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enzymatic ribonucleic acid nol ecul & corresponding to said second RNA
nmol ecul e but | acking said cleavage site and- said nucl eophilic attacking
group, such that said enzymatic.nolecale




20 can only cleave by transesterification, a single-stranded target
sequence wi thout formng a coval ent bond between . itself and any portion :of
the target sequence, wherein said gyobbesissng- optionally includes altering
one or nore residues of said second RNA nol ecul e such that the target
specificity of the enzymatic nolecule is altered. Sequence-specific

endor i bonuc|Geals 5R.mbtcaht habea reeentiafigpnd  vehemallemmieca mh tedatdi I¥8 HNAowhidhirentaiputly  of
RNA 25 t lkesym@iqactivity @rd eampises exelestidas| 1833 el thaA. fitge alshieun thad yhe1-3BNpjece is
(Nat hans, fulty aglive| Pigsmids, havp; begn copsirgcter to graqucerias,L-193ang dad 1Y'S BNA stemils dieglly. Here
exanpl e, tRPqmoter isrmoved t°rt%19r'?°§'i"?"d%ﬁ 2? P%?Q‘ﬁ%ﬂt%h%mﬁ ?Pdlﬂé f‘hé"@desf’ts dsftisia bp
sequenC“e P8\ positignestead of e ul d be
speci fi cal | yB€Nd4De dt%ecf' r-'é n@ﬁ?% CB'I' —512@? Wrgﬂ}?'étmﬂ ’éfhﬁ Sp‘?cg'f"tys?fl}?/m' YPrfLase
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of one mmmémcﬁése tHle eprv% d.&a h i t be self-
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begun.  Theyeicidat:I VAR @ Mrst,C6.66\6R OR8] fibid 40:786; dRNAF KUBSA. (SIS, BREGRort. 2680680;

i ncr eased padbies, L., SQNCIRInGreds; AR5 bsr Veah, et AN, Pardshaihuslh 66784, 9r Mary dofles or
obt ai negl. c@%@or&&rﬁ@w sndofiboddeuiatds mamtite satheldr atfieraRRl 0ded @ HB.IBEIIE ofthstwolkeot
further .explinedn. ThbyskB&d inamp@BaWil be able @ SABE olthtthes BNA @fkyMesS PEC virioGs hagurad f
cl eavage, sands.at the sane tinme they should nelt structure in the substrate
t o maxi m ze Thidoliawing [RMAI sendepcenblementyean ecppedeesto Fovidel thy minimag ective isite foF

t he acti vebime agivity; hased jo deghveet lbly ANASJIE988)and | Véaring & Qavies Bupora)cilemdnis A and B
acednpl2 s fteract witheesete ptheri 46 dol 9L ape 3<in apy prsitionstoh the GaavoRse, Pere thard bareds pllgpved:

t et r anucl d6topepeved sehsiitlions ap Shawady PHRINING 8 dsteredirectly pelevy iin pasedey whioh gica) sybstituts.

ri bonucl ef¥campRlp, at pesition 1 inpoauense plemew & {fip tHelepfidas AP F’P@Piei?’eﬂyy“ being more
recogni zi Y™ conbi nati on of  RNA structure and sequenceé, with the enphasis
on st ruct ure (e.g., RNase II1 (-Ro-berts_on, H. D~ (1982) Cell 30:669) and

RNa St , .1980) P Nat B S 7:5644).
KnO\?vne pro'g ei ﬁgth%)}sﬁsggée& | e- s%raaggd RNAI s-uA&aijsa 8&1%%@?3 ot her)

hand, have specificity only at the m)nonucl eoti de or di nucl eptieaalevel
(e.g., RNase [err} gkggggggg ter ‘guanosi nes [Egami, F., et hl. (1980) Ml ec
Bi ol . Bj,ochem Biop 0-277]. Thus, .the L- 19 VS RNA| has
consi derably ni)f-eAbaGGUGGBAAsequence speci ficity for-RBARGHIGLHGCAGG
si ngl e- stranded %ﬁ“ knovvn pr ot elin' ri bonucl eagegyyarignt R bozynes
(or other versions of e ribozyme thatretain activity) Earller work on
sequence requirenments ®or self-splicing (Price, J.V., et al. (1985) Nucleic
Acid. Res. 50 13:1871) show t hat sequence requi rerrents can be .exam ned as
shown therein by |nsert| ons and _del-etions to obtai.n other sei; apl icing IVS
RNA's. In |ike mann2k, (adseoGRrdled & the L-19 | v RNAED GBLAE array
%(RNA sequence-speci fi ¢ endori bonucl ease nol ecul’es. Thus three regions

e found by Price et al. to be necessary for IVS self-splicing. Simlar
experi fénts woul d. reveal né‘ceséé‘ﬁfy%ﬁ(?retl ons of L-19 IVS RNA for
endor i bonucl ease-oCAGREAYTARA ke, J. M, et al. (TOSSAUXBAEUC45: 167-176 show
the role of conseréeg el enents 55 for the I'VS sel f5 sgl I ci ng sequence; that
work shows a furtherifise of nmut agenesi s exper i rrents to alter the highly
conserved sequences €o alter activity thereof. Just so, in like manner, the
activity of the L-19 I1VS RNA can be altered with acconpanying alteration in
activity WfsefalrfarhelPBAGUA &Me@;ndm@@leohqweé GrS@ea; 6 EP 07291 533 Bl
Cech, T.R, Cgﬁ,pa,lsator ¥R chagent Ly found a yet smal | er pi ece of the L-19 IVS
RNA whi ch C Qid AMowsdl -Tsed Burkg)@yamat i ¢ activit'y.and conpri ses nucl eoti des 19-331
of the skNA. (idses)ySupal so found that the 21- 331 piece is fully active.
Pl asm ds havehe ligsansaosisé puoheshplate PNAchding farNaVE RNB isshdwi béldy. ICo@ngRi¥the L11aNds
directly. MSERNA Tribezyped baginerat ihg siteondicitet! by ttHe@er‘@amtebdscm theren@® (G* 3 b ©f touea, iand
t he DNA cBYAthg Tsoare Ulse restriction site is,at the 5 331 position instead
of the 414 site. Been, MD. and Cech, T.R " ((1986) Cell 47:207) show
alterat®fon in the specifi city of _the_pol ynerase activity to effect
pol ynerase activity with respect to oligo U using site-specific
mut agenesi s. Thus those skilled in-the art can readily use the -above to
obtain other active L-1 9 IVS RNA enzynes. Waring, R B. and Davies, (1984)
Gene 28:277 show a class of I1VS RNA nol ecules with-simlar structure. 10
This work is sinmilar to that of Cech, TR, et al. (1983)Proc. Natl. Acad.
Sci. USA 80: 3903 showi ng a cl ass , : '



i ?

of fungal mitochondrial RNA |VS.nol ecul es. Sonme of these other IVS
nol ecul es have been found to be self- splicing. (Cech, T.R, et al. :
(1981) Cel | 27:487; Kruger, K., egpdl29163983) ibid 31:147; Garriga, G, et
al. (1984) ibid 39:631; Van der Horst, G, et al. (1985) ibid 40:759; Chin,
F.K, et al. (1985) J Bi ol . .Chem 260: 10680; Peebl es, CL., et al. Cell in
press; Van der Veen, R, et. aI . |b|d I n press) Thus a serles or many
seileslor 15 class, or famTEgo*F e H8or | bonucleases fromthe same or other
nat ural s bease s led in
theSart w @FA ?gég‘gg?c GER%G erA%fﬁthﬁé‘?%?%%C\?an ous nlgajt ur al
sourcés. The foI | ow ng RNA sequente-fel enents can be considered to provide
the mini @&érdﬁfmcéﬂﬁwﬁcﬂﬁéafme@t;wmma@émc@ec@é@m et 135, PNAS
(1983) an ring &:Davies Supra).. Elenments A and B 20 .interact with each
ot her, as do 9L ,and 2. In many p05|t,| ons of the sequence, npbre than 1 base
is all Owedrvréb@c@ﬂﬁﬂcscd-rem@mtccmcacmecahcm'rbmGnccnmmmw& | etytser
di recfoly bel ow t he base for which it can“substitute. For exanple, at
position 1 in sequence ¢lenent A ,the nucleqtides A and U are observed, A
bei ng NDr EGREATEECCEPCARALGEGDATGCATRAGAABE TGACGGACATGGTCCTAACC . 209 B
(aI so called Q optlonal 1 2345678910 30 5'-A UGCUGGAAA

AAHCA(C)QCA ,GAAAG U , ' U CuJ
C aﬁcMAGCMGTCC'BAAWCRACAGATCTTCTGTTGATATGGATGC&GT(I@IASo 264l | ed
S) 40 N = any base 5'-UCAGACACUANA
AAGAUAUAGUC U AC UGi45 .
C t hese p&IAGW@CEAT@GGG@MGaﬁ@W'RﬂTQM@WG%WrI i neéll0
conperpsat ory base changes are allowed - see Burke, et al. 50 (1986)
Supra The }inear seqyence of ngn-tenpl ate DNA coding for I\ RNA i s shown
bel ow. Co®GRRESPCTE TEMDGGGBGQNAGCFFMTGMQFASCAFT%GQQ e iX6® cat ed
by the arrow and extends to the end ([err]). O course, |n RNA the T's are
Us. 65 7 EP 04291 533:B1
WTMWMMW&?&?RGG%ACW° 414
GCTAGTCT TTAAACCAATAGATTGCATCGGT TTAAAAGCCAAGACCGTCAAA 105 1 10

-&WAA 9, ; Ié W&%&enéﬁécussed with respect to
ACGCA CCTAAGT CAACAGAATCTTCT GITGATATGGATGCAGITCA . 261

 CAGA AAATGTCGGTCGGGGAAGATGTATTCTTCTCATAAGATATAGT@A
310 20 CGGACCTCTCCTTAATGGCAGETAECCRATEAABTERBTCEAMEACTGGAGCC 362 25
GCTGGAACTAATTTGTATGCGAAAGTATIR TERTIAGH THEGASTAETEE 414

36 The first ribonucleotide for the L-1_9 IVS RNA at the 5'OH end is the equivalent of the nucleotide 20 of
the intact L IVS RNA. As regards positions 23, 24, 25 efc., these are positions 23, 24, 25 of the L IVS RNA
(as if the first 19 positions were present). '
; Since dCs binds to the L-19 IVS RNA (see above), it is likely that the endoribonucleases will work on
Yt mixed polymers of RNA and DNA. For example, L-19 IVS RNA will bind the DNA portion while the RNA
40 enzyme works on the RNA piece of the mixed polymer. Alteration of the binding site to bind the other
nucleotides will result in an array of rhixed polymer activity in a series of such endoribonucleases.
Abbreviations: IVS, intervening sequence; L-19 IVS RNA (read "L minus 19"), a 395-nucleotide linear
RNA missing the first 19 nucleotides ‘of the IVS; CHES,2-(cyclohexylamino)ethanesulfonic acid; EDTA,
ethylenediaminetetraacetic acid; MES, 2-(N-Morpholino)-sthanesulfonic acid; Tris, tris(thydroxymethyl)-
45 aminomethane; p*, 32P within an oligonucleotice (for example, Csp* is CpCpCpCpC[”P]—pCp)
Enzyme Preparation. L-19 IVS RNA can be synthesized and purified as described by Zaug and Cech
(19868) Science (Wash., D.C.) 231:470-475. (see Fig. 5 for detailed. description). In brief, RNA was
transcribed from pSPTT1A3 with bactenophage SP6 RNA polymerase in vitro. (Alternatively RNA can be
transcribed from. pT7-TT1A3 or from ‘any of the plasmids in the pBG series with bacteriophage T7 RNA
50 polymerase in vitro). Transcripts were further incubated to promote self-splicing and cyclization of the IVS
RNA. The RNA was subsequently incubated in MgClz at pH 9.0 (site-specific hydrolysis conditions) to
convert circular IVS RNA to L-19 IVS RNA. The L-19 IVS RNA was purified by polyacrylamide gel
electrophoresis and Sephadex G-50 chromatography. Enzyme concentration was determined by spec-
trophotometry assuming a molar extinction coefficient at)%@nm of 3 26 x 105 M™! cm‘1
55 Active plasmids in use are as follows:
pSPTT1A3, pT7-TT1A3, pBGST7, pBG/-2G:23C, pBG/23C, pBG/-3G:24C, pBG/24C, pBG/-4G:25C,
pBG/25C, and pBG/23A: and pT7L-21. The PBG plasmid series is described in Been, M. and Cech, T.R.
(1986) Cell 407:207. For example, the pBG/3G:24C and the pBG/24C plasmids produce the L-19 IVS RNA
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In the discussion of L-19 1VS RNA, the region of the actlve site sequence
di scussed with respect to activity-and variants is: 30U U G G A.G
G20 21 22 23 24 25 26 27 Fpo2918defirst ribonucleotide for the
L-19 IVS RNA at the 5'OH end is the equival ent of the nucleotide 20 of the
intact L I'VS RNA. As regards positions 23, 24, 25 etc., these are positions
23, 24, 2B4a®farkiteshich|déBvaaNENA aiter the GGRY # jbasst semnwoé‘ hase ilesmidle ete oy depesift and
Si nce [ er eiaildblenaisthe @epanigent. of CheNIBINRANY Bigehemign Mo Ve'Sii‘Vt °f| @'qr?%ep ‘{ehéi"'Ofﬁqé
endofi bon@e30e-8215sExgmples ghihsedriuding ®BG sJT 4@%4% 5! e,
L- 151 VS RRRIGATCCH10R60) (have BNA BQSttfrdo‘rﬁ" SF%' 3{%

t he RN plpé’b'éw’bP"“leh@%'ﬁ"i? 'lg_‘é ?@ gg% 'a?ﬁ“ ?181 e t

t he ot her B'W‘ﬂe@e\)ﬁ ?1 %suﬂ"’l dﬂ'eﬁe 'saWS (I;n peed g ?PO?' al n

a series r?“é’ﬂ revjati Qg veni

and Yere prep from :&s &-I ,
S.equence b ew- ¢ % z‘b oy S 9&3 ey
m SSI ng, po I 'ia% ‘ek&% ﬁ -25 hromatography. Csp* was prepared from
CHES, 2- f h:«ﬁas@ h bet atron (Wrnter & Brownlee, 1978 Nucleic
et hyl ened'A 81 rﬁb%t %faaﬁﬁrﬁr&seﬁ‘ed&ﬁ,b roclin NIV RERAbI 1A®) mRbdI CpUdsl hdrGn 61 d;

Tris, trig AQA( o "Edhbbhlrdtion #as &é’ignﬂrﬁmma&ropl{o%i’e]ry Widghd ola dxifhktiod @BstRdeandti Ce
(for examp @mc{fggjﬂosrm—ﬂ(,@w] Enzyme Preparation. L-19 | VS RNA can be

synt hesigzed méarapon of fE- Unfabelstts 0o VB BIALE phecgvad indutaea lvith 5.9 Bl dBCH e ircd mM
(Wash., Dnablc, 38 B.o4aHa20 7M Myer a4y C & 100Min. deé seadtiod wabesappéddtyi theadditibmofEDTAS |
RNA was t redostmi the -3 wasipyriéiéd ffomarikdactbd Cpe by abinaigbro®BGgrBitiA op Sbghatax a3 001180,
Vitro. (Alwhien was boutibrateBRNA0.OBM Tris-HOL S TS, i 028 M NeCirarfded-G0)l M EDTA- Jite drpgionsf thathe
plasni ds_icontdited ExB@mmlex wse piolet] ahdopepiiop iy vojmeRIQheti@oh Breydriet arselpitate was

Vi Mo) 2Trendiesdved m He@re further incubated to pronote sel f-splicing and
cyclization of the VS RNA. The RNA was subsequently I ncubated in [err] at
pH 9.0 (srsﬁﬂdaﬁ%ﬁﬂ@'ﬂmﬂumaﬂa@@% condltlons) to convert CI rcular 1VS RNA to

LI 19 ¢ | VSh RNA Ihe Lo 19 1 VS y(? # 8Fﬁ£fd51 t pro% Crg% r |c%aeq and McMaster
el ectrophor ra

det er mifed @f ik %ﬁ . *r" ,zra &P saa::e o %%3@% "%*9%86
[err] of dtﬁlfl rteR (olﬁh pl@L 9%

[err] andg r’i’ssrliﬂl HS%%@&M‘@W@&GU 11hBur] een
and Cech 407 207 For exanpl e, the [err]and the [err]

pl asm da'g %g#ﬁems Lnd]-@\allyyfam EP 0 291 533 B1 24C variant which
cl eaves ase sequence. These plasnmids are on deposi:t
and avai | abl g aRtasb\@adB6iadré SbpPbd BY thSaediiodlof. BTG afind cbreitatidn\f 28 iy Brodictsy
- of Col or adgn bBsHalyekarby disirsphérekis i @209- 1 Adylankiden mp|Me Bred helthi@aard issuubnothp yef). 1
[err] ST7 %pAdifaliedNIC&ipstrapd dre TisbARodusis Can BO@@likpd bynsalfieadiopraBi®. 24C ( ATCC 40289)
have besn depesiolioaihg Vixbmpléshandlthe istanderd” dopgiionSLebover servedt lillesttatep hut( T ®CHMIL @0 1
5 Par kl ausvedBon.ve, Rockville Maryl and 20301 on Novenber 25, 1986. The
plasmid pT7L-21 nakes the L-21 IVS RNA wherein the first 21 bases are
gl eted. Exmplgpl asnmid (ATCC 40291) was al so placed on deposit at the ATCC
cenber 2, 1986. Preparation of Substrates. [err] and [err] were
prepar etl fSegengeciPpqilicgigavage of e fNAS respect i vel y,' with T4 RNA ligase (New

Engl and Nucl )wl\* '(J o and ASTP Products.were f ed %{ Ot -0 .
pr pared mcubatron of ungder co s that promote self
pol yacryl g hcﬁr:8 hzartTéj and'@e-spgz g’% &é?: L 5@ AJ. et
chr onat ogr g E aﬁ & WonThd ?jsanA by
i ntesti I&"’” \f:(nthr“G( Jit(?g'm)gmﬁlé@mid?ﬁes %%72%—3139)
Nucl ei c Uexp g n SQJef MeYreRiE RALRE dchitf &1 Fnud@dotidyl-
manner wi t &4d née‘frz; 1&&@;;1% ol Rbdebe. WhepoSrR iRl RowolkeNEE Mz e A
was deter %BQ&I cIQéQeSH(l%:Eé' T tlsrg@hmx méftdl.. Bor Aridle, @¥%i50M &t pAN0T EREpCHMRGE, at
270nm of  mXe 4/(1de3) A 33:500-978L P AeGhdnO6F nibiusd IRta-dlobirl fib-ABEA @ohtdinidhOhd WG imtiud,
(16 pnDis) wiaSleavad whiieathjokirbdindntsdf PrBDEE0GH et ]as Weolb&s. suivl NaroAtagmpts Frid) 2a) Aed
20 [err] ahovreiseldw, trer3eld Gnam 48 ntTitagmertsacani lerexplaisedsasotpe 8'dand 8’ pleducksdd icleavage eff
EDTA t 0 4(positdn 360.cThp 864 it fragrsenp isrthef 3' orbdiat oheleavage atwasitior] &% thp Shd# w degrment being
chr ormat ogrtastmgll Mbegmad@xThGapmcelgoa major amount of a 316 nt RNA, the expected product of
. cleavage at both position 44 and 360, is indicative of Qamal dlgestron with few molecules cleaved more than
66 once.
Cleavage requn'ed magnesium ion (optimum at 10-20 mM MgClz) and was essentially independent of
monovalent cation in the range 0-200 mM NaCl. The pH optimum was in the range of 7.5-8.0, and the
temperature optimum was approximately 50° C. Although the beta-eliminated L-19 IVS RNA was competent
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whi ch was equilibrated in 0.01 MTris-HCl, pH 7.5, 0.25 M NaCl, and 0.001 M

EDTA. The fractions that contained [err] corrpl ex were pool ed and

precipitated with 3 volunmes of egpyyhs3ddg dried precipitate was 20 then

di ssolved in [err]. Standard Endori bonucl ease Reactions Substrate RNA is

pretreated with glyoxal according-to the procedure of Carm chael and

McMast erio 2&alyz6 1Gdbavey® tdaction, remavinm IG* 1* G6m 3803 ihe avasindt hegnired tfidi glaalage activity.

preci pi tabeckzyme drotkbe atphieosamp irdte visstipedri net @4 timg beerremaved (¥et exolain the agiivitegfteendor f

cent ri f ugect LTRAVHBNA by ttiespostuipte dhah ratl sefurtingRimcentrationss pleidie e iafackdy &TP omtie

gl yexy| adubsiaeshopatestvery Rftgktifely. viith @iack by Gt 'hcubat ed wi t h i bozynme (for exanp

L-19 kVS- bWeaoritys V9 RNA gng L-38 VRN etwgﬁlw eRdbck-1DNS Rids t&ﬂafp}? Rﬁ%je"Pfr??duct s

In al | cRNesnaymader deayme)-d-19 dkehden fureian SF epAyTRS t"b h& ey of

concent rrietpies THis apgliepin BMQHH’H%?% ‘"E'bﬁs B@,‘”B‘?'FQ‘I’SXE’B‘G'"‘()T '%Is E ?}
r |on

20% pol 2ty MaoR blocier] 19 PIFEE |boif o Pf° ah
AL T e d@:;%v e

aut or di %

above se?VE" I'm |nvent|on Exarrpl e I 40
Sequence: Shi f|c cI eavage of - Iarge RNAs The L 19 | VS RNA enzynme was
prepar emcubat ion of pre-rRNA under conditi ons that pronote self-

spli cmg,_abg,g@glbaz,géel%c@nd site- speC| fic hydrolysis, (Zaug, A J., et al.
(1984) Science 224:574; Zaug, A J., et al. (1986) SCI ence 231: 470) The

3-t er m nal wabRRRRA-RRIGTP #&¢ heludddsh th&\eact.buemmbsfﬁwasume(ahpmaboV@ N8 byd 45
per i odat 40 bieavhdeOstodutts Iweisasbelay (e 2B): Birdcirseaadniiog of thésa tabeled BNA fragments.(e.4.1978)
Nucl ei c FAg.i2eisshirass. thab ciadhagy-a8d BIP-addiion eocpeat hahotidel 44 preid@h initiwgsenienesz yueh that - 19
| VS~bedt athe basstgamatdavage patischred {GTR; ldbplec The bends forraad k@ TP additignpfegepsiive to

assayed Bidse . [cenfimpingthatcthes @ wascoealenthaddedInougieits 350 e d normahisd’ ehosphagliester

r i bozy nebondsReattiop of ghecB4antePTH( GXBN 43 RNA| (pssa@ﬁ'a[ége%mewce% \Arqsluced ‘t:malw

exanpl e, lahsipd fragipants, These werp spquanesg in ¢ or. pJ 7 ANAith gn additional 492 mcat
33: 509- 5¥@Nd, H°¢’P%’g'?beﬁ¥"s?ﬂp“%‘ﬁ§€7ﬂ pNA &P‘O'EﬂdrP B glopef & fﬁ‘srﬁ% ﬁft‘h ? EtP‘t rs
i ntroff %9"‘%&‘3"‘%5%&\/@6‘9%“@’ 1‘8 &

GI’ 9 en{:e

of

pight ebe
WichsubsiAs g e NORE A
:‘Nre!algngftt pr8%°s% E‘Eeﬁ' Tofse%-l?e‘h{\gwer?% m (;Er:fﬁged cgs of e ea\ggg 2@8%%% nt
p

posi t i ong% ol i RESY: Foduct of cleavage at position
44, the xam{lé "Pt f ragnment be| ng to small to be observed. The absence of a
maj or A a 316 nt RNA, the expect ed product of cl eavage at both .
posi ti Onséeétﬂét?(lss'%ﬁé?nen{ s indicative of partial digestion with few nolecules
. cleaved nore than 55 once. Cd eavage reqql fed magnesi umion (optinum at
~10-20 MM [ hé Loquées! n¥i et SRNGA AALH ncaLSRE Broden 1560 ExdipRON 8loed) twas adrpareditn t he
I ange sf)- #0 @ndidvlsbiiehce of B8 ANA 16 Rfehtift it idSeotides bideoding igesito bf deabagB. The rasalth drdie
t enper at sunenaBfidiinTTIdseNE Both phr reejor d 86 YHiner cldavagllsttdscargitedetial Hydow pwinidivesathed
L-1 9 | VéanRiNdusvsagueoaniping EXUCUI This isfektcly B8 letrBRElod®ide samuerme akppoted tothe agloptimahge
r eact i ontargeefomtie libagfm¢. Ghe impbrtanea of mecleolidss 2y prsitionssS erst-6 relagvd to de dagyage F'@a‘i/ age
asi vi t ynot Velecleanzaltheughudirekahgonge of Feregidues maytke signiicant There H e a{)@fqn sﬁ‘i&‘ﬂ‘%een
r enovee. preiereacersioystreann Borp theiclppvage: #. it &l f°H't’!§.'E'P°“EQsl@°r?99‘§°W°ﬂ
post ul at e thagsessigg speqifigivaft ip glse GPRS’é?‘l‘EYr fat%ﬁ'@f 8?""’0??‘-"”"?‘ rféesa'ﬂ g’
the subsﬁlﬁaaﬁfbbxctbﬁﬁmzes@e ~FSF °@f"ﬁ@éﬂ"& la Vag wawt
the IVS Piaverh 'a" e T ¢ a groat
t her ef or a’&' % ? r?B M h,gssg' se A e
i ke S se uences virﬁre clga 5
es m%he , QU Qéquprrcgé 3 ﬁt Th t§e l‘?og n{eq{%s
exogenoug 'L q éﬁhel%t% i's "evi denced “retention of
activi ty ] ec e to prot ease act | VI ty " boil i ng or SOdI um dodecyl
sul f at e. EMBWA pol ymerase protein fromthe transcription systemused to
produgg VS RNA is renoved by phenol extrac,tlon The ability to 10 make the
| VS RNA icRadigd Wi rbglorid of baaepairedy RN Bachitiahyi stricur@nd r enove the RNA pol yner ase
by phenol extraction is further evidence of the protein-free nature of the
reaction. ExarpPAahd RNASulbabbel EcchliciNases RgBesdr BEU®E 8I; (1982) Cell 30:627-636), was not
cleaved by L-19 IVS RNA-beta under standard reaction lciondltlons (Fig. 2b). M1 RNA contains the sequence
§6 UCCUCU, which should be an excellent targent site. HoWever, this sequence is involved in a stable hairpins
stem (Guerrier-Takada, C., et al. (1984) Blochemlstry 23 6327-6334; Pace, N.R., et al. (1985) Orig. of Life
18:97-116), which presumably makes it unavailable as a substrate. We_have found that denaturation of M1
RNA with glyoxal allowed efficient cleavage of this site by L-19 IVS RNA, in support of the interpretation

ch‘l
_r

te
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Wien [err] was included in the reaction of [err] RNA as in Exanple | above,
the 148 and 464 nt cl eavage products were | abeled (Fig. 2b). D rect
sequenci ng of these | abel ed RNA f reygoeef 633(®1 9., -Fig. 2c) showed t hat

cl eavage and GTP-additi on occur -at -nucl eoti des 44 and 360 in the sequence,

. such that 20 the downstream cl eavage products are 5 -GIP | abel ed. The bonds
f ormed by th@TRNAdsbcendan selurg egas i inhibjtecleavagRNAkee glyexal procasiwmf isedrifergdenpipration He
GTP was cescaldingtd Garaidihetl GtGhrebel 960} Metiy'in Bnziypol H58F¥AI 3' - 5° phosphodi est er
bond.” Reaction of the 841 nt [err]. (Xmm 1) RNA:(essentially pBR322
seq‘t}éncesfi@,ﬂﬂ'.ﬁﬂlced 4 rraj or |'abel ed - fragnments. These were sequenced in the

sane nmehner. [e an addi-tional® 122 nt at its 3' end, produced by
transcri pf‘\F‘b’ﬁ's'E?f’“‘[t@'P?ﬂa"ﬁl\?ﬂbsﬁrﬁtﬁts"e}‘fﬂﬂ Ybeen cleaved at the Sca | site, shovved

the 25 d f b d
ot o e S 5 '&ﬁaﬁnﬁ i 5;;2@ fe G e
SSIZ

the L- 119 strat S w {ol p@d’i%' on
propose et | (1 gsev 2910 £ BmbCe,
J. V., et bstr nec] ct mﬁbrp{o the- Qtrﬁﬁ&&)ﬁae coIéHﬁsu%'thﬁﬁnc@ Tweldther ls tésr}ﬁd
were het erg &B&@I&ﬁang WluBorl4lhatcRREb bbrbrisis. ASSESSMENt : The sequence

near the 5 B éaf)stﬁﬁs ) ﬁ&teldamlﬂﬁdmlart@d wab IVSRRA Bxawipl teo bitersahbyYSesVEBen,
conpar &g tvD.3ad Cetie TIR)Q1986)SEM UR,RE7e216) The o RiANE BaleCkingleibhye dhbiyes nctheBtexotes

pr ecedi ng binkiRg Sitet that @lter CHeCBYRAE. spadieity afsthe first sipdn SrEHIRNY solfeplicing (BBainIMD.1et aBot h
t he maj or sapre). THee23Ci vagdant (3 emvege t € tabpostiore2Pofdiveteq] IVBYRNAD isr expaotedriv chcogmize

t he consercyGY seisstiates ot tipcd4GdA Gui@ied 1T st Fosition edlovatiapt shiaeld tegegniae GECE (fild d)- In
sequence e¢hepouted these stidien woounddat tharinglisiof ofr2.5vhereg PihthZe feemanidecn ithegeactiafic e
of MU C| 22 0toredltysinerpaspe dhiet srepificity. Sallawion o@h ribpzyevie difigreptiate ?Hbétﬁif’ag@msﬁ tigglg Baspot
yet cl ear chaape Indbrfecegniionsrguance Quf oraratingsmedpbis thah i ei?edeg?t ?nt% P?,SQH*E'Z“‘ echase- | s

no appar emgirnghstyes e &Ws?‘%?'\gﬁ'@rﬂf@’eém'@?t@%ﬁff'}edﬁ?zty "éﬁt"fgeaga
all four ﬁlﬁﬁﬂa@ﬂ?q %Pé@'el"%sp %%@Fﬁ'téq: Bs‘ﬁ;t ates % gs i Jety,
it is al s@reﬁ@&% ”L“??aé réﬁ %5 °a§‘f eé uﬁ"’ Vi

r"}; ot
cl eaved®b >«;aqa | g:gi |re T fr;pex g)w us IS co to he at
whi ch cl eggdh; 5‘ ki nﬁer b@%@i uﬁb;sbtssqu\a@ea'éf 4o Beiced

a | abel ed rea many sites {hat ratch
CUCU in 3 OUJVh var‘}anp% rﬁég%ré’\lﬁéuﬁat&p\tvlthcth§§dﬁq{ii pAlﬂﬁgﬁﬁA' &6 Hseyrde’gald Widtrerent
Sequencgs péwm é@m%ﬁ‘ge r%'du Ets. BRmdjorC D evhgd it Has 8on( MEHREE foN tereU)larlarllt MibBZyfres,
RNA, cl ea\(@m&nd\@%@bfs'ﬁw@icomenb@ftdﬁctahgos%ws)swata@ E16avbd by R 23BY24chand Bt
only one GboAMEs &6 ptdbbded B CEECOGEVAUGETLN] .CUBIGE, redpaeiivély; iRzyna@IinigSndicatss heng
pr ef er enc @adelfiat Glola Youg @ GIC Bdse PhiEwitheths muhed anddotte ICHHE\arialbribopime. Edch bthese
Cl eavage Wbdubhdas Eacfores capfinuoasstzseppdirs oih RlActse siBmilelécfidestor the varfaet ribhblymBNWhilet he
RNA subdanintoredEledvagecsitbs mitids sedueided befpre Rpéeificityetan db .propdryGazjessedl theBOnitR TesBBo) |
was not clasewelsigy L- 19 | VS RNA-beta under standard reaction conditions
(Fig. 2b). ML RNA contains the sequence 55 UCCUCU, which should be an
g‘el | ent BxpppieVt site. However, -this sequence is involved in a stable
ins. stem (Querri er-Takada, C et al. (1984) Biochem stry
23: 63274063%"9&"89P§6€‘a'yﬂ? R et aI (1985) Orig. of Life 16 97- 116) whi ch

presunably es it una as a

denat ur at i rr‘ﬂ}g tm'hzlll m e T )% Itg%‘:#:o%&e sutbetfsathz%G |g % E e asten%f te
byngl Eﬁ‘wut lsp‘? li el% stutlﬁaaly t\

t hat RNA 3’38 § " g can I'n cl eava e oxal proce

used for 4 aac.an te s A6B i ragafss}.ew %&ﬂ@eéonceﬁra%m ﬁte Kietics @@&Qauamt h.

i n Enzynolgesdy ithae n‘?até/ 1aRCTHe \iBpenlidnBe HiLihePbio QRS TRIchREntBHIASS Erdb@in

speci fi ci tiye torlh6r aSHpe‘NeE@F-@urﬁ PIBCih fFigC s Wn¥VRS 11 &P 6 it exthe idBpenddhed bintslradydnt em
where we OfNA ShbBiEince Edohébntetibhlat sS@QIME UEIPY caitdntistiol i€ shawnt iR EFi LTS tThakg fRNBisvas
not af f @Ctdig@bdnigectiticc bagte IsEREiM,Odmd K isgo13i ioTIUThue ainded &/ 3 Cbonditishs the snasne
wer e synt hass avecaboyt stiires péraige. T7 RNA pol yrer ase. transcri pti on net hod

devel oped by Unl enbeck and co-workers (Lowary, P.,. et al. (1986) NATO ASI
Series, vdiasmii®nst@Glion6) (Fig. 3a. One substrate contai ned a perfect match

to the tetranucl eotide consensus sequence, .Two other substrates had
55 Been, Michael D. and Cech, Thomas, R. (1986), (‘e" 47:207-216 reports the consfruction of the pBG

plasmid series. In general, the plasmid used for these studles (pBGST?) was derived from the cloning
vector pUC18. The methodology for. the following manipulations is described in Maniatis, T., et al. (1982)
Molecuiar Cloning: A Laboratory Manual (Cold Spring Harbor, New quk Cold Spring Harbor). pUC18 was
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sj ngl e-base changes giving a 3-out-ef-4 match to the consensus. These
substrates were tested with the wild-type L-19 IVS RNA and with two altered
ri bozymes (Been, 15 MD. ‘and Cegp.g 201833 11986) Cel| 47,207-216). The two
vari ants have singl e-base changes i-n the 5 exon- blndlng site that alter

t he sequence specificity of the first step in pre-rRNA self-splicing (Been,
M D., etpasially Ggasted with Baal 458 Cnit/langttalinear(r®lecolas eere Edlated) bCagarosp gel slecinpharssiso f
the L- 1 9anb WBctRINYoni Theormpeared:BNA wax teagtod mitly £ DNASRPIWRIRSL faamaks, b'uah?"df A therc (A
conver t edbphaspi@ryiatedpithi cal intpsting!) phogphatenet PITHOWH S Bioaliental Gase- o g "“!'352 I n

t hewour edlbnd tratad with T BNA P?!E“?’%?Bnﬂ'dt‘heaf'agt'ﬂ?ét foRteining ithgrpPhage PeXe%r
15% f &r nigalgteseby pelyaprglamide gel QRskophpresizyf F’é’a‘i'? 794! ‘ﬁ'”r Ja% meﬁbﬁgq Was
al | owi ngfigatag fta the dneprized PHCE ?“Fé'?eeﬂlﬁsg‘gtt §? ' a' [oF:} 'tes
change |‘I”F’? H‘ékeF'é‘E‘b H‘lpf‘ip trig) tlS Ian d m° o

d ez de "8" o °? )
e T wua@§a§ T “Ec% il %E -
With

the SI
mi smaf’t h'é° {ﬂ.ﬁ}? LrFa f? ' vﬁﬁ ﬁEBﬁA yrkff% Zf ‘b& a:famaemah
each of [L" alol R .so‘ra $6-8 BUEABE (RO V. laft bocl, 3C.
Each SUb? 55)'839 6&&? )C nUStlleXt@c!! Yntlb¥1 H}lﬁ’eaEé BRdINaridRal cHicofa exﬁﬂ:ﬁbﬂbl €
of maki ngaRma fe&ibi aléa-bﬁfr%%%étécﬁﬁagﬁs@ﬂt%ﬁﬁtaﬁﬁ@@ﬂoﬁ&b@hdﬁ@ BfHo@Yends; iwgs ligdtedl intol hus
It i S, CORE REAMBEHI-BA pUTABAE lchiVéraih IMBS @& trai€lorBd Wil th@isCaintir@nt/ pisaigaha platedigh base
SequenceLes gyaf &ntalnihg lambBilliCéddIX-gi 1B bromé4-ciora3ahddlyichata-thgalaatosided f DNANigoldtaifrombas es
AU, C, G amgh tdnmied Wab assajalicy hgardsé gels @lettropamaissiaqvesize ircats. Bront dequepcasevens
di f f er engeterdih@nbydideogyréequidntiny iereipraprINA. luealip.ainty dlasmid cantainin§ (VS and ekans ffat RNA,
each ri beit pressngahereadingi ffaferotthb 1a8D geneditagraenhshofild givebiveagpionies andiitis will depead omj or
cl‘eav ageths islieing at thh ewssage fafe cbolf Warind Fef, & Ak.i (438) %"tﬂﬁ 1rﬁ:§§ Pricpcl i @nh GOk 250
vari ant T-B. (1895 Sriensd 228;71€:783). Ipdpsi. sqvera! pastids Ygkcogfetredsa: @F"e‘%‘&?efﬂ t'i"rﬁéw 'ésrr
and [ er r jadrexens 9/ ybigh spreochsrtieigef dheyS sau nobgRpe 'ér“? P’°F}°é§§ g
under | i nfahiveshigrtadurther- One thehRredupe3 d%UP%""I“HY STL{Fiaprepy 2lso had 1 ﬂec{ he
nut at ed BHNOIEIP @Rd 145 userbiofese sieles i hozyme. Each of t hese sequences can
form & conti nuous base-pairs-with the active site nucleotides of the
vari ant Mﬂﬁﬂ?ﬂ—?ﬁ?e Wile 35 nore ¢l eavage sites nust be sequenced before

speci ficit %ﬂcan be LRSS h¥iadiss o%%%sm %vag @Me'e@éenﬁa &escras@bynﬁa 8 no.
Exarrpl e VI Q “ﬁ ‘(?l %e Ill/? ant RINA t 5iS, Uvﬁs'grko rrﬁcai“‘@ﬂ‘? i reés
oligo @1"7 datldGn tregefe £y pl&h %s%taﬁé%&mtﬂ%‘ Sk s&‘ﬁﬁteg&i%h&is t he
cl eaVage Sas719)p wés%t Wil BodrY By n.haméx&&hétsuamwws shdRixéh sedidonces @hd @RRE i:ON
of 2.5 UM&HREIE PlaSmitkiwed sdpardtod Wbrh |t|*éQVS¢B&htalnﬁlg tegmenobPagaiose el o8Erophondsis aRd
Thus, it rebsvere@ @Sl didétraiBAT, Sinl-dul BNA WS nébiad; vith BT yeERr Irsgn@at inrtte prasentey bii thal | .
The reaCBIig&ﬂ:clB&ﬁ@cmnﬁQﬁeﬁﬁl%ﬂQﬂd Biseested fo@5° Ofor 5 s placat @t 370 Qde 130 mmirt, thems .
The Kigekti4@s @30 nivtlagussneltondes Thid doaitctd ywert reatdd vith duTrPssaniVikish@viivagarem of BMA  The
dependenga | gtfrodivhempeastare &n 2 G B. @b sicabIME3 twias ranistormsd avitin the PNA [aad drepiqifingpsigiant
Li neweav edlonBs werepriaked bmthBibgsis dityolotwbitd erlight HiugrindiSting; less 4} sRIRNY FHtyY E'ps’e‘h‘ﬂence
of the r eringpreprPNANYAS sedysncasice concentration at saturati ng GIP concentration

i S=Shown. i AhEidepblegmitantthuerp ayerq usingrthe plpsinids BNA 61 ?"gd?r 'F‘Hﬂﬁ%%’ldesﬁ'teP'H@ fan 'B%I?’P%\t e
i s 0. 80 ukgta-galpgiopidasp petivity. pBG/ 23?(?1’6%’"@9?({@?

over aboB?s"'8“ ?rr%%ﬁ @124(?’16‘@? maﬁ?a??ﬁ\" } s'%gffthe ‘?# %bc%gf%g N
and CechPosi ererrt (H%Qi L‘g‘?ﬁo Pdi:zue

oariz nsf ior f xes era edS
556 i o e o °ffﬂaé o i cm )
was der i G2HeP8 g vect err e ooIo
fol | oWf n E @Mpul at [ ons | s descri bed in I\/anl at is, T., et aI (1982)
Mol ecul a ng: A Laboratory Manual (Cold Sprl ng Harbor, New York: Cold

Spri ng Har BRE mai [#@rhdnt WPPetranynfeha AbodShial TRA dohe Béhidinsahd WsCing @ﬁnﬁleﬁbrWni‘ br wael |
and uni t gloRAGERNI. NN iiRBIs REeTIGSed Hdihé Sridks of B6l ThY HaBRAOME itGRb inserted into the

el ect rpP MG aF ki ANRe BhiARkes @F bswe2qRew Ehgland AaN&Y, etlichbntavasthé SEE pehotat. tThe T4
DNA pol y raRérsant flashifieas kiohettin Ervdis bypsishderi @thdesphosphor yl ated with cal f

i ntestinal phosphatase. [err] (U. S. Biochemical Corp.) was cut with Pvull
and H ndpT#TTaasd treated with.T4 DNA . pol ynerase, and t he fragnent cont ai ni ng
the phage T7 pronbter was 5 isolated b%T pal yacryl am de g el ectrophoresis
and elsect r dishsiwition of THA T ASowastidanticebiatpSP R IAG erqepighal e Wabffqgmgfat\'ea clopdgntp he

| i near i z&¢ Hindrlf §ite of T 7t Y. %P'&Wﬁa'tQMs“lhlﬁ’f‘ REpins HP(F Proster- strain JMB3.

| ndi vi dual col oni es
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were picked and miniprep DNA was screened by restriction endonucl ease
digestion to | ocate the pronoter fragnent to the correct Haell site
(position 680 on the map in the Nesp &gl ssaBBi ol abs Catal og). The
orientation of the T7 pronoter was determ ned by transcribing EcoRI -cut
mniprep DNA with T7 RNA 10 polynerase and determ ning the size of the
product. PMis2ppleemid:d (pUT718) was then cut in the multicloning site with
Kpnl and Sphl and treated with T4 DNA pol ynerase fol | oned by cal f

i ntestinal (PRESPhdegpsiaed inrPepry8. Geglh t(13P) ?Rﬁ ﬁé’ﬁ’[—ﬂ”as[ﬂ%"?dr‘é Fﬁft%gnq%‘ﬂea B‘Fd
frohwpIE4STal(pY ind 1 2wl ba relckmecopoiind fedt o gg?q"ﬁ : tﬂewgga e
a olated

6 WPPGTesy ehuih S % Jrored
Lreated gge ﬁ‘f’.ié' fala 9 the%?fltestjal )

~ et hanol F’%‘f 'hggl "9%5 r%d
at both ef
- JMB3 was f e? rf%n%:leases (%;a synthe ge o%ﬁ F':noe vg egr}ﬁi ’Bi B d gQ" ﬁ% o.

. :o-

cont ai m n ame one—half of the EcoRl restriction site, the T7 promoter, and

etl n

(5-br om- ucha éi%%zfa% GH@S's ﬁ ite. N1 £sHO Wérb @enskorda, BlishRs
col oni es V@S RReAYEHh ik MN dgr%Fn%n RS LCHIBIGAONE SiaBericd. | VS-Si ze | nserts.
Exon sequenceg aNar SlasHfidt Sfmﬁ?eﬂash‘yund'@eﬁlﬁé(enﬁéi‘ﬁhhﬁ@rﬁltﬂgoﬁtm ¥l TV plompreDOptbperty
| deal |y, QRiaYostd RN0RISHAAEE Vs Bo NS (Beb Wigurasll exons that will preserve the
readi ngsfr anﬁet@foretth@mlatﬁé‘dzcaﬁ@Beseﬂﬁtﬁg’mﬂefrﬁémdcds ¢fiRNA. -Bdr exampid| hewe @isfinad piedeli S
wi | | depesh s915-0P ort3nOH B bisdes,Cor @éntdr Ipcesovstaigieg tha alive site for tWiirand groduRtidd. of et
al ., (198%yriehicANA t4is371- 380; Price, J.V. and Cech, T.R, (1985) Science
228:719-722). In fact, several plasmds that conferred a |ight blue color
to the col onies had exons for which correct splicing of the IVS should not
gemer at@ the proper reading frame, these were not investigated further. One
t hat produced a dark blue col ony, pBGST7 (Figure 5), also had the expected
readi ng frame and was used for these studies. 25 Mitagenesis
A i gonucl eoti de-directed nutagenesis on plasnm d DNA was done essentlally as
described by Inouye, S. and I'nouyer M (1986) I'n DNA and RNA Synthesis, S.
Narang,*ed; (New York: Acadenic Press), in-press. 30 pBGST7 DNA was
cl eaved in the gene coding for - anpicillin resistance with Xnnl_ In a
separate reaction, pBGST7 DNA was cut with EcoRl and HindlIl, sites that
flank the I1VS and exon sequences. The vectdr portlon of the plasnid was
separatgd fromthe |VS-containi'ng fragment by agarose gel electrophoresis
and recovered by electroelution. Xml-cut DNA was nixed with the vector -
fragment in the presence of the ollgonucleotlde contalnlng t he m snat ched
base, heated to[err] for 5 mn,. placed atj kerr] for 30 nin, then 35 at .
[err] for 30 mn and then put on-i ce. The products wer e treated wi th dNTPs
‘and Kl esow fragment of DNA pol | at roomtenperature for 2 hr. E. coli
strain JMB3 was transformed wi-th.the-DNA and anpicillin-resistant col onies
were picked on the basis of color (white or |ight blue .indicating |oss of
agLicing activity) and the m ni prep. DNA was sequenced. The double nutants

& made using the plasm d DNA of single nmutants and screening for
restoref? 40 beta-gal actosidase activity. pBE-2G 23C was nade from pB@ -2G
and a second ol igonucl eotide directed at position 23. pBG -3G 24C was nade
starting with pBG 24C and using the oligonucleotide directed at position
- 3. pBGV 4G 25C was nmade by generating a circul ar heterodupl ex from
pBE - 4G _25C that had been linearized at different positions. Transfornmation
of these heterodupl exes generated -blue and |ight blue colonies, both at a
| ow frequency. The blue colonies were wild-type sequence the |ight blues
doubl e mutant. 45 [err]: The Thal fragnment of Tetrahynmena ribosomal RNA
gene contains the VS and snal | portlons of the flanking exons. Hnd I
l'i nkersspwere ligated onto the ends of the Thal. fragnent and it was inserted
into the so Hnd Il site in the polylinker of pSP62 (New Engl and [err])
whi ch contains the SP6 pronoter. The reconbinant plasm d was cloned in E.
coil by standard nethods. [err]: 55 Construction of [err] was identical
to [err] except that.the Thal fragnment was cloned into the Hnd Il site
of [err]%(U.S. Biochenmical Corp.) which contains the T7 pronoter. 12 EP O
291 533 Bl o ' S
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[err] L-21 plasmid: pBGST7 (described in Been & Cech, (1986) Cell 47:207

was cleaved with restriction endonucl eases Sphl and Hnd Il and the small
fragment containing the IVS m nugrPia291f538 81 44 nucl eotides was purified. 5
pUC18 was cleaved with SpH I and Hnd I1l, mxed with the Sph-H ND I 11

fragment from pBGST7 and treated with DNA |ligase. E. coli cells were
transfor med cohgies, Wa/iGeRi K Eleavild Syl dabbid RS sistcaked! y om i ndi vi dual
col on| es and sequenced Pha%m on;t,\ggsr}ygg e Sphl-Hnd I'll fragment of
the I VS properly i nser '8 T ¢ d for the next step. This
pl a\s% d was_cleaved with Sphl smd EcoBRl_restrli ("TI on.endonucleases _and a

synt hétic subkgfatec! eoti de was insegited igize (419 “pl'asni d ME_N_A | i gase.
10 The synthetic oligonucl eotide contained-one-half af the EcoRl -

restriction.s th ro nd nuc tides 2 f et rahynena
I VS, endi rﬁj‘xakafh(é %ﬁ%‘?‘“sgf"“wgm i cel | sllwgre tran? érécr:re\i:d h&EF%-m es were
pi ckeg, plasnmid DNA was isol at ed fr@n1|nd|6FﬂuaI col ARCESY andAEAGuenced.

The final gmiasnigbrpdZ)- 21 was foundiby seqaehce anal yECeU¥o GWOVEI n the T7
pronoter properly juxtaposed to nuclyeoti desgg of the.da¥oco(Se@agbagure 5) 15
Therefore the nmethod can be used. to:freate‘ggflned Pif of BNay For
exanpl e, these defined pieces can bé 5 -OH of OH en I eces, Or center

pi eces containing the active site fdr stud)”énd pr od HEEPER oAGMEP| ent RNA
forms. 20 C@as@isud 40 45 50 55 13 ~ EP 0 291 533 Bl Table 1. Sites of

cl eavage of ghatffaRNA substrates by Substrate c } Site

Size (nt)* Sequence+ -6 -1 pAx-105 (Fru CI6Pn pPte-[err] 1

148 expa@aCl " GOOUC 2 464 $AAGAG 10 pT7-1
BR322) 1 .. 145 UUUUG 2

556 CACUCU  CAGUA 3 603 - UAUUUWU  CucCU 4

805 UCCUCU  AGAGU Consensus observed

[err] expected++ Lo . g [err] 20 25

* Si,ze of the GTP- | abel ed - Fragnent Sequences are |listed in 5 3

di rection. Arrows 30 indicate sites of cleavage and guanosi ne addition.

The expected consensus sequence--.is based on the known sequence at the
end of the $izeoxoh tH | EIFtlabeliedi Edappenthe possibility - .that either a

Cor a U+atSequences are listed in 5' 3! direction. Arrows
” indicate sites df’cléaVaqe and guanosine addition.
** The expected consensus sequence is based on the
known sequence-at'the:end of the 5' exon (CUCUCU)
% modified by the possibiliﬁy'that either a C or a U at
position -5 might be able to pair with the G in the .
o active site. At position -1, there is some basis for
40 thinking that a C might not be as good as a U (Davies,
R.W., et al. (1982) Nature 300:710-724; Michel, F., et
al. (1983) EMBO J. 2:33-38; Inoue, T., et al. (1986) J.

45 Mol. Biol. 189:143-165.

Claims
50 o B v
1. An enzymatic ribonucleic acid molecule which is capable of clea'vmg by transesterification a separate
RNA molecule at a predetermmed phosphate ester bond in a smgle-stranded ‘target nucleotide
sequence within the separate RNA moleculs, which enzymatic molecule comprises:
(i) a substrate binding portion capable of binding with the target nucleotide sequence; and
56 (i) an enzymatic portion having’ 3hdonuclease activity independent of any protein in vitro, wherein
said enzymatic molecule can only cleave the $ingle-stranded target sequence without forming a
covalent bond between said snzymatic molecule and any portion of said separate RNA molecule.
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positi‘on -5 mght be able to pair wwth the G in the active—stte— At
position -1, there is some basis for 40 t hi nki ng that

not be as good as a U (Davies, RW, et al. (1982“‘ ““ EWW@?M
M chel, F., et al. (1983) EMBEPD 291533B138; | noue 986)

J. 45 Mol. Biol. 189:143-165. Clains 50 1. An enzymatlc ri bonucl ei c
acid nol ecul e which is capable of cleaving by transesterification a

separate RNA aHPi&‘&U' esited o' ELEIVAIGH! aeqaebesnaﬂawb&%%.wd in a
si ngl e-stranded targﬁ& nuc#% éajgle seq %’S |n t he separate RNA
nol ecul e, which enzy pe TE®T & Co és” |) a substrate binding
portlon capable of binding with fhe_.La.L.g.er__nu.cJ..e.o.t_l_de_s.e.qJ.Le.nce;_a.n.d._SG

(i ) an _slx__lisgg__c portion “havi ng saite “samEon glizeaswt)act i w_tLMe_nt of any
protein in vitro, wherein said enzymatic nol ecul e calg onky cl eave the

singl e- Sé/maqqu aarlg,gﬁ sglq!g Rk IOOtlhout f?rﬁn Ng a coyhegt % bet ween

said enz tiC I"écu rtion o sal d separate RNA m)f:ecul e. 14
EP @ 291 533 Bl * C2 L M 4548 x Tap| AMUCY ¢ AAGAG | eavage
of | ar gepTINA {pBR3I2A2At es by the w | d-type pds 19 [ er ryCCRNMI. SuBBIUGat e

Site Size (nt) Sequance+ -@sg-1 [errlcat®tu( ercacudl obi n
pre-[err]) 1 148 \WeGUCU  [er 464
AACUCU ~ AAGAG 10 pT7-1 (pBR322) ° ' 35%03“ T
UCCBUU  UUUUG 2 ' 556 4 cAcU®l  caGuA TECUCU AGEY

UAUUUU Catis€asusi 805 ' UCCUCU AGAQJ Consensus observed
expect ed+4bb,erved ’ . U err] RO

expected++ 25 * §ize of the GIP-labeled Fragnent. Tles Bire listed in

5" 3' direxpecked Arrows 30 indicate sites of cl eava% g ghanosi ne
addftion. The expected consensus sequence is based on the known sequence
at the end of the 5 exon (CUCUCU) 35 nodi fied by the possibility that
either a Cor a Uat position -5 mght be able to pair with the Gin the
active site. At position -1, there is sone basis for 40 t hi nki ng that
a Cymght not be as good as a U (Davies, RW, et al. (1982)Nature
300: 710-724; Mchel, F., et al. (1983) EMBO J. 2:33-38; Inoue, T., et al.
1986) J. 45 Mol. Biol. 189:143-165. Clains so

* gSize of the GTP-labeled Fragment.

* Sequences are listed in 5' 3' direction. Arrows
30 . s
' indicate sites of cleavage and guanosine addition.

** The expected consensus sequence'is based on the
known sequence at the end of the 5' exon (CUCUCU)
modified by the possibility that either a C or a U at
position -5 might be able to pair with the G in the:

_active site. At position -1, there is some basis for

40 thinking that a C might not be as good as a U (Davies,

R.W., et al. (1982) Nature 300:710-724; Michel, F., et
al. (1983) EMBO J. 2:33-38; Inoue, T., et al. (1986) J.

45 Mol. Biol. 189:143-165.

35

Claims
50 )

1. An enzymatic ribonucleic acid molecule which is capable of cleaving by transesterification a separate
RNA molecule at a predetermined phosphate ester bond in a single-stranded target nucleotide
sequence within the separate RNA molecule, which enzymatic molecule comprises:

(i) a substrate binding portion capable of binding with the target nucleotide sequence; and

55 (i) an enzymatic portion having endonuclease activity independent of any protein in vitro, whersin
said enzymatic molecule can only cleave the single-stranded target sequence without forming a
covalent bond between said enzymatic molecule and any portion of said separate RNA molecule.
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1. An enzymatic ribonucleic acid nolecule which is Weaﬁ—n’g"by
transesterification a separate RNA nol ecul e at a predeterm ned

ester bond in a single-stranded tag@ebonssd BPti de seqt \\M“‘gi\ﬁ
separate RNA nol ecul e, which enzymatic nol ecul e corrpr m rate
bi ndi ng portion capable of binding with the target nucl*®oti dé sequence; and
55 @i i An emayneatiz ynotetulecacpading to claimel/inpgrifiei®omucl ease activity independent
of any protein in vitro, wherein said enzymatic nol ecul e can only cl eave

t he: si ngl 8- sAremayfeaiic mlegéq acserding iecalainjit phéwherf»@ﬁmsv@"ﬁe bipding Rofiion pAPRIISESdPUieen
sai élt’enzyrramf@mae%sul e and any portion of sai d separate RNA rml ecul e 14
2. An ehzymatic nol ecul e accordi ngt toclaim1l i nspurlfled

enzymati c 4@@@@"@3@0@8'?%'6&%009@'"& 93y ©f c?fa'"? W Perhich R glPﬁEP?“éﬁ“E‘ E’f {8 ng
portion corrp‘?'\d%"é'g'eﬁsﬁﬁ?"‘"&'rbe P'é7?)5’§’e85 5 4. An enzymatlc nol ecul e accor di ng

t f cl
agt |a\r/]|y t 0 Bgt com "s ﬁcq: ac ord| a% clal 1tg121mhg rein sggl!srg rﬁeﬂg% 5#54& ae%eriilzo

cl ai s to %yﬁ gﬂl szﬁgg e nuc c agc{’g no ecule rt her
conpri ses a secon en onuc ease acti vi ty,g mdependent of any prote| n, for

nucl ei ¢ agl dAfQPRhdS hﬁgcmé\hﬂ:ﬂo%ﬁ’} 6fQQﬁ|s 160 5 ARicICRES YBEH dh6rmitaNy @ﬁkﬁe@sed

according to any of clains 1 to 5 which has been chem cally synthesised. 16

7. A meghad A tHetho®RF bpechcdly Yedving a\bigatel RR L Pdfodlicat BNdkgstli@atidiecsegiionce dofpaet
nucl eoti de siagleiRGE GraAEEITRANAS compliging bongicing S rearydtatt fiiuclebairrmidkctlg as definatini ng
an enzynat i Canyioch@tlaimk @itce aith dseparkie AMAencisule eficin@ctainga single-srarded lteagetraucibotide 6
with a separssqaenfiNdndemdoediithe tordaiselspedtilotciavage of td tagbteegiencarinteddanagieged activity
nycl eot i de sefgeie mtaymaticchenlecaiondi tions to cause specific cleavage of the
t;&get mequence by endonucl ease activity of said enzymatic nol ecule. 20 8.
A et hod &cchmdthad)accordinp 4¢ eleim 7whereis the clbryagel i ardageout B thegrreserss b granpsinetra
presence of rjgsahatgiepier thareohk phosphat e ester thereof 9 A met hod accordl ng
to claim7 or 8 wherein the cleavage i.s carrie resence le}
di val ent 5 A method agagiding 1¢) claim 7rr‘ért8n‘%t?’eé{bt5%f3'8?"ﬁ9f ip 83’6‘1 ‘1“H"é“ gree° taﬁ’é}’a on
di val er®® cat?aB?f‘ is [err]. 11. A nethod for producing an enzymatic
ri bonucl ei acjd nol ecul e hayi a ndon 2+actlw ty 30
[ ndependeﬂﬁ Bme ﬁ%/acﬁ?g'f'%*oc'a' gwgg}%{?:ﬁ %'V%g'“gg'f’ﬁg pécific for a nucleotide
sequence qgf A%éﬁ%daf?.ﬁ %nsén%fma?i TBSAuSbid BB, R Srasing 8 ddbndiRiiave! A6t
site inja sepay Rty Beind PEBd fof & RucleBfle SbGRRceUsinidgl a cleavage
d@

i dent i fyl NG &he én%ﬁdéh%&a@@ St G alsBbkATREENA Mbloic? UAGRING Yhe
“transesteri fgtg@tot on resul ting fromnucl eophilic attack at a phosphor pus

ester bond 35 () identifyig ia) seEEntEANI okl bpelid @R INBERDIGIMECIeaborbyClraeqaturiiidation
~attacki ng groupsufihg éth Auckeshiie dtidehlés snphbspiotbus, esealatld;si t € conpri sing at | east
four bages, amn) deterrhiping Shotdieagigs isitgaraimuelacppiita titacking groupudf| seid secvod RNAThaeCUlb.e
correspondi ng said sk@cathprighagoat taskiivhr basbend e but | acki ng said cleavage site
and sai d nucl gtiplsyrithesisiag tan cdoizympatic) miborcleis Lackl ibleduies edmdspondingniet paid igedoad (NG
can only cl eaweoldsylet hubiesiieg evid fclegvapé Gite aed samgv@eos'!"rcam@wgt eﬁ"%e’ﬂﬂeﬁ?@e
whtthout ~ 40 enzynfatie molaeyleccan @ik Fleaye by Brngesiasicaiem F't‘%%?t@"‘ﬁﬁ (?’ ‘E Y"‘Bﬁ“tof
the tarfet seder@inge? oy P‘e'i’%dsk%??ﬂe’bﬁﬂfk%‘gl@l’ rP@”' £ Bﬁ %

one or nore r eYifRpisiog pptian Wd“ °|%f"8??d£% d§?18hsa 8?°" g 958? s"°h
specificity ofth?tm?t@%"iﬁ?ﬁ& ?"é‘ FB’E,ZW%“CW?'G&T'? 8P8U°“ 12. The method of claim

1 Wﬂerg: a ?%; gfter ath 1 afé T Se egc%m .sEé 08orbn %gnhg%%fa&ldgﬁmhsm
'Tzc% theg ctuoR {o shd & EJffaS lﬂe% saldseSdAb 51 Tnﬁ‘)r% ﬂ%r

sai d se€ond ﬂ aim11 or

conpri si ngadgleh Hj;lﬁ glgclautnhﬁ &eﬁuﬁ%@ chriprSRb YoBRFARTInRY A ARLEE Uhie sbiRAb RNA
base- pai r's WynhBcuid RatHdse-2id WEHFthe REIEBIIE RoqURRIRI doMbritthg Sl diefb@ASIBARY Btalnfig Aad
retai ni ng t hgegaéas'MGR sbddn® ANA mSBEMNhiERIMoWRY 1BE s8qBenddtinkibasesyaids/withgt. t he
sequencg that base-pairs with it. - _

Patentanspriiche o " ;.

1. Enzymatisches Ribonucleinsduremolekli welcheé in der Lage ist, durch Umesterung ein separates
RNA-Molekill an siner vorbestimmten Phosphatesterbindung in einer einzelstrdngigen Ziel-Nucleotidse-
55 quenz innerhalb des separaten ‘RNA-Moleklils 2y sp,alten wobe| das enzymatische Molelkill folgendes
umfaft:
(i) einen Substratbindungsteil, der zur Bundung m|t der Zlel-Nucleotldsequenz in der Lage ist; und
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50 Patent ansprUche 1. Enzymatlsches Ri bonucl ei nsaurerml I n der
Lage ist, durch Uresterung ein separates RNA-Ml ek E@M“EWE stimten
Phosphat est er bi ndung in einer ei-pgelwysanghgen Zi eI

quenz innerhal b des separaten RNA-Ml eklls zu spal ten, vvobel das

enzymati sche Mol el kU folgendes unfallt: (i) einen Subst r at bi ndungsteil,

der zur Bi ndinghefriehzythetiscitindlel Mit Ehdontdleasatiyis nmatihingibevon irgendeinest Progindn 1/go,

(ii) einen ewdbyindsiensmetschieMblekil hurEieimrelsirinaive Rieisgguanz spakpabi@emging By

i r gendei nem éhrep kevakantemBiudung @wischerhddm gzymetisshppnivolelt Med ixagndsioem el F’eﬁﬁeéara'

ei nzef st r angieyBNEMelelisjuenz ‘spal ten kann, ohne Bildung einer koval enten

Bi nduag zwi schen dem enzymati schen Mol ekUi |_und irgendei nem Tel | des

separa- % efnaRatsgiss delskd nach Apsprych 7 et S iEHES™ bl ekU  nach Anspruch 1 in
t F 3 E t h kU |
L B RASSHE A G o

Enzymatlscﬁ%h IekUI nach m ndestens einem-der. AnsprUche 1 bis 3, welches

ein pM Qptinu cl.eas t S MBGknRm0
e £ A L R St SRR el
4, wobei nz ma : e| nsaurerml ekUl femer eine zweite von
i r gendei g\e f Fn%s%ﬁd% MEHENFRI SiieBRBR0aNR BaSARitin { B 4 Wobddemoxytialsenat i de
bei nhgf ten Mhﬁh&m%ﬁemlﬂ&k vo@wgeﬁdwmdtﬁﬁhﬁﬁhdhﬁ]bdélkrldbnmlaﬁsbamﬂﬁdast ens
ei nem der &&Ridu&%delbémh&teﬁde NRlembtes elietl sch synthetisiert worden ist. 7.
Ver f ahren zur spezifischen Spaltung ei nes separaten RNA-Ml ekUi s an el ner
ei nzei stg.i MEgiygatisoNd Nisssktimatht mindbstans/irein- ddu Ahspdithedistei i evalches shdnaiseh syrdhetisiest

Kont akt i er ewrdeh ises enzymati schen Ri bonucl ei n- saurenol ekUis, w e es nach
mi wefesd ens einemder AnsprUche 1 bis 6 definiert ist, mt einemseparaten
RNA- bl ek UlVerfalesinCive spegifischers iSpaltunas pinesnsipefatery RMA-Malpkiis g  siree gitslsy 2ngige FNA

unt er Bedi rogioieenden dielNuglgotitigequenz, wnfaspndsgas z'?°f“P'§'8'ﬁ@ ﬁ'“ %ﬂzt’ ' hﬂ'é fiibonuclein-

Zi el sequenziwemadeklisdo s ecaindesons wq"aﬁefde?f@ﬂ PR en.
8  Ver f ahr dWArMRiiUiANREhe effe pinzelgyangioe ik N ‘ﬁ‘iﬁ n kﬁ"t ‘g T "'?ﬂ?"' 'e%ﬁu sin
oder & nes 9PH’0§’BH*§°‘P‘?§tSé’?'§’"%IQV&'P'SGEH‘*B’nﬂ;‘E‘f i cs oRzxmptispren MOIKL!

Anspruch 7 W r 8, wobei die Spaltung in Gegenvvart ei nes zwei wertigen
o v Pt 8958068 O il Uy e
enzyngy i scﬁ@vmﬂlurﬁcﬁwc el nsaurerml ekU s nit ‘ei ner von irgendei nem Protein

unabhangbg%ﬁMOE&!ﬁ lAﬁ?pﬁﬁ:ﬂI(?t bdé\' tgalyobeARRESpafiing ifobahiwhrt oiribd Jewdeiten Kations -
Nucl eot i dsegiiriifungRid! T1sch I'st, die eine Spaltstelle definiert, welche

ei ne einzel st r| ngi ge RNA-Zi el st, eI l e in ei nem separaten ersten RNA— Mol ekUl |

bei nhal t ¢4, ,veHarbrasenr Rrbphlicies, ol bis Asiwdflige Kation M@1jst. Nachwei sen ei nes zwei ten

RNA- Mgt ekU's, das zur intranol ekul aren Spal tung-durch Urest er ung, die sich

aus ei nem. nuﬁélmp;hur Herstelung leinbd erapmatischen RiBhnsleinsiuegplekiis mid @ings von drioéndeingh der

Lage ist, (Hrdtyin Basbhinglyem EctionucBpsehitiisiss | viokei ivdAlthatéit: U eihe Bpdifolidspuenz spexzifisch

Angri f f sgr ugpiie eias SpaltetblieatefifRiNAwelti e il einzelsingige frndelgplie(in @nam FRRRIPRAIEOY er

Basen bei nRNA:MalekULbeithgltel, ipfagspat dieBehditeer en el nes enzymat i schen

Ri bonuel ei ns§lNeghseizsrigings 2vrien BAMOIIS E?‘? ZRNA" ung durch Umesterung,

ent spricht, Jd@cﬂ?B H”srﬁ'@ﬁ‘t""a'?‘%?h r@ta@ I‘*In F’%‘:‘H P%gg § 1"$ lﬁﬂi'ﬁ’ uppe

besitzt, so {8 Eﬁf’s @;ﬁe T tet nd W EhPBhest erling

ei nzel St rangl %eSy%hetISIere emesft er% r@aﬂs Igm!cle% ?emolek(]ls, das dem zweiten RNA-Molelkil

45 entsprlcht jedoch nicht die Spaltstelle und die nucleophﬂe Angriffsgruppe besitzt, so da das

enzymatische Molekill nur durch Umesterung eine sinzelstringige Zielsequenz spalten kann, ohne
Bildung einer kovalenten Bindung zwischen sich und irgendeinem-Teil der Zielsequenz, wobei das
Synthetisieron gegebenenfalls das Abzndern eines oder mehrerer Reste des zweiten RNA-MolekUls
einschlieft, so daB die Zielspezifitidt des enzyma’uschen MolekUls veréndert ist.

50
12. Verfahren nach Anspruch 11, wobeu der Besthlmmungsschntt das Bestlmmen des Nucleotids in direkter

Nachbarschalt in der 3'- oder 5'-R|chtung der Spaltstelle des zweiten. RNA-MoIekUIs umfaBt.

13. Verfahren nach Anspruch 11 _oder 12, ferner urnfassend das Bestlmmen der. Sequenz in dem zweiten
56 RNA-Molelkll, die mit der die Spaltstelle beinhaltonden Nucleotidsequenz eine Basenpaarung eingeht,
und Behalten der Sequenz in dem zwelten RNA—MgIekUI ‘wahrend die Sequenz, die damit Basenpaa-

rung eingeht, entfernt wird. .
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Bi | dung ei ner koval enten Bi ndung zwischén sich und
Zi el sequenz, wobei das Synthetisieren gegebenenfalls das Abandern e
oder nehrerer Reste des zweiten R\p dbhekidps ei nsc ll!lﬂ' ull‘lslllﬂc"‘g j“E

Zi el spezifitat des enzymati schen Mol ekU s verandert hren
nach Anspruch 11, wobel der Best hi rrrrungsschrltt_ ‘das Bestinmmen des

Nucl eotidse\'renduiatitmlster Nachbarschalt in der 3'-"oder 5'-Ri chtung der
Spaltstelle des zweiten. RNA-Ml ekU s unfaBt. 13." Verfahren nach:Anspruch
11 oder 12, Weléaylerd® Wa’ﬂ@@lﬁﬁ'qﬂ%@"ﬂé‘é‘ﬁ"?ﬂﬁ’éh9%#9%5’(1% Ael H"' é?ﬁ?ef Ic?té’ L@%
RNAMYDI el kUi moiépule dARN sfapréeyaw niegasdiuae ligigop opjer; Rhpsphiie peie ﬁgﬁ

ei ne Ba%enpa'éi‘ﬁ"é‘i’iﬁ'qé? Figje simple iip cemprise gl 'yep! ‘§l—? s‘%p?fe Tzé'ﬁat' ue qu'
ewa\f éa' :.]? | \F,)V! r ;&(%& W%pgrctllegtlauef\ Soﬂg%nzsu Qzlat,,?ca%%? dtﬁ 86 cZesr avec aa sé ﬂelfllgggj E& f%t'é ¢ible; e

ri bonucl 6i que (|8 Pﬂi{e ﬁ\ﬁ)gnaaﬂue aé t Une_aclivité d (t]y L] Ft;o\r} cr gse 1ndé ansesettgrle cat i on

une m)l1ecul e Qufaite rﬁtﬁ&:ﬂlre %&%&aﬁl ﬁ&%lqgerﬁbﬂ@ ybrah §§Hﬂer@§tcﬁfe SHIS BriedaRs former

predet erm nee, § olécule en Gitet tHoPeiBe GldRbRuS UETRLIR Mdidciie
conpri se dans N sbpar ee, ‘sl ecule enzymati que qui conprend:

(i) une partie pour alson a un substrat, capable de se lier avec la
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