and an inactivated minizyme (IL2M;.....)
directed to the same target site on the IL2 mRNA, at

10 transfection concentrations of 5, 10 and 20 uM. The molecules
do not appear to be toxic to cells over a 24-hour period.

Example 4
Mini-ribozymes
15
Comments in publications on hammerhead ribozymes teach that
helix II can be reduced to 2 b.p. without loss of activity, but
further reduction to 1 b.p. results in at least a 10-fold
reduction in activity (see data from Tuschi and Eckstein (1993)
20 and from Long and Uhlenbeck (1994)). Note that these data are
for all-RNA ribozymes. We have found that ribozymes with 1
b.p. in helix II, such that the sequence of "stem-ioop II" is
5'GTTTC or 5’'GTTTC, where T may be 4T or xrU, have better than
10% the activity of analogous ribozymes with 4 b.p. in helix
25 1II. We call such ribozymes "mini-ribozymes”. 1In some cases,
the mini-ribozymes have observed cleavage constants which
exceed that of the full-sized analogous ribozymes. Based upon
published data, these findings are totally unexpected. Our
data are presented below.
30
Sequences of mini-ribozymes and ribozymes.

Upper-case letters represent ribonucleotides, and lower-case
letters represent deoxyribonucleotides. Substrates are

35 labelled 8, followed by the number of nucleotides in the
substrate molecule. Minizymes are labelled M, followed by the
sequence of the linker connecting the conserved nucleotides 2,
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WO 96/ 40906

5" GCGAGUCCACAC T 3 35 KrS21 (21 nmer substrate)
PCT/ AU96/ 00343 -62- 5'
AUUUGCGAGUCCACACACUGCA g 3 5 Krvgttttc (DNA RNA m ni-riboz
d(GTTTTC) | i nR&?96/40906 [err] 10 15 Kr "RC'P
ri bozyme [err] 20 25

-58-

10

15

20

25

30

35

ne with

UREMP4 ni ng

and G,, (e.g. KrMgtttc is a miniribozyme in the Kruppel system,
with a deoxyribonucleotide linker of sequence 5’d{GTTTTC).
Full-sized ribozymes which contain a stem-loop II (with 4 b.p.
in helix II) are labeled RA (if made of ribonucleotides), RB
{(with deoxyribonuclotides in the arms which hybridize to the
substrates, and ribonucleotides elsewhere), and RC (if made of

deoxyribonuclotides, except for the conserved ribonucleotides

C;-Ag and Cpp=Cys ;) -
Interleukin-2 system (Seq ID No. 32-38)

IL2815 (15 mer substrate)

5’ UCCUGUCUUGCAUUg 3’

IL2Mgtttc (DNA/RNA mini-ribozyme with 4(GTTTC) linker

3 a-g~g—a-C a-a—¢-g-t—a—a--C

g/
\
t/

(3]
/ No

SI

IL2Mgttttc (DNA/RNA mini-ribozyme with d(GTTTTC) linker

3 a-g-g—a-C a—-a-c-g-t—a-a—c

A

1 \
% A
% /GU’//
G A

\c /

VAN
t] //t

Mt
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30 Experi nental dat a. 35 The nmethod for determ ning rates of
cl eavage (kobs) of short substrates by the mniribozynes is as descri bed
in Exanmple 1. WO 96/ 40906
PCT/ AU96/ 003 ¥ 96/40906 -63-  PCT/AUSARH
experinments at pH 8.2 showed the reactions for the TAT and 1L2
m niri bozymes and "RC' ribozynes are very fast, with the reactions
bei ng conpleted in Il ess than 1 m nute. -Jherefore, the reactions were
performed at the lower pHof 7.1 5 (which in principle should be
12.6-fold slower than the pH 8.2 if the reactions have a first order
dependence on £hbrrR” DRACEAKEANIWdZvet Ni s pH range). The data at pH 7.1
show nore accuratel y,the relatlv act|V|t|es of the vari ous nol ecul es.
In the Tabl es bel ow, va¥ues #1797 pgarae heses([ 87?5 %rs 3 Re® sta%dard 10
deviations of at |east two mdependa’ht deter ﬁQtl ons; and *indi cates
an initial &ast reaction followed by;a sl ower reaction with for the
initial fast reaction being given. 15 TgBLe 8 kK[ err] (nln 1) and
%W[err] for Krigttttc and KrRC cl ea he 13-mer and 21- ner
substrates in 10 MM Mgd [err], 50 nM rlsEI pH 7.1, 37[err]C, 6MM
ri bozyme/ mniribozyne and 4[err]NIsub§tga(e. 20
Krvgtttc Kr RC bt k[err] ([err]) %[ err]
k[err] ([err]) W[ err] % ?
0 0
G

C\
U

N /

15 IL2"RC" DNA-containing ribozyme
' 3’ a—g-g-a-C a-a-c-g-t-a-a-c 5’

20

25 t

IL2 MGUUUUC(all-RNA miniribozyme with r (GUUUUC) linkers

3  A-G-G-A-C A-A-C-G-T-A-A-C 5’
30 ‘ \
A CUG,
| \
- A
‘a cu”
\ /
G A
35 Ne.g?
VAR
U U
N\’



KrS13 0. 59* (0.09) 70(3) 1.6* (0.3) 78(2) 25 KrS21 3. 0*
(0.2) 58(1) 1.34* (0.08) 56(1) Table 9. k[err] (mn[err])
and %[ err] for TATMyttte, TATMytttte and TATRC cl eavi ng vari ous
substrates in WORKF [err], 50 MM Tris.d 30 pH 7.1, 37[ FGH4U96/00343
Concentration of ribozyne exceeded that of substrate, wth:
concentrations varying between 4[err]M and 8$err]hﬂ (ribozyne and
m niri bozyme) and 2[err]M and 5[err] M (subst$®te), with typi cal
concentrations being 6[err]Mfor ribozyne/ mniribozyne and 4[err] M for
Substrate. 35 WD 96/ 40906
PCT/ AU96/ 00343 IL2 (all RNA ribozyme) - 64-
TATMgt ttc TATMgt tttc 37 AJAIRG - A-A-c-gdremcheterrd) %Pl err]
k[err]([err]) %[err] kierr]([err]) WPl err 5 TATS13 0. 06(0.02)
78(6) 0.175* (0.003) 74(7) 0.43* (0.008‘) 80 (7) TATS21 1.1*(0.3) 39(1)
0.9* (0.2) 45 (3) 0.45* (0.09) 31 (2R qadl e 10. k[err]
(mn[err]) and %[err] for the DNA—cont& ni ng ILZNUQgtt, 10 I1L2mgttttc,
IL2Mgtttc, 112RB and IL2RC, and the all-\RNA | J2MEUUUUC and | L2RA
cl eaving the substrate I1L2S15-6/8 in 10 ﬁ\F‘bCI [err], 50 MM Tris. d
pH 7.1, 37[err]C. Concentration of ribozy A exceeded that of
substrate, with concentrations varying betM@gy’ 2.5 [err]Mand 20
[err] M (ri bgﬁyrre), and 1[err]Mand 8[err]M [substrate, with 15 typical
concentrationhs. being 5 [err]Mfor ri bozyrre/iﬁ“ﬁi ri bozyne and 2 [err]M
for substrate. - K[ err (?err]) 9P err]

G.C

\
v b

\g-u”/
15
TAT system (Seq ID No. 39-43)
TATS13 (13 mer substrate)

5’ GGAAGUCAGCCU a 3’
20

TATS21 (21 mer substrate)

5’ UCCAGGAAGUCAGCCUAGGA c¢3’
25

TATMgtttc (DNA/RNA mini-ribozyme with d(GTTTC) linker
3 aggtcctt-'c\ teggatectg 57
i

A CuG
‘ ht
30 2‘\.
A
\

35 N\~



20 | L2Mgt t e 0. 119 (0.0004) 85(4) | L2Mgtttte 0.19
(0.02) 82(1) | L2RB 0.06 (0.02) 78(5) | L2RC

0. 05 (0.001) 90(7) 25 |L2M3UUUUC 0. 316 (0.0001 76 2"?’1

| L2RA . WO 9649306 (0. ) 66( 1) Table 11. Co 5:’1‘%4’? B rates
of cleavage of substrates (at 30 37[err]C, pH 7.1, 10 nM MgCl[err]) by the
m niri bozymes with d(GITTC) and d(GITTTC) linkers relative to that

anal ogous DNA- cont ai ni ng ri bozymes RC, gid the all-RNA mni-ribozyne

wi th r( GUUUUC) i nker relative to the anal ogous all RNA ribozyne RA

WD 96/ 40906 PCT/ AU96/ 00343

- 65- rr / - . r]
5 Ra TATMgeckEe ,(ﬂmﬁ}(:’fﬁﬁ i1 -rib8klhe Wil o @aprs) 11
2.2 . 5 TATSI13 Y. Bpgtectt-C .41 §CI9RAFSEY 5T 2.4
2.0 UL2S15 2.4 A 3.8 cuc 0. 23
Coments. 10 Several of the nol eﬁl es used (Wr"RC', TAT"RC', |L2S15,
IL2Mgttte and | L2"RC') have been syntihesi zed at _#feast tw ce. The rates
of cleavage and extents of cleavage not y significantly for

nol ecul es fromdi fferent syntheses. AThe 1L2 mnizyne with d(GITTT)

| i nker, which has kobs = 0.27 m nperry at pH 8.2 (and kobs = 0.024
(0.005) mn[err] at pH 7.1), is ay?i%&i n cells (see Exanple 3).
Therefore, the IL2 mni- ri bozerE\s wé?f‘- d(GITTC) and d(GITTTC) linkers,
whi ch have kobs 20 = 0.11 and 0.19 me{efr], respectively, at pH 7.1, and
whi ch

TAT“RC" DNA-containing ribozyme

3’ aggtcctt—c& Ecggatcctg 5
15 A CuG
{ \
z;\. A
A GU/
\ /
G\ A
c.g’/
20 al..tl:
5.8
.
TN
d t
Nt/
25

Kr system (Seq ID No. 44-47)
30 KrSl3 (13 mer substrate)

5’ GCGAGUCCACAC T 3¢

35 KrS2l (21 mexr substrate)



target the sane site in the IL2 nRNA, are expected to be active in
cells. For simlar reasons, the all-RNA IL2 mni-ribozyne | L2M3UUUUC,
whi ch has kobs = 0.316 min at pH 7.1, is expected to be i i

cells. 25 WO 5 I n prelinminary experinents, a nini ri}%@&i{/]‘é@ﬂdgg&r get ed
agai nst interleukin-2 nRNA was shown to have activity agai nst this
target in human peri pheral bl ood nononucl ear cells. The sequence of the
m niribozyme, |L2M3UUUUC, was 5' CAAUGCAA 3(;, CUGAUGA GUUUUC GAAAC AGGa 3'
(SEQ 1D NO. 48) where upper-case |l etters represent RNA and | ower-case
| etters DNA (the 3 nucl eoti de was DNA for convenience in the chem cal
synt hesi s) . The expe igﬁﬁhl L\ A n cells was perforned
in t he manner descri %e I n C@&ﬁ?ﬁ?@{’%ﬁ%‘%@ Z?t7§é57). 35 WO
96/ 40906 PCT/ AU96/ 00343

- 66- Exanple 6 The interleukin-2 mniribozynme cl eaves an 809-

nucl eoti de int i,n-2 ipt .much faster.i.n yj . 3/[err]C
t han does an§i ﬁ{%ﬁé |n-‘§£‘3?%‘§’§9ﬁ§fl‘ﬁ Zmﬁeﬁl‘f%r&/@é@&ggs lm]f?‘?é I L2
transcript to be cleaved3! st@RadataCes for thagtgtgaricheri bDzynme and 4.6
hours for the ribozyne. Al so, the \A m niri bpgyme cl eaves the

interleukin-2 transcript faster than] does the ribozyne over a wide
t emperature range (please see Fi gure 5). )0‘ Ref er ences
Altman, S. (1987) i Gu Adv.
Enzymol . 6%gl. 15 - Aurup, 4., Wafiams, D.M & Eckstein, F.
(1992), Biochem 31: 9636-9641. 20 Augustyns, K, F.
Vandendri essche, A. A Van, R Bussonyc g\ C. U banke and P.
Herdewi jn. (1992), Nucleic Acids Rest t 20:4711-6.
15
Kr "RC" DNA-containing ribozyme
3 taaacgct-c\ gtgtgacctce 5
A cuG
/ \
1 P
20 % GU
5 4
757
a.t
!
g.c
25 é.é\
7t
Vet
30

Experimental data.

35 The method for determining rates of cleavage (kobs) of short
substrates by the miniribozymes is as described in Example 1.



Baer, MF., et al. (1990), Methods Enzynol, 181:569. 25 Beat on,

G, Dellinger, D, Marshal, WS and Caruthers M H “Synt hesi s of
ol i gonucl eoti de phos hor odi t hi oat es” in "digonucl eoti des and
Anal ogues: a YPEE40%| Approach”  pp 109- 136, F. BcVAV¥OPLE]) .
Oxford University Press, Oxford. 30 Beijer, B., Gotli, M,

Dougl as, ME. and Sproat, B.S. (1994), Nucl eos Nucl eot,

13: 1905- 1927. Bl ommer s, t$3Pieles and A De Mesnmeker

(1994), 35 ucl ei ¢ Aci ds 1 Br ea

b Jnyce. G FRiEb e atiiReR” a&zpéégdﬁz $hondd ene reacyigns hER iy i
(1989), Met heaé ILR mimwihesyogy, aud "RC" ribegymes BBgvery fast, with
Bruening, G Q:ia@ggéact.s.%ﬂéldfeinbncb’inﬁpéted inl2€ss than 1 minBtyant, J.

éé‘?’/gibgsﬂ)ggi%gérégoéélz Sh react:.ons were per¥\0rr%eé 4%3:?@ lower pH cguzayan

et al. (19%6) (which. inap¥incipde. shenld Bgal2.6-fold sigareggthaggee pH 8.

Buzayan, J.M ,lfVEHeTQéacﬂ‘ionézﬁh@Et Sl firde Ardéﬁdd SHEYENRS, ofs OH S
(1990), Nucleic_Acids -4451.

e
cannot be pho§8ﬁ8ﬁ8fﬁ?‘51a?ré in thid'p ra(?a"‘r?ér’on ﬁat (%’985)7 e I{iﬁre
Acad. Sci. USAgcurately tig6:r@iagigesactimjties of thecyprdpus Greleqirles ..

(1993), Proc. IHaEhe PeiTes sfélowl,]s@\alues in par8RtHéKEBA-¢10926. the standardcaO,

Cérrﬁtn ﬂergo et evipt EOI?%C at 4t ?ﬁ ohe :.n%tegenhg}n% dEté—mi'gitmns' 3op- 2328.
287-313). *indicates an 1n1t1a1 fast react:.on followed by a slower

reaction, with for the initial fast reaction being given.

15 Table B. k.. (min-1) and %Pwo for KrMgttttc and KrRC cleaving
the 13-mer and 2l1-mer substrates in 10 mM MgCl, , 50 mM Tris.Cl
pH 7.1, 37°C, éuM ribozyme/miniribozyme and 4uM substrate.

20 KrMgtttc KiRC
Ko (O} %P0 Kops (0) %P0
KrS13 0.59* (0.09) 70(3) 1.6* (0.3) 78(2)
25 KrS21 3.0* (0.2) 58(1) 1.34* (0.08) 56(1)

Table 9. k. (min'!) and %P, for TATMgttte, TATMgtttte and
TATRC cleaving various substrates in 10mM MgCi,, 50 mM Tris.CIl

30 pH 7.1, 37°C. Concentration of ribozyme exceeded that of
substrate, with concentrations varying between 4uM and 8uM
{ribozyme and miniribozyme) and 2uM and 5uM (substrate), with
typical concentrations being 6uM for ribozyme/miniribozyme and
4uM for substrate. :

35
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21(22):5179-83. Conrad, F. et al. (1995), Nuc Acids Res.,
23:1845-1853. Cotten, M (1990), Tibtech, 8:174-178. 40

Cotten, M et al. XKu{®BOHPO The k %Pelir nal Kops () %Pg 3861- 3866.
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Acids. Res.. 207 1T93-TZ00. Debart, F., J. J. vasseur, Y. S.

Sanghvi and5P. TATS o 8106(0.02) 78(6) 01769 L05)03) Bi(abr g l\llbéB* CPOAS) 8G:(7) .
2:1479-1482. ek&ds, J br et | d
Frisch, R M Prsar L{Ea MR ) gré)(e1993;)6]4 rﬁ)% B%@ 736.

De Mesmaeker, A., J. Lebreton, A Waldner, V. Frisch and R M
Wl f. (1994A), Bioorg. Med. Chem Lett., 4:873-878. 55 WO
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- 68- Tablesthackgs, (min A antisbgefqr Jhe| BAecomtaiPingo LM LY.

Frisch, R 1M Y@bfigentdcS 1dbmGteter -11REO4B) 11 A YndChRA a11-Ra I NT.
Bd., 33 226 22?L2MGUUUUC and IL2RA cleaving the substrate IL2S15-6/8 in 10 mM
MgCl,, 50 mM Tris. Cl pH 7.1, 37°C. Concentration of ribozyme
exceeded that of substrate, with concentrations varying between
2.5 uM and 20 M (ribozyme), and 1uM and BuM (substrate, with
15 typical concentrations being 5 uM for ribozyme/miniribozyme and
2 uM for substrate.

Kops (0) %P0
20 _
IL2Mgtte 0.119 (0.0004) 85(4)
IL2Mgtttte 0.19 (0.02) 82(1)
IL2RB 0.06 (0.02) 78(5)
IL2RC 0.05 (0.001) 90(7)
25 IL2MGUUUUC 0.316 (0.0001) 76(2)
IL2RA 1.4* (0.2) 66(1)

Table 11. Comparing the rates of cleavage of substrates (at

30 37°C, pH 7.1, 10 mM MgCl,) by the miniribozymes with d(GTTTC)
and d(GTTTTC) linkers relative to that analogous DNA-containing
ribozymes RC, and the all-RNA mini-ribezyme with r{GUUUUCQC)
linker relative to the analogous all RNA ribozyme RA.
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The IL2 minizyme with d(GTTTT) linker, which has kobs = 0.27
min™' at pH 8.2 (and kobs = 0.024 (0.005) min™! at pH 7.1), is
active in cells (see Example 2). Therefore, the IL2 mini-
ribozymes with d(GTTTC) and 4 (GTTTTC) linkers, which have kobs
20 = 0.11 and 0.19 min"!, respectively, at pH 7.1, and which
target the same site in the IL2 mRNA, are expected to be active
in cells. For similar reasons, the all-RNA IL2 mini-ribozyme
IL2MGUUUUC, which has kobs = 0.316 min at pH 7.1, is expected
to be active in cells.
25
Example 5 In preliminary experiments, a miniribozyme targeted
against interleukin-2 mRNA was shown to have activity against
this target in human peripheral blood mononuclear cells. The
sequence of the miniribozyme, IL2MGUUUUC, was 5’ CAAUGCAA
30 CUGAUGA GUUUUC GAAAC AGGa 3’ (SEQ. ID NO. 48) where upper-case
letters represent RNA and lower-case letters DNA (the 3/
nucleotide was DNA for convenience in the chemical synthesis).
The experiment to test for activity in cells was performed in
the manner described in Example 3 (pages 47-57).
35
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(1) SEQUENCE DESCRIPTION: SEQ ID NO:2:
GACACUUCAU CUGAUGAGUC CUUUUGGALG ARAACCCGCAG GT 42
{2) INFORMATION FOR SEQ ID NO:3:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 17 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid

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



(i1) MOLECULE TYPE: other nucleic acid (xi) SEQUENCE DESCRI PTI ON:

SEQ I D NO 5: NNNNNNNCUG AUGAGTTTTG AAACNNNNN

29 (2) 1 NFORVATI ON FOR SEQ I D NG 6: (i) SEQUENCE

CHARACTERI STIW6:96/40906 (A) LENGTH. 15 base pairs PCT/AU96/00343)
TYPE: nucleic acid (C) STRANDEDNESS: single. (D)
TOPOLOGY: |i near (i1) MOLECULE TYPE: RNA (genom c) (xi)
SEQUENCE DESCRI PTI ON: SEQ | D NO 6: _7g WO 96/ 40906 .

PCT/ AU96/ 00343 -79-  UCCUGUCUUG
CAUUG NCUGANGANG UUGAAAN 15 (2)17
| NFORVATI ON FOR SEQ | D NO: 7: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH 29, ha Lt (B) TYPE: nucleic acid (O
STRANDEDNESS: é?ngﬁ%&%“%“ FOR SEQ B M&PoLoGY: 1 near (ii) MOLECULE

TYPE: ot her nucleic acid
{i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 17 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: other nucleic¢ acid
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
NCUGANGANG UCGAAAN : 17
(2) INFORMATION FOR SEQ ID NO:5:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear
{ii) MOLECULE TYPE: other nucleic acid
(i) SEQUENCE DESCRIPTION: SEQ ID NO:5:
NNNNNNNCUG- AUGAGTTTTG ARACNNNNN 29
{2) INFORMATION FOR SEQ 1ID NO:6:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 15 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: RNA (genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:



(xi) SEQUENCE DESCRI PTION: SEQ ID NGO 7: CAATGCAACU GAUGAGTTTT GAAACAGGA

29  (2) I NFORVATI ON FOR SEQ I D NO 8: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH 29 base Eairs (B) TYPE: nucleic acid (O
STRANDEDNESS: W& 9§¢0%8 (D) TOPOLOGY: |i near PETAURYOHEEUL E
TYPE: other nucleic acid (xi) SEQUENCE DESCRI PTI ON: SEQ | D NO B:
CAATGCAACU GAUGAGTTTT GAAACAGGA 29
(2) 1 NFORVATI ON FOR SEQ I D NG 9: £I7p- SEQUENCE CHARACTERI STI CS:

(A) LENGTH:. 28 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESE: ¥ Rg{Se“AuUe (D) TOPOLOGY: |i near (ii) MOLEGULE
TYPE: other nucleic acid (xi) SEQUENCE DESCRI PTION: SEQ I D NG 9:

WO 96/ 40906 {2) INFORMATION FOR SEQ ID NO:7: PCT/ AU96/ 00343

-80- .
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B} TYPE: ﬂucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
(x1) SEQUENCE DESCRIPTION: SEQ ID NO:7:
CAATGCAACU GAUGAGTTTT GARACAGGA 29
(2) INFORMATION FOR SEQ ID NO:8:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:
CARTGCAACU GAUGAGTTTT GAAACAGGA 29
(2) INFORMATION FOR SEQ ID NO:9:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(1i)}) MOLECULE TYPEE other nucleic acid

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:9:



CAATGCAACU GACGACCTTG AAACAGEA 28

(2) I NFORMATI ON FOR SEQ I D NO 10: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH 25 base pairs (B) TYPE: nucleic acid _

(O STRANDEDNE¥%6/49906g| e (D TOPOLOGY: |inear PCT/AU9%/00343 )
MOLECULE TYPE: other nucleic acid (xi) SEQUENCE DESCRI PTI ON: SEQ I D
NO 10: CAATGCAACU GAUGANGAAA CAGGA .

25 (2) I NFORVATI ON FOR SEQ I D NO 11: -80- (i) SEQUENCE

CHARACTERI STI CS; (rA LENGTH: 13 base pairs (B)

TYPE: nucl ei ¢ afJechACy GACGACC T% GRRLFERANDEDNESS: si ngl e (D28
TOPOLOGY: |i near (i1) MOLECULE TYPE: other nucleic acid (xi) -
SEQUENCE DESCRI P2l ONorBEQok BroRiGEL11D No: 1SAAGUCAGC CUA

13 (2) I NFORVATION FOR SEQ I D NO 12: (i) SEQUENCE

CHARACTERI STI CS: (i) SE ox X §5 base pairs (B) TYPE:
nucl eic acid QC&S S c'single (D) TOPOLOGY:

| i near (A ENGTH: 25 base pairs

(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid
{xi) SEQUENCE DESCRIPTION: SEQ ID NC:10:
CAATGCAACU GAUGANGAAA CAGGA 25
(2} INFORMATION FCR SEQ ID NO:11:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 13 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear
{ii) MOLECULE TYPE: other nucleic acid
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11l:
GGAAGUCAGC CUA i3
(2} INFORMATION FOR SEQ ID NO:12:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 35 base pairs
(B) TYPE: nucleic acid
{C}) STRANDEDNESS: single
{D} TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid

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



(i1) MOLECULE TYPE: other nucleic acid (xi) SEQUENCE DESCRI PTI ON:

SEQ I D NO 12: WD 96/ 40906

PCT/ AU96/ 00343 -81- GTCCTAGECT
CUGAUGAGTT TTWéAsumbas CTGGA PCTIRU96/00843)

| NFORMATI ON FOR SEQ | D NG 13: (1) SEQUENCE CHARACTERI STI CS:

(A) LENGTH. 34 base pairs (B) TYPE: nucleic acid

(C) STRANDEDNESS: single (D) TOPELOGY: |inear (i)
MOLECULE TYPE: other nucleic acid (xi) SEQUENCE DESCRI PTI ON: SEQ I D
NO 13: GT CCFAGTBICCCURTSRIGATTT TTGRATICT CRsRGGA 35
34 (2) I NFORVATI ON FOR SEQ I D NO 14: (i) SEQUENCE

CHARACTER! STI C3) rrommmrzon ror(dg BENGTH. 17 base pairs (B)
TYPE: nucleic acid C) STRANDEDNESS: single (D)
TOPOLOGY: |inear ii) MOLECULE TYPE: other nucleic acid

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D} TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:
GTCCTAGGCT CUGAUGATTT TGARACTTCC TGGA 34
{2) INFORMATION FOR SEQ ID NO:14:
{i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 17 base pairs
{B) TYPE: nucleic acid
(C} STRANDEDNESS: single
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid
{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:
UUCCRUGUCG GCRGAAT 17
{2) INFORMATION FOR SEQ ID NO:15:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D} TOPOLOGY: linear

{ii) MOLECULE TYPE: other nucleic acid

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



(xi) SEQUENCE DESCRI PTION: SEQ I D NG 14: UUCCAUGUCG GCAGAAT

17 (2) I NFORMATI ON FOR SEQ I D NO 15: (i) SEQUENCE

CHARACTERI STI CS: (A) LENGTH 31 base pairs (B)
TYPE: nucl ei Gy@gd/hoas (C) STRANDEDNESS: single PCT/AU96/0034 D)
TOPOLOGY: | i near (i1) MOLECULE TYPE: other nucleic acid (xi)
SEQUENCE DESCRI PTI ON: SEQ I D NG 15: WD 96/ 40906

PCT/ AU96/ 00343 -82- - 82- ATTCTGCCCU
GAUGAGITTT GAAACATGEA A 31 (2)

| NFORVATI ON FORTSEQCED GROBABTTT GARACATGGA(R) SEQUENCE CHARACTERI STICS: 31
(A) LENGTH. 30 base pairs (B) TYPE: nucleic acid

(C) STRANDEDNEGS: rigdoRd1@on For seq 10 nofildd TOPOLOGY: i near (i)
MOLECULE TYPE: ot her nucleic acid (xi) SEQUENCE DESCRI PTI ON: SEQ I D
NG 16:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
{B) TYPE: nucleic acid
{C} STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: other nucleic acid
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:16:
ATTCTGCCCU GRUGATTTTG ARRCATIGGRA 30
(2) INFORMATION FOR SEQ ID NO:17:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: other nucleic acid
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:
ATTCTGCCCU GAUGAGGTTT GAARCATGGA A 23
(2} INFORMATION FOR SEQ ID NO:18:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B} TYPE: nucleic acid
(C} STRANDEDNESS: single
(D) TOPOLOGY: linear

{(ii) MOLECULE TYPE: other nucleic acid

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



ATTCTGCCCU GAUGATTTTG AAACATGGAA 30

(2) I NFORMATION FOR SEQ I D NO 17: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH 31 base pairs (B) TYPE: nucleic acid N

(C) STRANDEDNE&S96/499087! € (D) TOPOLOGY: linear  peraussdizid
MOLECULE TYPE: other nucleic acid (xi) SEQUENCE DESCRI PTI ON: SEQ I D
NO 17: ATTCTGCCCU GAUGAGGTTT GAACATGCGA A .

31 (2) I NFORVATI ON FOR SEQ I D NO 18: .g3- (1) SEQUENCE

CHARACTERI STI CS: (A) LENGTH. 20 base pairs (B)
TYPE: nucl ei ¢ awiadecacuc acaucaucu( C) STRANDEDNESS: si ngl e (D)o
TOPOLOGY: |i near (i1) MOLECULE TYPE: other nucleic acid

(Xi) SEQUENCE DESCRIBRIMx $6QD Nd:8s. WO 96/ 40906

PCT/ AU96/ 00343 - 83-

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid
(x1) SEQUENCE DESCRIPTION: SEQ ID NO:19:
AAGATGATCT CUGAUGAGTT TTGAAACTGC CTGG 34
(2) INFORMATION FOR SEQ ID NO:20:
(1) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 33 base pairs
{B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid
(xi)}) SEQUENCE DESCRIPTION: SEQ ID NO:20:
AAGATGATCT CUGAUGATTT TGAAACTGCC TGG 33
{(2) INFORMATION FOR SEQ ID NO:21:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 17 base pairs
(B} TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:21:



CCAGGCAGUC AGAUCAUCUT

(2) | NFORMVATI ON FOR SEQ I D NG 19:
(A) LENGTH 34 base pairs (B) TYPE: nucleic acid
(O STRANDEDNESS:. singl e (D) TOPOLOGY:
VOLECULE TYPEORyded O o acid

AAGATGATCT CUGAUGAGTIT TTGAAACTGC CTGG

| NFORVATI ON FOR SEQ | D NG 20:

NO 19:
34

CHARACTERI STI CS:

TYPE:

TOPOLOGY:
SEQUENCE DESCR

33

CHARACTERI STI CS:
nucl eic acid

| i near

(1) SEQUENCES TRAMCEINIMESE:S: si ngl e
(A} LENGTH: 17 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLCGY: linear

{ii) MOLECULE TYPE: DNA (genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:22:

ATTCTGCCGA CATGGAA

(2) INFORMATION FOR SEQ ID NO:23:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: other nucleic acid

(xi) SEQUENCE DESCRIPTION: SEQ ID NQ:23:

ATTCTGCCCU GAUGAGTTTT GARACATGGA A

(2) INFORMATION FOR SEQ ID NO:24:

{i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 31 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other. nucleic acid

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:24:

. PCT/AU96/00343
(xi) SEQUENCE DESCRI PTION: SEQ I D

-ga- (1) SEQUENCE
(A) LENGTH: 33 base pairs

nucl ei ¢ aminnnnNeN NNNNNNN ( C)  STRANDEDNESS:

| i near (i1) MOLECULE TYPE: ot her

NFORIATT O PR B 272 e

(A) LENGTH: 17 base pairs

nucl eic acid

20

(1) SEQUENCE CHARACTERI STI CS

(D17
(xi)

(B) TYPE:
(D) TOPOLOGY:

17

31



(i) MOLECULE TYPE: DNA (genonic) (xi) SEQUENCE DESCRI PTION: SEQ I D
NO: 21: WO 96/ 40906

PCT/ AU96/ 00343 - 84- NNNNNNNNNN
INNNININNN WO 96/40906 _ 344 2)
| NFORMATI ON FOR SEQ I'D NO. 22: (i) SEQUENCE C!-lARAC_'I'IEﬁF@Ig foss

(A) LENGTH. 17 base pairs (B) TYPE: nucleic acid

(C) STRANDEDNESS: single (D) TOR@sQGY: Iinear (i)
MOLECULE TYPE: DNA (genomi c) (xi) SEQIENCE DESCRI PTION: SEQ I D
NG 22: ATTCRBBOGAC@AGRBASTTTT GAGACATGGA A _ 31
17 (2) | NFORMATI ON FOR SEQ | D NG 23: (i) SEQUENCE (B
CHARACTERI STI [H. 31 base pairs

e nucl o ¢ 2] hronmIon ro é%%;ﬂ? DNESS: single | (D)
TOPOLOGY: | i near (1i1) MOLECULE TYPE: other nucleic acid

(xi) SEQJENCE DESCRE P HEQRENCEBARES TR STRCS :
{R) LENGTH: 15 base pairs

{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(1i) MOLECULE TYPE: RNA (genomic)

{X1) SEQUENCE DESCRIPTION: SEQ ID NO:25:
UCCUGUCUUG CAUUG 15
{2) INFORMATION FOR SEQ ID NO:26:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 36 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D} TOPOLOGY: linear

{ii) MOLECULE TYPE: other nucleic acid

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:26:
CAATGCAACU GAUGAGUCCU UUUGGACGAA ACAGGA 36
{2) INFORMATICON FOR SEQ ID NO:27:

{i) SEQUENCE CHEARACTERISTICS:

{A) LENGTHE: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(1i) MOLECULE TYPE: other nucleic acid

{x1) SEQUENCE DESCRIPTION: SEQ ID NO:27:



ATTCTGCCCU GAUGAGITTT GAAACATGEA A 31

(2) I NFORMATI ON FOR SEQ | D NO 24: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH 31 base pairs (B) TYPE: nucleic acid

(C) STRANDEDNGZY%e/sd089! € (D TOPOLOGY: linear  pcr/au9s/ho3iss
MOLECULE TYPE: ot her nucleic acid (xi) SEQUENCE DESCRI PTI ON: SEQ I D
NO 24: WD 96/ 40906

PCT/ AU96/ 00343 -86- - 85- ATTCTGCCCU
GAUGAGITTT GAGACATGEA A 31 (2)

| NFORVATI ON FORCFEEQ@AROs NBU@ERTTTT GAARCAGGK | ) SEQUENCE CHARACTERI STI CS: 29
(A) LENGTH. 15 base pairs (B) TYPE: nucleic acid

(C) STRANDEDNESS:, $isdfinfrron ror seg 1o nos: TOPOLOGY: i near (i)
MOLECULE TYPE: RNA (genom c) (xi) SEQUENCE DESCRI PTION: SEQ ID

NG 25:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
{B) TYPE: nucleic acid
(C)} STRANDEDNESS: single
{D) TOPOLOGY: linear

{1i) MOLECULE TYPE: other nucleic acid

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:28:
CAATGCRAACU GAUGAGTTTT GAGACAGGA 29
{2) INFORMATION FOR SEQ ID NO:29:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 15 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear

(ii)} MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29:
CAATGCARGA CAGGA 15
{(2) INFORMATION FOR SEQ ID N0Q:30:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 15 base pairs
(B} TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear

{ii) MOLECULE TYPE: DNA (genomic)

{x1i) SEQUENCE DESCRIPTION: SEQ ID NO:30:



UCCUGUCUUG CAUUG

15 (2) I NFORVATI ON FOR SEQ I D NO 26: (i) SEQUENCE

CHARACTERI STI CS: (A) LENGTH 36 base pairs (B)
TYPE: nucl ei cwaGisfoses (C) STRANDEDNESS: single - PCT/AU96/00343D)
TOPOLOGY: | i near (i1) MOLECULE TYPE: other nucleic acid (xi)
SEQUENCE DESCRI PTI ON: SEQ I D NG 26: CAATGCAACU GAUGAGUCCU UUUGGACGAA
ACAGGA 36-87-(2) | NFORVATI ON FOR SEQ I D
NO 27: (i) SEQUENCE CHARACTERI STI CS: (A) LENGTH 29
base pairs ACGARAGACG ¢IBRGTYPE: nucl eic acid (C STRANDEDNESS:
singl e (D) TOPOLOGY: i near (i1) MOLECULE TYPE: ot her
nucleic acid (2) rnrdréh)zoRERRENCEPRSCRI:PTI ON: SEQ I D NO 27: WO
96/ 40906 PCT/ AU96/ 00343

- 86-

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 28 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear
(1i) MOLECULE TYPE: other nucleic acid
(%x1) SEQUENCE DESCRIPTION: SEQ ID NO:31:
CAATGCAACU GACGACCTTG AAACAGGA 28
(2) INFORMATION FOR SEQ ID NO:32:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 15 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
{D} TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid
{xi} SEQUENCE DESCRIPTION: SEQ ID NO:32:
UCCUGUCUUG CAUUG i5
{2) INFORMATION FOR SEQ ID NO:33:
(1) SEQUENCE CHAERACTERISTICS:
(A) LENGTH: 29 base pairs
{(B) TYPE: nucleic acid
{(C} STRANDEDNESS: single
(D} TOPOLOGY: linear

{ii) MCLECULE TYPE: other nucleic acid

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:33:



CAATGCAACU GAUGAGTTTT GAAACAGGA 29

(2) I NFORVATI ON FOR SEQ I D NO 28: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH 29 base pairs (B) TYPE: nucleic acid

(\© STRANDEDNRs$o6/4bds0! € (D) TOPOLOGY: |inear  PCT/AU96/0313
MOLECULE TYPE: other nucleic acid (xi) SEQUENCE DESCRI PTI ON: SEQ I D
NO 28: CAATGCAACU GAUGAGTTTT GAGACAGGA

29 (2) I NFORVATI ON FOR SEQ I D NO 29: -g88- (i) SEQUENCE

CHARACTERI STI CS: (A) LENGTH: 15 base pairs (B)
TYPE: nucl ei c aERRFGCAACU GAUGAGTTTE GPARSAREMNDEDNESS: si ngl e (D) 22
TOPOLOGY: |i near (i1) MOLECULE TYPE: DNA (genom c) (xi)
SEQUENCE DESCRI R} QorSRdwDrdN291p no: SAATGCAAGA CAGGA

15 (2) | NFORMATI ON FOR SEQ | D NO 30: (i) SEQUENCE

CHARACTERI STI CS: ) ) Q:A LENGTH. 15 base pairs (B)
TYPE: nucleic acid () SEQUENCE “%‘%FTWWEEDNESS: singl e (D)
TOPOLOGY: |inear (AY LENCTHOLSCCRASE F3PE: DNA (genomic)

{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear
{(ii) MOLECULE TYPE: other nucleic acid
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:34:
CAATGCAACU GAUGAGTTTT CGAAACAGGA 30
(2) INFORMATION FOR SEQ ID NO:35:
{i) SEQUENCE CHARACTERISTICS:
(R} LENGTH: 36 base pairs
{(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid
{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:35:
CARATGCAACU GAUGAGUCCU UUUGGACGAA ACRGGA 36
{2) INFORMATION FOR SEQ ID NO:36:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 36 base pairs
(8) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D} TOPOLOGY: linear

{ii) MOLECULE TYPE: other nucleic acid

{x1) SEQUENCE DESCRIPTION: SEQ ID NO:36:



(xi) SEQUENCE DESCRI PTI ON: SEQ I D NG 30: WD 96/ 40906

PCT/ AU96/ 00343 -87- ACGAAAGACG
CTAAG 15 (2)

| NFORVATI ON R¢B oglfabd D NO 31: (1) SEQUENCE CHARACTERE¥/At6/06543

(A) LENGTH: 28 base pairs (B) TYPE: nucleic acid

(C) STRANDEDNESS: single (D) TOPOLOGY: li near (i)
MOLECULE TYPE: other nucleic acid (x§9- SEQUENCE DESCRI PTION: SEQ ID
NO 31: CAATGCAACU GACGACCTTG AAACAGEA

28 (2) | NFORMXELASuFSMR cRErQct rTEEA3RAA AcAGGA (1) SEQUENCE 36
CHARACTERI STI CS: (A) LENGTH. 15 base pairs (B)

TYPE: nucleic g?; qNEORMM,mFi ma R)%QS%E{LQ‘SE’)?A\:IDEDNESS: single (D)

TOPOLOGY: |ine YPE: other nucleic acid

(xi) SEQUENCE DESCRI PTION: SEQ I D NO 32:
{i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 30 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPCLOGY: linear
{(ii) MOLECULE TYPE: other nucleic¢ acid
(xi) SEQUENCE DESCRIPTION: SEQ ID N0:37:
CAAUGCAACU GRUGAGUUUU CGARACAGGA 30
{(2) INFORMATION FOR SEQ ID NO:38:
{1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 36 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D} TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:38:
CAAUGCAACYU GAUGAGUCCU UUUGGACGAR ACAGGA 36
"{2) INFORMATION FOR SEQ ID NO:3S:
{i) SEQUENCE CHARACTERISTICS:
(R) LENGTH: 13 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOROLOGY: linear

(ii) MOLECULE TYPE: RNA (genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:39:



UCCUGUCUUG CAUUG 15

(2) I NFORMATI ON FOR SEQ I D NO 33: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH 29 base pairs (B) TYPE: nucleic acid

(C) STRANDEDNERg 9s2dobs| € (D TOPOLOGY: |inear PCT/AUY6{00345
MOLECULE TYPE: ot her nucl eic acid (xi) SEQUENCE DESCRI PTI ON: SEQ I D
NO 33: WD 96/ 40906

PCT/ AU96/ 00343 - . - 88- '
CAATGCAACU GAUGAGTTTC GAAACAGGA -90- 29
(2) | NFORMATI ON NO: 34: (i) SEQUENCE CHARACTERI STI

(A) LENGTH 30 gg%ggu%‘al rsLR (B) TYPE: nucleic acid C§3
(C) STRANDEDNESS: single (D) TOPOLOGY: |i near (i)
MOLECULE TYPE: ¢2h@FFORMBTIONCFGRCERR ID N0:40: (xi) SEQUENCE DESCRI PTI ON: SEQ
| D NO 34: CAATGCAACU GAUGAGTTTT CGAAACAGEA

30 (i) SEQUENCE CHARACTERISTICS:

{A) LENGTH: 20 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: RNA {(genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:40:
UCCAGGAAGU CAGCCUAGGA ' 20
(2) INFORMATION FOR SEQ ID NO:41:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 335 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: other nucleic acid

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:41:
GTCCTAGGECT CUGAUGAGTT TCGAARACTTC CTGGA 35
(2) INFORMATION FOR SEQ ID NO:42:

{i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 36 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii} MOLECULE TYPE: other nucleic acid

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:42:



(2) I NFORVATI ON FOR SEQ I D NO 35: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH. 36 base pairs (B) TYPE: nucleic acid N

(C) STRANDEDNESS: single (D TOPOLOGY: i near (i)
MOLECULE TYPEWQ%#8906nucl ei ¢ aci d (xi) SEQUENCE DESERIFAHI6P34SEQ | D
NO 35: CAATGCAACU GAUGAGUCCU UUUGGACGAA ACAGGA

36 (2) | NFORMATI ON FOR SEQ I D NO 36: (i) SEQUENCE

CHARACTERI STI CS: (A) LENGTH: 36-%hse pai rls ((B)D
TYPE: nucleic i DNESS: singl e

TOPOLOGY: |1 negt?ﬂchAGGCT CUG??GWTH\/(EE@EW - other nucleic acid 33
(xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 36: WD 96/ 40906

PCT/ AU96/ 00343 {2) INFORMATION FOR SEQ ID NO:43: - 89-

CAATGCAACU GAUGAGTCCT TTTGGACGAA ACAGCGA 36

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 42 base pairs
{(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: other nucleic acid
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:43:
GTCCTAGGCT CUGAUGAGTC CTTTTGGACG AAACTTCCTG GA 42
(2) INFORMATION FOR SEQ ID NO:44:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 13 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D} TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:44:
GCGAGUCCAC ACT 13
(2) INFORMATION FOR SEQ ID NO:45:
(1) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: RNA (genomic)



(2) | NFORMATI ON FOR SEQ I D NO 37: (i) SEQUENCE CHARACTER! STI CS:

(A) LENGTH. 30 base pairs (B) TYPE: nucleic acid
(C) STRANDEDNESS: single (D) TOPOLOGY: |i near Eﬁ‘i)
MOLECULE TYPENOB&49846 nucl ei ¢ aci d (xi) SEQUENCE DEXRMAPFER* seq 1D
NO 37: CAAUGCAACU AUGAGUUUU CGAAACAGGA
30 (2) 1 NFORVATI ON FOR SEQ I D NO 38: (1) SEQUENCE
CHARACTERI STI CS: (A) LENGTH. 36-%#&se pairs (B)
TYPE: nucleic acid . SEQUE e ? STRANDEDN»IIEOS§' _single (D)
TOPOLOGY: |inear ‘¥ SEQUERER f iﬁ%ﬁﬁﬁE%ﬁ@: StRer nucleic acid
(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 38: CAAUGCAACU GAUGAGUCCU
UUUGGACGAA ACASEBOGCGAGU CCACACUGGA G 36 (2) | NFORVATZION
FOR SEQ I D NO 39: (1) SEQUENCE CHARACTERI STI CS: (A
LENGTH: 13 base,,pRidoimarron For seg 16 Rb:4YPE: nucleic acid (O
STRANDEDNESS: S|)nglll'e ° (D) TOPOLOGY: i near (i) MOLECULE
TYPE: RNA (genonic) (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 39:
(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 36 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: other nucleic acid
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:46:
CTCCAGTGTG CUGAUGAGTT TTCGAARCTC GCAAAT 36
(2) INFORMATION FOR SEQ ID NO:47:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 42 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: other nucleic acid
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:47:
CTCCAGTGTG CUGAUGAGTC CTTTTGGACG AAACTCGCAA AT 42

{2) INFORMATION FOR SEQ ID NO:48:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D} TOPOLOGY: linear

(ii} MOLECULE TYPE: other nucleic acid



WD 96/ 40906 PCT/ AU96/ 00343
- 90- GGAAGUCAGC CUA

13 (2) I NFORVATI ON FOR SEQ I D NO 40: (i) SEQUEN

CHARACTERI STMEE»6/40906 (A) LENGTH 20 base pairs PCT/AU%’““%’B)
TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: |i near (i1) MOLECULE TYPE: RNA (genom c) (xi)
SEQUENCE DESCRI PTI ON: SEQ I D NG 40: UCCAGEBAAGU CAGCCUAGGA

20 © (2) | NFORVATI ON FOR SE (i) SEQUENCE
CHARACTERI STI CS; (¥i) SEQUENCE ‘g(sﬁj‘“i_TERE;TﬁEQ 38 Wast pairs (B)
TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: | i nemnuseaacy capeacpuiMOC&@BLESGRYPE: ot her nucleic acid oxi )
SEQUENCE DESCRI PTI ON: SEQ | D NO 41: GICCTAGECT CUGAUGAGIT TCGAAACTTC
CTGGA 35

{2) INFORMATION FOR SEQ ID NO:48:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 35 base pairs
{B) TYPE: nucleic acid
{C} STRANDEDNESS: single
(D} TOPOLOGY: linear
{ii) MOLECULE TYPE: other nucleic acid
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:49:
CAAUGCAACU GAUGAGUCCU UUUGGACGAA ACAGGa 35
(2) INFORMATION FOR SEQ ID NO:50:
(i) SEQUENCE CHARACTERISTICS
{(A) LENGTH: 51 base pairs
{B}] TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{ii} MCLECULE TYPE: other nucleic acid

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:50:

UCCUGUCUUG CAUUG 15



(2) 1 NFORMATI ON FOR SEQ | D NO 42: (i) SEQUENCE cnwfmmﬂlﬁ“msﬂ"" ||||
(A) LENGTH. 36 base pairs (B) TYPE: nucleic aci C s %
(C) STRANDEDNESS: singl e (D) TOPOLOGY: |i near i)
MOLECULE TYPEyo®glaggos nucl ei ¢ acid (xi) SEQUENCE DESCRtTAUSd0343EQ | D
NO: 42: WO 96/ 40906
PCT/ AU96/ 00343 -91-
GTCCTAGGCT CUGAUGAGTT TTCGAAACTT CCTGGA -94- 36
(2) 1 NFORMATI ON FOR SEQ | D NO 43: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH 42 WHAZ j§i FLAIMED IS: (B) TYPE: nucleic acid
(C) STRANDEDNESS. si ngl® compound havifd)thEORQx@GYa [(Segarp No. 3): (ii)
MOLECULE TYPE: ot her nucleic acid (xi) SEQUENCE DESCRI PTION. SEQ ID
NO: 43: GTCCTAGGCT CUGAUGAGTC CTTTTGGACG AAACTTCCTG GA
42 (2) |5NFmﬁ/AT|(®N..F6AR SEQ I D NO M:)é,. 5¢
: A U
G Q(x), G
T/U ] A A
(T/U), G X
10

wherein each X and Q represents a nucleotide which may
be the same or different and may be substituted or
modified in its sugar, base or phosphate and Q
represents guanosine;

15
wherein each of (X), and (X) , represents an
oligonucleotide having a predetermined sequence which
is capable of hybridizing with an RNA target sequence
to be cleaved;

20
wherein each of n and n’ represents an integer which
defines the number of nucleotides in the
oligonucleotide;

25 wherein each solid line represents a chemical linkage

providing covalent bonds between the nucleotides
located on either side thereof;

wherein a represents an integer which defines a number

30 of nucleotides with the proviso that a may be 0 or 1
and if 0, the A located 5' of (X), is bonded to the G
located 3’ of (X},; and

wherein (T/U), represents an oligonucleotide with the
35 proviso that b represents an integer which is 3 or 4.



(i) SEQUENCE CHARACTERI STI CS:
(B) TYPE: nucleic acid

TOPOLOGY: i near
(xi) SEQUENCEwRRGRET! ON: SEQ | D NO: 44:

CHARACTERI STI CS:

TYPE: nucleic acid

(A) LENGTH: 13 bas

(o) stronbepness: i nat o NN HTORRYION

(ii) MOLECULE TYPE: other nucleic acid
GCGAGUCCAC ACT PCT/AU96/00343

13 (2) | NFORMATI ON FOR SEQ I D NO 45: (1) SEQUENCE
(A) LENGTH. 21 base pairs ~(B)
(© STRANDEINESS: single (D)
(i1i1) MOLECULE TYPE:” RNA (genonic) WO

TOPOLOGY: |i near

The comg%gnd of claim 1, wherein the PCT/ AU96/ 00343

eotialis 2, A9y - mGU (2)
(i) SEQUENCE CHARACTERI STI CS:

The compound of claim 1, wherein (X), is absent.

wherein the integer b of

wherein the integer b of

wherein each X and Q is a

wherein each X is a

wherein (T/U), is a (T)y-

wherein (T/U)b is (U),.

formula (Seqg ID No. 4}:

wherein each X and Q represents a nucleotide which may

be the same or different and may be substituted or

96/ 40906 2.
-92- (xi) SEQUEN DES
CCACACUGGA G STigente
| NFORMATI ON FOR SEQ | D NQO 46:
3.
5
4, The compound of claim 1,
(T/U), is equal to 3.
5. The compound of claim 1,
10 (T/U), is equal to 4.
6. The compound of claim 1,
deoxyribonucleotide.
15 7. The compound of claim 1,
ribonucleotide.
8. The compound of claim 1,
20 9. The compound of claim i,
10. A compound having the
37 (X) (X}, 57
25 a’ c”
A U
G (x), G
C * Q A A
(T/U), G X
30
modified in its sugar, base or phosphate and Q
represents guanosine;
35

wherein each of (X)_ 6 and (X}, represents an
oligonuclectide having a predetermined sequence which



(A LENGTH 36 base pairs (&) pee noct et o aci I B UL
* C s *

(C) STRANDEDNESS: single (D) TOPOLOGY: i near

MOLECULE TYPE: ot her nucleic acid (xi) SEQUENCE DESCRI PTION: SEQ I D
NG 46: CTooNeMme906 CUGAUGAGTT TTCGAAACTC GCAAAT PCT/AU96/00343

36 (2) | NFORMATI ON FOR SEQ | D NO 47: (i) SEQUENCE

CHARACTERI STI CS: (A) LENGTH. 42 base pairs (B)
TYPE: nucleic acid (© STRANDEBNESS: single (D)
TOPOLOGY: |inear . 1) MOLECULE TYPE:. other nucleic acid

(xi) SEQUENCE DESGR Papeakie SED hbm@igzing witlCRECABRGTargeicirssmaTR:e
CTTTTGGACG AAACTCEABDeAEleaved; 42 (2) | NFORVMATI ON
FOR SEQ I D NO 48: (i) SEQUENCE CHARACTERI STI CS: (A
LENGTH: 30 base pairs (B) TYPE: nucleic acid

(O
STRANDEDNESS: si nginerein each of o Bndl@PCkéfesdriteam integer whigh ND_ECULE
TYPE: otheg nUC|E“&éfﬁﬁbg the number of nucleotides in the
oligonucleotide;

wherein * represents a base pair between the
nucleoctides located on either side thereof;

10
wherein each solid line represents a chemical linkage
providing covalent bonds between the nucleotides
located on either side thereof;

15 wherein a represents an integer which defines a number
of nucleotides with the proviso that a may be 0 or 1
and if 0, the A located 5’ of (X), is bonded to the G
located 3’ of (X)_;

20 wherein (T/U), represents an oligonucleotide with the
provisc that b represents an integer which is 3 or 4.

11. The compound of c¢laim 10, wherein the
oligonucleotide 3’-(X) - is 3'-(X) ,-A
25 _
i2. The compound of claim 10, wherein the
oligonucleotide 3’'-(X) - is 3'-(X) ,-C-A-.

13. The compound of claim 10, wherein (X), is absent.
30
14. The compound of c¢claim 10, wherein the integer b of
(T/U), is equal to 3.

15. The compound of claim 10, wherein the integer b of
35 (T/U), is equal to 4.



Y\83-96/ 40908 (xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 48: CAA wlnﬁ’ﬁltl;" I!II

GAUGAGUUUU CGAAACAGGa 30 (2)
| NFORVATI ON ForRe $RB0D NO: 49: (1) SEQUENCE CHARACTERIZUN&H343
(A) LENGTH 35 base pairs (B) TYPE: nucleic acid N
(C) STRANDEDNESS: single (D) TOPOLOGY: Ili near (i)
MOLECULE TYPE: other nucleic acid -4xd) SEQUENCE DESCRI PTION. SEQ I D
NO 49: CAAUGCAACU GAUGAGUCCU UUUGGACGAA ACAGGa
35 (2) | NFORGATI ON TRERcSROowml NI 5aim 10, whetéin SEQUENCEs a
CHARACTERI STI CS: deoxyribbMcldMNGHd. 51 base pairs (B)
TYPE: nucleic acid (©)  STRANDEDNESS: singl e _ (D)
TOPOLOGY: |inear (i) MOLECULE TYPE: other nucleic acid
(xi) SEQUENCE DEBCRI PTITDe cShfohid MF Hhaim 10UChEHANGa0AUMGis a

15

5 ribonucleotide and GUUU(U)C is RNA.
18. The compound of claim 10, wherein (T/U), is a (T),-

19. A composition which comprises a compound of claim
10 1 in association with an acceptable carrier.

20. A composition which comprises a compound of claim
10 in association with an acceptable carrier.

15 21. A oligonucleotide transfer vector containing a
nucleotide sequence which on transcription gives
rise to the compound of claim 1 or claim 10.

22. The transfer vector of claim 21, wherein the
20 transfer vector is a bacterial plasmid, a
bacteriophage DNA, a cosmid, or an eukaryotic
viral DNA.

23, The oligonucleotide transfer vector of claim 21,
25 wherein the oligonucleotide transfer vector is a
plant DNA virus, a geminivirus or an infective
phage particle.

24. The oligonucleotide transfer vector of claim 21,
30 wherein the oligonuclectide transfer vector is
packaged and contains the promoter sequences for
- RNA polymerase II or RNA polymerase III.
25. A host cell transformed by the transfer vector of

35 claim 21.



CLM VO 96/ 40906 \Wﬂ'ﬁmqmﬁm ”lm
-94- WHAT IS CLAIMED I S: 1. A conpound ha

(Seq ID No. 3): [err] 5 10 wherein each X and
represents a WO&64996 de whi ch may be the sane or d|?¢ﬂﬁ€?ﬂ°°%ﬂﬁd may
be substituted or nodified in its sugar, base or phosphate and Q
represents guanosi ne; 15 wherein each of (X)[err] and (X)[err]
represents an ol i gonucl eoti de havi®fg a predet er m ned sequence whi ch

I s capabl e of berid|2|ng with an RNA target seguence
cl eaved; 20 whekei fegtagelds of ghaiR' 23 epfharsifsthn h?ﬁ%gfeql%ml ch
defines the nunber of Qhycheptdrias dtict hest cell owldargenketgetidaiost 25

wherein each solid Iin % gpresents a chem cal |inkage provi di ng
coval ent bonds between ? €' nucl eoti des | ocated on either side
t her eof ; “Wwherein a represents an integer which defines a number
30 of snuclxent i desThét cs}tee:wt@él 86st Nad1 P 5B e1RamO26] vlhere:.n theand i f
0, the Alocated 5 of {ﬁ\)}% err?‘]nl %o nde?tothef 13 ed 3' of
(X)[err]; and PR <:( ﬁ)g‘ epi’%s%rht T4 P@%Eu%? tide with
the 35 proviso that b represents an integer which is 3 or 4. C
28. - The eukaryotic host cell of claim 26, wherein the
eukaryotic host cell is a monkey COS host cell, a
10 - Chinese hamster ovary host cell, a mammalian host

cell or a plant host cell.

29. A method of cleaving a target mRNA in a subject
which comprises administering to the subject an
15 effective amount of the compound of claim 1 or 10.
30. A method of claim 29, wherein the administration

is topical.

20 31. A method of claim 30, wherein the topically
administered amount is between 1 ng and 10 mg.

32, A method of claim 29, wherein the administration

is systemic.

25
33. A method of claim 32, wherein the systemically
administered amount is between 1 ng and 500 ug/kg
weight /day.
30 34. A method of claim 29, wherein the administration

is by aerocsol.

35. A method of cleaving a target mRNA in a host cell
which comprises administering to the host cell an
35 , effective amount of a compound of claim 1 or 10 or



WD OEA0S0E e e T ARG 003i“lilllllIIIIIIIIIIHIIIIIIIII!

oligonucleotide 3 -(X)[err]-Ais 3 - (X)[err]-CA-. ) “The

conpound of Ghk@béaobes Wherein (X)[err] is absent. 5 4.pc1-/Au9Ho@43
conpound of claim1, wherein the integer b of (T/Uyferr] is
equal to 3. 5. The conmpound of claim1l, wherein the integer b
of 10 (T/Uerr] is equal to 4.99- 6. The conpound of
claim1l1, wherein each X and Qis a deoxyri bonucl eot i de. 15
7. The compound o4& tramsfiel;, vekeori whicltornX tirsngcription expresses

ri bonucl eoti de. tﬁ% compoldd@.conpound of claim1, wherein (T/Uferr]
is a (T[err]. 20 The conpound of claimi1, wherein (T/UJerr]
is (Uflerr]. 10. A conpound having the formula (Seq I D No. 4):
[err] 25 336. Thehsrmpoungaofi é&a:‘mi arpoegdnts furnheElreoti de whi ch

nmay 5 be the sang rﬁ’érfgécéc %ﬁeah ?&Qeﬁ'&béﬁ:i&%ﬁfkw
Fate an

noditied in its sugar, ase or represents
guanosi ne; 35 FRRARY @Hbﬁd{%r[%r‘?&] hAg ("%‘[E‘?‘ﬁetr epresents an

sequence

37. The compound of claim 1 or 10 which further

10 comprises at least one additional non-naturally
occurring oligonucleotide compound which comprises
nucleotides whose sequence defines a consexrved
catalytic region and nucleotides whose sequence is
capable of hybridizing with a predetermined target

15 . sequence. The compound of claim 37 wherein the
additional non-naturally occurring oligonucleotide
compound is a hammerhead ribozyme, a miniribozyme,
a minizyme, a hairpin ribozyme, a hepatitis delta
ribozyme, an RNAase P ribozyme or a combination

20 thereof.



ol'i gonucl eoti de having a predeterm ned sequence which

96/ 40906
-96-

t 0 be cl eavedwo 9640906
which 5
ol i gonucl eot i de;

defi nes the nunber

wherein each of n and

si de ther
| i nkage

iia .

WO
PCT/ AU96/ 00343

is capabl e of hybridizing with an RNA target sequence

n' representrETAVIGOIZE)Er

of nucleotides in the

wherein * represents a base pair
nucl eoti des | ocated on either
| ine represents a chem ca

bet ween t he
wherei n each solid

prOV|d|ng coval ent bonds

bet ween the nucl eoti des | ocated on either side thereof; 15
wherein a represents an integer which defines a nunber of
nucl eot i des MA?£§&|- provi so that a my be 0 or 1 and if 0, the A
| ocated 5 of (X)ali s bonded to the G ocated 3' of (X)[err]; 20
wherein (T/U) [ ¢dcod 4/ FBr esgnts an ol i gonucl eotide with the provi so
that b reprgsents 3 gr which is 3 or 4. 11. The conpound
of clai m 10,2 whape! ﬂ i gpnucf eotide 3'-(X)[err]- is
-(X)[err] gA 25 The cgipougd of CIki OATIEEt Wherein the
oI i gonucl eotgd degodd -A . B CAT Expils- The
conpound of &l ai m 3 3 @ CATééts The
conmpound of D&C| 24009 4 (T/TUb is
equal to 3. ©
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15. The conpound of claim 10, wherein the integer b of 35

(T/UJerr] is equal to 4. WO 96/ 40906
PCT/ AU96/ 00343 -97- 16. The
conpound of l@bdiaedés Wherein each X is a PCT/AU96/00343
deoxyri bonucl eot i de. 17. The conpound of cl aim 10, wherein each
Xisa 5 ri bonucl eotide and GUUU(U) C i s RNA. 18. The
conpound of claim 10, wherein (T/UJferr] is a (T)[err]. 19. A
conposi tion which conprises a conpoun@p/g claim1l0 lin
association wth an acceptable carrier. 20. A conposition which
conpri ses a conpound of claim 10 in association with an
acceptabl e carrier. 15 = 21. A ol igonucl eotide transfer vector
containing a nucl eoti de sequence whi ch on transcription gives
rise to the conpound of claim1l or claim210. 22. The transfer
vector of claim 21, wherein the 20 transfer vector is a
bacterial plasmd, a bact eri ophage DNA, a cosmid, or an
eukaryotic vi ral 23. The ol i gonucl eoti de
transfer vector of claim 21, ZSMIGURE 3v\,her ein the oligonucl eotide
transfer vector is 3400 plant DNA virus. - T US OF an
i nfective phage particle. DNAzmed ribozyfiee Ol i gonucl eot i de
transfer vector of claij 21, 30 f he ol i gonucl eoti de
transfer vector is e ASmihig prnoter
sequences for 80
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RNA pol ynmerase Il or RNA polynerase I11. 25. A host cell

transforned by the transfer vector of 35 claim21.
WD 96/ 40906 PCT/ AU96/ 00343
- 98- o 9s/a0006N€ host cell of claim25, wherein the hasrauwehdsds
is a prokaryotic host cell or an eukaryotic host cell. 5
27. The prokaryotic host cell of claim26, wherein the
prokaryotic host cell is an E. coli host cell. 28. The
eukaryotic host cell of claim 26, whegqhn t he eukaryoti c host
cell is a nonkey COS host cell, a 10 Chi nese hanster ovary host
cell, a manmal i an host cell or a plant host cell. 29.
A nmethod of cleaving a target nRNA in a subject whi ch
conprises adm nistering to the subject an 15 effective anmount of
t he conpound of claim1 or 10. 30. A nmet hod of claim 29, wherein
the adm ni stration i s=topical. 20 31. A net hod of
claim 30, wherein the topically oL adm ni stered anount is
between 1 ng and 10 ngy. 32. A nmet hod of claim 29, wherein the
adm ni stration IS syst@m’ c. 25 33. A nmethod of claim
32, wherein the systemcally < adm ni stered anount is between 1
ng and 500 [err]g/kg V\Si ght / day.
o
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30 34. A method of claim 29, wherein the adm nistration
is by aerosol. 35. A nethod of cleaving a target nRNA in a host
cel | whi ch conprises adm nistering to the host cell an 35

ef fective angimbeépga conpound of claim1l or 10 or PCT/AUMBBE 40906
PCT/ AU96/ 00343 - 99- a

transfer vector which on transcription expresses t he
conpound. 36. The conpound of claim1 or 10 which further 5
conprises an anti sense nucleic acid4yhjch is capabl e of
hybridi zing with an RNA target sequence. 37. The
conpound of claim1 or 10 which further 10 conpri ses at | east
one additional non-naturally occurring oligonucl eotide
conmppund whi ch conpri ses nucl eoti des whose sequence defines a
conserved catal ytic region and nucl eoti des whose sequence is
capabl e of hybridizing with a prE RE &d target 15 sequence.
The tonpound of claim 37 wherein the addi ti onal non-naturally
occurring oligonucl eotide conpound i s a hanmerhead ri bozyne,
amniri bozyrre, 15 T Zy1es; a—hatt pi L I_-FIUUEyIIC, a hepati tis
delta Jdribozyne, an RNAase P ribozyne or a conbinﬁtion 20

t her eof .

10 -
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