VO 9955847 B 50 6005¥S 271 PCILUS99/ 09027
1 DESCRI PTI ON Enzymatic Nucleic Acid Tr eat rrent O D seases oqy;

Rel ated To Hep C Vi 1 U§,ohBineifl @i bRirse dhSiizaainp! | cat | QEMEFai ms
priority to Bl gi,b,!‘ts : gN ('Not IﬂﬁeA@Lhom;%?ﬂgned) 5 filed Febluary 24,
1999, Bl mmAﬂbNALUSSNcﬁQtdOﬂJmﬁmﬁ UNPER SBEPATERT COBPERAOA6N TREATY (PCT)

M Swi S o) 083, 217 Tjireq of 1
earl i eq;ii &p Itgmlﬁﬁagns e}rlﬁga%ennt itled ' E%l% ﬁﬁﬁfﬂ"ﬁwpﬁﬁ%%w bTREATNEW%?—ES&W
DI SEASES | TI ONS RELATED TO H y kﬂﬂ[&ﬁuﬂamﬁdﬁm| G\ﬂovenﬁﬁammill%)

t hese EppH-ecati-ons—are—hereby—tncorpor et—y—reference—terermr—ttet

ent i r €t infdhtidebl Bgplidatin Nuber: dr amr.r_.;m/ogtﬁa C{81) Dasighntbd ShtesT AR ALnAm mI‘J A1 A7, BiASEB, BG,

i nventfi on rel ates taq nethods angd §e%6%§:£19 5 forB% ‘;% Ks % 63,
condi t[iBhe=ra Fitg 6 the REPRIPAECN rus {B p

di scusisi on of relevant art, none of whi c1 |s N(b(NZh’E HITROORU, &b, sa,ssrs:
to the (@)b@éﬂﬂh‘mventl 6 W U

vi rus fand vigheoHent i fif éiérlﬁ%’ﬁ‘ﬁg%bﬁﬁtb ageﬂ %EW@%%%%
Hepatiftis (cebsygoset al zsp %pégg?a%@Q U4 35%8'1‘8 palés (ATCBE, ONLIQYLISE2 K,
such als Hi \£9214853 does Hdpr # a BRNA repf E‘ﬁﬁ H@f#} PT, SE), OAP]
integrpted fornms of the viral genone into theN Q@ m%msdn%ngqﬁ Tedf MR,
det ect k) Rfplicant (il gédigaiad Sdtes akepr, USHREOZEMB QY 1991; 14; 381 388). Rather,
replicatio oﬁcf % P958 (Wilderpeps | | 5aBdi ated by the production of a

repli catlv:::gk’ﬁﬂ3 %”) S ran ad| ng to the gen%,g;,l,,g;p,a,gf,a,§g,y,g,gp3},wgqp;,ee§,ubgjhed
pl us st(mndmnluEMnRNA The genone consi st s|of  awssrgpefthdepoge, open-readi ng

U

1%

frame @Rl S °H3(’0 5'{&55 m pin (Kato et alL, FEBS Letters.
1991; p80: V% MB R%ss p(jbgfélg]o;sg | Fankit )sequently under goes
post -t ranslla'lw cﬁmler cQOe ROBERTY) Etrebath | Nng several viral proteins

(Lei nbpch efiSs ool m%w J¥58-169) . Exani nation of the

9. 5-ki obasmagaa;l@ ed that the viral nucleic acid can
mut at e} at a5 Uplen Brett.AnEBGOH00E(USKH| . | MoL fvol . 1997 45:238-246). This rate
. of mut att,g)gélmhq‘m%,gyoiiﬂg, £Y5h Vi, Quh%%o gseveral distinct genotypes of HCV

t hat share apmson G cemorenase wspenti ty (Sirmonds et al., J. Gen.
Virol .| 11994: 75 - 1053- 1061\ 30 It _is |m:nor'ran'rJnnofp that these

SequeNEn Tr XTVRTIC NIAHG AGD GRAATHENT OF BIFEASEFOR CONMFIBRERELATED TO HEPATITIS C VIRUS

(57 Abstract

Enzymatic nucleic acid molecules which modulate the expression
and/or replication of hepatitis C.




t he. geneti‘c identity between humans and primates such as the chi npanzee is
approxi mately _98% |n addition, it has been denmpnstrated that an HCV
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evol vi ng quasi speci es that have 98% 2 identity at the RNA |level. Thus,
the HCV genone is hypervariabl e and conti nuously changi ng. Al though the HCV
genone is hypervariable, there are 3 regions of the genone that are highly
conserved. These conserved sequences occuk in the 5 and 3' non-coding
regions as well as the 5 -end of the core protei n coding region and are

t hought to be vital 5 for HCV RNA REFORN 2s wel | as transl ation of
the HCV pol yprotein. Thus, therape that target these conserved
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1991: 3253 88- @RingsPri or to the rise in liver enzynmes, it is possible to
detect HCV RNA in the patient's serum using RT-PCR anal ysis (Takahashi et
al ., Anerican Journal of 20 Gastroenterol ogy. 1993: 88: 2: 240-243). This
stage of theBatksround OfThednvention he acute stage and usual |y goes undetected
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In 1989, the HCV was determined to be an RNA virus and was identified as the
causative agent of most non-A non-B viral Hepatitis (Choo et al., Science. 1989; 244:359-
362). Unlike retroviruses such as HIV, HCV does not go though a DNA replication phase
and no integrated forms of the viral genome into the host chromosome have been detected
20  (Houghton et al., Hepatology 1991;14:381-388). Rather, replication of the coding (plus)
strand is mediated by the production of a replicative (minus) strand leading to the
generation of several copies of plus strand HCV RNA. The genome consists of a single,
large, open-reading frame that is translated into a polyprotein (Kato et al., FEBS Letters.
1991; 280: 325-328). This polyprotein subsequently undergoes post-translational cleavage,
25 producing several viral proteins (Leinbach et al., Virology. 1994: 204:163-169).
Examination of the 9.5-kilobase genome of HCV has demonstrated that the -viral
nucleic acid can mutate at a high rate (Smith et al.,Mol. Evol. 1997 45:238-246). This rate
of mutation has led to the evolution of several distinct genotypes of HCV that share
approximately 70% sequence identity (Simmonds et al., J. Gen. Virol. 1994;75 :1053-1061).
30 It is important to note that these sequences are evolutionarily quite distant. For example,
the genetic identity between humans and primates such as the chimpanzee is
‘approximately 98%. In addition, it has been demonstrated that an HCV infection in an
individual patient is composed of several distinct and evolving quasispecies that have 98%



serum al ani ne am notransferase (ALT) | evels and by continual presence+ of
circulating HCV RNA ( Sherl ock, Lancet 1992; 339:802). The natural

progr essi onvwidesskseoni ¢ HCV i nfection over a 10 to 20 year ppgjusédpedeads to
cirrhosis in 20to050% of patients (Davis et al., Infectious Agents and

D sease 1993; 2: 150: 154) and progression of HCV infection to 30
hepat ocel | ul ar carci noma has been well docunented (Liang et al.,
Hepat ol ogy. 1993; 18:1326-1333; Tong et2 al ., Western Journal of Medicine,
1994; Vol. 160, No. 2: 133-138). There have been no studies that have
determ ned_sub-popul ations that are nost |ikely to progress to cirrhosis
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features nclude bleedlng esophageal varices, ascites, jaundice, and
encephal op y Zaki m D, Boyer TD. Hepatol ogy a t ext book of 1iver di sease.
Second Edition ial exppgye to/HEV, gmmgrtswéamwce PHansignb righingliver | n 't he
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e patxent‘s serum using RT-PCR analysxs Takahashi et al., American Journal of
20 Gastroenteroloy. 1993.88.2.240-243). Thls stage of the disease is called the acute stage and
usually goes undetected since 75% of patients with acute viral hepatitis from HCV
~ infection are asymptomatic. The remaining 25% of these patients develop jaundice or
other symptoms of hepatitis. '
Acute HCV infection is a benign disease, however, and as many as 80% of acute
25 HCV patients progress to chronic liver disease as evidenced by persistent elevation of
serum alanine aminotransferase (ALT) levels and by continual presence of circulating
HCV RNA (Sherlock, Lancet 1992; 339:802). The natural progression of chronic HCV
infection over a 10 to 20 year period leads to cirrhosis in 20to50% of patients (Davis et al.,
Infectious Agents and Disease 1993;2:150:154) and progression of HCV infection to
30 hepatocellular carcinoma has been well documented (Liang et al., Hepatology. 1993;
18:1326-1333; Tong et al., Western Journal of Medicine, 1994; Vol. 160, No. 2: 133-138).
There have been no studies that have determined sub-populations that are most likely to
progress to cirrhosis and/or hepatocellular carcinoma, thus all patients have equal risk of
progression.
35 : It is important to note that the survival for patients diagnosed with hepatocellular
carcinoma is only 0.9 to 12.8 months from initial diagnosis (Takahashi et al., American



met abolités in the bloodstreamis dimnished and it is at this stage that
the clinical features described above will present. 20 In 1986,

D Amico et alVO¥SH7 bed the clinical nanifestations and suPGFYSIP®Ies in
1155 patients with both alcoholic and viral associated cirrhosis (D Am co
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Hepatitis C ciyghosis, patients are clas sified as decompensated meamng that thelr ability to detoxxfy :
metabolites in the bloodstream is diminished and it is at this stage that the clinical features
described above will present.
20 ~ In 1986, D'Amico et al. described the clinical manifestations and survival rates in
1155 patients with both alcoholic and viral associated cirrhosis (D'Amico sypra). Of the
1155 patients, 435 (37%) had compensated disease although 70% were asymptomatic at
the beginning of the study. The remaining 720 patients (63%) had decompensated liver
disease with 78% presenting with a history of ascites, 31% with jaundice, 17% had
25 bleeding and 16% had encephalopathy. Hepatocellular carcinoma was observed in six
(:5%) patients with compensated disease and in 30 (2.6%) patients with decompensated
Over the course of six years, the patients with compensated cirrhosis developed
clinical features of decompensated disease at a rate of 10% per year. In most cases, ascites
30 was the first presentation of decompensation. In addition, hepatocellular carcinoma
developed in 59 patients who initially presented with compensated disease by the end of
the six-year study.
With respect to survival, the D'Amico study indicated that the five-year survival
rate for all patients on the study was only 40%. The six-year survival rate for the patients
35 who initially had compensated cirrhosis was 54% while the six-year survival rate for
patients who initially presented with decompensated disease was only 21%. There were




10 1997). The prevalence of HCV in the United States is estimated at 1.8%
and the CDC pl aces the nunber of chronically infected Anericans at

appr oxi mat kg oglsske7mi | | i on peopl e. The CDC al so esti nat es gciaisesiépei7?o 10, 000
deat hs per year are caused by chronic HCV infection. The preval ence of HCV
inthe United States is estimated at 1.8%and the CDC places the nunber of
chronically infected Anericans at approximately 4.5 mllion people. 15

‘The CDC al so estimates that up to 10, 00 deaths per year are caused by
chronic HCV infection. Nunerous well controlled clinical trials using
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results in lowering of serum ALT values in approximately 50% (range 40% to 70%) of

20 patients by the end of 6 months of therapy (Davis et al, New England Journal of Medicine
1989; 321:1501-1506; Marceilin et al, Hepatology. 1991; 13:393-397; Tong et al,, Hepatology
1997:26:747-754; Tong et al., Hepatology 1997 26(6): 1640-1645). However, following
cessation of interferon treatment, approximately 50% of the responding patients relapsed,
resulting in a "durable" response rate as assessed by normalization of serum ALT

25  concentrations of approximately 20 to 25%.

' In recent years, direct measurement of the HCV RNA has become poss1ble through
use of either the branched-DNA or Reverse Transcriptase Polymerase Chain Reaction
(RT-PCR) analysis. In general, the RT-PCR methodology is more sensitive and leads to
more accurate assessment of the clinical course (Tong et al., supra). Studies that have

30 examined six months of type 1 interferon therapy using changes in HCV RNA values as a

* clinical endpoint have demonstrated that up to 35% of patients will have a loss of HCV
RNA by the end of therapy (Marcellin et al., supra). However, as with the ALT endpoint,
about 50% of the patients relapse six months following cessation of therapy resulting in a

" durable virologic response of only 12% (Marcellin et al, supra). Studies that have

35 examined 48 weeks of therapy have demonstrated that the sustained virological response
is up to 25% (NIH consensus statement: 1997). Thus, standard of care for treatment of




HCV.RNA concentrations as the prinary assessnent of efficacy (Hoof nagle et
al ., New Engl and Journal of Medicine 1997; 336(5) 347-356). Side effects
resul ting froWPoP&8®hent with type 1 i nterferons can- be di virtaissse25
four general categories, whi ch include 1. Influenza-Iike synptons; 2.

Neur opsychiatric; 3. Laborat ory abnornmalities; and, 4. M scel |l aneous
(Dushei ko et al., Journal of Viral Hepatltls 1994: 1: 3-5). Exanpl es of

i nfl uenza-1ike synptoms include; fatigue,fever; nyalgia, malaise;, appetite

"~ loss; tachycardia; rigors; headache and arthral gias. The influenza-Iike '
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I ntracel lul a eof at vitus RNA. and.rnhibition of Vir
protein tran ?g% yalCer g‘ﬁn i%c“?g‘g O PIERER ! %MW@%@P?%BMS“‘%
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Fopat of ogy. 278y, FERIARG of bn%r?%gw mk%mﬁﬁi i3t on
of vir aI r ofRSFoPTiate, medisationnwhily ay thesanyai Miseellanaons sideoefastsi includé mawssainead
ribozynes. diarthea; abdominal and back pain; pruritus; alopecia; and rhinorthea. In general, most
- side effects will abate after 4 to 8 weeks of therapy (Dushicko et al,, supra).
Welch et al, Gene Therapy 1996 3(11): 994-1001 describe in vitro an in vivo
studies with two vector expressed hairpin ribozymes targeted against hepatitis C virus.
25 Sakamoto et al., J. Clinical Investigation 1996 98(12):2720-2728 describe
intracellular cleavage of hepatitis C virus RNA and inhibition of viral protein translation
by certain vector expressed hammerhead ribozymes.
Lieber et al., J. Virology 1996 70(12):8782-8791 describe elimination of hepatitis
C virus RNA in infected human hepatocytes by adenovirus-mediated expression of certain
30  hammerhead ribozymes.
Ohkawa et al,, 1997, J. Hepatology, 27; 78-84, describe in vitro cleavage of HCV
RNA and inhibition of viral protein tramslation using certain in vifro transcribed
hammerhead ribozymes.
Barber et al., International PCT Publication No. WO 97/32018, describe the use of
35  anadenovirus vector to express certain anti-hepatitis C virus hairpin ribozymes.



Barber et al., International PCT Publication No. WO 97/32018, describe the.
use of 35 an adenovirus vector to express certain anti-hepatitis C virus

hai r pi n ri bwoyessss7 6 Kay et al., International PCT Pubpé&fgédegspafNo. WO
96/ 18419, describe certain reconbi nant adenovirus vectors to express

anti - HCV hammer head ri bozyne. Yanmada et al., Japanese Patent Application
No. JP 07231784 describe a specific poly-(L)-Iysine conjugated hamer head
ri bozynme targeted against HCV. 5 6 Draper, U S. Patent No. 5,610, 054,
desci bes enzynatic nucl ei c acid nol ecul e capable of inhibiting replication

of HCV. Al't et pat ol ogy .1 3).; 707-717 cr| be specific
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for: broad therapeutic apphcatlons would likely involve the conserved regions of the

.~ HCV genome. Specifically, the present invention describes hammerhead ribozymes that

- would cleave in the conserved regions of the HCV genome. A list of the thirty

- bammerhead ribozymes derived from the conserved regions (5’- Non Coding Region

20 © (NCR), 5'- end of core protein coding region, and 3’- NCR) of the HCV genome is
shown in Table IV. In general, Applicant has found that enzymatic nucleic acid .
molecules that cleave sites located in the 5’ end of the HCV genome would block
translation while ribozymes that cleave sites located in the 3’ end of the genome would
 block RNA replication. Approximately 50 HCV isolates have been identified and a

25  sequence alignment of these isolates from genotypes 1a, 1b, , 2a, 2b, 2¢c, 3a, 3b, 4a, 5a,
and 6 was performed. These alignments were used by the Applicant to identify 30
hammerhead ribozymes sites within regions highly conserved between genotypes.
Twenty three ribozyme sites were identified in regions of greatest homology within the
conserved region.. Therefore, one ribozyme can be designed to cleave all the different

30 isolates of HCV. According to the Applicant, ribozymes designed against conserved
regions of various HCV isolates will enable efficient inhibition of HCV replication in
diverse patient populations and may ensure the effectiveness of the ribozymes against

- HCV quasispecies which evolve due to mutations in the non-conserved regions of the

HCV genome. ' '
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enzyme. All jfferchangeably with phrases such as ribozymes, catalytic RNA, enzymatic RNA, catalytic
DNA, catalytic oligonucleotides, nucleozyme, DNAzyme, RNA enzyme,

20  endoribonuclease, endonuclease, minizyme, leadzyme, oligozyme or DNA enzyme. All of
these terminologies describe nucleic acid molecules with enzymatic activity. The specific
enzymatic nucleic acid molecules described in the instant application are not limiting in
the invention and those skilled in the art will recognize that all that is important in an
enzymatic nucleic acid molecule of this invention is that it has a specific substrate binding

25  site which is complementary to one or more of the target nucleic acid regions, and that it
have nucleotide sequences within or surrounding that substrate binding site which impart a
nucleic acid cleaving activity to the molecule.

By "enzymatic portion" or “catalytic domain™ is meant that portion/region of the
ribozyme essential for cleavage of a nucleic acid substrate (for example see Figure 1).

30 By "substrate binding arm" or "substrate binding domain" is meant that
portion‘region of a ribozyme which is complementary to (i.e., able to base-pair with) a
portion of its substrate. Generally, such complementarity is 100%, but can be less if
desired. For example, as few as 10 bases out of 14 may be base-paired. Such arms are
shown generally in Figure 1 and 3. That is, these arms contain sequences within a

35 ribozyme which are intended to bring ribozyme and target RNA together through
complementary base-pairing interactions. The ribozyme of the invention may have binding
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1;(r)r gﬁlgsiag ﬁbfm%ou 1s3&01ti IbS Iﬂerr\o/ [ ahar Be%n% leJcﬂLr;uggy 39rl%u9flﬂe intron
RNaseP motif by Guerrier-Takada et al., 1983 Cell 35, 849; Forster and Aitman, 1990,
20 - Science 249, 783; Li and Altman, 1996, Nucleic Acids Res. 24, 835; Neurospora VS RNA
~ ribozyme motif is described by Collins (Saville and Collins, 1990 Cell 61, 685-696;
" Saville and Collins, 1991 Proc. Natl. Acad. Sci. USA 88, 8826-8830 Collins and Olive,
1993 Biochemistry 32, 2795-2799; Guo and Collins, 1995, EMBO. J. 14, 363); Group II
introns are described by Griffin et al., 1995, Chem. Biol. 2, 761; Michels and Pyle, 1995,
25  Biochemistry 34, 2965; nylé et al., International PCT Publication No. WO 96/22689; of
the Group I intron by Cech et al., U.S. Patent 4,987,071; and of DNAzyme motif by
Chartrand et al., 1995, Nucleic Acids Research 23, 4092, Sgntoro et al., 1997, PNAS 94,
4262, These specific motifs are not limiting in the invention and those skilled in the art
will recognize that all that is important in an enzymatic nucleic acid molecule of this
30 invention is that it has a specific substrate binding site which is complementary to one or
more of the target gene RNA regions, and that it have nucleotide sequences within or
surrounding that substrate binding site which impart an RNA cleaving act1v1ty to the
molecule.
By "equivalent” RNA to HCV is meant to include those naturally occurring RNA
35 molecules associated with HCV infection in various animals, including human, rodent,
primate, rabbit and pig. The equivalent RNA sequence also includes in addition to the
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20 . In preferred embodiments, the ribozymes have binding arms which are
complementary to the target sequences in Tables IV-IX. Examples of such ribozymes are
also shown in Tables IV-IX. Examples of such ribozymes consist essentially of
sequences defined in these Tables. Other sequences may be present which do not interfere
with such cleavage.

25 By “conmsists essentially of” is meant that the active ribozyme contains an
enzymatic center or core equivalent to those in the examples, and binding arms able to

- bind mRNA such that cleavage at the target site occurs. Other sequences may be present
which do not interfere with such cleavage.
Thus, in a first aspect, the invention features ribozymes that inhibit gene

30 expression and/or viral replication. These chemically or enzymatically synthesized RNA

- molecules contain substrate binding domains that bind to accessible regions of their target
mRNAs. The RNA molecules also contain domains that catalyze the cleavage of RNA.
The RNA molecules are preferably ribozymes of the hammerhead or hairpin motif. Upon
binding, the ribozymes cleave the target mRNAs, preventing translation and protein

35 accumulation. In the absence of the expression of the target gene, HCV gene expression
and/or replication is inhibited.
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- any other means that would aliow for introduction into the desired target cell (for a review
20  see Couture and Stmchcomb 1996, 7IG., 12, 510). In another aspect of the invention,
ribozymes that cleave target molecules and inhibit viral replication are expressed from
transcription units inserted into DNA, RNA, or viral vectors. Preferably, the recombinant
vectors capable of expressing the ribozymes are locally delivered as described above, and
' tranmently persist in smooth muscle cells. However, other mammallan cell vectors that
25 direct the expression of RNA may be used for this purpose.
- " By "patient” is meant an organism which is a donor or recipient of explanted cells
or the cells themselves. "Patient" also refers to an organism to which enzymatic nucleic
- acid molecules can be administered. Preferably, a patient is a mammal or mammalmn
cells. ‘ More preferably, a patient is 2 human or human cells. '
30 By “vectors” is meant any nucleic acld and/or viral-based techmque used to
‘deliver a desired nucleic acid.

. These ribozymes, individually, or in combination or in conjunction with other
drugs, can be used to treat diseases or conditions discussed above. For example, to treat a
disease or condition associated with HCV levels, the patient may be treated, or other

35  appropriate cells may be treated, as is evident to those skllled in the art.
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to an or gani BGT Publidatiol Nen WOr86/12577)) CHB'V Rilfuzsime! BIV! kiesmeaat tdiadicate four _
admi ni st er edgeRn6iifbines (Bedifr 2EUS Pteft NG 58Y5,007). "RENMerRthd Ribozyme: :
I-III are meant to indicate three stem-loop structures; stems I-III can be of any length and
may be symmetrical or asymmetrical (Usman et al., 1996, Curr. Op. Struct. Bio., 1, 527).
20 Hairpin Ribozyme: Helix 1, 4 and 5 can be of any length; Helix 2 is between 3 and 8
base-pairs long; Y is a pyrimidine; Helix 2 (H2) is provided with a least 4 base pairs (i.e.,
nis 1, 2, 3 or 4) and helix 5 can be optionally provided of length 2 or more bases
(preferably 3 - 20 bases, e, m is from 1 - 20 or more). Helix 2 and helix 5 may be
covalently linked by one or more bases (i.e., ris 1 base). Helix 1, 4 or 5 may also be
25 extended by 2 or more base pairs (e.g, 4 - 20 base pairs) to stabilize the ribozyme
structure, and preferably is a protein binding site. In each instance, each N and N’
independently is any normal or modified base and each dash represents a potential base-
pairing interaction. These nucleotides may be modified at the sugar, base or phosphate.
Complete base-pairing is not required in the helices, but is preferred. Helix 1 and 4 can be
30 ofany size (ie., o and p is each independently from 0 to any number, e.g., 20) as long as
some base-pairing is maintained. Essential bases are shown as specific bases in the
structure, but those in the art will recognize that one or more may be modified chemically
(abasic, base, sugar and/or phosphate modifications) or replaced with another base without
significant effect. Helix 4 can be formed from two separate molecules, i.e., without a
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35 appropriate cells may be treatedj2as is evident to those skilled in
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Intron: P1-P9.Q.re esent Vil it al .
1994, Nature S P%’E‘Pﬁ hd‘fé?;z"g%\?a i&'@*ﬁ%ﬁeﬁz& gpresenFis ext er nal
gui de. sequmﬁnmtl(emnwmdﬁHaw ggmon&pbﬂ@ethemmmﬁan eevesal | 1990,
J Biol. dﬁ% 865, 3587). Goup Il Intron: 5SS neans 5' splice site; 3'SS
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i ndi caltte sdemossmrihmxmi@ed%d reductionaof luciferasrastivisyyingsel] calbwe.neant to

~indicate terti g i€ aaghphOdentdnotdting the hbilig" sfdibopmks BCieditedluciférhdeon No.
WO 96/ 19577)... Hljtjﬁ Oﬂrre : I-1V are neant to indicate four stem| oop
structures US Patent No, 5,625,047). Hanmmerhead Ri bozyne::

1-111 are neantFlmﬁm#medGm¢l§bat§!Séh¢ ability of ribozymesdatgetingesites HOV.¥- can be

~of any | emgshaneicves3 i tawaamrluﬁﬁkaseraceﬁwmnmlcenywm tltheir 1996,
Curr Struct 527). 20 Hairpin Ri bozyrre Helix 1, 4 and 5

can belof’ﬁﬁ"f” 8?“’&%# HeI;x2|s bet ween 3 and 8 base-pairs |on \glsa
pyri mi di ne; * HelFiguro6A jipy bargraphsigmonyirating the sfleetof ribazyme e Wgn?m

_ Poho virus (PV) replication. HeLa cells in 96-well plates were infected with HCV-PV ata ’
_ multiplicity of infection (MOI) of - 0.1. Virus inoculum was then replaced with media
. . containing 5% serum and ribozyme or control (200nM), as indicated, complexed to a
.20 - cationic lipid. After 24 hour cells were lysed 3 times by freeze/thaw and virus was
~ quantified by plaque assay. Scrambled control (SAC), binding control (BAC), 3 P=§
ribozymes, and 4 P=S ribozymes are indicated. Plaque forming units (pfu)/m! are shown
as the mean of triplicate samples + standard deviation (S.D.).
o - Figure 6B is a bar graph demonstrating the effect of ribozyme treatment on wild
25  type PV replication. HeLa cells in 96-well plates were infected with wild type PV at an
“MOI = 0.05 for 30 minutes. All ribozymes contained 4P=S in (B). Plaque forming units
(pfu)/m] are shown as the mean of triplicate samples + standard deviation (S.D.).
_ 'Figure 7 is a schematic representation of various hammerhead ribozyme constructs
‘targeted against HCV RNA. S '

30 Figure 8 is a graph demonstrating the effect of site 183 ribozyme treatment on a
single round of HCV-PV infection. HeLa cells were infected with HCV-PV at an MOI=5
for 30 minutes prior to treatment with ribozymes or control. Cells were lysed after 6, 7, or
8 hours and virus was quantified by plaque assay. Ribozyme binding arm/stem II formats
(7/4, /3, 6/4, 6/3) and scrambled control (SAC, 7/4 format) are indicated. All contained

35 4P=S stabilization. Results in pfu/ml are shown as the median of duplicate samples +

range.



nis 1, 2; 3 or 4) and helix 5 can be optionally provided of length 2 or
nor e bases (ﬁ&ﬁéerably 3 - 20.bases, i.e., mis from1l - 20 or nore). Helix
2 and helix B coval ently i nked by one or more bases PCTUSM/09927i s 1
base). Helix 1, 4 or 5 may al so be 25 extended by 2 or nore base pairs
(e.g., 4 - 20 base pairs) to stabilize the ribozyne structure, and
preferably is a protein binding site. In each instance, each N and N

i ndependently is any nornal or nodified bhse and each dash represents a
potential base- pairing interaction. These nucleotldes may be nodified at

hel izg?r’bu?a.si pr%‘?grmﬁﬁéfwgw o fifed it L it * 0°

and p is eaciy thig ?R}Ently fromO to any nunber e.g., 20) as long as some
base-pairing is rRigit ai0nshowsihe Atiivily o sedti-HCV ﬁb@ymeasmsa@ﬂmﬁalﬁbnbms in
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repl aced i t binding attenuatpd eantsg] melegulesiFg intarf &elfwwheaderﬂmyme targetaddo

f or mred fromnwmpgggﬁgpmh@MMt e., wthout a 12 connecting | oop.
The connecting | oop when present may be a ribonucl eotide with or without

modi fications _to its base, sugar or phosphate. "g" is 2 bases. The"
connecting | Ribezymgs al so be replaced with a non-nucl eotide i nker m)l ecul e.

Hrefers to baSESSeQenbﬁstian&es\éfhﬁtflﬁllg-dc ) aﬁ@m%ekn i§f.er s

120 Cro i 18 S, bSigal By Firgejgpaon Gyalitianyte e‘i (Pl 8113' o

di spl ayi ¥y t hendani Bi20, 635)rhasgb9¢musesidpg@plwgwanu 3 asndtmlm ¢apable rof
conserved 5' OW PloScd 298, Gendgs sases Al

Syotem uti 1 BasEe EBS‘%#S? ?%f 855 gﬁﬁﬁéaﬁéﬁ? a‘?gd}f}r}%‘é’gjt’?‘:‘ pIRS0 5,
| uci f erase aBrepkarief qln 1984, THBIECH 42, %@m et . 21993 atiente ARGl il 418y t he
abi ity of rShstakH93] PIBSCIH 89-934 Kufnf @ﬁ&l 95 VIFASER I, 951185; Bedaker, 16o6)ure S

L O Bl o b L LN T S P e o
their 15 | n#ati993 R¥At3s §14 Nakamaye & Eckstem, 1994, supra; Long &Uhlenbeck, 1994
' supra; Ishizaka et al., 1995, supra; Vaish et al., 1997, Biochemistry 36, 6495; all of these
are incorporated by reference herein). Each can catalyze a series of reactions including the
- hydrolysis of phosphodiester bonds in #rans (and thus can cleave other RNA molecules)

20  under physiological conditions. Table I summarizes some of the characteristics of some of
these ribozymes. In general, enzymatic nucleic acids act by first binding to a target RNA.
Such binding occurs through the target binding portion of an enzymatic nucleic acid which
is held in close proximity to an enzymatic portion of the molecule that acts to cleave the
target RNA. Thus, the enzymatic nucleic acid first recognizes and then binds a target

25 RNA through complementary base-pairing, and once bound to the correct site, acts

- enzymatically to cut the target RNA. Strategic cleavage of such a target RNA will destroy
its ability to direct synthesis of an encoded protein. After an enzymatic nucleic acid has
bound and cleaved its RNA target, it is released from that RNA to search for another target
and can repeatedly bind and cleave new targets.

30 The enzymatic nature of a ribozyme is advantageous over other technologles, since
the concentration of ribozyme necessary to affect a therapeutic treatment is lower. This
advantage reflects the ability of the ribozyme to act enzymatically. Thus, a single
ribozyme molecule is able to cleave many molecules of target RNA. In addition, the
ribozyme is a highly specific inhibitor, with the specificity of inhibition depending not

35 only on the base-pairing mechanism of binding to the target RNA, but also on the



Figure 6A is a bar graph denonstrating the effect of ribozyme treatnent on,
HCV- Polio virus (PV) replication. HeLa cells in 96-well plates were
infected wi WOMIGS84PV at a nultiplicity of infection (MJ) petwSeskesyi r us
i‘nocul um was then replaced with nmedia containing 5% serum and ri bozyne or
control (200nM, as indicated, conplexed to a 20 cationic lipid. After 24
hour cells were lysed 3 tinmes by free/thaw and virus was quantified by

pl ague assay. Scranbled control (SAC),14i nding control (BAC), 3 P=S

ri bozymes, and 4 P=S ribozynes are indicated. Plaque formng units (pfu)y/m
are shown as the rrean of tr| | i cate_sanpl es + standard deviation (SD.).
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Fi gure 10 shows I‘s é’?ttife\%{ ?edﬂe a’?%ge%yng #}nést%ﬁw lﬁg?\%th
| nt er f er ontherapeyti otag op human disgage AisgAR W@Sﬁ%dﬁ%/‘ﬂ'ﬁ RepMed £thems anp| es

range. BAC30,285-204Clriseffeises andiMatt, £995t.1 Medrmhm uB$;; 20252037 Ribezymes Rz,
ga[)”ge r f@gd cdrl BPEE Fred B AGVE Updefticl KA SthdgEis Within e backirdBidSor Rl T RNANT ¢ -
- Such a cleavage event renders the RNA non-functional and abrogates protein expression
- from that RNA. In this manner, synthes:s of a protein associated with a disease state can
- be selectively inhibited. = - - '
_ Ribozymes that cleave the speclﬁed sites in HCV RNAs represent a novel
. 20 therapeutic approach to -infection by the hepatitis C virus. Applicant indicates that
ribozymes are able to inhibit the activity of HCV and that the catalytic activity of the
ribozymes is required for their inkibitory effect. Those of ordinary skill in the art will find
that it is clear from the examples described that other ribozymes that cleave HCV RNAs
may be readily designed and are within the invention.

25 B ;get §ites . . : .
. Targets for useful ribozymes can be determined as disclosed in Draper et al., WO
© 93/23569; Sullivan ef al., WO 93/23057; Thompson et al., WO 94/02595; Draper et al.,
WO 95/04818; McSwiggen et al., US Patent No. 5,525,468 and hereby incorporated by
reference herein in totality. Rather than repeat the guidance provided in those documents
30 here, below are provided specific examples of such methods, not limiting to those in the
art.. Ribozymes to such targets are designed as described in those applications and
synthesized to be tested in vitro and in vivo, as also described. Such ribozymes can also be
optimized and delivered as described therein. :
The sequence of HCV RNAs were screened for optimal ribozyme target sites using
35 a computer folding algorithm. Hammerhead or hairpin ribozyme cleavage sites were



Seven basic varieties of naturally-occurring enzymatic RNAs are known
presently. Inwgddltlon several in vitro selection (evolution) strategies
(Orgel, 1979, WBPIESR  soc London, B 205, 435). have bd&GTUSUM07
evol ve new nucl eic acid catalysts capable of catalyzing cleavage and

| igation of phosphodi ester |inkages (Joyce, 1989, Gene, 82, 83-87; Beaudry
et al., 1992, Science 257, 635-641; Joyce, 1992, Scientific Amrerican 267,
90-97; Breaker et al., 1994, TIBTECH 12, 1368, Bartel et al., 1993, Science
261: 1411-1418; Szostak, 1993, TIBS 17, 89-93; Kunar et al., 1995, FASEB J.,

9, 1183; B 1 .,
1097, Proc. “Rifsed e dits moﬂ’z?‘r”nzf%?bﬁf il ¢ %§%r‘§ i Joe
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ri bozynme nol etbmpm muislveer@ designed\te annea) toryadious| sites dr tham@NA Ridssage. nThe
addi tion, th@ingding aeﬂmmy»oaﬁ%éﬂsaehaﬁh&etaémwdw@e specificity

of inhi b| tion depend| ng no only on the base-palring nechani sm of
binding to the target RNA, but also on the 14
Ribozyme Synthesis

20 Synthesis of nucleic acids greater than 100 nucleotides in length is difficult using
automated methods, and the therapeutic cost of such molecules is prohibitive. In this
invention, small nucleic acid motifs (e.g., hammerhead or the hairpin ribozymes) are used
for exogenous delivery. The simple structure of these molecules increases the ability of
the nucleic acid to invade targeted regions of the mRNA structure. However, these

25 nucleic acid molecules can also be expressed within cells from eukaryotic promoters (e.g.,
Izant and Weintraub, 1985 Science 229, 345; McGarry and Lindquist, 1986 Proc. Natl.
Acad. Sci. USA 83, 399; SullengerScanlon et al., 1991, Proc. Natl. Acad. Sci. USA, 88,
10591-5; Kashani-Sabet et al., 1992 Antisense Res. Dev., 2, 3-15; Dropulic et al., 1992 J.
Virol, 66, 1432-41; Weerasinghe et al., 1991 J. Virol, 65, 5531-4; Ojwang et al., 1992

30  Proc. Natl. Acad. Sci. USA 89, 10802-6; Chen et al., 1992 Nucleic Acids Res., 20, 4581-
9; Sarver et al., 1990 Science 247, 1222-1225; Thompson et al., 1995 Nucleic Acids Res.
23,-2259): Those skilled in the art realize that any nucleic acid can be expressed in
eukaryotic cells from the appropriate DNA/RNA vector. The activity of such nucleic
acids can be augmented by their release from the primary transcript by a ribozyme (Draper

35 etal, PCT W093/23569, and Sullivan et al., PCT W094/02595, both hereby incorporated

j




mechani sm of target RNA cleavage. Single m smatches, or base-substitutions,
near the site of cleavage can be chosen to conpletely elimnate catal ytic
activity ofwaswssepzyne. Nucl ei ¢ acid nol ecul es havi ng an mowiseseerase
enzymatic activity are able to repeatedly cl eave ot her separate RNA

nol ecul es in a nucl eoti de base sequence-specific 5 manner. Such enzymatic
nucl ei ¢ acid nol ecules can be targeted to virtually any RNA transcript, and
ef ficient cleavage achieved in vitro (16aug et al., 324, Nature 429 1986;

Unhl enbeck, 1987 Nature 328, 596; Kimet al. ; 84 Proc Natl Acad. Sci. USA
8788, 1987, Dreyfus, 1988, Ei'nstein Quart. Bi 0. 92; Hasel of f
and Ger | ach theidiotalipyhyrefersace WMH‘“IZQW%M’SdS@SZ@Bﬁ'” e lTef feri es

et al., 176;Npgitacds ol ASDTVBREEAGIAIREES 19, 5128-30; VRfiira élady 1998 Nickic Adids, 1995,
Nucl ei ¢ Acjds o %’iﬁ&a?'bt%%:é‘?:% 193%’}3{0?(,%;,4%9 29838). PNAS 94, 4262).

Because of Uence- specl fiTCl gaving,ri bozyrres sho
prom se as ther’ﬁpeli!hqzlr}me@éh examplag shewmically synthesized, Tasmethpdnof 1995

Ann Reps thekle Red 36llowdthe gdedute ok ﬁmfar RNAcsynthesis hdescribed 3 Usmaed. Chem
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renders t h@mﬂhnmmlodgw Melfbfﬂ ddaRess Bh.oA7 ﬂ@iﬂﬂ@éﬁ?‘%meﬂn t hat
RNA. I'n théo‘imﬂ&f‘ﬂ&lelc 8did pReckis @mmamwhmadmease state

can be selectiv |nh|b| ed tes in
HCV RNAs r@@r@%@?ﬁ{’s "%e ‘%Ig%éﬂlc a rgga{tcwg{lo I'n ectlon%;;the
hepatil0s spnliedlﬁaosyﬁsps,l Iearwnthm asing aymodifiod 59 pmel scale protgepkwith aihj bi t

the acti Vi fnn &fup 113t1|§sﬁ;t€oﬁd6ﬂu)ﬂebﬁdeaeﬁd z.lstmnaimlblhg stelpthlZZ’FlB-S is

d for,.t i t ¢
Wil E i RO iR 'y gﬂsh'r%a fobiein &5@?‘%89“&%3%‘9: B2 popal e B 00 e
that cl eavmmmmﬂﬁm I@!G s&HR3 Wl of %Mrﬂqm Ihoknt i on.
25 Target. phdspiforaniidiein of 2A-folibexcess of S-ethy m&omsmpmeoesmnﬁsa 53anal) scl osed

A D“S%%f 'gd %2’?@%&%%@@% B Tech gjggﬁg’%zﬂsg&“ﬁ%%& et
No 5, 525, m@smﬂne} lirdo Binsysimesy 1
Rat her t hagudntifatied of e gutycl e tions] owerelem 5-99% hmtlmrdoilgonmleomdsaynthbns e,

bel ow are ?Mﬁ Sk tvad @94 O thosei
in the art%%g@yrres fpéumﬁélt rgets ar laﬂ&ﬁsscdrhli%&eltc}%?%/{ hose _
appl i cat i oﬁ‘@%ﬁ@@ﬂﬁ‘ﬁé@k&éﬁmﬂ@”‘é&?’éﬂpﬁﬁ’ g‘??”e}haﬁcf' gnidazole, o,
described. iSUHF (ABIp abdrd6%cavetielaghydeide/10% 2,6-lutidine in THF' (ABI); - oxidation

solution was 16.9 mM I, 49 mM pyridine, 9% water in THF (Millipore). B & J Synthesis *
Grade acetonitrile was used directly from the reagent bottle. S-Ethyl tetrazole solution
(0.25 M in acetonitrile) was made up from the solid obtamed from American International
Chemical, Inc.

25 Deprotection of the RNA was performed as follows. The polYmer-bound
oligoribonucleotide, trityl-off, was transferred from the synthesis column to a 4mL glass
screw top vial and suspended in a solution of methylamine (MA) at 65 °C for 10 min. -
After cooling to 20 °C, the supematant was removed from the polymer support. The
support was washed three times with 1.0 mL of EtOH:MeCN:H20/3:1:1, vortexed and the

30 supemnatant was then added to the first supernatant. The combined supematants
containing the oligoribonucleotide, were dried to a white powder.

~The - base-deprotected oligoribonucleotide was resuspended ‘in anhydrous
TEASHF/NMP solution (250 pL of a solution of 1.5SmL N-methylpyrrolidinone, 750 pL
- TEA and 1.0 mL TEA<3HF to provide a 1.4M HF concentration) and heated to 65°C for

35 1.5 h. The resulting, fully deprotected, oligomer was quenched with 50 mM TEAB (9

.mL) prior to anion exchange desalting.



opti.m zed-and delivered as described therein. The sequence of HCV RNAs were

screened for optimal ribozyne, target sites using 35, a conputer folding
al gorithm Ha HB4Y or hairpin ribozyme cl eavage ‘Sites WerRET/USIWEDO2T
identified. These sites are shown in Tables IV-VIII (Al sequences are 5

to 3 in the tables). The nucl eotide base position is noted in the Tables
as that site to be cleaved by the designated type of ribozyne. The

nucl eoti de base position is noted in thelTables as that site to be cl eaved
by the designated type of ribozyme. 5 Because HCV RNAs are highly

honol ogous i'n cerfain, regions 0z target sit al.so

homol ogous ( Seo. Taiop pRIE AssAn pF e Aearorecd Bgordery e AT, Btgthe ves |
target diff etoaded oﬂtasas@mgm‘ SOMchMeammdga@agm Inc.y that was prewashek
targets sevepah splRSCESAS %‘/ é’witﬂsﬁgxﬁﬁsl'ﬂmﬂﬁ) one
or nore of th conty g Se ate

Hanmer head oﬁﬁa‘#‘gmw m&lg ave‘t%mf% te P dter o

i ndi vi duabl y anal Imetitethanmmsrieat aibozyxhel wgre(s}ﬂ&gamdeby anbstitulifig Switcling thdat | .
Acad Sci . US,gmep GZZQ € Faubdb e uen into
t he appropri 3& sgz g %ﬂdg%ruﬁﬁ% h‘lcq)ls4 ri boz%/rres W|t ﬁ' é\%ﬁé’ébﬁﬁ

i nt ranol ecul nhozymes, Waremay, Also; B core
are el i ni nat substituting a i $ord@5 ahd ary fMaAy4 g someciaskg, the sequehce bﬁﬂ@tshbstﬁw be
chosen to o ,m,éemgg o arm are
able to bi ngrbto or ot h‘)érvm sﬁg%ra%ﬂ%bﬁ&nﬂogaéﬁaﬁgﬂaﬁ% mes of
the ham&Phead or IReAYRES Stpwise cpupling xislds m?as"érﬂ%apott ¢ Warl98% Nusleices in
t he mMRNA nessda@Re.sTm P67TA684).ar s are corrpl enentary to the target S|te =

sequences describ )gg@léyzgg
nucl ei c acids greg %?‘%50 nucl eot1 des mqare‘na?(h g (féytpl cu u5| ng
aut onat ed rrelaFRY&sng%ﬂB’e A9 Bprkec J992 ON“%H‘% Besy 20, 2835

“prohi bi tive. Ribozyines mﬂwtsyﬁhesnzedeﬁdmmhetemmesiufmg ibadtefiéphgge mammr head

g[rhgteng Lgbglﬁﬁgmmg%f'es I .NnCcreases ? 17 Il iIﬂj‘ue n-urgleels::rrg!.‘fd to
i nvade tar get ed rgﬂﬁ%ﬂgesoﬁ'e ﬂ?@‘ﬁ?ﬂﬂ&%?@?@ty \rishance catalytio getivity Y ej ¢
aci.d nol ecul emdificatian with mecleasp resistant groipls for eﬁdnh;ﬂe,fz'-@ﬁmﬁi,l R&ECyliy], @'-flowropt er s
(e.g., - 2-O-methyl, 2'-H, nucleotide base modifications (for a review see Usman and Cedergren, :
1992 TIBS 17, 34; Usman et al., 1994 Nucleic Acids Symp. Ser. 31, 163; Burgin et al.,
20 1996 Biochemistry 6, 14090). :
: Ribozymes were purified by gel electrophoresis using general methods or are
purified by high pressure liquid chromatography (HPLC; See Stinchcomb et al.,
International PCT Publication No. WO 95/23225, the totality of which is hereby
incorporated herein by reference) and are resuspended in water.
25 The sequences of the ribozymes that are chemically synthesized, useful in this
study, are shown in Tables IV-IX. Those in the art will recognize that these sequences
- are representative only of many more such sequences where the enzymatic portion of the
ribozyme (all but the binding arms) is altered to affect activity. For example, stem-loop II
sequence of hammerhead ribozymes can be altered (substitution, deletion, and/or
30 insertion) to contain any sequences provided a minimum of two base-paired stem structure
can form. Similarly, stem-loop IV sequence of hairpin ribozymes, can be altered
(substitution, deletion, and/or insertion) to contain any sequence, provided a minimum of
two base-paired stem structure can form. Preferably, no more than 200 bases are inserted
at these locations. The sequences listed in Tables IV-IX may be formed of
35 ribonucleotides or other nucleotides or non-nucleotides. Such ribozymes (which have
enzymatic activity) are equivalent to the ribozymes described specifically in the Tables.




| zant and Wi ntraub, 1985 Science 229, 345; MGarry and Lindquist, 1986
Proc. Natl. Acad. Sci. USA 83, 399; SullengerScanlon et al., 1991, Proc.
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al., 1991 J. Virol, 65, 5531-4; gwang et al., 1992 30 Proc. Natl. Acad.
Sci. USA 89, 10802-6; Chen et al., 1992 Nucleic Acids Res., 20,4581- 9;
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20 efficacy. Ribozymes are modified to enhance smblhty and/or enhance catalytic activity by
- modification with nuclease resistant groups, for example, 2'-amino, 2'-C-allyl, 2'-flouro,
"-O-methyl, 2'-H, nucleotide base modifications (for a review see Usman and Cedergren,
1992 TIBS 17, 34; Usman et al., 1994 Nucleic Acids Symp. Ser. 31, 163; Burgin et al.,
1996 Biochemistry 35, 14090). Sugar modification of enzymatic nucleic acid molecules
25 have been extensively described in the art (see Eckstein et al., International Publication
PCT No. WO 92/07065; Perrault et al. Nature 1990, 344, 565-568; Pieken et al. Science
-1991, 253, 314-317; Usman and Cedergren, Trends in Biochem. Sci. 1992, 17, 334-339;
Usman et al. International Publication PCT No. WO 93/15187; Sproat, US Patent No.
: 5,334,711 and Beigelman et al., 1995 J. Biol. Chem. 270, 25702; all of the references are
30 hereby incorporated in their fotality by reference herein). Such publications describe
general methods and strategies to determine the location of incorporation of sugar, base
. and/or phosphate modifications and the like into ribozymes without inhibiting catalysis,
and are incorporated by reference herein. In view of such teachings, similar modifications
can be used as described herein to modify the nucleic acid catalysts of the instant
35 invention. -
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i mdazole 20 in THF (ABI) and 10% acetic anhydride/10% 2, 6-1utidine in THF
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THF (MIlipore). B & J Synthesis G ade acetonltrlle was used directly from
the reagent bottle. S-Ethyl tetrazole solution (0.25 Min acetonitrile) was
made up fromthe solid obtained from Anerican International Chem cal, Inc.
25 Deprotection of the RNA was p& formed as foll ows. The
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deprotected, oli gbmpewiasibqnmhbﬂvmddxomomw mEsBptignatiy be stable within cetls on
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The aver age M}s@&m@ﬁﬂd]gasys wbltl!;ncmxm th© 8% Swihrhases are gengrally loggl at
Nucleic the 1’ position of a sugar moiety. Nucleotide generally comprise a base, sugar and a
phosphate group. The nucleotides can be unmodified or modified at the sugar, phosphate

20 and/or base moiety, (also referred to interchangeably as nucleotide analogs, modified -
nucleotides, non-natural nucleotides, non-standard nucleotides and other ; see for example,
Usman and McSwiggen, supra; Eckstein et al., International PCT Publication No. WO
92/07065; Usman et al., International PCT Publication No. WO 93/15187; all hereby
incorporated by reference herein). There are several examples of modified nucleic acid

25  bases known in the art and has recently been summarized by Limbach et al., 1994, Nucleic
Acids Res. 22,2183. Some of the non-limiting examples of base modifications that can
be introduced into enzymatic nucleic acids without significantly effecting their catalytic
activity include, inosine, purine, pyridin-4-one, pyridin-2-one, phenyl, pseudouracil, 2, 4,
6-trimethoxy benzene, 3-methyl wuracil, dihydrouridine, naphthyl, aminophenyl,

30 S-alkylcytidines (e.g, S-methylcytidine), 5-alkyluridines (e.g, ribothymidine),
S-halouridine (e.g, 5-bromouridine) or 6-azapyrimidines or 6-alkylpyrimidines (e.g. 6-
methyluridine) and others (Burgin et al, 1996, Biochemistry, 35, 14090). By "modified
bases" in this aspect is meant nucleotide bases other than adenine, guanine, cytosine and
uraci] at 1' position or their equivalents; such bases may be used within the catalytic core

35 of'the enzyme and/or in the substrate-binding regions.



Acids Res. 23,2677-2684). Hairpin ribozynmes are synthesized in two parts
and annealed to reconstruct the active ribozynme (Chowira and Burke, 1992
Nucl ei ¢ Aci dwo besss47 20, 2835-2840). Ri bozynmes are al so syrichassbdégz; F 0m DNA
t-enpl at es usi ng bacteri ophage T7 RNA 15 pol ynerase (M I1ligan and

Unhl enbeck, 1989, Methods Enzynol. 180, 51). Ri bozynmes are nodified to
enhance stability and/or enhance catalytic activity by nodification with
nucl ease resistant groups, for exanple;p' -amno, 2'-Callyl, 2'-flouro,
2-O-nethyl, 2'-H nucleotide base nodifications (for a review see Usman and
Cedergren, 1992 TIBS 17, 34; Usman et al., 1994 Nucl eic Acids Synp. Ser
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no nore than 200 bases are inserted at these | ocati ons. ~ The sequences
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. in liposomes, by iontophoresis, or by mcorporatlon into other vehicles, such as hydrogels,

cyclodextrins, biodegradable  nanocapsules, and bioadhesive microspheres. For ‘some
indications, ribozymes may be directly delivered ex vivo to cells or tissues with or without
the aforementioned vehicles. Alternatively, the RNA/vehicle combination is locally
20  delivered by direct injection or by use of a catheter, infusion pump or stent. Other routes
of delivery include, but are not limited to, intravascular, intramuscular; subcutaneous or .
joint ‘injection, aerosol inhalation, oral (tablet or pill form), topical, systemic, ocular,
‘intraperitoneal and/or intrathecal delivery. More detailed descriptions of ribozyme
delivery and administration are provided in- Sullivan ef al., supra and Draper et al., PCT-
25  WO093/23569 which have been incorporated by reference herein. '

' * The molecules of the instant' invention can be used as’ pharmaceutical agents.
Pharmaceutical agents prevent, inhibit the occurrence, or treat (alleviate a symptom to
some extent, preferably all of the symptoms) of a disease state in a patient. :

The negatively charged polynucleotides of the invention can be administered (e.g.,

30 RNA, DNA or protein) and introduced into a patient by any standard means, with or
without stabilizers, buffers, and the like, to form a pharmaceutical composition. When it

" is desired to use a lipid or liposome delivery mechanism, standard protocols for
formulation can be followed: The compositions of the present invention may also be
formulated and used as tablets, capsules or elixirs for oral administration; suppositories for




opti.m zed-as described by Draper et al., supra. The details wll not be
~repeated here_ but include altering the length of the ribozyne binding
arms, or cher‘r?” OPP3P4Eynt hesi zing 5  ribozymes with modifi cRGTHHINMHse,
sugar and/ or phosphate) that prevent their degradation by serum

ri bonucl eases and/ or enhance their enzymatic activity (see e.g., Eckstein
et al., International Publication No. WO 92/07065; Perrult et aI , 1990
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The use of a hposome or other drug carrier comprising the compounds of the instant
invention can potentially localize the drug, for example, in certain tissue types, such as the

25 ftissues of the reticular endothelial system (RES). A liposome formulation which can
facilitate the association of drug with the surface of cells, such as, lymphocytes and
macrophages is also useful. This approach may provide enhanced delivery of the drug to
target cells by taking advantage of the specificity of macrophage and lymphocyte immune
recognition of abnormal cells, such as the HCV infected liver cells.

30 The invention also features the use of a composition comprising surface-modified
liposomes containing poly (ethylene glycol) lipids (PEG-modified, or long-circulating
liposomes or stealth liposomes). - These formulations offer an method for increasing the
accumulation of drugs in target tissues. This class of drug carriers resists opsonization and
elimination by the mononuclear phagocytic system (MPS or RES), thereby enabling

35 longer blood circulation times and enhanced tissue exposure for the encapsulated drug
(Lasic et al. Chem. Rev. 1995, 95, 2601-2627; Ishiwataet al., Chem. Pharm. Bull. 1995,



35 I nventi on. 19 Nucleic acid catal ysts having chem cal nodifications,
whi ch mai ntain or enhance enzymatic activity are provided. Such nucleic
acid is al sWopeisasnl |y nore resistant to nucl eases than upgpgidsiesds Nucl ei c
acid. Thus, in a cell and/or in vivo the activity may not be significantly
| owered. As exenplified herein such ribozynes are useful in a cell and/or 5
in vivo even if activity over all is reduced 10 fold (Burgin et al., 1996,
Bi ochem stry, 35, 14090). Such ribozym®s herein are said to "maintain" the
enzymatic activity on all RNA ribozyne. Therapeutic ribozynes delivered

exogenously nust optinmally be stable within cells until translation of the
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Wi thout signifi By t}')rxseg{ flgvcetnﬁgxg 'a!ls%ejir{ch%é aéox}pioscitions prepared for storage or
*" administration which include a pharmaceutically ' effective amount of the desired
20 compounds in a pharmaceutically acceptable carrier or diluent. Acceptable carriers or
" diluents for therapeutic use are well known in the pharmaceutical art, and are described,
for example, in Remington's Pharmaceutical Sciences, Mack Publishing' Co. (AR.
Gennaro edit. 1985) hereby incorporated by reference herein. For example, preservatives,
* stabilizers, dyes and flavoring agents may be provided. Zd. at 1449. These include sodium
25 benzoate, sorbic acid and esters of p-hydroxybenzom acid. In addition, antioxidants and
' suspendmg agents may be used. __

" A pharmaceutically effective dose is that dose required to prevent, inhibit the
occurrence, or treat (alleviate a symptom to some extent, preferably all of the symptoms) a
disease state. The pharmaceutically effective dose depends on the type of disease, the

30 composition used, the route of administration, the type of mammal being treated, the
physical characteristics of the specific mammal under consideration, concurrent
medication, and other factors which those skilled in the medical arts will recognize.
Generally, an amount between 0.1 mg/kg and 100 mg/kg body weight/day of active
ingredients is administered dependent upon potency of the negatively charged polymer.

35 ~ Alternatively, the enzymatic nucleic acid molecules of the instant invention can be
expressed within cells from eukaryotic promoters (e.g., Izant and Weintraub, 1985 Science




actjvity include, inosine, purine, pyridin-4-one, pyridin-2- one phenyl,
pseudouracil,_2, 4, 6-trinethoxy benzene, 3-nethyl uracil, I hydr ouri di ne,
napht hyl , am‘P{BB?{EﬁM , 30 5-alkylcytidines (e.g., b5- met Fi’ﬂr P90 e) ,
5-al kyluridines (e.g., ribothymdine), 5-halouridine (e.g.,
5-bronouridine) or 6-azapyrimdines or 6-al kylpyrimdines (e.g. 6-

nmet hyl uri dine) and others (Burgin et al 1996, Biochem stry, 35, 14090).
By "nodi fied bases” in this aspect is meddt nucl eotide bases other than
adeni ne, guanine cytosine and uracil at 1' position or their equival ents;
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use of a cat H8%¥%TIGj Hﬂuél@ﬁnﬁﬁﬁé "éFP Wérﬂf R@H@P“’Fse gecombinant vectors are
preferably: DNA plasmids or viral vectors. Ribozyme expressing viral vectors could be
constructed based on, but not limited to, adeno-associated virus, retrovirus, adenovirus, or
20 alphavirus. Preferably, the recombinant vectors capable of expressing the ribozymes are
delivered as described above, and persist in target cells. Alternatively, viral vectors may be
used that provide for transient expression of ribozymes. Such vectors might be repeatedly
administered as necessary. Once expressed, the ribozymes cleave the target mRNA. The
active ribozyme contains an enzymatic center or core equivalent to those in the examples,
25  and binding arms able to bind target nucleic acid molecules such that cleavage at the target
site occurs. Other sequences may be present which do not interfere with such cleavage.
Delivery of ribozyme expressing vectors could be systemic, such as by intravenous or
intramuscular administration, by administration to target cells ex-planted from the patient
followed by reintroduction into the patient, or by any other means that would allow for.
30 infroduction into the desired target cell (for a review see Couture ef al., 1996, TIG, 12,
510).

In one aspect the invention features, an expression vector comprising nucleic acid
sequence encoding at least one of the nucleic acid catalyst of the instant invention is
disclosed. The nucleic acid sequence encoding the nucleic acid catalyst of the instant

35 invention is. operable linked in a manner which allows expression of that nucleic acid
moliecule.



of delivery include, but are not limted to, intravascular, intranuscul ar,
subcut aneous or joint injection, aerosol inhalation, oral (tablet or pill
form, topi o¥@99/58§8teni c, ocul ar, intraperitoneal and/or ipgirnsbdaea
delivery. Mre detail ed descriptions of ribozynme delivery and

adm nistration are provided in Sullivan et al., supra and Draper et al.,
PCT 25 W03/ 23569 whi ch have been incorporated by reference herein. The
nol ecul es of the instant invention can B¢ used as pharnaceutical agents.
Phar maceuti cal agents prevent, inhibit the occurrence, or treat (alleviate

a synptomto sone extent, preferabl all of the synptons) of a disease
state in a pati el anofagz aspept(the dnyention, features, dhe FXPregsion Yeton, comprises:ndent i on

can be admi miasdceiptich {nftiation réifion (¢RIAeukaiyotiorpobIp Tieon JII dnitiation rdgﬂmb;ebb anto a

Itoﬁtei IeinLebyto %@Wwﬁ.%?c%‘?w ﬁ{/@bﬂ %ﬁw éla él oazge a

lipid or |i eREsmeEoding the apclpic acid safalystef thednstng myentign; %@r‘ﬂ‘!ﬁ"%lon
can be fell @xiﬂcgenériseopmrmonnlteuaassaﬂfnﬁﬂaﬁorpregﬁﬁr‘ﬁndl fit tipminatiorpyegivns in be-

for mul at ed

admi ni strati on OSI %vgl‘l es _ %§§ugla{%kdﬂ&i’ﬁ§cné@<!m8{e?lgﬁ ‘éel’ctlo e

sol uti ons; %p’@ﬁ ¥ dnclyde mﬁp@bﬁmﬁa’a fop p pEtein gperab émm@th_«rhe
present i nvesmldmtm S@xdemthecgeﬁe qicoding the witleialabid cantyspéfhe mvémionidndlor ons of

t he conpoun g IQ@@&F rnulatlons i nclude salts of the above
conpounds, e g . ac g i’‘on salts, for_ exanple, salts_of

hydr ochiL8ri-c, = hy dreBisrighenof the ibozyms sequences areidiven frama prempferfor gykaryotic
phar.macol og ma& polgiipasé I (pohPRNAGolytherhsedn (pobIIrad RNA polyignses I o IXE).

ad i ot r ot MRsePlh ce’?P‘b%ﬁ‘ﬁﬁf"@%%?%%&%%wh%ﬂ"ﬁméw Pl e,

in part, deﬁ@ﬁk@ﬂ@ﬁ%ﬂ@mg@ﬂw&%g\”% I ype will depgnd o the patureof, é]i‘Fpgeéeoral
t ransder nal regulatdry: Seqamml (enharnicers) silencers, ehoupxdsenotneaby.ventokhiyeUCMNm tion

or for ati grnie&sé Em;@&gtlvel y
charge?i%ol },8 I S e5| d togﬁg “gé*’l vehd%‘:f tﬁgll‘—’#ok;‘é'xarrp %z%
" phar macol ogicBRme 5 FEBE? sl o e IAPERPLIRLS Gefls iStein 7 MptselsOR P Vet -
sol ubl e." "t izad.fSet tldSA, BT 6%435TN Gao . anddHwng ;199 Vucleic| Amids Reyy 210286%-THns

such as t OX'L%He)’et%‘dléﬁmhMWe%Wﬁé# Zhou et al., 1990 Mol. Cell. Biol., 10,
- - 4529-37). Several mvestxgators have demonstrated that ribozymes expressed from such
20 promoters can function in mammalian cells (e.g. Kashani-Sabet et al., 1992 Antisense
.- Res. Dev., 2,3-15; Ojwang et al., 1992 Proc. Natl. Acad. Sci. U S A, 89, 10802-6;- Chen
- etal., 1992 Nucleic Acids Res., 20, 4581-9; Yuetal., 1993 Proc. Natl. Acad.Sci. US 4,
90, 6340-4; L’Huillier ef al., 1992 EMBO J. 11, 4411-8; Lisziewicz et al., 1993 . Proc.
- Natl. Acad. Sci. U. S. A., 90, 8000-4; Thompson et al., 1995 Nucleic Acids Res. 23, 2259;
25  Sullenger & Cech, 1993, Science, 262, 1566). More specifically, t'aliscﬁpﬁon units such
"as the ones derived from genes encoding U6 small nuclear (snRNA), transfer RNA
- (tRNA) and adenovirus VA RNA are useful in generating high concentrations of desired
RNA molecules such as ribozymes in cells (Thompson et al., supra; Couture and
Stinchcomb, 1996, supra; Noonberg et al., 1994, Nucleic Acid Res., 22, 2830; Noonberg et
30 al, US Patent No. 5,624,803; Good ef al, 1997, Gene Ther. 4, 45; Beigelman et al,
International PCT Publication No. WO 96/18736; all of these publications are incorporated
by reference herein. The above ribozyme transcription units can be incorporated into a
variety of vectors for introduction into mammalian cells, including but not restricted to,
“plasmid DNA vectors, viral DNA vectors (such as adenovirus or adeno-associated virus
35  vectors), or viral RNA vectors (such as retroviral or alphavirus vectors) (for a review see
- Couture and Stinchcomb, 1996, supra).



15 . corrposition or fornmulation fromexerting its effect. By "systemc

adm nistration" is meant in vivo system c absorption or accunul ation of
drugs in the BYQWS5?ream fol | owed by distribution t hr oughoURCT/bSS9e%RT I €
body. Admi nistration routes which |lead to system c absorption include,

wi thout limtations: intravenous, subcutaneous, intraperitoneal,

I nhal ation, oral, intrapul nonary 20 and intranuscul ar. Each of these
admini stration routes expose . the desired #egat i vely, .charged polyners, e.g.,
nucl ei ¢ acids, to an accessible d| seased tissue. TFhé rate of entry of a

drug into the CII‘ ul at i has shown t a function of | ecu

wei ght or size. 3@ dgve&hog&ﬁgpreara& CPIFPIOB, Ve gt he
conpounds of nusbxqmdmuencm W@rtht aatalymr pucleic acidimelecnleiof
exanpl e, in qﬁvénﬁb fnl §§Hﬂm&y &bpréskion &Mm&ew xﬂolreeureem;sul ar

endot hel i al osorre tion which.can.facilitate the
associ ati on o QAW@%‘TCP H?&B%e’ag ma)ﬁm ﬂgtm“t'?fﬁfﬁ g}u

macr ophages i teanséription stesiminationhregionp o) Gagtnmmﬂmwatdbmmm mllelelwemsi of .
the drug to t:ﬁ&ﬁ@lile Cald! Whein {30l gidhe 36 ataa;gemﬂ&dttb%aﬁpﬁrﬁaab&'régimpm said -
macrophage and qpho it e . nmune [ e ti on of abnor ch.as the
HOV i nf ect ed ot i et WhieHallows GeTessiN Scp vy, PE s PRCIESe o
a conpositi orﬂcublqolqcnlpngnmoﬂlacprefmdd fembddimepbtherexpression seatorn@mpaises: a) a
(ethylene gl yﬁaisanﬂubﬁllﬂﬁat{daﬁggﬁﬁ,db aﬁdnscfi;&p&gmfahﬁ %ﬁtﬁnnq ) b éP
stealth |jposgnes), These f tions ofJer.an I ngr I ng , he
accunul at]l(g ﬁ%m%rdagsgeflﬁ"? ?%%‘ER?SS“‘ pelei¢. poyd aole Hﬁ‘e’@éﬂ'ﬁ‘ gege is
resists opsomppmbl}ohnlenddtoethierﬂ'-lend |oﬁrsaidyopdnereadmgnﬁanieeandpivhayunmd0genpsmem

(MPS or RES) ,ogeml,ehm(eaqaeudM% dtu
enhanced tlssue ex osure I,\‘ﬁ’ﬂﬁbgle enc uI at SJ et em Rev
1995, 95, 260F o u‘HS “"‘d’E eque.

1005-1011). Si!lcyet Ianqtbsrcmﬂxpdhuematﬂempresmmwem mmpmlsesl: a)e tmnécaptulwuhgauon
t unor s, S UBish.

Lamrs Pﬂfues %Pyb %ﬂéﬂpﬁsﬁlm @&%1 %gmb& &ya%e%igx a@ieazt%e
1995, Bi ochi nf® ‘U‘E‘H R&@%F“l 2 opid gane i SH'B%?}Y dto ﬁ'g‘fml Bres
par 1 cul “Fy%”%m"?éﬁéa’”w““g iy “’%’n'fi? A T ok 0
parti.cul ar £ m
gzggzn_ﬂ ate in etc{orscgnﬁgns%.fs a a%anscn on e llIJxm%E:lo&régmn, b)a {rgrllscnp er?ermmagﬁ?)n rélg%on, :

20 ¢) an intron; d) an open reading frame; €) a gene encoding at least one said nucleic acid
molecule, wherein said gene is operably linked to the 3'-end of said open reading frame;
and wherein said gene is operably linked to said initiation region, said intron, said open
reading frame and said termination region, in a. manner which allows expression :and/or
delivery of said nucleic acid molecule.

25 Interferons :

Type 1 interferons (IFN) are a class of natural cytokines that includes a family of
greater than 25 IFN-o. (Pesta, 1986, Methods Enzymol. 119, 3-14) as well as IFN-B, and
IFN-w. Although evolutionarily derived from the same gene (Diaz et al., 1994, Genomics
22, 540-552), there are many differences in the primary sequence of these molecules,

30 implying an evolutionary divergence in biologic activity. All type I IFN share a common
pattern of biologic effects that begin with binding of the IFN to the cell surface receptor
(Pfeffer & Strulovici, 1992, Transmembrane secondary messengers for IFN-o/f. In:
Interferon. Principles and Medical Applications., S. Baron, D.H. Coopenhaver, F
Dianzani, W.R. Fleischmann Jr., T.K. Hughes Jr, G.R. Kimpel, D.W. Niesel, G.J.

35  Stanton, and SK. Tyring, eds. 151-160). Binding is followed by activation of tyrosine



24870; Choi et al., International PCT Publication No. WO 96/10391; Ansell .
et al., International PCT Publication No. WD 96/10390; Holland et al.

| nt er nat i orO 99$3847Publ i cati on No. WO 96/ 10392; all of t heser/s9e09027

i ncorporated by reference herein). Al of 10 these references are

I ncorporated by reference herein. In addition other cationic nolecul es may
also be utilized to deliver the nol ecul es of the present invention. For
exanpl e, ribozymes may be conjugated t@6gl ycosyl ated pol y(L-1ysine) which
has been shown to enhance | ocalization of antisense oligonucleotides into

the liver (Nakazono et al., 1996, Hepatol 23, ,1297-130 ato et aI
1997, 15 BilindsesnimRivding the Janug grrogmpskinases ﬂ‘gémséf pramwg* é?ﬂﬂé

covently atg-asudessh bPscvérel FFNZstitmilated mlmmc&c(ﬂahnmn &aall) 4994) SbDAmﬂmat | c

el udes. o %4% ﬁ%ﬁ&%fi%@%& @va*"?%%%?"’%%ﬁ?ﬁf?ﬁ‘?a JQ{;’?‘PEC?LZZ

~a pharnacet ect;IOpr “2'91‘“‘0’6‘
phar maceyt i gad aﬁ&ma:ussmndmlasdnlremmmwﬂl 498 dnine Rev.or
di l uents fo t us and
are descri ol )'"er'ofé) B Ertiisief Wﬁ%ﬁ%ﬁ%’éu ?féﬁ?cfgg.‘éé’ncegﬁf
Publ i shi ng syothE'(ﬂ* R2-5 fo-meienoglobulisg My pretein, ence
herei n. For(coxpid BERevR], 4992, VR i /5 A, systembnzls A@yﬁﬂxetdseeisomdiei ol Anctiopsagent s -

b d bi
glca?/d gngrg\s/*“e?'ge’@m’b I%H?'B?? %%?%ﬁ%ﬁmgwgﬁ& |on’ antlog gant gpalngl
- suspendithg- Bigerans WrameEleumm T.K- pridughes KR I@&lﬂeb DLW &QSFHQ (B%BoRs t hat
dose requi rgdR. 'Pfrﬁxéeélfs;, rmslzas Saifiel) 1997, THORNA-GepehdeatP1/(IB+ doeprvteine

synptomto sone e ef er aI I S pijate.
The pharnac cal Fyq'é'f’f'% éﬁ d‘épenaés‘i)c%gl WIL‘M ofsjdﬁsease the 30
conposi t i onCoepsohaves, &. D@ﬁ!l@@l,o cﬂFWMt Ir.oh-K. t}ﬁlghﬁsyg'e QR Kimpehi Dp¥%i ng
treated, thRicstly &l altariél 288 ISK. Byrings edsl 237250 dorisbergern bIR, l\ﬂﬂ(tmtem

oS he hEt Bapc g Nyl %”%Péﬁﬁ%'e%deﬁ&gﬁ 'ﬁf"éﬁ%t“‘?'” b oo e
and 100 ng/ SQBMP%CQW &% Dienzanie W. I" gﬁ ‘Hﬁwgstgr’%ﬁ
dAI.ependen_t UREHpeddD. W1 Niesef, G HEStastgn tand SK. 'r;hmggeis w-mr AlBgugh all typeI - .
e SV O L ety Wi gt
| zant - and mwms,t_bgmcq aplivity varies qmte subtype (Fi
20 - etal, 1989, J. Interferon Res. 9, 97-114; Ozes et al., 1992, J. Interferon Res. 12, 55-59).
- -More specifically, investigations into the properties of different subtypes of IFN-a and
molecular ‘hybrids of IFN-oc have shown differences in pharmacologic: properties -
(Rubinstein, 1987, J. Interferon Res. 7, 545-551). These pharmacologic differences may
: _ arise from as few as three amino acid residue changes (Lee et al., 1982, Cancer Res. 42,
25 . 1312-1316).
Eighty-five- to 166 amino acids are conserved in the known IFN-a subtypes
Excluding the IFN-a ‘pseudogenes, there are approximately 25 known distinct IFN-o
subtypes. Pairwise comparisons of these nonallelic subtypes show primary sequence
differences ranging from 2% to 23%. In addition to the naturally occurring IFNs, a non-
30 natural recombinant type I' interferon known as . consensus interferon (CIFN) has been
synthesized as a therapeutic compound (Tong et al., 1997, Hepatology 26, 747-754).
. Interferon is currently in use for at least 12 different indications including
infectious and autoimmune diseases and cancer (Borden, 1992, N. Engl. J. Med. 326,
1491-1492). For autoimmune diseases IFN has been uhhzed for treatment of rheumatoid
35 arthritis, multiple sclerosis, and Crohn's disease. For treatment of cancer IFN has been
' used alone or in combination with a number of different compounds. Specific types of



23 229, 345; McGarry and Lindquist, 1986 Proc. Natl. Acad. Sci. USA 83,
399; Scanlon et al., 1991, Proc. Natl. Acad Sci. USA, 88, 10591-5;

Kashani - Sabet WOP®¥S8847 1992 ‘Anti sense Res. Dev., 2. 3-15; Dr GSHUS8SN9273] .
1992 J. Virol, 66, 1432-41; \Werasinghe et al., 1991 J. Virol, 65, 5531 4
g wang et al., 1992 Proc. Natl. Acad Sci. USA 89, 10802-6; Chen 5 et al.,
1992 Nucleic Acids Res., 20, 4581-9; Sarver et al., 1990 Science 247,
1222-1225; Thompson et al., 1995 Nucleic Atids Res. 23, 2259; Good et al.,
1997, Cene Therapy, 4, 45; all of the ref erences are hereby incorporated in
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ri bozymes. Suctssationtod uﬁerfnrgh&edimemeqppammdhtylyaﬁ@% off the eespondisg pﬂmﬂsa‘dapsed Once
containe B on “““??*ér“?d'ﬁé‘?@‘é?“%&?etﬁﬁgg o "?ﬁﬁm“{ hEsauar arT
“Sifaigns,0f WOrRIBRA 204 Gore o5 b baye EXanieR, s

25 and bind
cl eavage at t mentharafaypesi tinterferon rtserap(t ising smemeHCWhBNz’evgine&;ma chhicglh do

not interfer eeﬂﬁﬂoﬂt mﬂoﬁmﬂ %%‘Woﬁ’ﬂ&éﬂ@%ﬂﬁﬁv@i‘ﬂfs@%l—l@? RNRAH' S
coul d be syst di%‘qe as,.b |na§ i%e,nouso I Nt r amusy ular stration,
by adni ni st r atiedmdof temapy dTorge b FURTHOVPYSH 35 u"by
rei ntrodu2®i 0|50%nofothehmlga$ irelapse six nivptha nfpllowing rcessations dfrtheramo:dsdluag limwa f or
3|0 - HSBEOdEI{lCHhﬁﬂle'\ﬂ%ﬁgfchﬁsﬁ?é Sﬁ&li'QQ%e&SYeLS{udfeE%at%W\ékﬁiﬁné&ﬁs GRUks 6 et
al % py%ave demonstrated that the sustained virological response is up to 25%. :
Ribozymes in combination with IFN have the potential to improve the
effectiveness of treatment of HCV or any of the other indications discussed above.
25 Ribozymes targeting RNAs associated with diseases such as infectious diseases,
autoimmune disases, and cancer, can be used individually or in combination with other
therapies such as IFN to achieve enhanced efficacy.

Examples
- The following are non-limiting: examples showing the selection, isolation,
30 synthesis and activity of enzymatic nucleic acids of the instant invention.
The following examples demonstrate the selection of ribozymes that cleave HCV
RNA. The methods described herein represent a scheme by which ribozymes may be
derived that cleave other RNA targets required for HCV replication.



510). In one aspect the invention features, an expression vector conprising
nucl ei ¢ aci d sequence encodi ng at | east one of the nucleic acid catal yst of
t he i nstantwopwssedzi on i s di scl osed. The nucl eic acid sequeTasweezrdi ng t he

nucleic acid catalyst of the instant 35 invention is operable linked in a
manner whi ch all ows expression of that nucleic acid nol ecul e. 24 In

anot her aspect the invention features, the expression vector conprises:. a
transcription initiation region (e.g.,2&ukaryotic pol I, Il or III

initiation region); b) a transcription termnation region (e.g., eukaryotic
pol I, Il or IlI termnation regl,on.' C) a gene encodi ng | east one ofthe
nucl ei ¢ acExample 41 Identificationof Poteatia] Ribozying Licayage Sitesiin L 25 said gene

is operably Ii ntmseqmaloﬂnavmmmsasreegneomomdessmedsneemmatmputeegu on,
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encodi ng t Rnfiied. The esattaésﬁleaﬁgetsm akduhowh intablea TWAVHILan i ntron
(i nterveni ng sequences Transcription of the ribozynme sequences

are driven froma é)rormter fdr eukaryotlc RNA pol ymer ase | (pol I) RNA
pol yner ase Examplaat Sel Ribogyme (Cleavage Sitesjn HCVRINA| |1) . Transcripts from
pol Il or pol |Tbtd§fﬂﬂ&h@ﬁﬁeﬂhkbrehﬁteﬁﬁ9@éﬁ@ﬁbtﬁrﬂﬁk@fkﬂ3\ﬁhﬁgld§oﬁtﬂmcelIs
the | evel s of a o} “ﬁ nd on
‘t he nat ur e “BfP %Z%gg%%sbbl+ @srﬁg{éuﬁeﬁgcg ern ‘fftr:i’\lgiedrssl{e¥ enécéers f&?tc )
present neanalysis. Ribozyme \tergetcsitep ayees chosem by %B?W?é?‘ﬂle%ﬁeé I}L%Vused

provi dipg ats aeu@éelmam CAGRMD1 DISRY&E D013 71 )} i)/ poritizingxthe eitesash the t he

appropri at ce t e and Mdss USA
87, 6743- 7% %gb‘ﬁﬂg e ‘Xc‘?‘cfsqﬁh&%wé%#%“%ﬁ#mﬁer et

al., 1993 %mdmre y anglyzed by porgputerAqldingChristoffersences ak 1994 ool g o) . |
10, 4529- 3 Biruc. Swedhah, 31yays; lJﬂéﬁeﬁétSalbdDE mmuawu.s'emm;smazm

oo e A B e 0
1992 PA8¢. ma!qn OEyIHes Witl pfa SIS e ¢
Aci ds Res. and@he édiﬁiu&coré(lw&é eﬁinmateﬁQﬁ&thbﬂﬂdeerl AAcoted Bdow, uByiag
: - binding arm lengths can be chosen to optimize activity. Generally, at least 5 bases on each
arm are able to bind to, or otherwise interact with, the target RNA.
. . Selection of ribozyme candidates was initiated by scanning for all hammerhead
20 cleavage sites in an HCV RNA sequence derived from a patient infected with HCV
genotype 1b. ‘The results of this sequence analysis are shown in Table IIl. As seen by
Table III, 1300 hammerhead ribozyme sites were identified by this analysis. Next, in
order to identify hammerhead ribozyme candidates that would cleave in the conserved
- regions of the HCV genome, a sequence alignment of approximately 50 HCV isolates
25 from genotypes 1a, 1b, 2a, 2b, 2¢, 3a, 3b, 4a, 5a, and 6 was completed. Within genotype
sites were identified that are in areas having the greatest sequence identity between all
isolates examined. This analysis reduced the hammerhead ribozyme candidates to about
. 23 (Table III).
' Due to the high sequence vanablhty of the HCV genome, selection of ribozymes
30 for broad therapeutic applications should probably involve the conserved regions of the
- HCV genome. A list of the thirty-hammerhead ribozymes derived from the conserved
regions (5'- Non-Coding Region (NCR), 5°- end of core protein coding region, and 3°-
NCR) of the HCV genome is shown in Table IV. In general, ribozymes targeted to sites
located in the 5’ terminal region of the HCV genome should block translation while




90, 6340-4; L'Huillier et al., 1992 EMBO J. 11, 4411-8; Lisziewcz et al.,
1993 Proc. hy/ﬁgg,g Sci . US A., 90; 8000- 4 Thorrpson et al., 1995
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1566). More specifically, transcription units such as the ones derived from
genes encoding U6 small nuclear (snRNA), transfer RNA (tRNA) and adenovirus
VA RNA are useful in generating high concentrations of desired RNA

nol ecul es such as ribozynes in cells (Thcﬁ?pson et al., supra; Couture and
Stinchconb, 1996, supra; Noonberg et al. , 1994, Nucl eic Acid Res.
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groups, for example, 2'-amino, 2'-C-allyl, 2'-flouro, 2-O-methyl, 2'-H (for a review see
20 Usman and Cedergren, 1992 TIBS 17, 34). Ribozymes were purified by gel
electrophoresis using general methods or were purified by high pressure liquid
chromatography (HPLC; See Wincott et al., supra; the totality of which is hereby
incorporated herein by reference) and were resuspended in water. The sequences of the
chemically synthesized ribozymes used in this study are shown below in Table IV -IX.

25  Example 4: Ribozyme Cleavage of HCV RNA Target in vitro
Ribozymes targeted to the HCV are designed and synthesized as described above.

These ribozymes can be tested for cleavage activity in vitro, for example using the
following procedure. The target sequences and the nucleotide location within the HCV
are given in Table IV.

30 Cleavage Reactions: Full-length or partially full-length, internally-labeled target
RNA for ribozyme cleavage assay is prepared by in vitro transcription in the presence of
fe-32p] CTP, passed over a G 50 Sephadex column by spin chromatography and used as
substrate RNA without further purification. Alternately, substrates are 5'-32P-end labeled
using T4 polynucleotide kinase enzyme. Assays are performed by pre-warming a 2X
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“including the Janus tyfosiné kinases and the STAT proteins, which |leads to
t he producti on of several IFN— stinul at ed gene products (Johnson et al.,
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neopterin, ¢ 1t Sz?ﬁ;es A% chiaractertzed for HICV RNA cleavage activity utilizing HCV

- RNA 1solated. from the serum of genotype 1b HCV patients. The best candidates from
20 the HCV genotype 1b screen will be screened against isolates from the wide range of
HCV genotypes including 1a, 1b, 2a, 2b, 2c, 3a, 3b, 4a, 5a, and 6. Therefore, it is
possible to select ribozyme candidates for further development based -on their ability to -
‘broadly cleave HCV RNA from a diverse range of HCV genotypes and quasispecies.

e 6: Ribozyme Clea C e RNA Target Sites in vitro
25 There are three regions of the genome that are highly conserved, both within a
-genotype and across different genotypes. These conserved sequences occur in the 5° and
3’ non-coding regions (NCRs) as well as the 5’-end of the Core Protein coding region.
These regions are thought to be important for HCV RNA replication and translation.
Thus, therapeutic agents that target these conserved HCV genomic regions may have a
30 significant impact over a wide range of HCV genotypes. The presence of quasispecies,
and the potential for infection with more than one genotype makes this a critical feature of
an effective therapy. Moreover, it is unlikely that drug resistance will occur, since
mutations that have been suggested to lead to drg resistance typically do not occur within
these highly conserved regions. In order to target multiple genotypes and decrease the
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- 20 ghest priority for choosing ribozyme sites was that the site should have
100% 1dent1ty across all isolates aligned, at every position in both the cleavage site and
binding arms. Ribozyme sites that met these criteria were chosen. In addition, two
specific allowances were made as follows. 1) If a potential ribozyme site had 100%
sequence identity at all except one or two nucleotide positions, then the actual nucleotide
25  at that position was examined in the isolate(s) that differed. If that nucleotide was such.
that a ribozyme designed to allow “G:U wobble” base-paring could function on all the
isolates, then that site was chosen. 2) If a potential ribozyme site had 100% sequence
identity at all except one or two nucleotide positions, then the genotype of the isolate
which contained the differing nucleotide(s) was examined. If the genotype of the isolate

30 that differed was of extremely rare prevalence, then that site was also chosen. _
Ribozyme sites identified and referred to below use the following nomenclature:
“region of the genome in which the site exists” followed by “nucleotide position 5’ to the
cleavage site” (according to the reference sequence and numbering described above). For
example, a ribozyme cleavage site at nucleotide position 67 in the 5 NCR is designated
35 “5-67”, and a ribozyme cleavage site at position 48 in the core coding region is designated

“c48”,
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i nhi bits the propagation of cellular pathogens. Specific 5 I ndi cati ons
for which I FN has been used as treatnent include: hepatitis B, human

papill omavirus types 6 and 11 (i.e. genptal warts) (Leventhal et al., 1991,
N Engl J Med 325, 613-617), chronic granul omatous disease, and hepatitis C
virus. Nunerous well controlled clinical trials using | FN-alpha in the
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HCV or .any of..t ti pns di scussed above. 25 Ri bozynes
targetlﬁ' Fﬁﬁﬂg a %%%Pa{l"%‘r}%“! ‘seases such as infectious diseases, :
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o e S B RO = Lo o,
The fol l owi ng eX\dsRys é‘@fmﬂ ere-warming & 2X; @riMr) onsmsatiens of pugified| eave
" HCV. 20 ' ribozyme in ribozyme cleavage buffer (50mM TRIS pH 7.5, 10mM MgCl, 10 units
RNase Inhibitor (Boehringer/Mamnheim), 10mM DTT, 0.5ug tRNA) and the cleavage .
reaction was initiated by adding the 2X ribozyme mix to an equal volume of substrate
RNA (17.46 pmole final concentration) that was also pre-warmed in cleavage buffer. The
assay was carried out for 24 hours at 37 C using a final concentration of 1 pM ribozyme,
25 e, ribozyme excess. The reaction was quenched by the addition of an equal volume of
95% formamide, 20 mM EDTA, 0.05% bromophenol blue and 0.05% xylene cyanol after
which the sample is heated to 95°C for 2 minutes, quick chilled and loaded onto a
denaturing polyacrylamide gel. Substrate RNA and the specific RNA cleavage products
generated by ribozyme cleavage are visualized on an autoradiograph of the gel. The
30 percentage of cleavage is determined by Phosphor Imager® quantitation of bands
representing the intact substrate and the cleavage products.

Observed cleavage fragment sizes from the gels are correlated to- predlcted
fragment sizes by comparison to the RNA marker. The optical density of expected
‘cleavage fragments are determined from the phosphorimage plates and ranked from

35 highest density, indicating the most cleavage product, to lowest of each genotype of HCV
transcript tested. The top 3 cleaving ribozymes (out of 15 ribozymes tested) are given



RNA.. The net hods descri bed herein represent a scheme by which ribozynes may
be derived that cleave other RNA targets required for HCV replication.

28 Exanpl e 1: VOP#Ti cation of Potential Ribozyne O eavage ESIMVusgonge2HCV
RNA The sequence of HCV RNA' Was screened for accessible sites usi ng a
conputer folding algorithm Regions of the nRNA that did not form secondary
fol ding structures and contai ned potential hamrerhead and/or hairpin

ri bozynme cl eavage sites were 5 identified.33The sequences of these cl eavage
. sites are shown in tables IV-VIII. Exanple 2: Selection of Ri bozyme

Cl eavage Sites i,n H o,test ether,the sites predqi.cteq by the
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Those ri bozynesf RINA kleavagevor abl e i ntranol ecul ar interacti ons between the -
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not ed bel ow, v k

activity. GenerarilsL g S - ing B i :

ot herw se Iint eGellst - wi t h, the target RNA Sel ect i on of ri bozyme candl dat es

was initiated by s %g% ﬂmmm@ﬁ%h HCV
RNA sequence d%erl glgﬁf Katle t, rnfec eﬂynalﬂ%a;?@dl?& %ﬁ?@%%ﬁﬁéfﬁ‘%

results of thi 49"1%3@?&# | e
111, 1300 hammludzmds targualmnhess'tnevm regiont wikitle svhery clehvea waaldy;&e@nt text ,
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3b,. 4a, 5a, arkbvinevsemmns, ol penstep,\lintlHi% Igglnmmimeaml ineabated st 370 roivernighel Ahat
are in areas hgynig chilfinfipeRf Fromoft Wfrssngd SRV YTREIMASRRAG tciferase (T7C1-
341 (Wang et al., 1993, J. of Virol. 67, 3338-3344)) was mixed with a pRLSV40
Renilla control plasmid (Promega Corporation) followed by ribozyme, and cationic lipid
20 to make a 5X concentration of the reagents (T7C1-341 (4 pg/ml), pRLSV40 renilla
Iuciferase control (6 pg/ml), ribozyme (250 nM), transfection reagent (28.5ug/mi).
‘The complex mixture was incubated at 37 C for 20 minutes. The media was
removed from the cells and 120 pl of Opti-mem media was added to the well followed by
30 pl of the 5X complex mixture. 150 ul of Opti-mem was added to the wells holding the
25  untreated cells. The complex mixture was incubated on OST-7 cells for 4 hours, lysed
© - with passive lysis buffer (Promega Corporation) and luminescent signals were quantified
using the Dual Luciferase Assay Kit using the manufacturer’s protocol (Promega
Corporation). The ribozyme sequences used are given in table IV. The ribozymes used
were of the hammerhead motif. The hammerhead ribozymes were chemically modified
30  such that the ribozyme consists of ribose residues at five positions (see for example Figure
7); position 4 has either 2°-C-allyl or 2°-amino modification; position 7 has either 2'-amino
modification or 2-O-methyl modification; the remaining nucleotide positions contain 2'-O-
methyl substitutions; four nucleotides at the 5' terminus contains phosphorothioate
substitutions. Additionally, the 3' end of the ribozyme includes a 3'-3' linked inverted
35  abasic moiety (abasic deoxyribose; iH). The data (figure 4) is given as a ratio between the




| sol ates exam ned. This anal ysis reduced the hamrerhead ribozyne candi dat es
to about 23 (Table Ill). Due to the high sequence variability of the HCV
genone, selwotopsss4nf ri bozynmes 30 for broad therapeuti cecgmsobnmi ons
shoul d probably involve the conserved regions of the HCV genone. A |list of
the thirty-hamrerhead ribozynes derived fromthe conserved regions (5'-
Non- Codi ng Region (NCR), 5 - end of core protein coding region, and 3'-
NCR) of the HCV genone is shown in TabBg IV. In general, ribozynmes targeted
to sites located in the 5 termnal region of the HCV genone should bl ock
transl ation while 29 ribozynes cleavage sites |ocated in_th ermnal
regi on of tfirefly)@nd Renilla uciferass Bearescenser Al of therribogymes, targsting H%N
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le 10: Ri e Inhibition of Viral Replication -
During HCV infection, viral RNA is present as a potential target for ribozyme
- cleavage at several processes: uncoating, translation, RNA replication and packaging.
- 20 Target RNA may be more or less accessible to ribozyme cleavage at-any one of these
steps. Although the association between the HCV initial ribosome entry site IRES) and
. the translation apparatus is mimicked in the HCV 5’UTR/luciferase reporter system
- (example 9), these other viral processes are not represented in the OST7 system. The
resulting RNA/protein complexes associated with the target viral RNA are also absent.
25  Moreover, these processes may be coupled in an HCV-infected cell which could further
impact target RNA accessibility. Therefore, we tested whether nbozymes des1gned to
cleave the HCV 5°UTR could effect a replicating viral system.
. Recently, Lu and Wimmer characterized an HCV-poliovirus chimera in which the
- poliovirus IRES was replaced by the IRES from HCV (Lu & Wimmer, 1996, Proc. Natl.
30 Acad Sci. USA. 93, 1412-1417). Poliovirus (PV) is a positive strand RNA vitus like
HCV, but unlike HCV is non-enveloped and replicates efficiently in cell culture. The
HCV-PV chimera expresses a stable, small plaque phenotype relative to wild type PV.
The following ribozymes were synthesized for the experiment (table VIID):
ribozyme targeting site 183 (3 5°-end phosphorothioate linkages), scrambled control to site
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targeting ‘si t mondlayersGuereutained with 2% bqstnlmdleu sndplaquedfofring tunits wetelvatnted.
The data is shown in figure 6A. Ribozymes to site 183 inhibited HCV-PV replication by
>80% (P < 0.05) compared to the scrambled control (Fig. 6A, first two bars). In addition,
20 3 or 4 phosphorothioate stabilization was equally effective (P < 0.05 vs. control for each)
in inhibiting viral replication (compare 1* and 4" bar in Fig. 6A). Ribozymes to the 318
site also had a statistically significant (P <0 05), effect on viral replication (compare 2™
and 3" bar in Fig. 6A).

To confirm that a ribozyme cleavage mechanism was responsible for the inhibition
25 of HCV-PV replication observed, HCV-PV infected cells were treated with ribozymes to
site 183 that maintained binding arm sequences but contained a mutation in the catalytic
core to attenuate cleavage activity (Table I). Viral replication in these cells was not
inhibited compared to cells treated with the scrambled control ribozyme (Fig. 6A, 4% and
5" bar), indicating that ribozyme cleavage activity was required for the inhibition of HCV-
30. PV replication observed. In addition, ribozymes targeting site 183 of the HCV 5’UTR had
no effect on wild type PV replication (Fig. 6B). These data provide evidence that the
ribozyme-mediated inhibition of HCV-PV replication was dependent upon the HCV 5’

UTR and not a general inhibition of PV replication.
Ribozymes to site 183 were also tested for the ability to inhibit HCV-PV
35 replication during a single infectious cycle in HeLa cells (Fig. 8). Cells treated with




15 confer nucl ease resistance (Beigel man, 1995, J. Biol. Chem 270,.
25702). It has been well docunented that serumfrom chronic hepatitis C
patients coWo#94s84Dn average 3 x 10[err] copies/m of HCVp&MAseobsuaf Urt her
sel ect ribozynme product candidates, the 30 HCV specific ribozynes are
characterized for HCV RNA cl eavage activity utilizing HCV RNA isol ated from
the serum of genotype Ib HCV patients. The best candidates from 20 t he
HCV genotype 1b screen will be screened3égai nst isolates fromthe w de
range of HCV genotypes including la, 1b, 2a, 2b, 2c, 3a, 3b, 4a, 5a, and 6.
Therefore, it is possible to select ribozyne candi dat es for_further
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Conserved .HCV RNA Target Sites in vitro 25 . There are three regions
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' Example 12: Combination Th of H V Ribo

20 * HelLa cells (10, 000 cells per well) were pre-treated with 12.5 Units/ml of
Interferon alpha in complete media (DMEM + 5% FBS) or pre-treated with complete
media alone for 4 hours and then infected with HCV-PV at an MOI = 0.1 for 30 minutes.
The viral inoculum was then removed and 200 nM ribozyme targeted to HCV site 183
‘(Rz) or binding attenuated control, which has mutations in the catalytic core of the

25 ribozyme that severely attenuates the activity of the ribozyme, (BAC) was delivered using
‘cationic lipid in complete media for 24 hours. After 24 hours, the cells were lysed three -
times by freeze/thaw to release virus and virus was quantified by plaque assay. Viral yield .
lsshownasmeanplaqueformmgmntsperml(pﬁllml)+SEM The data is shown in
figure 10.

30 Pre-treatment with interferon (IFN) reduces the viral ‘yield by ~10" in control
treated cells (BAC+IFN versus BAC). Ribozyme treated cells produce 2 x 107 less virus
than control-treated cells (Rz versus BAC). The combination of Rz and IFN treatment
results in a synergistic 4 x 10 reduction in viral yield (Rz+IFN versus BAC). An additive
effect would result in only a 3 x 107 reduction (1 x 107 +2x 10%).




repr-esenti-ng genotypes 1la, 1b, 2a, 2b, 2c, 3a, 3b, 4a, 4c, 4f, 5a, and 6a
were aligned. 10 gﬁ?ese alignnents incl uded 600 nucl eotldes begi nning 8
nucl eoti des upStraam of the i nitiator ATG codon. As the ref e”rcf?ﬁ{sg”?’m’
nunbering, the reported sequence "HPCCOPR' was used, with the "C' eight
nucl eoti des upstream of the initiator codon ATG designated as "1". For the
3" NCR region, 20 different isol ates reprfienti ng genotypes 1b, 2a, 2b, 3a,
and 3b were aligned. These alignnents incflUded sequences in the 3" term nal
235 15 nucl eoti des of the genorre W th the reported sequence " D855 16"
used as the rpisiddee o Ok =y eat i de fromthe
3" end designated as rLng.ana o of each region,
each sequence was @ %‘9%&&% é?@&%h‘ge %‘Eﬁ@n@’@re(*%%qufled
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were chosen. Ay AddidbioBf 33‘%% alepwances were nmade as follows. 1)
If a potential ri b@e this"iﬂ?] B%t%sequence Identity at all exce t one

or two nucl eoti de nere (maintained in, Dulheccais aadified s megium (G

posi tion was BRIa)n mmﬂamnteﬂe witio| 40%( sfital ha:hlfdlstaﬁﬁr ecL. ta:ﬁ:b@t e%ude
was such qtghat Pﬁg‘s I

funct :Jon 1odqn e | e@%&# € vvas osen gia%‘:-ﬁgge {lll al
ri bozyme si teplf‘rﬁ?j EE‘H@ ﬂémsrtw &3,5%9 tel 'é’%@ﬂrﬁl ated at\dd Cunder
nucl eoti de po¥tC@nior 24Hmarst Ke- tgmslbtttopeo fofargeh fepbRiér! Hcv'mnlé o icoReblt he
diff | 3.0
That it ?e?ﬁﬁkﬁ“*ﬁﬁ?tgi’t‘?@%r ad ““%7‘4%%235@ R RE Rievef P%ﬁr%aﬁﬁi‘r'es
chosen. Ri boZ§ n?’&‘éﬁ?tqf H@P’(l)s PBBSYGO (e ngfrl)y siboryme 250+100Png

nomencl| atlfr e: nM) agi o:atlomé hpide(zg.émyml) iwas\tidde!in 15€ pis SFOPRI-MIEM (Gﬂdcpm) by

| eotid h
sequence aﬁdp‘ﬂﬁ‘é‘&bm’“ “§° i:ﬁzgﬁ‘g@éve Ciorts e B B0 080 il O
site at nucl e:{yd &@5‘33{? 6@)?“ rraemnatedM%T'ae@lsmt@&w%Wuhlgﬂmof and
a ribozyne clQEVIEMEM (GIBCS BRDymirius serdfh, immedistelyfolowesdby We bdditiciilof 30 uls

desi gnated  of38x @eﬁmﬁﬁoﬁfneﬁ?ﬁs&rﬁﬂ%y@éﬁs Wk inc et Gt &n%'l%x%p 7 470 |
HCV cl eavige Q233X 359 under 5% CO
er 5% CO; . Luciferase assay was performed as described in example 7.
The data is summarized in table IX, with each motif’s results listed along with its control.
All of the ribozyme motifs were able to reduce the amount of HCV produced by the cells
compared to the ribozymes not targeted to any HCV (irrelevant controls).

Cell Cuiture Assays ,
25 Although there have been reports of replication of HCV in cell culture (see

below), these systems are difficult to replicate and have proven unreliable. Therefore,
as was the case for development of other anti-HCV therapeutics such as interferon and
ribavirin, after demonstration of safety in animal studies applicant can proceed directly
into a clinical feasibility study. .

30 Several recent reports have documented in vitro growth of HCV in human cell
lines (Mizutani et al., Biochem Biophys Res Commun 1996 227(3):822-826; Tagawa et
al., Jounal of Gasteroenterology and Hepatology 1995 10(5):523-527; Cribier ef al,
Journal of General Virology 76(10):2485-2491; Seipp et al., Journal of General Virology
1997 78(10)2467-2478; Iacovacci et al, Research Virology 1997 148(2):147-151;

35  locavacci et al., Hepatology 1997 26(5) 1328-1337; Ito et al,, Journal of General Virology



sel ect appropriate ribozyne candidates for cell culture studies. The:

ri bozynes sel ected for screening targeted the 5° UTR region that is
necessary fWO%I8884Tr ansl ati on. These sites are all conserpefussspogrt he 8
maj or HCV genotypes and 18 subtypes, and have a 5 hi gh degree of honol ogy
in every HCV isolate that was used in the anal ysis described above. HCV RNA
of four different genotypes (1b, 2a, 4, and 5) were isolated from human
patients and the 5° HCV UTR and 5 corsgregion were anplified using RT-PCR
Run-of f transcripts of the 5" HCV UTR region (~750 nt transcripts) were -
prepared fromthe RT- roducts, which contained a T7 pronoter, using

the T7 Megd%6 TH6): 1%1954,. akajimay et aly 0Journgl ioft Keolagin 1996 7 5&-3%25p$?8ﬁ’oco|
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‘buf fer. dQWOﬁHWWWP%@(BW-?’Bbr 24 hours at 37[err]C using a final -
concent rat ion.of 1 [err]Mribozyme, 25 i.e., ribozynme excess. ‘The reaction

was quenchgg ?g lﬁhﬁ addltlon of an equal volunme of 95% formam de, 20 M

' EDTA, 0.05% ol blue and_ 0.05% xyl-ene Vyanol after which the sarrpl e
i's heat®d to 95Ther best chyacterized aniraal system: forc HCV| infecsion is Jhel chimpenzgren |

~ denat ur i ngMapdoxes ityd elirbrie lﬁpinusShhSﬁﬂﬂtseﬁahmavdnfebﬁoﬁneehﬁnpanﬂAaﬁd eavage .

product s gﬁ‘gﬁﬁé :;E'% %:ﬁpl ogr aph
of the gel tl%gmp¥percen agmo ﬁx?%%ﬁg%t’l S g@t rm ng% gy“ﬁﬂ%

| mager [ er r jevaRgh isimgde] difficult JFThese ingluds; é’t‘%b and the
cl eavage: pcolduoﬁ§mcﬁhﬁ&l veqduahwagblaék agmﬁimeml quantities afhahinealsyeDae &0 €

correl ﬂé %ﬂnb{a[ @9&6{?& Bivé Gitedted W Aop odbf il LigHiker - The
---Opt ca denS| tgs s %ét?o%c While direct infection has not been possible several groups have :

reported on the stable transfection of either portions or entire HCV genomes into rodents

- (Yamamoto et al., Hepatology 1995 22(3): 847-855; Galun et al., Journal of Infectious Disease

1995 - 172(1):25-30; Koike er al., Journal of general Virology 1995 76(12)3031-3038;

25  Pasquinelli ef al., Hepatology 1997 25(3): 719-727; Hayashi ef al., Princess Takamatsu Symp

1995 25:1430149; Mariya K, Yotsuyanagi H, Shintani Y, Fujie H, Ishibashi K, Matsuura Y,

- Miyamura T, Koike K. Hepatitis C virus core protein induces hepatic steatosis in transgenic

mice. Journal of General Virology 1997 78(7) 1527-1531; Takehara et al., Hepatology 1995

. 21(3):746-751; Kawamura et al, Hepatology 1997 25(4): 1014-1021). In addition,

30 transplantation of HCV infected human liver into immunocompromised mice results in

prolonged detection of HCV RNA in the animal’s blood.

Diagnostic uses
Ribozymes of this invention may be used as diagnostic tools to examine genetic
drift and mutations within diseased cells or to detect the presence of HCV RNA in a cell.



- cl eavage fragnents are determ ned fromthe phosphori nmage pl ates and ranked
from 35 hest denS|ty indicating the nost cleavage product, to |owest
of each genot Ba¥¥¥4Hcv transeript tested. The top 3. cIeaV|ﬁ§TﬂﬁﬂU@Vﬁes
(out of 15 ribozynmes tested) are given 33 ranki ng values of 5, the next
3 highest. densities are given ranking values of 4, etc for every genotype
tested. The ranking values for each ribozynme are averaged between the
genotypes tested. Individual and average3g|bozyne ranki ng val ues are

. graphed and conpared. The results (figure 2) dennnstrate that many of these

- tested riboz s are bl ve high.l eval l,ess
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(T7Cl- 341 (‘lﬁ_aorgnenmﬂl mol@h:smhiblm, ofi rintermiBeht emmmw) combinationsdofii t h
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(T7C1-341 (4 Tibarmes,qf Yus 8‘#@%\9& qft‘é% el %@‘f‘ éﬁ ),
- ribozyme (25@resérfce dmeNAeatmaﬁedea@eHCV(@Btﬁ[@nd#:gth)mhmmdqﬁc@ed by
m xture 4yas ig @ﬁgﬁﬁ%%@ resétice df L clbVage ProtiublUARS treatifentRAitPa

fromthe cells ﬁ)o err]l of Opti-meém nmedi a was addedtothe wel |
fol | owed by log¥e 5X conplex m xture. 150 [err]l of Opti-nmem was
added to the wel | i dspedificgxahple 2ithzymeswhickn tanckleavt bualy Wildetype opmgtantformsr e

was i ncubat e¢raie thigdr RNA Gd Ssell ®r te DM, SThe fS6iTbozyme is used to identify wild-type
RNA present in the sample and the second ribozyme will be used to identify mutant RNA
20 in the sample. As reaction controls, synthetic substrates of both wild-type and mutant
RNA will be cleaved by both ribozymes to demonstrate the relative ribozyme efficiencies
in the reactions and the absence of cleavage of the “non-targeted” RNA species. The
cleavage products from the synthetic substrates will also serve to generate size markers for
the analysis of wild-type and mutant RNAs in the sample population. Thus each analysis
25  will require two ribozymes, two substrates and one unknown sample which will be
combined into six reactions. The presence of cleavage products will be determined using
an RNase protection assay so that full-length and cleavage fragments of each RNA can be
analyzed in one lane of a polyacrylamide gel. It is not absolutely required to quantify the
results to gain insight into the expression of mutant RNAs and putative risk of the desired
30 phenotypic changes in target cells. The expression of mRNA whose protein product is
implicated in the development of the phenotype (i.e., HCV) is adequate to establish risk.
If probes of comparable specific activity are used for both transcripts, then a qualitative
comparison of RNA levels will be adequate and will decrcase the cost of the initial
diagnosis. Higher mutant form to wild-type ratios will be correlated with higher risk

35  whether RNA levels are compared qualitatively or quantitatively.




W th passive |ysis buffer (Promega Corporation) and | um nescent signals
were quantified using the Dual Luciferase Assay Kit using the

manuf act ur eWa995887Y ocol (Pronmega Corporation). The ri bozypermsamwenses used
are given in table IV. The ribozymes used were of the hanmmerhead notif. The
hanmer head ri bozynmes were chem cally nodified 30 such that the ribozynme
consists of ribose residues at five positions (see for exanple Figure 7);
position 4 has either 2'-C-allyl or 2'-ggm no nodification; position 7 has
either 2-amno nodification or 2-O-nethyl nodification; the remaining

nucl eoti de Eos.i.ti ons contain 2'-0 nethyl substitutions; four nucleotides
at the 5" t nt ai ns phosphor ot hi oate substitutions. Additionally,

t he f (eng of tgamhuaq%mcssmflsbqiﬁﬁc@sgs?ﬁa eniykﬂhﬁ@ﬂgdlﬂ&%‘ﬁ&ﬁblé’&les oitlﬂfeSIt c
m)ley abas COXNMI]l DO al a e e atio
bet ween thems’tg"t epﬁ?%ﬂlégg'ﬁ‘éﬂ% glelsﬂ@f’f(a {?Bﬂa %‘é%cékﬁ&ﬁ%ﬁ t he
ri bozynes tRBNAgestuigiios endquwlwps hove @rébﬂ sudymfm& &Iéathm@r Wy 1935 e Rev.e
signal rel agipdRmt <4442¢3)| IFor ekantplé, theé patteri o gaftaisEduld Bé ak&Xto

R et i ek e
det erm ne tsn'eclﬁ@llmcle@ve&fec&mnem obp sizg andre nsefe) for stndy. (Fhe pbidityatocengingera

ri bozyne C%g@h gifititybof thesbo ei&&dﬁrcleﬁr&@éfﬂ%soh%ﬂﬁnfswem cal
conposi tion bedb g thegpez!g?m)@fz mé to sites HCV 313 and 318
~(table I'V) and t ?‘l’m\ 5 hesi zed as above. The

i nacti @ control has the sane nucl eoti de base conposition as the active

ri bozyme but the 10 nucl eoti de sequence has been scranbl ed. The protocols
utilized for tissue culture and.the luciferase assay was exactly as given
in exanple 8 except the ribozyne concentration in the 5X conplex m xture
was 1 nM (final concentration on the cells was 200 nM. The results are
given in figure 5. The ribozyme targeting HCV.5-318 was able to greatly
reduce firefly luciferase activity conpared to the untreated and inactive
15 controls. The ribozyne targeting HCV.5-313 was able to slightly
‘reduce firefly luciferase activity conpared to the inactive control.
Exanpl e 10: .Ri bozyne Inhibition of Viral Replication During HCV infection,
viral RNA is.present as a potential target for ribozyne



cl eavage at several processes: uncoating, translation, RNA replication and
packagi ng. 20 Target RNA nay be nore or | ess accessible to ribozynme

cl eavage at aMP Be84bf these steps. Al though the associ ati orPCraisasesezt he
HCV initial ribosone entry site (IRES) and the translation apparatus is

m mcked in the HCV 5" UTR/ | uci ferase reporter system (exanple 9), these
~other viral processes are not represented in the OST7 system The resulting
- RNA/ protein conpl exes associated with thdltarget viral RNA are al so absent.
25 Mor eover, these processes nmay be coupled in an HCV-infected cell which
could further inpact target RNA accessir ' 'bty. Therefore, we tested whet her
ri bozynes designed to cl eave the HCV 5 uld effect a replicating viral
system Recently, Lu and Wnmer characterized an HCV-poliovirus chinera in
- which the poliovirus IRES was replaced by the RES fromHCV (Lu & W mrer,
1996, Proc. 30, I . USA... 93, 1412-1417). Poliovirus (PV) is a
posi tive str o o2RRASHES-00 RANTALY OCUINE HO0ZVINES| ke HCV i s non- envel oped and
replicates efficiently in cell culture. The HCV-PV chi nera expresses a
stabl e, snal I@_@,}ﬁ_}#@ﬁ@henotype relative to wild type PV. The foll ow ng

ri bozymes were synthesi,zed, for the experinment (table VIII1): ribozyne
targeting site 183 (3 %ze-"éwat‘bmg‘b%}eﬁ?q‘?f'oat e |inkages), 'scranbled control
to site 5 35 183¢ ri bRexyines aflhin thetargeBdefuente immediawdlyShefsiphvaaighsieat e

l'i nkages), ribozype tag;gatd Hehefblddes ot B scﬁdgf?ggg?‘&@ég@hor ot hi oate

| i nkages), inactive ribozyne targeting site -'end phosphor ot hi oat e
| i nkages). HelLa cél | s Kgartion; mechanisay aitick by; the 3{OFL of evangsing to eensratescleaypgsut es
and i mmedi at @todudtyveithi33@Hnt I§°-guahmsing.e. Hela cells were seeded in U bottom
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(80 [err]g/m) in+ DVEND¥eG30E knobitl membiets of Ghis Tlassal Folumd/asnsh inefvasing bddlence in

R bozyme/ 1 i pirg a0l smophii FRIA, BB nhdind !:i]ﬁ N {
37[err] C under_, 5% querr ) JIE\/lE\di um was aslﬁ‘lgdrag%%gﬁfop%%’ e ?421?153&%5%\%%336
with 80 [errPPORSS DVEM 10 (G bco BRL) with 5% FBS serum fol l owed by the
addi ti on of 20 [err]| sMgjbr &ttumb fepturex dagelyCestablished theouigh phylegendic woinparisons,
conpl exessf Olyudiferd@ m@gch%m%&gg[ﬂger 5% CJerr]. The yield of HCV-PV

a

fromtreated cells (Fig. 6A S tified b | ague as )
-. Igomp?etg kil\;\é%c ueworl|< esLablishe&l foxp one%%ozyme%?qsf].

*  Studies of ribozyme folding and substrate docking underway [7,",9 .

! Michel, Francois; Westhof, Eric. Slippery substrates. Nat. Struct. Biol. (1994), 1(1), 5-7.

2 Lisacek, Frederique; Diaz, Yolande; Michel, Francois. Automatic identification of group I intron
cores in genomic DNA sequences. J. Mol. Biol. (1994), 235(4), 1206-17. :

3 Herschlag, Daniel; Cech, Thomas R.. Catalysis of RNA cleavage by the Tetrahymena thermophila

ribozyme. 1. Kinetic description of the reaction of an RNA substrate complementary to the active site.
Biochemistry (1990), 29(44), 10159-71.

4 Herschlag, Daniel; Cech, Thomas R.. Catalysis of RNA cleavage by the Tetrahymena thermophila
ribozyme. 2. Kinetic description of the reaction of an RNA substrate that forms a mismatch at the active
site. Biochemistry (1990), 29(44), 10172-80.

3 Kanitt, Deborah S.; Herschlag, Daniel. pH Dependencies of the Tetrahymena Ribozyme Reveal an
Unconventional Origin of an Apparent pKa. Biochemistry (1996), 35(5), 1560-70.

6 Bevilacqua, Philip C.; Sugimoto, Naoki; Turner, Douglas H.. A mechanistic framework for the
second step of splicing catalyzed by the Tetrahymena ribozyme. Biochemistry (1996), 35(2), 648-58.

7 Li, Yi; Bevilacqua, Philip C.; Mathews, David; Turner, Douglas H.. Thermodynamic and activation
parameters for binding of a pyrene-labeled substrate by the Tetrahymena ribozyme: docking is not diffusion-
controlled and is driven by a favorable entropy change. Biochemistry (1995), 34(44), 14394-9,

Banerjee, Aloke Raj; Turner, Douglas H., The time dependence of chemical modification reveals .
slow steps in the folding of a group I ribozyme. Biochemistry (1995), 34(19), 6504-12.



The pl ague assays were perfornmed by diluting virus sanples in serumfree
DVEM (G bco BRL) and applying 100 [err]l to HeLa cell nonol ayers (~80%
confluent) wo®sssall plates for 15 30 minutes. |nfectedpeppQéos@ysS Were
overlayed with 3 m 1.2% agar (Signma) and incubated at 37[err] C under 5%
CJerr]. Two - three days later the overlay was renoved, nonol ayers were
stained with 1.2%crystal violet, and plaque form ng units were counted.
The data is shown in figure 6A. Ri bozyds to site 183 inhibited HCV-PV
replication by >80% (P < 0.05) corrpared to the scranbled control (Fig. 6A,
first two bars). In addltlon 3. or 4 phosphorothi oate stabid,zation

was equal |y ef f &ct i vehemisalm @%ﬂwwwmmermmwﬁsesmﬂf%bsmﬁh wg Vi r al
replication (conpar e’nk[snrall](tt-&nﬂ) Uipditg biteOmsy makeMthiy. rithAyme ob moE ypeEific f@ t he

- 318 site al | ( aviral
replication corrpar %! ’r| and t\Xge[ err Ii géng%pgl ‘““““O&\"?%% co?#‘erpm that a
ri bozyne cl Sefkeiye Fhealag P of meyy; Wﬂﬂsﬂﬁetﬂ"t‘*@ﬁs onto the o

- HCV- PV Bepldetbaivbmass@gasi’é] ved HC,\/- PV infected cells were treated with
ri bozymes to site 183 that maintained binding arm sequences but contained a

mut at i on HMMW to attenuate cleavage activity (Table 1).
Viral repli ells was not inhibited conpared to cells
treated with the scr sishl-z299 t6€400nbcibotidéshozyme (Fig.. 6A, 4[err] and 5[err]
bar), indicating tha Yels required for the
i nhibition of HCV- %NM’%H%%I“%E@‘W ogtgeté’w{egy j§ addi tion, ribozynmes

targeting site 183 ofletwstRNépresumprriorfamy lon wild type PV
replicaoion (Fi g Gmacﬂaneﬁdehadﬁhap@mbulad&k&ymfé‘mﬁba&at&I&&avage products .
ri bozyme- ”evﬂ{h ggﬂ of HCV- PV repl i cati on was dependent upon the
"HCv 5" UTR an i nhibition of PV replication. Ri bozymes to
site 183 were- arso t ﬁﬁ(fﬁff?““iﬂ@“&hﬂ“w‘fwwm%w Ae YA subunit
- replicati orhagiieen sequenced o [bactériaf yeast, irdaldfits, @y pritnates. HeLa cells (Fig. 8). Cells
treated with .36 T RRQgMER I R :gﬁﬂ Li cant |y
~less virus than cells treat e(gOWI tg%&uﬁzéqsﬁé%a Ic")')r?cr%f ? (glg&é {)I tion
‘at 8h pgdst q"ﬂ'fgé(!‘!'w op of anExtrenal 8"@? FR? bozyrre

~lengths. Al the ri bmmmn&wminombeaﬂﬂﬁemﬁm‘ Yont ai ned 7 __
nucl eotides on each 5 bi ndi ng arnms and contained a 4 base-paired stem ||
el errent (7/4 format) For '

’ Zarrinkar, Patrick P.; Williamson, James R.. The P9.1-P9:2 peripheral extension helps guide foldmg
of the Tetrabhymena n'bozyme Nucleic Acids Res. (1996), 24(5), 854-8. :

- Strobel, Scott A.; Cech, Thomas R.. Minor groove recognition of the conserved G.cntdot.U pair at
the Tetrahymena ribozyme reaction site. Science (Washington, D. C.) (1995), 267(5198), 675-9.

u Strobel, Scott A.; Cech, Thomas R.. Exocyclic Amine of the Conserved G.cntdot.U Pair at the
Cleavage Site of the Tetrahymena Ribozyme Contributes to 5'-Splice Site Selection and Transition State
smbihmM. Biochemistry (1996), 35(4), 1201-11. .

12 Sullenger, Bruce A.; Cech, Thomas R.. Rlbozyme-medlatedrepmrofdefecuve mRNAbytargemed
trans-splicing. Nature (London) (1994), 371(6498), 619-22.

B Robertson, H.D.; Altman, S.; Smith, J.D. J. Biol. cnem., 247, 5243-5251 (1972).

u Forster, Anthony C.; Altman, Sidney. External guide sequences for an RNA enzyme. Science
(Washington, D. C,, 1883-) (1 990), 249(4970), 783-6.

o Yuan, Y.; Hwang, E. S.; Altman, S. Targeted cleavage of mRNA by human RNase P. Proc. Natl.
Acad. Sci. USA (1992) 89, 8006-10.

16 Harris, Michael E.; Pace, Norman R.. Identification of phosphates involved in catalysis by the
ribozyme RNase P RNA. RNA (1995), 1(2), 210-18.

17 Pan, Tao; Loria, Andrew; Zhong, Kun. Probing of tertiary interactions in RNA: 2"-hydroxyl-base
contacts between the RNase P RNA and pre-tRNA. Proc. Natl. Acad. Sci. U. S. A. (1995), 92(26), 12510-
14.



phar.maceuti cal manufacture of a therapeutic ribozyne it is advantageous to
m ni m ze sequence length if possible. Thus ribozynes to site 183 were

short ened by Y@A¥¥4g t he outer nost nucl eotide from each bPEBURY92H such
~ that the ribozyne has six nucleotides in each binding armand the steml|
region is four base-paired long (6/4 format); renoving 10 one base-pair
(2 nucleotides) in stemll resulting in a 3 base-paired stemlIl (7/3
format); or renoving one nucl eotide frofPeach bi ndi ng arm and shortening
~the stemlIl by one base- pair (6/3 format). (See Figure 7 for a schematic
represent at i%ﬁ@% of these ribozynes). Ribozynes in all tested formats
gave signifi ition of viral replication (Fig. 8 with the 7/4, 7/3
and 6/3 formats Bei ngSE¢ b0 npeleotidascal at the 8h timepoint (P < 15  0.001
across tine course fOTrafd dleabdpe bFtingit RNAZ@eceitydesodstrated 0 Ve tested (6/3

format) was slightly '!-EE ' % j.nhkibition, P < 0.001) than the
7/4 ribozynme (~80%i n%ﬁc?%ﬁ &i&ﬁ&g@%ﬂ&{%e 6/3 ribozyne may have a
greater &bility fo acReastiongnechanisma2’-QHofan ipfespaladenopingganeratessleaypgedrogpets
Conbi nat i on withe*-Dppand b “luiizy” RNA 0dnifisg 313° dndla®r-5ctr&ich péint. HeLa cells
(10,000 cells per welb)‘ re-tr te%'x""hhhllz'? ni L of Irtioe_rf.eron
al pha in corrpl.e_té nedi aly?%%émﬂ?%‘gé% or pre]-mtﬂfc ated W cl?:agﬁ%l et (—.]mmedi a
al one for 4 additiento RN clegage priskligatioad with HCV-PV at an MO = 0.1 for 30

mnutes. The viral innpjek cnnd fidnee h@er \sawblistied RISt PhyldghRay Bempariscget ed

to HCV g_:ote[iziiS (Rz) or binding attenuated control, which has nmutations in
the catalyticcore of the 25 ri bozyne that severely, attenuates the
activity of the fi bonMB’A@?W&&W@l&%&ﬂmﬁﬁgﬂ%’dt ionic lipidin
conpl ete nmedia fer 24Khﬁﬁurﬁmne%ﬂ@ﬁd@ae\hgyﬁsnt[%]he cells were lysed three
times by freeze/thaw to rel ease virus and virus was quantified by plaque
assay. Viral_yield is shown as nean plaque formng units per m (pfu/m) +
SEM ~The datMeurespemm¥§RNA fi gure 10. 30 Pre-treatnent with
interferon (IFN) «r edusie ~1&enudlestides. yi €l d by ~10[err] in control treated

Trus (RS contr ol -t v SanEensidl BN ek RNRS iy Senlaiuiif ¥, (oL ' S0
| FN treat ment regdul tsSeqyense eapirements aqt fully deterpiwedy 1 | reduction in viral yield.

(Rz+1 FN versus BAC). An additive effect would result in only a 3 x 10[err]
reduction (1 x 10[err] + 2 x 10[err]).

» Pyle, Anna Marie; Green, Justin B.. Building a Kinetic Framework for Group 11 Intron Ribozyme
Activity: Quantitation of Interdomain Binding and Reaction Rate. Biochemistry (1994), 33(9), 2716-25.

1 Michels, William J. Jr.; Pyle, Anna Marie. Conversion of a Group II Intron into a New Multiple-
Turnover Ribozyme that Selectively Cleaves Oligonucleotides: Elucidation of Reaction Mechanism and
Structure/Function Relationships. Biochemistry (1995), 34(9), 2965-77. '

®  Zimmerly, Steven; Guo, Huatao; Eskes, Robert; Yang, Jian; Perlman, Philip S.; Lambowitz, Alan
M.. A group II intron RNA is a catalytic component of a DNA endonuclease involved in intron mobility.
Cell (Cambridge, Mass.) (1995), 83(4), 529-38.

a Griffin, Edmund A., Jr.; Qin, Zhifeng; Michels, Williams J., Jr.; Pyle, Anna Marie. Group 11 intron
ribozymes that cleave DNA and RNA linkages with similar efficiency, and lack contacts with substrate 2'-
hydroxyl groups. Chem. Biol. (1995), 2(11), 761-70. .

z Michel, Francois; Ferat, Jean Luc. Structure and activities of group II introns. Annu. Rev, Biochem.
(1995), 64, 435-61. .-

b Abramovitz, Dana L.; Friedman, Richard A.; Pyle, Anna Marie. Catalytic role of 2*-hydroxyl
groups within a group II intron active site. Science (Washington, D. C.) (1996), 271(5254), 1410-13.
u * Daniels, Danette L.; Michels, William J., Jr.; Pyle, Anna Marie. Two competing pathways for self-
splicing by group I introns: a quantitative analysis of in vitro reaction rates and products. J. Mol. Biol.
(1996), 256(1), 31-49,

> Guo, Hans C. T.; Collins, Richard A.. Efficient trans-cleavage of a stem-loop RNA substrate by a

ribozyme derived from Neurospora VS RNA. EMBO J. (1995), 14(2), 368-76.



37 Exanple 13: Inhibition of Hepatitis C virus Using other R bozyme Mtifs,
A nunber of varying ribozyne notifs (RPI notifs 1-3; Figure 9), were tested
for their aMa995§84T 0 i nhi bit HCV propagation in tissue culptsfigesndgyexanpl e

of RPI nmotif | is described in Kore et al., 1998, Nucleic Acids Research
26, 4116-4120, while an exanple 5 of RPI notif Il is described in Ludwg &
Sproat, International PCT Publication No. WD 98/58058). RPI notif IIl is a

new ri bozyme notif which applicant has4decently devel oped and an exanpl e of
this notif was tested herein. OST7 ceIIs were mai ntained in Dul becco's '
nodi fied Eagle's medi um (A BCO BRL pl enented with 10% fetal calf
serum L-glutanfne Repfigp meghpgispip (,2I O ; pethe ¥issilehond 19 genegyte cleavage
transf ect i erelpct3&GH2’,8%dyclic phesphats a8 OHiendsb| ack- wal | ed 96-wel | pl at es
(Packard I nstrugen ﬁﬁFgﬁ’ Eﬁﬁ'ﬂﬁﬂg‘l’&u ed2Nd incubat ed at
37[err] C under 5% C%l’err 4 -trans&ectlon of target reporter
HCVT7C (0.8 [ert] g/ Bhisiclaps. Sign\jm eurgspors VE&NA. g/ i ) and .

ri bozyme, 50-200 nM was achi eved by the follow ng method: a 5X m xture of

HCVT7C g4 | VA0 (6 [err]g/m), ribozyme (250-1000 15 nM
and cat1 oni | err]g/m) was nmade in 150 [err]ls of OPTI-MEM
(A BCO BRL): mi n ?%F%ﬁf%ﬁ%rterlrl bozyne/ | i pid conpl exes were allowed to

formfor 20 m nutes S$ike: 312i[teno}nﬁleuﬁdder 5% CJ err]. Mediumwas aspirated from

OST7 cells and repl qug ?‘HLS‘ déﬂ"?" édmgﬁ;% BRL) m nus
serum i mredi ately fo 5 é& ad I 'on 0 '
‘reporter/ribozyhel/ | iBp ad’ @Fighlepmber npeleotidesp poth sides g F@EP"Wetsﬁe corrpl exes for
-4 20 haors at 37[err&ﬁcﬁmdebhaiﬁm%mby]z’oﬂmwﬁem&m&ﬁ fdavdger ned as
descri bed i ,F(}ﬁgﬁgt@ WR i zed in table I X, with each
motif's re ts Ilsted a |ts control Al of the ribozyme notifs
were able to retiuce ¥nkn %ﬂﬁ? begst off thip ¢lase Foupd (iR a shanber. pf plaptopiioeens t o t he
ri bozymes Musmmgﬁmkmmaﬂnymﬂeﬁbnéagmtel evant controls). Cell Culture

Assays 25 . ﬁ: %E%ﬁl{egﬁﬂﬁdﬁ\ mysgp &?,E Pn'r]of HCV in
cell cylture (see below, .t ese sysie TlICl§| to re cafe and have
provenLi nreI i abl e. ‘%Ua‘gmf’ @"F%?“B'éﬁfé’l"m gtleceler

anti-Hov t i I apeutics such as interferon and ribavirin, after dem)nstration__

?f saf elty i n ani mal W %%ﬂfesﬁﬁﬁhwm&gq”qééﬁ%eslﬁo a clinical
T ot ot ot Hov S iheasies of BuPS ttees el <BPATL 5 ophys
Res. Commun 1996 227(3):822-826; Tagawa et . .
. Hairpin Ribozyme - :
20 . - Size: ~50 nucleotides.
. Requires the target sequence GUC immediately 3' of the cleavage site.
. Binds 4-6 nucleotides at the 5'-side of the cleavage site and a variable number to
the 3'-side of the cleavage site. :

% Scott, W.G., Finch, J.T., Aaron.K. The crystal structure of an all RNA hammertiead
ribozyme:Aproposed mechanism for RNA catalytic cleavage. Cell, (1995), 81, 991-1002.

n McKay, Structure and function of the hammerhead ribozyme: an unfinished story. RNA, (1996), 2,
395-403.

3 Long, D,, Uhlenbeck, O., Hertel, K. Ligation with hammerhead ribozymes. US Patent No.
5,633,133.

¥ ' Hertel, K.J., Herschlag, D., Uhlenbeck, O. A kinetic and thermodynamic framework for the
hammerhead ribozyme reaction. Biochemistry, (1994) 33, 3374-3385.Beigelman, L., et al., Chemical
modifications of hammerhead ribozymes. J. Biol. Chem., (1995) 270, 25702-25708.

3 Beigelman, L., et al, Chemical modifications of hammerhead ribozymes. J. Biol. Chem.. » (1995)
270, 25702-25708.



al ., Journal of Gasteroenterology and Hepatol ogy 1995 10(5):523-527;
Cribier et al Jﬁﬂ of General Virology 76(10):2485-2491; SeuP et al.,
Journal of Gengr¥ rology 1997 78(10)2467- 2478 - | acovacci PEEMUSPS/9027.
Research Virol ogy 1997 148(2):147-151; 35 | ocavacci et al., Hepatol ogy
1997 26(5) 1328-1337; Ito et al., Journal of General Virology 38 1996
77(5):1043-1054; Nakajima et al., Journal_of Virology 1996 70(5): 3325-3329;
M zutani et al., Journal of Virology 19 70(10):7219-7223; Valli et al.,
Res Virol 1995 146(4): 285-288; Kato et al., Biochem Bi ophys Res Conn11995

206(3) : 863-869) . Repl k%fx sﬁg}( Q»e@lg deNS tb&%l @enlé& 1

cell lines as well ce +rpr| nes “ﬁg rive sf?‘?’om hfagr%% tkp;at ocﬁ‘/e'tbee-sgv
Denonst r at i Rodyfts Wé‘b?r c-gyoli phogphate 4ty eM% usi ng eit her RT- PCR based
assays or the b-BNA aSkﬂyWnmémbeswﬂﬁm&arﬁouhmmnhrbepmmthdgm(smﬂmem

publ i cati onsy, ESH ﬂg FGY 0
6-nmonths._In aﬁ%tlo 0 céﬁ%rﬁn‘g&%t at canuﬁz9 O?vqg‘%&é%ﬁwt ﬁé{fﬂsag‘é/eral
groups have B&sinetigusagats ccessf ul transfornatlon of cell lines with cDNA
cl ones of full-Iengt hEssentiOstructial fedtarbs ligdly defimed ?—ﬁ]ada et al., Journal
of General Virolqgy 1 6, 5= Q]FBE&EH! r f. Viral
Hepatitis 1997 4S(1): g%ﬁ%%l @ngdn d&ﬂ%ﬂ'toﬂ@;l can urnal bo?l’g'gapﬁléﬁb%gt?/ 1997
151( 2) : 363- 3Epginesng s'b'!'vmosel%ast dr oent erol ogy 1995 109(6): 1933-40; Yoo
et al., Journal Vminpegkiheﬁﬁﬁm@aﬂceammfméﬁmwzyﬁwms 15

The best;f£haracteri ze [m' CV.] ;Eﬁ{ %p | npanzee.
I\/breoverl,d:t he chroni c hepati ¥ %ﬁ} émlutmf'?’ m?ga'{]f’dﬁ]

chi npanzees and humans is very siml ar. Al though clinically relevant, the

chi npanzee m@nsp&mwmme practical inpedinents that neke use
of this nodel difficulg W@m{,&gl ude; high cost, long incubation
requi renments and | ack ozF

TCLent quantities ofganimals. Due to 20
these factors, a nunbgr%ﬁleﬂgmeﬁ@m@%‘iwm@ [tlo devel op rodent nodels

of chronic hepatItIS Cinfection. Wiile direct infection has not been
possi bl e several groups have reported on the stable transfection of either
portions or entire HCV genones into rodents (Yamanoto et al., Hepatol ogy
1995 22(3): B47- Ghampel, AidoldlITritd, Ridhard; HidR Wi gdret; Cuz) PRI HbifpihS caflyBIOHMEMlAD 5

172( 1) : 25- 30¢vidktwe fachelbies anll sequencs caquiremént fof subserme RWA. NutleioAcids\Red Q99D), 18(2), 299-
76(12) 3031- 3¥48;

32

Chowrira, Bharat M.; Berzal-Herranz, Alfredo; Burke, Johm M.. Novel guanosine requirement for
catalysis by the hairpin ribozyme. Nature (London) (1991), 354(6351), 320-2.

33 Berzal-Herranz, Alfredo; Joseph, Simpson; Chowrira, Bharat M.; Butcher, Samuel E.; Burke, John
M.. Essential nucleotide sequences and secondary structure elements of the hairpin ribozyme. EMBO L
(1993), 12(6), 2567-73.

u Joseph, Simpson; Berzal-Herranz, Alfredo; Chowrira, Bharat M.; Butcher, Samuel E.. Substrate
selection rules for the hairpin ribozyme determined by in vitro selection, mutation, and analysis of
mismatched substrates. Genes Dev. (1993), 7(1), 130-8.

b Berzal-Hetranz, Alfredo; Joseph, Simpson; Burke, John M.. In vitro selection of active hairpin

ribozymes by sequential RNA-catalyzed cleavage and ligation reactions. Genes Dev. (1992}, 6(1), 129-34.

e Hegg, Lisa A.; Fedor, Martha J.. Kinetics and Thermodynamics of Intermolecular Catalysis by
Hairpin Ribozymes. Biochemistry (1995), 34(48), 15813-28.

37 Grasby, Jane A.; Mersmann, Karin; Singh, Mohinder; Gait, Michael J.. Purine Functional Groups in
Essential Residues of the Hairpin Ribozyme Required for Catalytic Cleavage of RNA. Biochemistry (1995),
34(12), 4068-76.

5 Schmidt, Sabine; Beigelman, Leonid; Karpeisky, Alexander; Usman, Nassim; Sorensen, Ulrik S.;
Gait, Michael J.. Base and sugar requirements for RNA cleavage of essential nucleoside residues in mtemal
loop B of the hairpin ribozyme: implications for secondary structure. Nucleic Acids Res. (1996), 24(4), 573~
81.
» Perrotta, Anne T.; Been, Michael D.. Cleavage of oligaribonucleotides by a ribozyme derived from
the hepatitis .delta. viros RNA sequence. Biochemistry (1992), 31(1), 16-21.



25 Pasquinelli et al., Hepatology 1997 25(3): 719-727; Hayashi et al.,
Princess Takamatsu Synp 1995 25:1430149; Mariya K, Yotsuyanagi H, Shintan
Y, Fujie HWoopB8seshi K, Mtsuura Y, Myanura T, Koi ke K pdiggssbiosoes C Virus
core protein induces hepatic steatosis in transgenic mce. Journal of
General Virology 1997 78(7) 1527-1531; Takehara et al., Hepatol ogy 1995
21(3):746-751; Kawanura et al., Hepatology 1997 25(4): 1014-1021). 1In
addition, 30 transplantation of HCV 4éfected human |iver into
innunoconpronised mce results in prolonged detection of HCV RNA in the
animal's bl ood. Diagnostic uses Ri bozynes of this invention may be used as
di agnostic tool% to%&@% requireragnts nof (fally determiged.althoughsrossed
cells or taquﬁéeestofélbmgamm@ma Foldéd Rbbymeicontaine b pseudoknat Struttiee [(.0se -

rel ationship bgtweeg, H¥"£c I 51 I Jet RNA
all ows the detectlon nuta |onéﬁ¥%a%%y rgd?gﬁ§%%ﬂfh&MQag% ?@h&@ﬁlch

al ters t hePrpdusts with2i.Y Fﬁ§° e onal structure of the target RNA.
By usirg nultiple rlda@mwﬂaﬁwsobeﬁkdms tHourml ih RusRHDW), one miy map

nucl eoti de changes, b =Yl Eﬁﬁ 2 function
invitro, as well as |n£? 1% aﬁﬁg%&ssuggg eava%gﬁo %%ﬁg Jaﬂmms W th

ri bozymes may be used to inhibit gene expression and define the role
(essentially) of specified gene products in the progression of disease. In
this manner, other genetic targets may be defined as inportant nedi ators of
the di sease. These experinments will lead to better treatnment of the disease
progression by affording the possibility of conbination 10 therapies
(e.g., nultiple ribozynmes targeted to different genes, ribozynmes coupl ed
~with known small nolecule inhibitors, or intermttent treatnment with

~conbi nati ons of ribozymes and/or other chem cal or biological nolecules).
QO her in vitro uses of ribozynes of this invention are well known in the
art, and include detection of the presence of nRNAs associated with HCV
related condition. Such RNA is detected by 15 determ ning the presence of
a cl eavage product after treatnment with a ribozyne using standard

nmet hodol ogy. In a specific exanple, ribozynes which can cl eave only

wi |l d-type or nutant forns of the target RNA are used for the assay. The
first ribozynme is used to i-dentify wld-type

et Perrotta, Anne T.; Been, Michael D.. A pseudoknot-like structure required for efficient self-
cleavage of hepatitis delta virus RNA. Nature (London) (1991), 350(6317), 434-6.

4 Puttaraju, M.; Perrotta, Anne T.; Been, Michael D.. A circular trans-acting hepatitis delta virus
ribozyme. Nucleic Acids Res. (1993), 21(18), 4253-8.



~ RNA.present in the sanple and the second ribozyme will be used to identify
mut ant RNA 20 in the sanple. As reaction controls, synthetic substrates
of both wild-WQB¥58#d nutant RNA will be cleaved by both ri BCTHR9#023
denonstrate the relative ribozyme efficiencies in the reactions and the
absence of cl eavage of the "non-targeted” RNA species. The cl eavage
products fromthe synthetic substrates will also serve to generate size
markers for the analysis of wild-type arf¥ nutant RNAs in the sanple
popul ati on. Thus each analysis 25 wll require two ribozynmes, two
- substrates and one unknown sanple which will be conbined into six
~reactions. The presence of c|leavage products will be determ ned using an
~ RNase protection assay so thagblell| - | 2pmobRNASYBthesLxcleagnent s of each
RNA can be anal yzed in one |ane of a polyacrylam de gel. It is not

absolutely required to quanty he res ai . jpnsi.ghtgd nto the
expression of nutant RNAs ar#aéﬁ'itati ve ﬁi@%&t?he eé%ted%qﬂ* phenot ypi c
changes i¥n target cells. The expression of nmRNA whose prot €i eproduct is
inplicated in the devel opnent of the phenotype (i.e., HCV) is adequate to
establish risk. If probe bl e spegikfic acjtavity ale used for both
- transcripts, then a qual ﬁ@%‘l’h\?gﬁggﬁrf%ari sone'%ﬁri RNA I!a%,’ S W |2r% be adequate
and will decrease the cost_of the initial diagnosis. H gher nutant formto
wild-type ratios will be ¥Efwklettageleni t h hi2dler ri <3 wRet her RNA

| evel s ;roe conpared qualitatively or quantitatively. 40 Additional Uses
Pot ent i useful ness of skepicAmbydideci fic aopynati c233udl ei csa@ei d nol ecul es
of the instant invention m ght have nany of the sane applications for the

study of RNA that DNA reghll £ii-00 donucl es have,.f t hg _study of DNA
(Nat hans et al., 1975 Anjr‘vl'.MﬁEe\;/l.I&%da%l%i oche%§§’44: 27 .3 'g;.)r € ?fﬁ‘pl e, the '
pattern of restriction fragnents could be used to establish sequence

rel ati onshi ps between two rel B¢Ad RNAs, an@32arge Rr¥&mboul2d see

specifiga |y cleaved to fragnments of a size nore useful for study. The

ability to engi neer sequencelsdimei ficity ofgghe ri bhomme | ssiseeal for
cl eavage of RNAs of unknown sequence. Ot her enbodi nents are within the

following clains. 10 Acetonitrile NA 667mL NA

20 * Wait time does not include contact time during delivery.



41 TABLE |

[err] Si ze:

5

Characteristics of naturally occurring ribozynmes G oup

~150 to >1000 nuol eoti des.
a Uin the wargsss¢sequence i nmedi ately 5'
Bi nds 4-6 nucl eotides at the 5 -side of the cleavage site.

[err]

I-ntrons
Requi res

of the cl eavagepgiiigonbids |
[err]

Reaction nechanism attack by the 3'-OH of guanosine to generate cl eavage

products with 3'-0OH and 5' - guanosi ne.
cofactors required in sonme cases to he#® folding and 10

the active structure

Found as an interveni ng sequence in Tetrahymena thernophila rRNA

m t ochondri a, chl oropl ) T, | u [
Maj or structural featd@%&ﬁpéggégﬁm%%#gﬁP?sh%@g

conparisons, 15

[err] Conpl et e
[[err].[err], [err],|
subst rate docki ng un

. [err]

{ agenesi s

[err]

Ad

di tional

protein
mai nt ai nance of

Over 300 known nenbers of this class.

and bi ocheni cal

gl

St

gae,

and ot hers.

f ungal
[err]

gh phyl ogenetic

dies [[err].

[err]].

Francoi s; Westhof, E
1(1), 5-7. [err]
Francois. Automatic
sequences. J. Mol. B
Dani el ; Cech, Thomas
thernnghila ri bozyne
subst r &P

10159-71. [err]

cl eavage by the Tetr

e conpl enent {

hhymena t her nophil a ribozyme. 1.

Ki net | ChdrackéiRuOr K est abl i shed flor onguhbdozyne
err]]. [err] Studi es of rifbozyne fol difng and
inr\nn\/ HML]”{_-QU]%erH [nrr} Mche|,

i c. Cyenomediehygdh r at es. Nat. |Strucpssekboll. (1994),

Li sacek, Frederique; D az, Yolande; M c%el,

gentt+Heatton—of—grotp—t+—tntrgn—cores—+na—genom ¢ DNA
ol . (&9@@?@“@85@%?#&15@5 7. [eérr] 1300 Hefschl ag,

R . Catalysis of RNA cl eavage by the Tetrgahynena

T neri G descriptign oi.the reackys on o an RNA
Ary tgb?ﬁe cti %m?itegmﬁwggﬁ@rdstry 1990}, 29(44),
Her s c@leayage Sbesfi*el ; Cech, Thongs R . Catal ysis of RNA

Ki netic dd

pscri ption of

the reaction of an
Bi ochem stry (1990),
Her schl ag, Dani el .

1560- 70.
H. .

[err]

B

T arh Y I sbrde

A mechanistic fra

5o, acbicV Segpnge Joweshs pgeisee

pH Dependenci es of the Tetrahynmena R bozynme Reveal

Unconvggti onal Ori gi naef aﬁhs&ﬂ&ﬁ&&%w@ﬁ%ngﬁhéﬁ%ﬁggtﬁm?ﬂ,ﬁ%?ﬁé?) ' Dougl as
a) S ’ ’

nitt,

lLch at the active site.
Debor ah S.;

an



second step of splicing catalyzed by the Tetrahynena ri bozyne. Biochem stry
(1996), 35(2), 648-58. [err] Li, Yi; Bevilacqua, Philip C ; Mathews,
Davi d; Turnefw B¥eifas H.. Thernodynami ¢ and activati on par DEEUSHUNTr
blndlng of a pyrene-| abel ed substrate by the Tetrahynena ribozyne: docking
is not diffusion- controlled and is driven by a favorable entropy change.

Bi ochem stry (1995), 34(44), 14394-9. [err] Banerj ee, Al oke Raj;
Turner, Douglas H.. The tine dependence 4P chenical nodification reveals
slow steps in the folding of a group | ribozyne. Biochem stry (1995),

34(19), 6504-12. 42 [err] Chem cal nodification investigation of

I nportant residues well established [[err], The snal

[err]]
(4-6 nt) bindi ng IpkietVrHsmmerhead Rippzymes Bexlyed fro W&W&?‘T‘?’é’ GVoFenpme get ed
RNA cl eavage, howgv Tet na gr( Deen Used
repair a "defecti A&L.}—g&%ﬂ&@&% on _of 1ew
[err]-gal act osi dage¥8uences onto the 5 defective nessage Herr]] RNAse
P RNA (lVIl RNA) [ ef ricv.sso @hguey cused: t 0 | 4@GucrArpbaBichatawaccb@raAcacuac | RNA
portion of a ubiqpidcess [i bonuabenpéoie! N | efidsiBruciubictdoouuacecced Ravas | t RNA

precursors to for Melel € [ Nubeubl Adctabde LU ocwccccumumcb&&ful\esccmmké%&c ion

mechani sm possi bl B L AR O3 M6t dubeatd | 1 ookt by ¥ wWth
3 - OH and 57 PR oS R g o™ ey RO |- Aedeeh LSt Tt S|
prokaryotes and epkaryotes e SEHIEHH SH—S84LS

bacteri aqgyeast, MMW fer‘f‘m‘w‘mmwww“
endogenous RNAse PHCHYISt her SGFHIAEYACACESRY | C At YSSF9YG GUEAUGASERCPYWHGECCRRA ACUGARSY ).ugh_
hybri di zati on of CYife | na| ACCISFYRCVSIEVI e N | eAASAABEIIGAUBACEETBUUAGRCTSak ACRIIY | :
[[err],[err]]. [e[rkvsis I mmmumsprammsﬁbwcmmummnnt |y
identified [[err]] [sevsa] | [ erdopecvuucuvecarZar Il sus@he cubitbAcstbuukboocaXl AabdagdTHON,
~Janmes R . The P9. [l-5sast Per | jubREdd cobkiENS| Odbuhtel REavEAbcEBuUAGHEoh RdcdRhc, he

- Tetrahymena ri boz JTRys0tT B Lodl ioedies w&kwéﬁmmM men i

Strobel ,15cott A [EFEGI T TOE oo Rvma oF—tHhe
conserved G cntdo :&ju%i at—the .u%éra..ynt.iwc"b?a Faag 'nﬁwﬁe—m -
Sci ence (Washi ngt pas C) -8 | QYEYACGACHBAVGAGGECRYUAGGOCGAA ASYCEG | o |
Scott A.: Cech, Thdkeesp GUe6AT na FENCUATUGAYEAPECCAYPAGGCIaANAGIGIYR | U Pai 1

at the O eavage S|{E'YE {he SPEICFUARMEEYR Ril DRSEHECURYMOSITHIVMSSCOMACEIOATSD] | ce

Site Selection angCd®agpps|ti on State _
HCV.C-30 UAAACCU C AAAGAAA UUUCUUU CUGAUGAGGCCGUUAGGCCGAA AGGUUUA |

20 HCV.C-48 CAAACGU A ACACCAA UUGGUGU CUGAUGAGGCCGUUAGGCCGAA ACGUUUG |
HCV.C-60 CAACCGUCGCCCACA | UGUGGGC CUGAUGAGGCCGUUAGGCCGAA ACGGUUG |-
HCV.C-175 GAGCGGU C ACAACCU AGGUUGU CUGAUGAGGCCGUUAGGCCGAA ACCGCUC
HCV.C-374 GUAAGGU C AUCGAUA UAUCGAU CUGAUGAGGCCGUUAGGCCGAA ACCUUAC

PNCR '

HCV.3-113 UUUUUUY U UUUUUULY AAAAAAA CUGAUGAGGCCGUUAGGCCGAA AAAAAAA

25 HCV.3-145 GGUGGCU C CAUCUUA UAAGAUG CUGAUGAGGCCGUUAGGCCGAA AGCCACC
HCV.3-149 GCUCCAU C UUAGCCC GGGCUAA CUGAUGAGGCCGUUAGGCCGAA AUGGAGC
HCV.3-151 UCCAUCU U AGCCCUA UAGGGCU CUGAUGAGGCCGUUAGGCCGAA AGAUGGA |
HCV.3-152. CCAUCUU A GCCCUAG " CUAGGGC CUGAUGAGGCCGUUAGGCCGAA AAGAUGG
HCV.3-158 UAGCCCU A GUCACGG CCGUGAC CUGAUGAGGCCGUUAGGCCGAA AGGGCUA |

30 HCV.3-161 CCCUAGU C ACGGCUA UAGCCGU CUGAUGAGGCCGUUAGGCCGAA ACUAGGG
HCV.3-168 CACGGCU A GCUGUGA UCACAGC CUGAUGAGGCCGUUAGGCCGAA AGCCGUG:

HCV.3-181 GAAAGGU C CGUGAGC GCUCACG CUGAUGAGGCCGUUAGGCCGAA ACCUUUC




Stabilization
Bruce A. ;

Robertson, H.

(1972). [err]
(1990), 249(49

(1992) 89, 800

. Biochem stry (1996),
Cech, Thomas R..
targeted trwo99sp847 ci ng. Nature (London) (1994),

35(4),

1201-11.
Ri bozyne- nedi ated repair of defective nRNA by

371(6498perhdRnds Lerr].

[err]. Sul |

enger,

D.; Altman, S.; Smth, J.D. J. Biol. Chem, 247, 5243-5251
: Forster, Anthony C. ; Altman, Sidney. External guide
sequences for an RNA enzyne. Science (Washington, D. C, 1883-)
70), 783-6. [err]. Yuage Y.; Hwang, E. S.; Altman, S
Target ed cl eavage of nRNA by human RNase P. Proc. Natl. Acad. Sci. USA
10 err Harris, Mchael E.; Pace, Norman R .
?@gmm?’ﬁg%gf‘EF%i s by the ribozynme RNase P

| denti fi cairf‘Uﬁ%é)FCB
RNA. RNA (1995),

1(2), 210-18. 17

Pan,

Tao;

Loria, Andrew, Zhong,

Kun.

Probing of tertiary interactions in RNA: 2'-hydroxyl-base contacts between

the RNase miel piNg- - Hantiferbédd Nibozpield. SQI . USubstrafe
(1995), 92(]26) | 12510- | Res. 43 Goup Il Introns [err] Si ze: [>1000
nucl eot i dgs err] rans cl eavage of@%{g‘;?gﬂ_ﬁmﬂs_mnﬂ%_dgmnst rated
[[err], [erf 1| §R1F] | 27 | BIGPEFCRERYHIF Lenqt FATRFYC FREBYilned. 5
[err] C ET-PIE |4 T 6000806 A00A0Eha K CaAl AAGCacTTq1 GeReBeHOS IchaaasteT]er at es
cl eavage prodbcts with 3]-OH and a "lariat” RNA cgntaining a 3'-% and a
2'-5" br arAcﬁ DEFYTE28 | @28 | CUCCCGS (GHFAPGRK (FER AGERERGZ \f MECARFEUNC GEqeSist|r at ed
1 1 HEP-N-% - Al ol obs o | I PN | R | =Y it SV P
partici pat-ghraaPhf LN N e AchoR T bidotey & oedesc T cavage and
ligation. [[er f | pr_structural features [arngely establishdd t hr ough
phyl d8enet|i & L ompass §a6es | 10°CGGUG[qUEAUGA] X CGa RQUCACC | GGUGREY & ARICGER |OH:
L 1 1 Nt L fi d [l aorrll] [ arr] Kin L
contacts bhegpain T M . RioRee | cooamag b .Wranemr k
under devel opfren —ts[ 38 Or ospor a [err] | zel ~144
nucl eoti dgsz Cv-199 | 199 | (PUBAUCE CUGAUGAG X ICRAFS AGRRES&V g (ectobcunaliGEaucEr (jar get RNAs
recentl de.m:s.r..u'.a{.e.;l_{_:’[.eu 1] '
y 8 | HOv-213 [ 2 AGGCAUU CUGAUGAG X CGAA AGCGGGU ACCCGCU C AAUGCCU
15 9 HCV-252 252 ACUC?GGC CUGAUGAG X CGAA AGCAGUC GACUGCU A GCCGAGU
10 | HCV-260 | 260 | CCAAGAC CUGAUGAG X CGAA ACUCGGC | GCCGAGU A GUGUUGG
11 H_CV—265 265 . .QCGACCC CUGAUGAG X CGAA ACACUAC - GUAGUGU U GGGUCGC
12 | HOV-270 | 270 | CUUOCGC CUGAUGAG X CGAA ACCCARC | GUUGGGU C GCGARAG
13 HCV-288 288 'CAGGCAG CUGAUGAG X CGAA ACCACAA UOGUGGU A CUGCCUG
14 | HCV-298 | 298 | AGCACCC CUGAUGAG X CGAA AUCAGGC GCCUGAU A GGGUGCU
;5_ i HCV-306 306 CAC_UCGC CUGAUG_AG X CGAA AGCACCC GGGU_GCU U GCGAGUG
16 | HCV-325 | 325 | UCUACGA CUGAUGAG X CGAA ACCUCCC GGGAGGU C UCGUAGA
17 HCV-327 3217 GGUCUAC CUGAUGAG X CGAA AGACCUC GAGGUCU C GUAGACC
25 18 | HCV-330 | 330 | CACGGUC CUGAUGAE X CGAA ACGAGAC | GUCUCGU A GACCGUG
19 | HCV-407 | 407 | GGAACUU CUGAUGAG X CGAA ACGUCCU | AGGACGU C AAGUUCC
20 HCV-—4]_.2 412 - GCCCGGG CUGAUGAG X CGAA ACUUGAC GUCAARGU U CCCGGGC
21 | HCV-413 | 413 | CGCCCGG CUGAUGAG X CGAA AACUUGA | UCAAGUU C CCGGGCG
30 22 | HCV-426 | 426 | ACGAUCU CUGAUGAG X CGAA ACCACCG CGGUGGU C AGAUCGU
' 23 | HCV-472 | 472 | CACACCC CUGAUGAG X CGAA ACGUGGG | CCCACGU U GGGUGUG
24 | HCV-489 | 489 | GUCUUCC CUGAUGAG X CGAA AGUCGCG CGCGACU A GGAAGAC
25 HCV-498 498 CGUUCGG CUGAUGAG X CGAA AGUCUUC GAAGACU U CCGAACG
26 | HCV-499 | 499 | CCGUUCG CUGAUGAG X CGAA ARGUCUU | AAGACUU C CGAACGG
27 BCV-508 508 AGGUUGC CUGAUGAG X CGAR ACCGUUC GAACGGU C GCAARCCU




[err] - Sequence requirenments not fully determned. [err] Pyl e,
Anna Mari e; G&&e& Justin B.. Building a Kinetic Franework for Goup II

I ntron Ri bozy an ty: Qiantitation of |nterdoffai‘n Bi ndi RETAPRIYPROZT L i on
Rate. Biochem stry (1994), 33(9), 2716-25. [err] M chels, WIlliamJ.
Jr.; Pyle, Anna Marie. Conversion of a Goup Il Intron into a New Miltipl e-
Turnover Ribozyme that Selectively Ceaves Oigonucleotides: Elucidation of
Reacti on Mechani sm and Structure/ Functi orPlRel ati onshi ps. Bi ochemnistry

(1995), 34(9), 2965-77. [err] Zimrerly, Steven; @uo, Huatao; Eskes,
Robert; Yang[ Nél[aNameel[TN@GI|, PNl Hammerhead Ribogyihd Z, Al an VSubsérag oup |l |

intron RNA i § ajcatal ytlims.conponent of a DNA endonucllease invol ved ijn
intron nobil (ty.} Cell (ICanfiridge. Mss.) (1995), 83(4). 529-33. [errl]
Giffin, EdeﬁEI AICY-33¢ 1-53&) In WW‘F@P@“‘W&I’&W‘"‘W@PI i} & ﬁ%““%‘“’ AH?CCCA‘PyI e,

: ‘ des with

Anna Mari e. szll }"HC{’JI-S3.5' t5'3%| 'CCWGG@‘ =) c en ilels
simlar_effig¢iency, and | ack contacts vmth substrate 2' -

hydroxyt gr

Chem Bl ol. FOYSICY-5AE 1 19t5 |76E0GRGe CP@PHE X CSARMIGHRER, | FRRaMe G sodesraat], Jean

Luc. Struct ute—dhRg—aetHwit VSW%AA}WW m
(1995), 64, 4‘%} 11‘#:"?%}%]561 ranovi %AG bara 1 ; Brile nman, 4 chard |A. ;

Pyl e, Anna 132 . e Al |yE73C| T QrA®SCO ICUGAVEATYXT IC yIccgmo Scauctdul @ asccgéUp | |
intron acti ve.silte _Scilenc (\MQhI naton _D_CJ) (199 \ 271(52854) 410- 13.

[err] Dahi*2I|sVIEAd: 182 |L. CAAGEE (FHFAUGAG\ CRARLTRCGRES | CC"GW%“‘RH%% Mar i e.

Two conpet i N 3PTHTWeRgS |1 888 [S CHGGGGCE [CUCAOEATUX IYARURGEEUAC T || GORCEY & GGEECcy
quantitativelanglysis df in vitro reaction rates andiproducts, J | .

Bi ol . (1996)%]?6'?’175,9631%. [‘@F?ﬁ“‘* CUSRUGRFGY CRAASSRECOT [ SRSEFYY REMIRR Hard A. .
ra

oups.

Efficient tr 'cﬁmqegga'f- o4 Ui tdca deri ved
fr om Neur osp VS RNA| ENVEO 0. (1995, 14(2). 368-78. 44 Jerr]

React i on mechd@fi|{s#Av-e t[atR Pycugmgqugmw o 15‘=‘@FP§§| I e%ﬁﬂ!’ ?GU@éﬁé.r at e
cl eavage pro ' 5 St

ot GEEESh s T T A ST cabt‘:dd g sites ..
and stritural _rlequi renents| not fuI y det er m ned. E)nl y 1 t“’é gr of
this class. [F3arcHNrE4RdueIIS AGACCFS CRIIDEAGEX |eaRmEchRsad | RCEng ngnecgwevtext for
. loryll [y . nucl aat i dac
references) [f THCV=657 o657 @ TONE (i QTG 2o CCGGCCU A GUUGGGG
41 | HCV-660 660 GGGCCCC CUGAUGAG X CGAA ACUAGGC GCCUAGU U GGGGCCC

42 | HCV-696 | 696 UUACCCA CUGAUGAG X CGAA AUUGCGC ‘GCGCAAU C UGGGUAA

20 43 | BCV~707 | 707 | UAUCGAU CUGAUGAG X CGAA ACCUUAC GUAAGGU C AUCGAUA
44 | HCV-710 | 710 | GGGUAUC CUGAUGAG X CGAA AUGACCU AGGUCAU C GAUACCC
45 | HCV-714 | 714 | GUGAGGG CUGAUGAG X CGAA AUCGAUG CAUCGAU A CCCUCAC
46 | HCV-730 | 730 | GUCGGCG CUGAUGAG X CGAA AGCCGCA UGCGGCU U CGCCGAC

25 47 | BCV-731 | 731 GGUCGGC CUGAUGAG X CGAA ARGCCGC GCGGCUU C GCCGACC
48 | HCV-748 | 748 | CGGAAUG CUGAUGAG X CGAA ACCCCAU AUGGGGU A CAUUCCG
40 | HCV-752 | 752 | CGAGCGG CUGAUGAG X CGAA AUGUACC GGUACAU U CCGCUCG
50 | HCV-753 | 753 | ACGAGCG CUGAUGAG X CGAA AAUGUAC GUACAUU C CGCUCGU

30 51 | HCV-758 | 758 | CGCCGAC CUGAUGAG X CGAA AGCGGAA UUCCGCU C GUCGGCG

52 | nev-761 | 761 GGGCGCC CUGRAUGAG X CGAA ACGAGCG CGCUCGU C GGCGCCC

53 | HCV-773 | 773 CGCCCCC CUGAUGAG X CGAA AGGGGGG CCCCCCU A GGGGGCG

54 | HCV-806 | 806 GAACCCG CUGAUGAG X CGAA ACACCAU AUGGUGU C CGGGUUC:

X
55 | HCV-812 | 812 CCUCCAG CUGAUGAG X CGAA ACCCGGA UCCGGGU U CUGGAGG
X

56 | HCV-813 | 813 UCCUCCA CUGAUGAG X CGAA AACCCGG CCGGGUU C UGGAGGA

57 | HCV-832 | 832 UGUUGCG CUGAUGAG X CGAA AGUUCAC GUGAACU A CGCAACA




[err] Requires the target sequence UH i mediately 5 of the cl eavage
site. [err] Bi nds a vari abl e nunber nucl eoti des on both sides of the

cl eavage si W 9955847 [err] Reacti on mechani sm pgtiddeleeddy 2' C]—I
5" to the scissile bond to generate cleavage products with 2',3 -cycli
phosphate and 5 -OH ends. [err] 14 known nenbers of this class. Found
In a nunber of plant pathogens (virusoids) that use RNA as the infectious
agent. [err] Essential structural #$gatures largely defined, including 2
crystal structures [[err],[err]] 15 [err] Mnimal 1igation

activity degepstrate WM—&W)[[HH]
il c fr WO R ‘5’6’(‘1" hed flor t “mor e ri bozynes

[err] bl €TRC k
cal nodification investiggtion of inportdnt

[[err]]. [lerr G
1 AJCEEaC | QUGAUGRG X |CGAR ASUDCTEY ITEGalaacy U eccceeu (| err]

resi dues ESSZ _
Lerr] Requires the tardet sequence QI

=) 08
@
%aﬁ"ﬂﬁ

Si ze: ~50 |pucleotidek
i mredi at el [y>%3| #Bt¥he 88 =a‘b"&§%§cs‘i"‘?‘§""‘ﬁ §r°F‘}A ACCGEER; rd d8CKSH hETICEBt ildes at the
5' -side of [ FHFREI-FRAVHEES b hdAGAEoan0eAE &k SHAACAGERRESCT|  E&bubdsce guuceendg of the -
cl eavage slite} [err]i Scott, WG . Finch, J.T.| Aaron K. The grystal
structure jof* pACaPE2 RAPR 1a?ﬁ?é?°ﬁé§@“ﬁ$%6ﬁm%pc séws?@chaﬁﬁ%% for RNA
catal ytic ege 9E0T St T beaR aibiae % S Reet ¢ e RNt T uct ur e
and functijon t he hammgerhead ri bozyne: an unfinifshed story. RNA, (1996),
2, 395- 403.63_[ nmqv}lozz 10RD N QCECHEGS QURAUGHDE CRAA KOGCACRI N { B4UGCAN. A ECagedd gn Wit h

han‘n‘er hea L rAVAar a¥ LSl Pat apt ¢ 2 J. ,
Her sl ag, B dl.'jllloyf 31eog %wfbkl Ret!C an‘g %%errm(yn%u%csg ?ramewoﬁk for the

hamver head]” 5 puzyive2 rmaz | UICDCCS| QUGAVORR B ICRAA AACAGB] )| ouhcals /&l eaeaea. Bei gel man,

., | . —Chemical fications of hamyerhead | | . Chem,
1908 27l ToRFIoOBETTRe | Stkecs Glgai R o hosgp | Aerape | o

nmodi ficati WWWWWW@CC@WH@M
. 270, 257022510 45 lerr Reaction nechanism attack byi2'-OH 5

lt 0 thg sci s .%CVE}(gFﬁj }o5¢ geﬁCg %ewsq“g%ﬁ,ﬁ@gm ACAACGG CCGUUGU U GGGUAGC

69 | HCV-1061 | 1061 UGAGCGC CUGAUGAG X CGAA ACCCAAC GUUGGGU A GCGCUCA

70 §{ HCV-1127 | 1127 GCAAGUC CUGAUGAG X CGAA ACGUGGC GCCACGU C GACUUGC

71 | HCV-1132 | 1132 ARCGAGC CUGAUGAG X CGAA AGUCGAC | GUCGACU U 6CUCGUU

72 | HCV-1136 | 1136 CCCCARAC CUGAUGAG X CGAA AGCAAGU ACUUGCU C GUUGGGG

20 13 HCV-1139l 1139 CCGCCCC CUGAUGAG X CGAA Aé.GAGCA UGCUCGU U GGGGCGG
74 { HCV-1153 | 1153 GGAACAG CUGAUGAG X CGAA AAGéGGC GCCGCUU U CUGUUCC

r_'7[5 HCV-1154 | 1154 CGGAACA CUGAﬁGAG X CGAA ABAGCGG CCGCUUU C UGUUCCG

76 | HCv-1158 | 1158 AUGGCGG CUGAUGAG X CGRA ACAGAAA UUUCUGU U CCGCCAU -

25 77 | BCV-1159 | 1159 CAUGGCG CUGAUGAG X CGAA AACAGAA UUCUGUU C CGCCAUG -
78 | HCV-1168 | 1168 CCCCACG CUGAUGAG X CGAA ACAUGGC GCCAUGU A CGUGGGG

79 | BCV-1189 | 1189 GAAAACG CUGAUGAG X CGRA AUCCGCA UGCGGAU C CGUUUUC

80 | HCV-1193 | 1193 CGAGGAA CUGAUGAG X CGAA ACGGAUC GAUCCGU U UUCCUCG

30 8l | HCV~1194 | 1194 : ACGAGGA CUéADGAG X CGAA AACGGAU AUCCGUU U UCCUCGU

82 | HCV-1195 | 1195 GACGAGG CUGAUGAG X CGRA AAACGGA UCCGUUU U CCUCGUC

83 | HCV-1196 | 1196 AGACGAG CUGAUGAG X CGAA AAAACGG CCGUUUU C CUCGUCU

84 | HCV-1280 | 1280 GACCUGA CUGAUGAG X CGAA ACAUGGC GCCAUGU A UCAGGUC

85 | HCV~1282 | 1282 BUGACCU CUGAUGAG X CGRA AUACAUG CAUGUAU C AGGUCAC

86 | HCV-1287 | 1287 AUGCGGU CUGAUGAG X CGAA ACCUGAU AUCAGGU C ACCGCAU

87 | HCV-1373 | 1373 UAUCCAC CUGAUGAG X CGAA ACAGCUU AAGCUGU C GUGGAUA




products with 2',3"-cyclic phosphate and 5 -OH ends. [err] 3 known
menbers of this class. Found in three plant pathogen (satellite RNAs of the
t obacco ringsPEOP?¥# s, arabis nosaic virus and chi€ory yel PET/USBREN.
virus) which uses RNA 5 as the infectious agent. [err] Essenti al
structural features largely defined [[err],[err],[err],[err]] [err]
Ligation activity (in addition to cl eavage activity) nmakes ribozyne

anenabl e to engineering through in vitro %el ection [[err]] [err]

Conpl ete kinetic framework established for one ribozyne [[err]]. 10

[err] (MNelf CNdmeTDP Nt Fal | O HanhwerhéadRibozgse OT | NpOT [ Swbstkas1 dues begun

[[err],[err]l]. HepatitjRBosDelta Virus (HDV) Ribozyrre[err] ~60
nucl eotides.. [efr] Trhns cleavage of target [[err]].
[err] Henffe] BSVARRD| 1p80 I1ip.

"Hairpin' cqtgy FARTIIbeY10PYE

CGCOAS! CUBAUSA ‘CGAl BT e
requi rgment for] substrpte RNA NucI ei c_ACi ds Res (1990) 18 2), 299- 304.
[err] CHo%r | ¥H148h preae Wscc%r@aémmi“rqﬁmmmqre(beUCBDB@GGGE@)hn M.
Novel ~guanosraerfges ‘fﬁ?’« me o RORcheT sk Bt ur e
(London) (1991)} 354(6B51 20-2. Jerr erga -Herranz r% dp;
Joseph, Si nds®n| aaghdes | ¥433 | Bherrerc dvisauGEE K odoaa AGESAARAC @qcc@mrdoequcdo n M.
Essential nuelepiide-spai [ he
hai rpin ri boz?rrel.wvg\%% Sﬂ? 1 : ¢ ) PR of (R 258 ceAp(r;L
Si npsonyp Ber[zad mﬁnamrmz T Reoaidse GUBADGAG KCGAASABHAGAAG | , CURRURE badcavceanpel  E. .
Substrate sdlecltion ru ar the hairnin rihaozvioe erm ned by injvitro
sel ection, nutaatiSmtizh chzgnaf"%ﬁmg FEAYH bV
(1993), 7(1)[ selpPReveiizl FI767 | AcOoEHT cOAhvehi KT Gaks ? IS BT FTipson;

Burke, John IM__I1ln vitto selection of active hai rpinlri bozvrres bv

sequential RN EEVAYY 3’0’36 e SHFARRS WARPCRT &-0CPHACHUEY Tt | SHSAACEETESUPRY
(1992), 6(1)[sstPicvotize [F736 ] ccucadcCalEAvGhE ROCGAR AAGUBGHYT | AYBHCOT@ atucacks et i cs
and Théﬁm)dynarr cs of |ntefmolecular Catalysis by Halrpin Ribozynes .
Bi-ocheni stry s(S’l 9‘58)1,74‘8 NY7AB) | CAPSELTCUSAIGAG équPA AGCGA@( WUCGsfaﬁeﬁGFGAPG Mer snmann,
Kari-n; Si nghoivpievtdst 1550 oaoieds \eioen - HaS— N
Essenti al Resllo?j Jﬂetg%ﬁ?t:le Hai r r In R aouzsmr'ré % qﬁ?t%gé forcc%%%lcy CI C 5 pavage
of RNA. Bi oqHéh Wryﬁf( [D'$5) , CRGEURXJUCAUGEG 8-CLBA AFDEKRY | AUCKSCHIA WCCeASabi ne;

Bei gel man, Liegario—#or Jms*y—-ﬂa@mﬂsx—ﬁﬁ«wﬁ 2eranseiEY 11k S
! G el
Gait, %chae.l :j . Basejand|sugar requirenents for RNA%Feavage orebsenti al

nucl eoST de r{ge3 Prmvsispé | 1896 £ GGUGCGU CUGAUGAG X CGAA AUGCCAG CUGGCAU U ACGCACC .

104 | HCV-1807 | 1807 | ' AGGUGCG CUGAUGAG X CGAA AAUGCCA UGGCAUU A CGCACCU

105 | HCV-1815 | 1815 CACUGCC CUGAUGAG X CGAA AGGUGCG CGCACCU C GGCAGUG -

106 | HCV-1827 | 1B27 GGUACGA CUGAUGAG X CGAA ACCACAC GUGUGGU A UCGUACC

25 107 | HCV-1829 | 1829 CAGGUAC CUGAUGAG X CGAA AUACCAC GUGGUAU C GUACCUG

‘108 | HCV-1832 | 1832 ACGCAGG CUGAUGAG X CGAA ACGAUAC GUAUCGU A CCUGCGU -

109 | HCV-1840 | 1840 CACCUGC CUGAUGAG X CGAA ACGCAGG CCUGCGU C GCAGGUG

110§ HCV-1854 | 1854 UACACUG CUGAUGAG X CGAA ACCACAC GUGUGGU C CAGUGUA

" 30 111} HCv-1883 | 1883 CCACUAC CUGAUGAG X CGAA ACAGGGC GCCCUGU U GUAGUGG

112§ HCV-1886 | 1886 UCCCCAC CUGAUGAG X CGAA ACAACAG COGUUGU A GUGGGGA

113 | HCV-1902 | 1902 CCGGACC CUGAUGAG X CGAA AUCGGUC GACCGAU C GGUCCGG

114 | HCV-1906 | 1906 GGCACCG CUGAUGAG X CGAA. ACCGAUC GAUCGGU C CGGUGCC

115 | HCV-1917 | 1917 UUAUACG CUGAUGAG X CGAA AGGGGCA UGCCCCU A CGUAUAA

116 | ACV-1921 | 1921 CCAGUUA CUGAUGAG X CGAA ACGUAGG "CCUACGU A UAACUGG

117 | HCV~-1923 | 1923 CCCCAGU CUGAUGAG X CGAA AUACGUA UACGUAU A ACUGGGG




| oop B of the hairpin ribozyne: inplications for secondary structure.
Nucl eic Acids Res. (1996), 24(4), 573- 81. [err] Perrotta, Anne T.;
Been, M chawb 9fssse’Cl eavage of ol i gori bonucl eoti des by a repdesswesegeri ved
fromthe hepatitis delta. virus RNA sequence. Biochem stry (1992), 31(1),

16-21. 46 [err] Bi nding sites and structural requirenents not fully
determned, although no sequences 5 of cleavage site are required. Fol ded
ri bozyme contains a pseudoknot structiwde [[err]]. [err] React i on

mechani sm attack by 2'-0H 5" to the sci SSI |l e bond to generate cl eavage

product s W - - jerr]
Only 2 kn P rf‘?ers hi s Cl ass. our? in humap HD\/s I rr] Circul ar

formof HDPV i|js acti .e and shows increased nucl easp stability [[efr]] [err]
Perrotta, GicV-19905E600 cudveac/x pealrdcienot | [ Aakeses tor vestusue | r equi r ed

for efficilent] self-_lcleay WWW (London)
(1991), 33BYHIENUETG PEAFT VUG FRRDE M | BEFTOTE T Aling T, Been,
M chael Dl izt atiiess st [ Hi6c08 ChaBaAeop SBTAGGRRT | Fooetosu s EAbaaye. Nucl ei ¢
Acids Res| (134993), 211(18) . 4253-8 47 Table Ll 2 5 [err]lmbl RNA

Synt hesi s G‘iﬂdl%"ﬂéﬁgé‘i@ TUGCACE EPRRPRAS| o AEAR ASGGHRE | h GOCCqRH | G Sayecan
Ti me*  Phogpharpisdis Bsbsr | cocorer Cochnane X CoMAmEToeE | | ccancas - dasestdeny !
Tetrazole| - 23.8 238 [err]lL 2.5 Aceti¢ Anhvdride_ 100 .
233 [err] T3] HV-S66 [NORE] IRPPOGFRICBRIGICCT CoAh ACGERGC | GGG AT L 5 sec

1%

. TCA . 02 v 172 d M caa AL ) 8 0
. HCV- Ul GAG : G CU C AC .
1.1 8 -1-?7-1_: _ 21%4 2072 [ 2072 . CAAGGU ‘ctJGAb ttsa?ﬁ!ns dudc ' NGCAEC c CUUGA

SeC
1251 HCV-2077 | 2077 | - GCAGGUC CUGAUGAG X CGAA AGGUGAG - CUCACCU U GACCUGC

176 | ACV-2121 | 2121 | UUUGUGU CUGADUGAG X CGAA AGUGGCC | GGCCACU U ACACARA
[TZ7Tacv-2122 [ 3122 | U000G0G COGADGAG X CGAR AAGUGGC | GOCAGUU A CACAARR

: s 178 | ACV-2137 | 2137 | UGGCCCC CUGAUGAG X CGRA RGCGACA | UGUGGCO C GGGGCCA |
| 125 Hcv-2145 | 2145 | AGGUGUU CUGAUGAS X CaRR ACCAUGG CCAUGGU U AACACCU
T30 [ HCv-2150 | 2150 | UAGGUGD COGAUGAS X CGAA AACCAUG | CAUGGUU A ACAGCUA

T3] HGv-3713 | 2215 | COUUARR COGADGAG X CGAA ADGGUAR | UUACCAD C UUDRAGG

. 157 | HCV-2271 | 2221 | ABCCUUA CUGAUGAG X CGAA AGAUGGU | ACGAUCU U UARGGUU
2 IT33|ECv-3761 2261 | CAGGACU CUGAUGAG X CGRR RGCCUG0 | BCAGGCU U AGUGCUG

T34 | HCv=3262 | 7267 | GCAGCAC CUGRUGAG X GGAR RAGCCUG | CAGGCUU A GUGGUGC | -

135 FCv-7255 | 2755 | AGG00aC CUGAUGAG X OGAA ACGCUCU | AGRGGGT U GGGACCD
136 [ECV-7320 | 2320 | GAGCUCC COGAUGAG X CGAR AUGUGUC | GACAGAU C GGAGCUC
25 137 | BCV-2327 2327 GCGGGCU CUGAUGAG X CGAR RGCUCCG | CGGAGCU C AGCCCGC
136 | icv-2347 | 2341 | UGUCG0G CUGADGAG X CGAR ACAGCAG | CUGCUGU C CACGACA
T35 | HOV-2417 | 2417 | UCUGAUG CUGAUGAG X CGAR AGGUGGA | UCCACCU C CAUCAGA
T40 | HOV-2421 | 2421 AGUUCT COGADGAG X OGAR AUGGAGG | CCUCCAD C AGARCAD
30 91| HCv=2429 | 2129 | CGUCGAC CUGADGAG X CGAR AUGUUCU | AGAACAU C GUGGACG

142 | HCV-2534 | 2534 AGGCACA CUGAUGAG X CGAA ACGCGCG CGCGCGU C UGUGCCU

143 | HCV-2585 | 2585 GGUUCUC CUGAUGAG X CGAA AGGGCGG CCGCCCU A GAGAACC

144 | BCV-2600 | 2600 CGUUGAG CUGAUGAG X CGAA ACCACCA UGGUGGU C CUCAACG

145 | HCV-2603 | 2603 CCGCGUU CUGAUGAG X CGAA AGGACCA UGGUCCU C AACGCGG

146 | HCV-2671 | 2671 CUUGAUG CUGAUGAG X CGAA ACCAGGC - GCCUGGU A CAUCAAG

147 | HCV-2675 | 2675 UGCCCUU CUGAUGAG X CGARA AUGUACC GGUACAU C AAGGGCA




Acetonitrile NA : 6.67 nmL NA 20 * Wi t
time does not include contact tine during delivery. 48 Table 111

R bozyne Sel &¥@P¥5#84Thar act erij stics Characteristigy i PCT/US99/09027
Nunmber 5 HCV Genonme Length 9436 kb All Hammer head

Cl eavage Sites * 1300 10 Conser ved

Regi on Hammer head 23 Cleavage Sites ** HCV Genotype 1lb was the
prototype strain 15 * %53 Based on sequence alignnents
from HCV genotype la, 1b, 1c, 2a, 2b, 2c 3a, 3b, 4a, 4c, 4f, 5a, and 6a

49 Table |V: : NG pozy s eadRibozpme CONsqr ved Subgradé1s 01] t he HCV
Genone Nane | P bstrate Ri bozyne Sequenge 5
HCV. 5- 50 QUACUGU IC UUCACCC : GUAG
HCV. 5- 67 148 /HAV3E2ER9 [26RINCRGAERCE CUCRUBRGISSER GEEEEIUAGEIREERA ACGCUUU
HCV. 5- 69 = O -_ CU .
HCV. 5- 92 . CAGC GCUGCAC CUGAUGA! UAGGCCGAA ACACUCA
HCV. 5- 230 b/ ST [S(LIGUACA CUGANGHICE/ACARCRARSATATA ((CBIUSCIA\CUCRESAE I\UGGCUC
HCV. 5- 136 > CCACUA
0 34 B e R e et
CUGAUGAGCCCHIE X Za3% 1 AUGE NS, c cuce PAGAAAG
CUGAUGAGGCCL N3 HOV 5183 UCIUCGA. UCCAAGA

2163 N\ _EAUGGCG CUGAUGAG X CGAA AAGCCCG CGGGCUU A CGCCAUG

CUGAUGAGGCCG’JP}d(ﬂﬂﬁA REENCRIESETE\FUBRIERG ¥ CEREIEETIU U ACRTEBER GO AiccAAG

155 | HCv-2878 | 2878 GUAUUGU CUGAUGAG X CGAA ACCACCA UGGUGGU U ACAAUAC -

1156 | HCV-2879 | 2879 AGUAUUG CUGAUGAG X CGAA AACCACC GGUGGUU A CAAUACU

157 | HCv-28BB4 | 2B84 GAUAAAG CUGAUGAG X CGAA AUUGUAA UUACAAU A CUQUAUC

172 { AECV-3138 | 3138 UGGACGU CUGRUGAG X CGAA AUGGCCU AGGCCAU ‘U ACGUCCA

173 ] BCv-313¢9 | 3139 UUGGACG CUGAUGAG

174 | HCV-3143 | 3143 CCADUUG CUGAUGAG X CGAA ACGUAAU AUUACGU C CARAUGG

A
U
CGAA ARUGGCC GGCCAUU A CGUOCAA
C
U

| 175 | HCV-3154 | 3154 CUUCAUG CUGAUGAG X CGAA AGGCCAU AUGGCCU U CAUGAAG

176 | HCV-3155 | 3155 GCUUCAU CUGAUGAG CGAA AAGGCCA UGGCCUU C AUGRAGC

X
X
X
15 158 | HCv-2887 | 2887 GGUGAUA CUGAUGAG X CGAA AGUAUUG CARUACU U UAUCACC :
159 | HCv-2888 | 2888 UGGUGAU CUGAUGAG X CGRA AAGUAUU AAUACUU U AUCACCA
160 | HCV-2910 | 2910 ACGCACA CUGAUGAG X CGAA AUGCGCC GGCGCAU U UGUGCGU
16l } HCv-2911 | 2911 CACGCAC CUGAUGAG X CGAA AAUGCGC GCGCAUU U GUGCGUG
162 | HCV-2924 | 2924 GAGGGGG CUGAUGAG X CGAA ACCCACA UGUGGEU C CCCCCUC
) 20 163 | HCV-2931 | 2931 ACAUUGA CUGAUGAG X CGAA AGGGGGG CCCCCCU C UCAAUGU
164 | BCv-2933 | 2933 GGACAUU CUGAUGAG X CGAR AGAGGGG ccccocu C© Z‘.\AUGUCC.
165 | BCv-2939 | 2939 CCCCCCG CUGAUGAG X CGAA ACAUUGA UCAAUGU C CGRGGGS .
166 | HCV-2958 | 2958 AGGAUGA CUGAUGAG X CGAA AGCAUCG CGAUGCU A UCAUCCU
25 167 | HCV-2960 | 2960 GGAGGAU CUGAUGAG X CGAA AUAGCAU AUGCUAU C AUCcUCC
168 | HCV-2963 | 2963 UGAGGAG CUGAUGAG X CGAA AUGAUAG CUAUCAU C cuccuca
169 | HCV-2966 | 2966 AUGUGAG CUGAUGAG X CGAA AGGAUGA UCAUCCU C CUCACAU
170 } HCV-2969 | 2969 CACAUGU .CUGAUGAG X CGAA AGGAGGA UCCUCCU C ACAUGUG
30 171 | HCv-3059 | 3059 UCGCAGU CUGAUGAG X CGAA AUGGCAG CUGCCAU A ACUGCGA -
X
X
X
X
X
X

177 | BCv-3209 | 3209 AAUCCUG CUGAUGAG X CGAA AGCGGGEG CCCCGCU A CAGGAUU




HCV. 5- 258 GQUUGEEU C GCGAAAG

CUUUCGC CUGAUGAGGCCGUUAGGCCGAA "ACCCAAC

HCV. 5- 270 AAGGCCU U GUGGUAC GUACCAC CUGAUGAGGCCGEUUAGGECCGAA AGGCCUU
15 WO 99/4483%. 5- 294 GEAUCCU U GCCGAGUG CACUCGICT/US99/09027
CUGAUGAGGCCAUUAGGCCGAA AGCACCC Hev. 5-313 GGGAGGEU C UCGUAGA UCUACEA -
CUGAUGAGGCCGUUAGGCCGAA ACCUCCC HCV. 5- 315 GAGGUCU C GUAGACC GGUCUAC
CUGAUGAGGCCGUUAGGCCGAA AGACCUC HCv. 5-318 GUCUCGAU A GACCGAUG CACGEUC
CUGAUGAGGCCGUUAGGCCGAA ACGAGAC Hev. G- X3 UAAACCU C AAAGAAA UUUCUUU
CUGAUGAGGCCGUUAGGCCGAA AGGUUUA 20 HCV. C-48 CAAACGU A ACACCAA '
UUC{lJGJ - AL m :"i'l"'ﬁ“hjr'-V- CA
UGUGGGEC (L GAGCCGCEU C A CCU
AGGUUGU U GUAAGEAU C A UA
UAUCGAU  CURe Gt ] ACAGGAU U GGGRIOW. ; 118
UUUUUUU U UV UL 13-145
GGUGGCU C |EAAgTR?33 {3-149
GCUCGAU C 'Q%wzqz FGHEV | 3- 151
UCCAUCU U JAGOCCUA AA_A ICGA 13- 152
CCAUCUU A |@BXCH9¥3263 me&ﬁ@%&é& AAPKRERUGE' Y. 3- 158
UAGCCCU A 655 56 [ 32 R ITONE TS AT 13- 161
CCCUAGU C JACHECUA UAGCQGU .CUGAUGAGGCCGJUA 5 ACUAGGEG 30 HCV. 3- 168
CACGGCU A i@ex 268 | 32pf0JACRNCESAC | JTRRIGEECECEAA RIACTAC CHARPCRPSBCETISURRSY | 3- 181
GAAA C a0 3250 P At o e e O P oo 30 Table V:
HCV nmmerfhea ozlynme And ar get Sequence No. lane N . '
‘Harmmer head 165 pittayazes | 3293 | CCCAGGU. CUGAUGARLID SEAPQRUSAYSGS | AGAUCHUCY/ACCPGGE 7
UAUGGEUG a@g" TR : WWW 114
- GaUCCUG CUARUEAS R* 0 colcopis GGACC T .
' 187 | BOV-3332 | 3332 | GUCCCAA CUGAUGAG X CGAA AUGAUGU .| ACAUCAU C UUGGGAC
'1.5 R 188 | HCV-3334 '3_334 . CAGUCCC CUGAUGAG X. CGAA AGAUGAU . AUCAUCU U GGGACUG
: 189 | HCV-3347 | 3347 ‘GGGCGGA CUGAUGAG X CGAA ACGGGCA | UGCCCGU C UCCGCCé
] ISQ HCV-3349 | 3349 ,U_CGGGCG CUGAUGAG X CGAA AGACGGG CCCGUCU C CGCCCGA
T191 [ HCV-3371 | 3371 | CCAGARG CUGAUGAG X CGAA AUCUCCC | GGGAGAU A CUUCUGG
1192 | Hecv-3416 | 3416 GGGCARG CUGAUGAGX CGRA AGUCGCC GGCGACU C CUUGCCC
20 193 | HOV—3410 | 3410 | UGGGGGC CUGAUGAG. X CGAA AGGAGUC - GACUCCU U GOCCOCR
194_ HCV-3428 | 3428 - AGGCCGU CUGAUGAG X CGAA AUGGGGG | CCCCCARU C ACGGCCU
195 | HOV—3482 | 3462 | .GGCCUGU CUGAUGAG X CGAA AGGCUAG | CUAGCCU C ACAGGCC
166 | HOV-3518 | 3518 | .CCACUUG CUGAUGAG X CGRA ACCUCCC || GGGAGGU U CAAGUGG
25 197 | HCV-3519 | 3519 | ACCACUU CUGAUGAG X CGAA AACCUCC GGAGGUU C AAGUGGU
198 | HCV-3527 | 3527 | CGGUGGA CUGAUGAG X CGAA ACCACUU AAGUGGU U UCCACCG
1199 | BCV-3528 | 3528 ‘GCGGUGG. CUGAUGAG X CGAA AACCACU - AGUGGUU U CCACCGC
200 | HCV-3529 | 3520 | UGCGGUG CUGAUGAG X CGAA ARACCAC GUGGUUU C CACCGCA
30 201 | HCV-3576 | 3576 ACGGUCC CUGAUGAG X CGAA ACACACA UGUGUGU U GGACCGU
202 | HCV-3601 | 3601 | GGUCUUU CUGAUGAG X CGAR AGCCGGC GCCGGCU C AAAGACC
203 | HCV-3611 | 3611 | GGCCGGC CUGAUGAG X CGAA AGGGUCU | AGACCCU A GCCGGCC
204 | BCV-3684 | 3684 | GCCCCGG CUGAUGAG X CGAR AGGCGCA | UGCGCCU C CCGGGGC
205 | HCV-3696 | 3696 | GUARGGG CUGAUGAG X CGAA ACGCGCC GGCGCGU U CCCUUAC
206 | HCV-3697 | 3697 UGUAAGG CUGAUGAG X CGAR ARCGCGC GCGCGUU C CCUUACA
207 | BCV-3701 | 3701 AUGGUGU CUGAUGAG X CGAA AGGGAAC GUUCCCU U ACACCAU




5 HCV-165 199 995¥ECEUG CUGAUGAG X CGAA ACUCACC:

3 .HCOV-128 128
HCV- 148 148
HCV-175 175
HCV- 199 199
HCV- 213 213
HCV- 252 252
HCV- 260 260
HCV- 265 265
HCV- 270 270
HCV- 288 288
HCV- 298 298
HCV- 306 306
HCV- 325, 325
HCV- 327 327
18 HCV- 330
HCV- 407 407
HOV- 412 412
HCV- 413 413
22 HCV- 426
HCV- 472y 472
HCV- 489 48
HCV- 498 498
HCV- 499 499
HCV-508 50
No. Name
Pos.

15

20

25

30

UCCUGEC CUGAUGAG X CGAA AUUCCGG
UUGAUCC CUGAUGAG X CGAA AGAAAGG
AGGCAUU CUGAUGAG X CGAA AGCGEEU

UAGUGGU C UGCGGAA 10

CUCCCGG CUGRAUGAG X CGAA AGEEEGEG CCCCCCU C CCGEGAG 4
UUCCGCA CUGAUGAG X CGAA ACCACUA

- GAUGAGPCEUSSOIBoEZA 6

CCGGAAU U GCCAGGA
CCUUUCU U GGAUCAA
ACCCGCU C AAUGCCU

7
8
9

ACUCGGC CUGAUGAG X CGAA AGZAGUC GACUGCU A GCCGA®U 10
CCAACAC CUGAUGAG X CGAA ACuUCGEEC GCCGAGU A GUAUUGG 11
No! (REAUGAG Halhierh e COPGUGTS 12
UUCGC | @6 AUGAG X CGAA A C aJ 13
CAGGCAG | CUGAUGAG X_CGAA ACCACAA U 20 14
208 ABLYASTOZ | CTRAAUCRVSSYE CUGARCAR | R_REBE(DAG 15
m
209"’@% ! Ul CUAC . 16
WCUA CURAUGAG _ 17
210 GEDICBIAT | CUGA UGS CisArcrAGACBAIAcGUCCGA( ¥ ~125
23 %%me 19
N - GA AGGU N
GERA CIARFRETA GBS R W AEK | 20
212 HaCRs | GLESAUGHEACER ChaARCARGILICERA(AUAGAGEULAERDChAD G bddotAc |21
CCCCCEGICHGALIGAG X CGAA_AACLILGA LUCAAGUU C ccaaacal 30
734 TV-AEASHI |CITEAGE EVCRIAE XN CRBAKERR] erFEACGU 23
P E AT T 24
GUCUUCE C 25
215( 26
216 _ =127
B | AGRUUGE CUG CAACO) 51
\EL7 | HCV-3797 | 3797 | |GSPRERG GRSRBIGAR] ) CORAASGCUCC GGAGCCU A c®geect jat e :
218 | HCV-3802 | 3802 UCUGGGG CUGAUGAG X CGAA ACAGUAG. CUACUGU C CCCCAGA
219 | HCV-3835 | 3835 GCCACCC_ CUGAUGAG X CGAA AAGAGCC GGCUCUU C GGGUGGC
226- HCV-3851 | 3851 ARGGGCA CUGAUGAG X CGAA AGCAGUG CACUGCU C UGCccuu
221 | HCV~-3858 | 3858 UGCCCCG CUGAUGAG X CGBA AGGGCAG CUGCCCU U CGGGGCA -
222 | HCV-3859 | 3859 GUGCCCC CUGAUGAG X CGAA BAAGGGCA UGCCCUU C GGGGCAC
223 | HCV-3872 | 3B72 AGAUGCC CUGAUGAG X CGAA ACAGCGU ACGCUGU A GGCAUCU
224 | HCV-3878 | 3878 CCCGGRA CUGAUGAG X CGAA AUGCCUA UAGGCAU C UUCCGGG
225 | HCV-3880 | 3880 AGCCCGG CUGAUGAG X CGAA AGAUGCC GGCAUCU U CCGGGCU
226 | HCV-3881 | 3881 CAGCCCG CUGAUGAG X CGAA AAGAUGC GCAUCUU C CGGGCUG
227 | HCV-3908 | 3908 CCUUCGC CUGAUGAG X CGAA ACCCCCC GGGGGGU U GCGAAGG
228 | HCv-4056 | 4056 GGCACUU CUGAUGAG X CGAA AGUGCUC GAGCACU A AAGUGCC
229 | HCV-4072 | 4072 GGCUGCG CUGAUGAG X CGAA ACGCAGC GCUGCGU A CGCAGCC
230 ] HCV-4087 | 4087 UACCUUG CUGAUGAG X CGAA ACCCUUG CAAGGGU A CAAGGUA
231 | HCV-4115 | 4115 UGGCGGC CUGAUGAG X CGAA ACAGAUG CAUCUGU U GCCGCCA
232 | HCV-4175 | 4175 CAGUUCU. CUGAUGAG X CGAA AUGUUGG CCAACAU C AGAACUG
233 | HCV-4187 | 4187 UGGUCCU CUGAUGAG X CGAA ACCCCAG CUGGGGU A AGGACCA
234 | HCV-4228 } 4228 CUUACCA CUGAUGAG X CGAA AGGUGGA UCCACCU A UGGUAAG
235 | HCV~4233 | 4233 AGGAARCU CUGRAUGAG X CGAA ACCAUAG CUAUGGU A AGUUCCU
236 | BCV-4237 | 4237 GGCAAGG CUGAUGAG X CGAA ACUUACC GGUAAGU U CCUUGCC
237 | HCV~4238 | 4238 CGGCRAG CUGAUGAG X CGAA AACUUAC GUAAGUU C CUUGCCG




UGAGACU A CAGUCAG

28 HCV-534 534 UUGGGGA CUGAUGAG X CGAA AGGUUGU ACAACCU A UCCCCAA 29
HCV-536 536 CCUUGGEG CUGAUGAG X CGAA AUAGGUU  AACCUAU C CCCAAGG 5
30 HCV-546Gvoodmstgy GGOUCGEC CUGAUGAG X CGAA AGCCUUG CAGTRISth/§90s3CCGACC 31
HCV-561 561  CAGGCCC CUGAUGAG X CGAA ACCCUCG CGAGGEGU A GGGCCUG 32
HCV-573 573  CCAGGCU CUGAUGAG X CGAA AGCCCAG CUGGGCU C AGCCUGG 33
HCV-583 583  CCAAGGG CUGAUGAG X CGAA ACCCAGG CCUGGGU A CCCUUGG 10
34 HCV-588 588 AGGGGCC CUGAUGAG XS8CGAA AGGGUAC GUACCCU U GBCOCCU 35
HOV-596 596  UGCCAUA CUGAUGAG X OGAA AGGGGCC GGCCCCU C UAUGGCA 36
HCV- 598 ﬁ% NS A PAAU 37
HCV- 632 GAUGGCU C CUGWICAC 38
HCV-637  1637] GCGH CUCCUGU C ACCPCGC 15 39
"HCV- 649 %8s 5ckdii] CU 40
HCV- 657 57 CCCC 41
HCV- 660  |68d] *VEEY NOCC 42
HCV- 896  [G9®|acviddes UAA 20
43 Hov-7Q7__07 U GGLLC AUCGAUA 44
HCV- 710 [24D| Boved@s pd3e? :tﬁ&ffeﬁé"%“&%\ Cﬂﬁcﬁéﬁiﬁc FAREAT TR UACCe 45
HCV-714 151w = ] e ST A gD e T L AC 46
HOV-730 7130 | " TGS, CLUCAUGAG X CGAA AGCCGCA \UGCGECU U OGCCBAC 25
47 HCV- 73243 7%'437833@33@@3@6\[9@?@3% EEERR MOEMISC( SCCUEEREIRIVEE GeccACC 48
. HCOV-748 7 =y A : 49
Hov 785 7?% ! 0
HCV- 753  7|535 | BACKEAEI X326 | J(POURG CRGADGRTAX AARIAINUEGE | GEReRARYLS GV@eea JGGU 30
51 ) HC\/_? %- ‘r'\ AV4 r‘.f‘l\l\ Ve o/ a'at W, e I!lf‘f‘f"f'\ll &Cq 52
HCV- 761 49 Eo® _ el e eadoce 53
CHCV- 773 . [BaB| Boveiset (%60 CAAMO0LIC | CRUBERICE) CACUORIGGCG 54
“HCV- 806 : _ACACCAL S4UUC 55
HCV- 852 g2 nru i GG 56
HCV- 813 . 8[izds T IGA B GA 57
o832 | e cloaiss Con agcie GG ceeedca
; : M 250 | HCV-4496 | 4496 CCCCCUU - CUGAUGAG X C CU . (o]
251 | BCV-4528 ) 4528 CUUCUUG CUGAUGAG X CGRAA AGUGGCA | UGCCACU C CADGAAG-
o - . 1252 | HCV-4577 | 4577 _:CGG{:AUU_-CUGAUGAG' X CGAA AUUCCGA. . UCGGARU C AANGCCG
-20 - .- 253 ] HCV-4586 | 4586 "AAUACGC CUGAUGAG X CCAA ACGGCAU AUGCCGU A GCGUAUU
254 | HCV-4591 | 4591 CCG_GUAA CUGAUGAG X CGAA ACGCUAC - | GUAGCGU A UﬁACCGG
255 | HCV-4593 | 4593 CCCCGGU .CUGAUGAG X CGAA AUACGCU _ .AGCGUAU U ACCGGGG
256 | HCV~-4594 | 4594 ACCCCGG CUGAUGAG X CGAA AAUACGC GCGUAUD A CCGGGGU
25 1257 | HCv-4616 | 4616 | UCGGUAU CUGAUGAG X CGAA ACGGACA UGUCCGU C AUACCGA
258 | HCV-4619 | 4619 UAGUCGG CUGAUGAG X CGAA AUGACGG CCGUCAU A CCGACUA
259 | HCV~-46261 4626 UCUCCGC -CUGAUGAG X -CGAA AGUCGGU ACCGACU A GCGGAGA
1260 | HCV-4672 | 4672 . ACCGGUG .CUGAUGAG X CGAA AGCCCGU ACGGGCU A CACCGGU
30 261 | HCV-4697 | 4697 UGCAGUC CUGAUGAG X CGAA AUCACCG . CGGUGAU C GACUGCA
262 | HCV-4789 | 4789 UGAGCGC CUGAUGAG X CGAA ACACCGC GCGBUGU C GCGCUCA
263 | HCV-4795 | 4795 CCGUUGU CUGAUGAG X CGAA AGCGCGA UCGCGCU C ACAACGG
264 | HCV-4920 | 4920 UCRAUACC CUGAUGAG X CGAA AGCACAG COGUGCU U GGUAUGA
265 | HCV-4924 | 4924 GAGCUCA CUGAUGAG X CGAA ACCARAGC GCUUGGU A UGAGCUC
266 | HCV-4931 { 4931 CG_GGCGU CUGAUGAG X CGAA AGCUCAU AUGAGCU C ACGCCCG
267 | HCV=-4947 | 4947 CUGACUG CUGAUGAG X CGAA AGUCUCA



52 No. Nane Nt . ' Hanmer head Ri bozyne Subst rate
Pos. 58 HCV.847 847  ACOGGGC CUGAUGAG X CGAA AGUUCCC GGGAACU
GCCCGaU 59 WEEYHT 855 9 AAAGAGC CUGAUGAG X CGAA ACCGGGCPCT’U%HwEbJ U
GCUCUWU 5 60 HCV-859 859 AGAGAAA CUGAUGAG X CGAA AGCAACC
GGUUGCU C UUUCUCU 61 HCV-982  982° UGCCUCA CUGAUGAG X CGAA ACACAAU
AUUGUGU A UGAGGCA 62 HCV-1001 1001 UGCAU CUGAUGAG X CGAA AUCAUGC
GCAUGAU C AUGCAUA 63 HCV-1022 1022 GGG CUGAUGAG X CGAA ACGCACC
GGUGCAU A CCCUGCG 10 64 HCV-1031 1031  UCUCCCG CUGAUGAG X CGAA
ACGCAGG U ISUSRUGAG | X CGAA
AACGCAG ACAACGG CUGAUGAG |X CGAA
AGGCGUU X CGAA
ACGGGAG PURBESU ORI G Ix caaa
ACAACGG EBCREITE GEIRFITFAG X
CGAA ACCCAAL ¥ GCAAQIC CUGAUGAG X
CGAA ACGUGHE70 b CCERIEENAPEUBRMGAUGAG X
AGUCGAG 7 = _ G X
AGCAAGL CCGCCCC CUGAUGAG X
ACGAGCR272 | BeY=4Iediyo 4 mcmmﬂqwcwwmf%w; ccvmcm[we X
AA CIEIIE 5 e S Anaac S canh At ccube U Coattd UGAG X .
AAAGCGH CCGCUUU” C JUGUUCCG 76 HCV—1158 1158 A UGAG X
AAGAAR2 JEUGES Y [CRCORG0R) COGUGAG X ceA‘A7ACGW 1@&@1@@5&@'
CUGAUGAG X JJCLICULLCOCOCALG. 7 cG
CUGAUGAG X oo SN Mot ccce A)’SGUC—IO - v vu CG
CUGAUGAG X mm AHOAGGEICY- AXDEEU AL EBRBIACC GGAA
CUGAUGAG X GALICCGUL L LUUCCIUCG. 30 81 _HOV-11941 1194
ACGAGGA CEERYSC RIS REEBEG E2HYRA/CPPEE [1195
GACGAGG CUG| GCVE 1337 A1 T3 AdGhEECU CUGAUSAGICEAR Aactduei | Cataadu ey adccdes . |1196
AGACGAE cuG S X _ccAA adancen CCalUUUU ¢ cucaual
279 _HCV-5218 5218 UAGCCUA CUGAUGAG X CGAA ACAGCAG CUGCUGU A UAGGCUA
280 { HCV~-5220 | 5220 CCUAGCC CUGAUGAG X CGaAa AUACAGC GCUGUAU A GGCUAGG -
281 | HCV-5306 | 5306 UAGUGAC CUGAUGAG X CGAA ACCUcCCa UGGAGGU C GQCACU_A
282 | HCV-5309 | 5309 UGCUAGU CUGAUGAG X CGAA ACGACCU AGGUCGU C ACUAGCA:
20 283 | HCVv-5313 | 5313 CAGGUGC CUGAUGAG X CGAA AGUGACG CGUCACU A GCACCUG
284 | HCV-5330 | 5330 CUCCGCC CUGAUGA_G X CGAA ACCAGCA UGCUGGU A GGCGGAG
285 ) HCV~5339 | 5339 CUGCAAG CUGAUGAG X CGAA ACUCCGC GCGGAGU C CUUGCAG .
286 | -HCV-5342 | 5342 GAGCUGC CUGAUGAG X CGAA AGGACUC GAGUCCU U GCAGCUC
25 287 | HCV~5359 | 5359 CAGGCAA CUGAUGAG X CGAA AUGCGGC GCCGCAU A UUGCCUG
288 | HCV-5361 | 5361 GUCAGGC CUGAUGAG X CGAA AUVAUGCG CGCAUAU U GCCUGAC
289 | HCV-5376 | 5376 ACCACAC CUGAUGAG X CGAA ACCGGUU AACCGGU A GUGUGGU
290 ) HCV~5399 | 5399 ACAAAAU CUGAUGAG X CGAA AUCCUAC GUAGGAU C AUUUUGU
30 291 H_CV-5423 5423 CGGGAAC C!_JGAUGAG X CGAA ACAGCCG CGGCUGU U GUUCCCG
292 | HCV-5426 | 5426 UGUCGGGE CUGAUGAG X CGAA ACAACAG CUGUUGU U CCCBACA
293 | HCV=-5427 | 5427 CUGUCGG CUGAUGAG X CGAA AACAACA UGUUGUU C CCGACAG
294 | HCV-5524 | 5524 CUGCUUG CUGAUGAG X CGAA ACUGCUC GAGCAGU U CAAGCAG
295 | HCV~-5525 | 5525 UCUGCUU CUGAUGAG X CGAA AACUGCU AG_CAGUU C AAGCAGA
296 | HCV-5583 { 5583 ACCACGG CUGAUGAG X CGAA AGCAGCG CGCUGCU C CCGUGGU
297 | HCV-5596 | 5596 CCACCUG CUGAUGAG X CGAA AcCUCCAC GUGGAGU C CAGGUGG
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Pos. 88
UGGEUGGEC
CUAGCGG
GCEEECC
GCCUACU
CUAUUCC
UUCCAUG
- CUACUAU
UACUAUU
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25
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Nane
HCV- 1380 1380

89 HCV-1406 1406
90 HCV-1409 1409

HCv- 1280 1280
HCV- 1282 1282
HCV- 128Wo %3847
HCVv- 1373 1373

Nt .

GACCUGA CUGAUGAG X CGAA ACAUGCC
GUGACCU CUGAUGAG X CGAA AUACAUG
AUGCGEU CUGAUGAG X CGAA ACCUGAU

UAUCCAC CUGAUGAG X CGAA ACAGCWU

Hamer head R bozyne
GCCACCA CUGAUGAG X CGAA

GCCAUGU A UCAGGEUC .
CAUGUAU C AGGEUCAC

Ab@ﬁr@ﬁdm?ozACCGCAU
C GUGGAUA
Substrate
AUCCACG CGUGRAU A

CCGCUAG CUSAUGAG X CGAA AcCucCccC GCEGAQ C

GGCCCGCCUGAUGAGXCGAAAGGACUC GAGUCCU A

9 1 ’]_II 1.0 14 ’]8
: N 0 N N jen VY
of Mo N3 Nesbs ECH
93 HCV-1426] 142b CAUGGAA CUGAUGAG X CGAA AGUAGEC GPCUACU A
10 ze8 | rov-547R - 1xBaecuc lebeatcac KA\ CERALRGGE UE#SCeoy wUersacaUACUAG
U (] 9R! /- 1429 1429 CACCALIG |
c |ERUEs Yy 56?1@ ??‘ff‘s c]]gpg?m XW&M
C PESAEZ 621 seEE Gedes 7 G ek
U [CCQUCAG 98 \/- 1736 1736 CCUGAGC
C |G ¥ E6Y 55?-(1\/—"_{37%“@%@5 E&W‘@@Gﬁ
Cﬁ% S S T3 G SEIGA Rt~y :
C JACAQUAUA 1011 HC\/- 1762 1762 CUCGGUA CUGAUGAG X CGAA AGGUGAU
A |CROERG 7057 PRV - PPYHE CPPYBAC X m@m;ﬁ\w@)@ CRRASAUCAAGGCCU
A Egg% % IBW L 1008 1004 bA = AN U/—\UGCCAG
{ =HE = _
U |G ol cwﬁ%“’?" “f‘é%’?m X%%G&“m R AAUGCCA
A [GEIACCHEsd0F5s '
~ [
: 05| 58
A . .
3 K S8R CEHAC . . :
‘ ALICGE A COECE:109 . HEV-1840 - 1840 1 CACCIUCE G X CGAA
36 WA C S&ZAFI&%CACG CUGADGAG X CGAR AGGCCGA | UCGGCCU O GGUGGEC _
309 | HCV-5828 | 5628 | CGCCCAC CUGAUGAG x CGAA ARGGCCG | CGGCCUU C GUGGECE
| 310 [ HCV-5843 | 5843 | CACCGGC CUGAUG_A_G X CGAR ADGCCGE | cccecAp U ecceaue
‘311 [ HCV-5658 | 5858 UGCﬁGCC chAUéAG X CGAR AUGGCCG | CGGCCAU U GGCAGCA
312 | HOV-5867 | 5867 CAAGGCC CUGAUGAG X CGAA AUGCUGC GCAGCAD A GGCCUUG |
313 | HOV-5873 | 5873 -=ccuuccc CUGAUGAG x CGAA BGGCCUR | DAGGCCU U GGGARGG
314 | ACV-5905 | 5905 | CGCUCCA CUGAUGAG X CGAR AGCOCGC . | GCGGGCU A UGGAGCS
315 | HCV-5030 | 5930 | ARGCCAC cusn_;is;;s X CGAR AGUGCAC | GUGCACU C GUGGCUU
316 | HCV-5037 | 5937. “ACCUUAA CUGAUGAG X 'CGAA AGCCACG | CGUGGCU U UUAAGGU
317 | HGV-5038 | 5938 GACCUUA CUGAUGAG X CGAR AAGCCAC 1 G0GGCUD U UAAGGUC
318 | HCV-5930 | 5939 [ _=UGACCUU CUGAUGAG X canR AAAGCCA "UGGCUUU U ARGGUCA
319 | HCV-5540 | 5940 -AusAccu CUGAUGAG X CGAR ARARGCC | GGCUUUU A AGGUCAD
320 | BCV-5945 [ 5945 ,cscuczm CUGAUGAG X CGAA ACCOUAA | UURRGGU C AUGAGCG
321 [ HOV-5985 [ 5985 | CUCGGCG CUGANGAG X CGAA AGGECGC | GOGCGCD C CGOCGAG
322 | HCV-5981 | 5981 GCAAGUU CUGAUGAG X CGAA ACCAGGU | ACCUGGD § ARCOUGC
323 | HCV-5982 | 5982 'AGCAAGU CUGAUGAG X CGAA AACCAGG | CCUGGUU A ACUUGCU
324 | HCV-5950 [ 5950 | UGGCAGG CUGAUGAG X CGAA AGCAAGU | ACUDECU C CCUGCCA
325 | BCV-6004 | 6004 'GCCGGGG CUGAUGAG X CGAR AGAGGAD | AUCGUCD C CCCCGGC
326 | HCV-6020 | 6020 | - CCCCGAC cuqauc_;l_;g X CGAR ACGAGEG | COCUGGT C GUCeese
327 | BGV-6023 | 6023 | CGACCCC CUGAUGAG X CGAR ACGACCA | UGGUCGU C GGGaUCE



110 HCV- 1854 1854

UACACUG CUGAUGAG X CGAA ACCACAC

QUGAUGEU C CAGUGUA

- 30 111 HCV-1883 1883 CCACUAC CURAUGAG X CGAA ACAGGEC GCCCu@U U
- GQUAGUGG 112 PWYS%$8% 1886 UCCCCAC CUGAUGAG X CGAA ACAACAGPCT/USOOMEU A
GUGGGEGEA 113 HCV-1902 1902 9 GACCGAU C
GEUCCGG 114 HCV-1906 1906 ' . GAUCGCEU C
CGEUGCC 115 HCV-1917 1917 UUAUACG CUGAUGAG X CGAA AGGCGCECA UGCCCCU A
CGQUAUAA 116 HCV-1921 1921 CCAGUUA CUCﬂUGAG X CGAA ACGUAGG CCUACGEU A
UAACUGG 117 HCV-1923 1923 CCCCAGQU CUGAUGAG X CGAA AUACGUA UACGUAU A
ACUGEEG P NIYO NamdENE. TN Hammerhead a OZ Substrate B
Substrate Pg¢s. [118 HCU-ER9 1990 ACAGCCA CUGAUGAG X CGAA ACCAGUL1
AACUGGU U UEGECUGEU 119 HCV-11991 1991 UACAGCC CUGA G X _CGAA AA GJ
ACUGGUU U. G(RRIHEV-5029 | 6025 [] XERCARAY CYERUEAG] X) GBAR A‘?SHG%A__ AA
ACACI:CA Uc"':(llr‘ll CAler‘Aruflf)fl IR a.Vi qn_fl';) laYaVW. Ea) E b 4 CGA\A
: z /B0 “GACECAG | €AC X 6
AGGGoCC 65 ?éh‘chCAA T55° V- 2054 X CGAA
AUGUUGE (FF TG IFE Cote CGAA
ACCCCCC W UGAUGAG
X CGAA AGEU GAUGAG X
CGAA AGGUGAG332 | BcW AT E10) [AC3GRACL COGAUGAG Y -CEln’ AACSAUAT | ubSdelBUCIEcadaAUGAG X - -
CGAA AGUGECE GaCcaAQ) U 127 HCO\2122 2122 LULILIGLIG CLIGALIGAG X
CGAA AAGUGG(333 | HEECABULS AL [CARSRARA YRR SARPBNE7 | STREECEC R YGAG X
CGAA A%AOZ 331 | HORAR TN 510s OH006dal cltrutra % Idonk Auctseus 14 Accecalsaoefin OGAUGAG X
CGAA Al b CCAUGCAU U AACACCU 130 HCVY-2 150 2150 UAGCEUAEJ CUGAUGAG X
CGAA AACCAUG335 | HOAtSTA ) $5A1 NCIQUESHA CPSRPCARCY/-CoaM 8CUNOaEY | CEPAREINARVEBERAUGAG X
CGAA AUGGUAF33e TS sk P AN AR AUNBOTEL AR TerEckadtntaGAG X
CGAA AGA ) ACCAUCU U DAAGGEUU 20 133 HCV-2261 2261 CACCACU
CUGAUGAG X (GCA¥ HREEEIXd $577 AMW@UW ARBCIC\I- 226200 8 FAGCECEJAGCAC
CUGA‘UG?‘? X C%ﬁ—&% 6637 T MU‘CGAA AGUCCCC GGGGACU U CCACUAC ' '
: 339 | HCV-6638 | 6638 CGUAGUG CUGAUGAG X CGAA AAGUCCC GGGACUU C CACUACG
340 | BCV~-6643 | 6643 CGUCACG CUGAUGAG X CGAA AGUGGAA UUCCACU A CGUGACG
341 | HCV-6671 |} 6671 GGCAUUU CUGAUGAG X CGAA ACGUUGU ACBACGU A AAAUGCC
342 | BHCV-6703 | €703. GGUGAAG CUGAUGAG X CGAA AUUCGGG CCCGAAU U CUUCACC-
20 343 | BCV-6704 | €704 CGGUGAA CUGAUGAG X CGAA AAUUCGG CCGAAUU C UUCACCG
344 | BCV-6706 | 6706 UUCGGUG CUGRUGAG X CGAR AGAAUUC GAAUUCU U CACCGAA
345 | HCV-6107 | 6707 | AUUCGGU CUGAUGAG X CGAR AAGRAUU AAUUCOU C ACCGAAU
346 | HCV-~-6715 | 6715 CCCGUCC CUGRUGAG X CGAA AUUCGGU ACCGAAU U GGACGGG -
25 347 | HCV-6730 | 6730 CCUGUGC CUGAUGAG X CGAA ACCGCAC GUGCGGU U GCACAGG
348 | HCv-6739 | 6739 CGGAGCG CUGAUGAG X CGAA ACCUGUG CACAGGU A CGCUCCG
349 | BRCV-6744 _6-'-144 CACGCCG CUGAUGAG X CGAA AGCGUAC GURACGCU C CGGCGUG
350 { HCV-6759 | 6759 | . CGUAGGA CUGAUGAG X CGAA AGGUCUG CAGACCU C UCCUACG
30 351 | HCVv-6761 | 6761 CCCGUAG CUGAUGAG X CGAA AGAGGUC - GACCUCU C CUACGGG
352 | HCV-6764 | 6764 CCUCCCG CUGAUGAG X CGAR AGGAGAG CUCUCCU A CGGGAGG
3531 HCV-6776 | 6776 GGAAUGU CUGAUGAG X CGAA ACAUCCU AGGAUGU C ACAUUCC
354 | HCV-6782 | 6782 CGACCUG CUGAUGAG X CGAA AAUGUGA UCcacaul C CAGGUCG
355 | HCV-6788 | 6788 UGAGCCC CUGAUGAG X CGAA ACCUGGA UCCAGGU C GGGCUCA
356 ] HCV-6794 | 6794 AUUGGUU CUGAUGAG X CGAA AGCCCGA UCGGGCU C AACCAAD
357 | HCV-6802 | 6802 AACCAGG CUGAUGAG X CGAA AUUGGUU AACCAAU A CCUGGUU




135 HCV- 2295 2295 AGGUCGC CUGAUGAG X CGAA ACGCUCU AGAGCAU U GCGACCU
136 HCV-2320 2320 GAGCUCC CUGAUGAG X CGAA AuCu@uC GACAGAU C GGAGCUC 25
137 HCV- 290925837 GCEEECU CUGAUGAG X CGAA AGCUCCG 2EXAOSIoIdode7 AGCCCGC
138 HCV-2344 2344 UGUCAUG CUGAUGAG X CGAA ACAGCAG CUGCUGU C CACGACA
139 HCV-2417 2417 UCUGAUG CUGAUGAG X CGAA AGGUGEA UCCACCU C CAUCAGA
140 HCV- 2421 2421 AUGUUCU CUGAUGAG X CGAA AUGGAGG CCUCCAU C AGAACAU 30
141 HCV- 2429 2429 CGUCCAC CUGAUGAG2X CGAA AuGuucu AGAACAU C GUGGACG
142 HCV-2534 2534 AGGCACA CUGAUGAG X CGAA ACGCGCG CGCGCEU C UGUGCCU
143 HCV-W HHCHEHEUGAUG R AR —ACEEEE5 S A GAGAACC
144 HOV-{Z8bh 2B8Y Piguume REPSPERKRBRRL, . ohoca S BREIGCU | C CUCAACS
145 HCV-|260B 2603 SCAUU CUGAUGAG X CGAA AGGACCA UGGJCCU C AACGCCGG
146 HCV-[3be/[lecHEs8do | 68 RECE TOBNICRSUK  SeAa Ineacel LARGCUGey vetiocaoUJ |A CAUCAAG
147 HCV-12676 2675 | UGCCCUU CUGAUGAG X CGAA _ALIGHACK CAIACALLLC AAGGGCA
55 No. [NAHHCY-68}f | 6814 | GAGCUGU CUERYRRG ¥ &P ﬁcfﬁﬁ‘fy pGUUGEEU C ACAGCUC 1+ gpstrate
Pos. 14936 icetesor D CeChUE OO ATEAC IO B Y R e cTe e AV CHR D E_EcanecaJpCUGEU -C
CCUGGGG |149] HCV-27D4 _R704. AGAGCA OA-A- X1CCGAA AUGCC GCGGCAU A
UGCUCUG 561 HCV-6996& n69pf)/ GE?H’SC CEW?‘G X CERy CWUEUGAVIRAGSU 2 @?ﬂ?—@cAGCAUAU
AUAUGCU ‘3’62“ ey OGAIEAE !,,: ekl TUEEEAT ACceER ACAGAGC
GCUCUGJ A OGCECAUG 152 -IC,\/- 2738 2738 CCAGCAG C UGAG X CGAA | AGCAGGA
UCCUGCU |@Bs1UEr e (1924 -IWS@UG@W CeAR|_JGACTTE) ?MSRG’ ReaceysA | AGCCCGU
A ||j | l A LI\ 2704 D70 Al (O n X CGAA _
Tl |0 3 ST
adbooe | 7 TR fg?bﬁﬁffg”f‘e AU %?JGAG X CGAA
- . ACCACCA | 365 0RdC
" AUUGUAA | 3¢ JiSXerAt
*. CGAA AGQUAESGicv- 6963 _ i SEECARoL
CGAA AAGLIALLI Aalacit] 11 ALICACCA 160 HC\/-2910 2910 ACCL, CUGAUGAG X
 CA AUABETHCT- 5061695 | ) RFOEREAGPERUCAG X CGRA ACAAUUG CAAUUGU C UGCGCCD it
: - | 369 | HCv-7034 [ 7034 | GCCACAG CUGAUGAG X CGAR AGGUUGG - | CCAACCU C CUGUGGC -
370 [Rev=Tiis [Tite | ccecu:cs-cusA_t'JsAG.x CGAR AGCGGSU ACCCGCU U CGAGCGG -
[37T[RCV=7119 [ 7119 | UCCGCUC CUGAUGAG X CGAA ARGCGGG | CCCGCUU. C GAGCGGA
o 372 | HOV-7145 [ 7145 | CAACGGA CUGAUGAG X CGAR ACUUCCC .| GGGAAGU A UCCGUUG
20 373 | HCV-7195 | 7195 | UAUGGGC:CUGAUGAG X CGAA ACGCGGG .| CCCGCGU U GCCCAUA -
374 HCV=7202 | 7202 | GUGCCCA CUGAUGAS X CGAA AUGGGCA UGCCCAU A UGGGCAC
[375Hev-7218 | 7218 | GGGUUGU CUGAUGAG X CGAA AUCCGGG CCCGGAU U ACAACCC -
[376 | HCV-7219 | 7218 | AGGGUUG.CUGAUGAG X CGAA AAUCCGG CCGGAUU A CRACCCU o
. 25 377 | HCV-7232 | 7234 GGACUCU CUGAUGAG X CGAA ACAGUGE CCACUGU U- AGAGUCC
378 | HOV-7235 | 7235 | AGGACUC CUGAUGAG X GGAR AACAGUG CACUGUU A GAGUCCU
379 | HCV-7251 | 7251 | UAGUCCG CUGAUGAG X csAz-x-achuu_c T~ GAAAAGU C CGGACUA
[ 380 | BCV-7258 | 7258 | AGGGACG CUGADGAG X CGAA AGUCCGG CCGGACU A CGUCCCU
30 381 | HCV-1262 | 7262 | CCGGAGG CUGAUGAG X CGAA ACGUAGU ACUACGU C CCUCCGG |
382 | HCV-7266 | 7266 | ACCGCCG CUGAUGAG X CGAA AGGGACG | CGUCCCU C CGGCGGU
383 | HCV-7288 | 7288 | AGGCGGC CUGAUGAG X CGAA AUGGGCA UGCCCAU U GCCGCCU
384 | HOV-7296 | 7296 | CCCGUGG CUGAUGAG X CGAR AGGOGGC GCCGCCU A CCACGGE |-
385 | CV-7354 | 7354 | CACGGUG CUGAUGAG X CGAA ACUCUGO |- ACAGAGU C CACCGUG o
386 | HCV-7386 | 7386 | GUCUUAG CUGAUGAG X CGAA AGCCAGC GCUGGCU & CUARGAC
387 | HCV-7380 | 7389 | AAAGUCU CUGAUGAG X CGAA AGUAGCC GGCUACU A AGACUUU




161 -HCV- 2911 2911

CACGCAC CUGAUGAG X CGAA AAUGCGC

GCGCAWU U GQUGECAUG

162 HCV-2924 2924 GAGGGGG CUGAUGAG X CGAA ACCCACA UGUGGGU C CCCCccuc
163 HCV-2931 WI¥$5847 ACAUUGA TCUGAUGAG X CGAA AGGGEEEE — COCE®CEUS903tAUGU
164 HCV-2933 2933 GGACAUU CUGAUGAG X CGAA AGAGGGG CCCCUCU C AAUGUCC
165 HCV-2939 2939 CCCCCCG CUGAUGAG X CGAA ACAUUGA UCAAUGU C CGGGEEG
166 HCV-2958 2958 AGGAUGA CUGAUGAG X CGAA AGCAUCG CGAUGCU A UCAUCCU
25 167 HCV-2960 2960 GGAGGAU G X CGAA AUAGCAU AUGCUAU C

- AUCCUCC 168 HCV-2963 2963  UGAGGAG CUGAUGAG X CGAA AUGAUAG CUAUCAU C
CUCCUCA 169 FR¥]ZName N6 e merie 3. rate IccuU C
CUCACAU 170 HCV4{2969 2%%R CACAUGU CUGAUGAG x CGAA| AGGAGGA uccyiccu C
ACAUGUG 30 171 HcV- 3099 3059 UCGCAGU CUGAUGA A A
CUGCCAU A ACIRBEEECY 7385 HFRASS 1?8“%’13%“““8&&@&}% PCU
AGGCCAU U ACBiG¢ HESs TS TS e BCC
GGCCAUU. A CAUCCAA 174 cv-3143 5143 U
AUUACGL® C CARTSOGESETIT | TBI0\- FEGICC SUGHGAG X TRIEMESICUGAUSAGIIY CERASHRGCCAU
AUGGCCU U CA RS {Wm

2y 7Y
UGGCCUU C AUGRAGEST 74 MV 05580 57 R CADGAG X A G
CCCCCCU A CA WHcv-7413d 7hi ] AXNeseec CUGRUGAG X CGAA ACGAUCC Hinasaudryat) Gﬁ@}z_y me
Substrate Po$.—178 HO\L _BZJ.G—LW
A U COITBRCTI oA o £ 50055 SR ¥ P A B oA e B PR 05
CGEECCY1 A (ach-7498 | 749810 (cablices THERIGAEE £GAR AGUAGGR UL W@WA
AGGUCUC SAQCH U JAG 181 HCV/-3263 13263 AN L CGAA
ACGGGCU  AEEQE ¢ U CGAA
ACGACGG CPS S A S e CGAA
AGACGAC aucalcy U 10 184 HCV- 3290 32(0 AGGUGAU “CUGAUGAG X
CGAA AUCUUGG] 397 | eixARAU | PB‘B“’W ?2@3‘“’039293 CREBEANEUFASCRAN G X
CCAA - AUCGAUCU 55 TEIRSEY 78. 7 100458 G X
CGAA AUBUCCC| ™ GGGACAU IC™ AUCUUGG
399 ] BCV-7552 | 7552 AGACCAA CUGAUGAG X CGAA ACCCGUC . GACGGGU_ C UuGGUCU
400 § HCV-7554 | 7554 GUAGACC CUGAUGAG X CGAA AGACCCG CGGGUCU U .GGUCUAC
401 | HCV~-7558 | 7558 CACGGUA CUGAUGAG X CGAA ACCAAGA UCUUGGU C UACCGUG
402 | HCV=-7560 | 7560 CUCACGG CUGAUGAG X CGAA AGACCAA U0GGUCU A CCGUGAG
20 403 | BCv-7589 | 7589 AGCAGAC CUGAUGAG X CGAR AUGUCGU ACGACAU C GU_CUGCU
404 | HCV-7592 | 7592 AGCAGCA CUGAUGAG X CGAA ACGAUGU ACAUCGU C UGCUGC_U
405 | HCV-7600 | 7600 GGACAUU CUGAUGAG X CGAA AGCAGCA UGCUGCU C AAUGUCC
406 | HCV-7606 | 7606 UGUGUAG CUGAUGAG X CGAA ACAUUGA UCAAUGU C CUACACA
25 407 | HCV-7667 | 7667 | ACGCGUU CUGAUGAG X CGAA AUGGGCA UGCCCAU C AACGCGU
408 | HCV~7723 { 7723 ACUGCGG CUGAUGAG X CGAA AUGUUGU ACAACAU C CCGCAGU
409 HC_V-7775 77175 CGUCCAG CUGAUGAG X CGAA ACUUGCA UGCAAGU C CUGGACG
410 } HCV-T7789 | 7789 GUCCCGG CUGAUGAG X CGAA AGUGGUC .GACCACU A CCGGGAC
30 411 | HCV-7839 §{ 7839 AGAAGUU CUGAUGAG X CGAA AGCCUUA UAAGGCU A AACUUCU
412 | HCV-~7847 | 7847, CUACGGA CUGAUGAG X CGAA AGAAGUU AACUUCU A UCCGUAG
4131 ECV-7849 | 7849 DUCUACG CUGAUGAG X CGAA AUAGAAG CUI_JCUAU C CGUAGAA
414 | BCV-~7853 | 7853 CUOUCUUC CUGAUGAG X CGAA ACGGAUA UAUCCGU A GAAGAAG
415 | HCV-7894 | 7894 AARUUUA CUGAUGAG X CGAA AUUUGGC GCCARAU C UARAUUU
416 | HCV-7896 | 7896 CCAAAUU CUGAUGAG X CGAA AGAUUUG CAARAUCU A AAUUUGG
417 } BCV=-7900 | 75800 AUAGCCA CUGAUGAG X CGAA AUUUAGI_-\ UCUAAAU U UGGCUAU




187

HCV- 3332 3332

GUCCCAA CUGAUGAG X CGAA AUGAURU ACAUCAU C UUGGGAC -

188 HCV-3334 3334 CAGUCCC CUGAUGAG X CGAA AGAUGAU AUCAUCU U GGCGACUG
189 HCV- 334%0 %%84; GGEGCGCGA CUGAUGAG X CGAA ACGGCECA UCCGCCC
190 HCV- 334 § UCGGEGECG CUGAUGAG X CGAA AGACGEG
191 HCV-3371 3371 CCAGAAG CUGAUGAG X CGAA Aucuccc GCGAGAU A CUUCUGG
192 HCV-3416 3416 GGGCAAG CURAUGAG X CGAA A@UCGCC GGECGACU C cuueccee
20 193 HCV-3419 3419 UGGGEGEEC UGAG X CGAA AGGAGUC GACUCCU U
GCCCCCA 194 HCV-3428 3428 AGGCCGU UGAG X CGAA AUGGGEGEG CCCCCAU C -
ACGGCCU 195 _HCV--3482 3482
ACAGGCC 19pNpi\/Namq g Ni
CAAGUGG 25 197
GGAGGUU C PASHEEH9
AAGUGEU U LICERSRE 158
AGUGCUU U [T Camer 9206
U C kA A 201
ACACACA | &Py CGAA
AGCCGEC - I TSTIIN CGAA
AGGGUCU CGAA
AGGCGCA - | 38pBectye "X CGAA
ACGCCGCC | 13PavGide URRUACEROCUTRICAS X UCEAR BAGGCGA 2 X CGAA
- AACGCCC GCECaUU CICCUNACA 207 HCV-3701 3701 ! ' X CGAA
AGGGARC ~ - | 30ieeices )| BEACCARBRUAC EIFATRES X GRAATA Sy | GECU0AD € GUAUOL, o fiead
Ri bozyne - izsTacv-s170 ]8170 X SRS TI0 BocoEEH & CoGRTAEIC R
CUGAUGAG X_CG\A AAGGEAA “UUCCCUU A CACCAUG 209 HCV- 3724 3724 _1 GAGEUCC -
CUGAUGAG X| CEAACVABICEINEYT6 |  GURCURRCLYIGAYSARE SR AUCEFER HO\PASERRY UFFARC IoCcAGAUA
CUAUGAG X'%‘Wéﬁﬁ_- Pz SRR TICVoehes A wodubdu | GACCAGA
CUGAUGAG X_Q_Gl\A AGAGEUC GACCUCU A UCUGEUC 212 HCV- 3735 3735 GUGACCA
CUGAU%AG X (M\AC%M@A7 UGKCCRG AIGAYCAE JX(RGRMAGAGUAC | - GUACUCU C CUGGGCA '
: o 429 HCV—8201 .8201 GGAAdUC WGAUGAG' X CGAA ACC_CGC’U : '.AGCGGGU U GAGUUCC
730 | iCV-8206 | 8206 | CACCAGG CUGAUGAG X CGAA ACUCAAC GUUGAGU U CCUGGUG
4;31 HCV-8207 | 8207 -UCACCAG CUGAUGAG'X CGAA AACUCAA - -UUGAGUU C CUGGUGA
. 132 | HOV-8227 | 8227 | UUOCUUU CUGAUGAG X CGAA AUUUCCA GGGARAD C AAAGARR
20 133 [ icV-0357 | 6357 | GCGACUU CUGAUGAG X CGAA ADGGCCO | AGGCCAU A AAGUCGC
- [43a [ Hcv-B362 | 8362 | CGUGAGC CUGAUGAG X CGAA ACUUUAD | AUARAGU C GCUCACG
435 | HCV-8366 | 8366 |- GCQCCGU 'CUGAﬁGAG X CGAA AG¢GACU AGUCGCU C ACGGAGC
436 | HCV-8378 8379 . CGI:LUG(“JA CbGAUGAG X CGAA AGCCGCU-. ' AGCGGCU C UACAUCG
25 - 437 | HCV-8380 8386 CCCGAUG CUGAUGAG X CGAA AGAGCCG - CGGCU_CU A CAUCGGG
. 438 | HCV~-8384 | 8384 GGCCCCC CUGAUGAG X. CGAA AUGUAGA: ) UCcoACAU C GGGGGCC
439 | HCV-8424 | 8424 CGGCGAU CUGAUGAG X CGAAI ACCGCAG CUGCGGU U AUCGCCG
740 | BCV-8425 | 8425 | CCGGCGA CUGAUGAG X CGAA AACCGCA .UG.CGGUU A UCGCCGG
30 441 | HCV-8427 8427 CACCGGé CUGAUGAG X CGAA AUAACCG ~ CGGUUAU C GCCGGUG
442 | HCV-8460 | 8460 CCGCAGC CUGAUGAG X CGAA AGUCGUC GACGACU A GCUGCGG
443 | HCV-8508 | 8508 GCAGCUC CUGAUéAG X CGAA ACAGGCC - GGCCUGU C GAGCUGC
-1 444 | BCV-8522 ([ 8522 AG*.‘ICCUG CUGAUGAG X CGAA AGCUUUG CADAGCU C CAGGACU
445 | HCV-8540 | 8540 CGUUCAC CUGAUGAG X CGAA AGCAUCG .OGAUGC.U C GUGAACG
17T Eov=e55s [ 9555 | OAACGAC CUGAUGAG X CGAR AGGUCGU | ACGACCU U GUCGUUA
447 | HCV-8561 | 8561 AGAUAAC CUGAUGAG X CGAA ACAAGGU ACCUUGU C GUUAUCU




213 HCV- 3740 3740

GUCUCGEJ CUGAUGAG X CGAA ACCAGAU

AUCUGGU C ACGAGAC

10 214 HCV- 3761 3761 GCACCGG CUGAUGAG X CGAA AUGACU ACGUCAU U
CCGCEUGC 215 H&Q-”%’?%f 3762 ‘CCG CUGAUGAG X CG?SLA "AAUGACGPCT/USPIME2IU C
CGGUGCG 216 HCV-3786 3786 CUCCCCC CUGAUGAG X CGAA ACCGUCA UGACGEU C
GGCGEGGAG 217 HCV-3797 3797 GGCGACAG CUGAUGAG X CGAA AGGCUCC GGAGCCU A
CUGUCCC 218 HCV-3802 3802 UCUGCGEGEG UGAG X CGAA ACAGUAG CUACUAU C
CCCCAGA 219 HCV-3835 3835 GCCACCC CuA G X CGAA AAGAGCC GGECUCUU C
- GEEUGEEC 220 HCV- 3851 3851 AAGGGCA CUGAUGAG X CGAA AGCAGUG CACUGCCU C
UGCCCUU 221 HIW-M BE8 uemmrMK CGAA AGGSaPstrate CUQCCCU U
CGGGEGCA 222 |HC\- 3859 . GUGCCCC CUGAUGAG X CGAA [AAGGCECA ucCdcuwu C
GGGGCAC 20 223 HAN\-3872 3872  AGALIGCC CLIGAUGAG X_CGAA ACAGCE
ACGCUGU 38%’*“%8’9%‘“‘“‘%6@%9% e
UAGGCAU &¥8 D OCBaGG ERUGA C
GGCA
GCAUCU
ACCCCCC
AGUGCUC
ACGCAGC _
O ACAGKE | R e G
X CGAA ACAGA J oy 41l7
CGAA AlsUUGHA54 | ECTAR 70 AGABGIHE DR GAN Y -CARRS KGGGERES
CGAA ACCCCAG DCGACCA-234 HCO\/-4228 4228 CLILACCA CLIGAUGAG X
CGAA AGGUGGA*®® | FOBEREQT® A2 LSSk PSR CHarg ACA0GY 3 2 SRBEACFEHAUAG X
CGAA ACCAUAG 456 | BOABEd 3884 P BadEdat) CocRucAT X -CRaRS Aeaudass 1| codack N AUGAG X
CGAA ACUUACET CAIAAQL U CAUUGCC 237 HCV-4238 4238 CGGECAAG CUGAUGAG X
CGAA AACUUAGS? | FETARTILLGRES [CUTHERSSE; CUGAUSEE Ry(FCAA NRGRURG |\(CCACCUU A UGGGCAA
Hammer head Ra$¥(ZFTSs71 | 8671 GUCAUCA CO c2 30 chteXou 8 DeAvERET 1
CUG X _CAAA AQGAACU AGUUCCU U GCCGACG :
459 | HCV-8880 | 8880 AAGAAGU CUGAUGAG X CGAA AGUCAUC GAUGACU C ACUUCUU .
460 | HCV-893]1 | B931 AUCUGAC CUGAUGAG X CGAA AUCCAGG CCUGGAU U GUCAGAU
461 | HCV-8934 | 8934 UAGAUCU CUGAUGAG X CGAA ACAAUCC GGAUUGU C AGAUCUA
462 HCV-8939 8939 CCCCGUA CUGAUGAG X CGAA AUCUGAC GUCAGAU C UACGGGG
20 463 HW-8941 8941 GGCCCCG CUGAUGAG X CGAA AGAUCUG CAGAUCU A CGGGGCC -
464 | HCV-9065 | 9065 GUUUCCU CUGAUGAG X CGAA AGGCAUG CAUGCCU C AGGAAAC
465 H_CV-SO'M 9074 GUACCCC CUGAUGAG X CGAA AGUUUCC GGAAACU U GGGGUAC .
466 | HCV-9080 | 9080 AGGGCGG CUGAUGAG X CGAA ACCCCAA UUGGGGU A CCGCCCU
25 467 | HCV~9088 | 9088 GACUCGC CUGAUGAG X CGAA AGGGCGS CCGCCCU U GCGAGUC
468 | HCV-9095 | 9095 GUCUCCA CUGAUGAG X CGAA ACUCGCA UGCGAGU C UGGAGAC
469 | HCV-9119 | 9119 UAGCGCG CUGAUGAG X CGAA ACACUUC GAAGUGU C CGCGCUA
470 | HCV-9126 | 9126 AGUAGCC CUGAUGAG X CGAA AGCGCGG . CCGCGCU A GGCUACU .
30 471 HC_V-9131 9131 GGGACAG CUGAUGAG X CGAR AGCCUAG CUAGGCU A CUGUCCC
472 | ECv-9136 | 9136 CCCUUGG CUGAUGAG X CGAA ACAGUAG CUACUGU C CCAAGGG
473 | HCV-9226 { 9226 CAGCUGG CUGAUGAG X CGAA ACGCGGC GCCGCGU C CCAGCUG
474 | HCV-9238 | 9238 GCUGGAC CUGAUGAG X CGAA AGUCCAG CUGGACU U GUCCAGC.
ﬁs HCV-9241 | 9241 CCAGCUG CUGAUGAG X CGAA ACAAGUC GACUUGU C CAGCUGG
476 | HCV-9250 925Q AGCAACG CUGAUGAG X CGAA ACCAGCU AGCUGGU U CGUUGCU
477 | HCV-925]1 | 9251 CAGCAAC CUGAUGAG X CGAA AACCAGC GCUGGUU C GUUGCUG




239 HCV-4280 4280
240 HCV-4283 4283
241 HCV- 433wo4835847
242 HCV-4370 4370
243 HCV-4373 4373
244 HCV-4379 4379
245 HCV-4425 4425

246 HCV-4444 4444

247 HCV-44
248 HCV- 44
249 HCV- 44
250 HCV-44
HCV- 4528 4
HCV- 4577

4
- HCV- 4586 jr'%

HCV- 4591
- HCV- 4593 4
- HCV- 4594

257 HCV- 46

258 HCV- 46

0y
7 4

4 e
1487 \

CACAUAU CUGAUGAG X CGAA AUGAUAU
CAUCACA CUGAUGAG X CGAA AUUAUGA
GGEUCCAG CUGAUGAG X CGAA ACUGUGEC
GCACGAC CUGAUGAG X CGAA AGCCGECG
CGAGCAC CUGAUGAG X CGAA ACGAGCC
CGEUGEC CUGAUGAG X CGAA AGCACGA
UCCUCAA CUGAUGAG X ggGAA AUUUGGG

AUAUCAU A AUAUGG 5.
UCAUAAU A UGUGAUG
S LS RIS
GECUCEJ C GUGCUCG 10
UCGUGCU C GCCACCG

AGUGUUG CUGAUGAG X CGAA ACAGAGC GCUCUGU C CAACACU -

© UGGECQ
:UCCUGAUGAGXCGAAAGGGGC

BL
p28

%8B 3254
cuU

K9P

pO1
b 93

[

D

H

B

RO A

83

259 HCV- 4628

260 HH/- 46
~ 261 HCV-46
262 HCV-47
263 HCV- 47

- 264 HCV-49

265 HCV- 49
266 HEV- 49
267, HCV- 49

@ewr 93261

v

485
RQ 4

1789 1

626 1
6‘?‘?‘9329{&&5( )
BW-53320 O

EPe

Foomges

4187
Y

31?82
ﬁ*i_ 897

§Qv-9337

490-

"HCV~0347

"~ AGAUGCC CUGAUGAG X CGAA AGCCCUA

UAGGGGU A GGCAUCU

 [ao1

20

25

30

HCV-9353

9353

T GCAGGUA CUGAUGAG X CGAA AUGCCUA

UAGGCAU C UACCUGC

102

HCV~9355

9355

CAGCAGG CUGAUGAG. X CGAA AGAUGCC

GGCAUCU A CCUGCUC

493

' HCV~-9362

9362

GGUUGGG CUGAUGAG X CGAA AGCAGGU

ACCUGCU C CCCAACC

494

HCV-9385

9385

"~ GAGUGAU CUGAUGAG X CGAA AGCUCCC

GGGAGCU A AUCACUC

495

HCV-9388

9388 |~

CUGGAGU CUGAUGAG X CGAA AUUAGCU

AGCUARAU C ACUCCAG

496

HCV-9392

9392

UGGCCUG CUGAUGAG X CGAA AGUGAUU

ARUCACU C CAGGCCA

497

HCV-9402

9402

GAUGGCC CUGAUGAG X CGAA AUUGGCC

GGCCARU A GGCCAUC

Where “X” represents stem II region of a HH ribozyme (Hertel et al., 1992 Nucleic Acids Res. 20:
3252). The length of stem Il may be 2 base-pairs.



59 No. Nane Nt. Harmer head Ri bozyne Substrate

Pos. 268 HC\-4952 4952  GCAACCU CUGAUGAG X CGAA ACUGUAG ~ CUACAGU C
AGGUUGC 269 H¥QO¥¥8Y 4957 4 AGOCOGC CUGAUGAG X CEAA ACCUGABCT/USEYI9REGU U
GCGGEGCU 5 270 HOV-4965 4965 UUCAGGU CUGAUGAG X CGAA AGCCCGC
GCGGGCU U ACCUGAA 271 HCV-4966 4966  AUUCAGG CUGAUGAG X CGAA AAGCCCG
OGGGCUU A CCUGAAU 272 HCV-4974 4974  CCUGGUG CUGAUGAG X CGAA AUUCAGG
CCUGAAU A CACCAGG 273 HCOV-4984 4984  (¥CGGGC CUGAUGAG X CGAA ACCCUGG
CCAGGGU U GCCCGUC 10 274 HCV-4991 4991  CCUGGCA CUGAUGAG X CGAA
ACGGGCA \THBEOOA G HGATHCY Baihméibead (A Ritdfre and WiTpiDSiquenteAUGAG X CGAA
AUGGUCC  GGACCAU C UGGAGUU 276 HCV-5102 5102 - GGUAUGC CUGAUGAG X CGAA
ACCAGGU  ACCUGGU A GCAUACC 277 HCV-5107 5107 GGCUUGG CUGAUGAG X CGAA
AUGCUAC GJAGCAH—WWWWG X CGAA
AGCCCUG  CAGGGQU GECUCC 279 P98 5218 LA , UGAG X CGAA
ACA CUGCUGH—AtAsecs FIealRsTCEHAEES-EHEAHENG X CGAA
AUACA acUcUAl A GoPUAGS 581 T 2305 5306 | UAGUGAC CUGAUGAG X CGAA
ACCUCCA UGGAGAU GAGUGAGETRADS SOGHIHE SO O0RA AIGWGe | UGEAC GUGWUGPAG X CGAA
ACGACC[J AMJ 0o ’I_\‘CN’II\N‘I\ 2092 } A\, 212 £E21 N I G X CGAA
AGUGACG  CGUCAU A°cCAc TOPREKIE S TR LEBe 1 \G X CGAA
ACCAGCA T Az caBEo ¢ [ CAGERGE C0GEGNG X CGAA
ACUCCGC GCGGA- | C LI I(:(‘Af‘ 294 HCO\/.- 5342 5342 GACCLIGC (‘Jl(‘-.AH(‘\G X CGAA
AGGACUy  GAGUCU U GCAGETRECHE, CUCATGAS 3o G6AR AGIUSEE o | SREERACU AGRGRSTR A | CUGAUGAG
CGAA AUGCGGC JCCE2AU [A cchichZCheadaht ¥ Coin RERGUAG D P OcuacucPd oucatecCUGAUGAG X
CGAA AUAUGCG QCAUALNU cCAUGAC 289 HCV-85376  BBRB76 ACCACAC UGAG X
CGAA ACCGGUU AACAGU | A EREPRETAYEE HHESPA EHPST, 3§ ACUSIEE ANBISEFACUGAUGAG X
CGAA AUCCUAC IAGAT TCIIEICHASEG % Cona PAdACES V] DCDe8cTT T TRcscaGCPOAAC
CUGAUGAG X CGAA ACAGCCG|  COBCUGU U GUUCCCG 292 HCV-5426 5426 | UGUCGEG
CUGAUGAG X CGAA ACARCAG| APe9BERSA0BC COBBAGRSETS [OWAGR T U0 | CUGUCGG
CUGAUGHE X CGAA AREAREAT— > CUGCUUG.
CUGAUGAG X.CaAA Acuctuc]  CEReeht b AR AC 558 HOV-5525 5525 | UCUGCUU
CUGAUGAG X CGAA AACUIZCU|  vCamch Ol AAGEAGRCDS  [WeER8 Y AdB8a | ACCACGG
CUGAUGAG X CGAA ASEAREST—— . e - .

UGGCGUU A GUAUGAG

96

ACACUCA CUGAUGAG X CGAA ACUAACG

CGUUAGU A UGAGUGU

20 104 GCUGCAC CUGAUGAG X CGAA ACACUCA UGAGUGU C GUGCAGC
- 142 - | AGACCAC CUGAUGAG X CGAA AUGGCUC GAGCCAU A GUGGUCU

192 AAGAAAG CUGAUGAG X CGAA ACCCGGU ACCGGGU C CUUUCUU

195 UCCAAGA CUGAUGAG X CGAA AGGACCC GGGUCCU U UCUUGGA

25 196 AUCCARG CUGAUGAG X CGAA AAGGACC GGUCCUU U CUUGGAU
197 GAUCCAA CUGAUGAG X CGAA AAAGGAC GUCCUUU C UUGGAUC

204 GCGGGUU CUGAUGAG X CGAA AUCCAAG CUUGGAU C AACCCGC

227 ACGCCCA CUGAUGAG X CGAA AUCUCCA UGGAGAU U UGGGCGU

228 CACGCCC CUGAUGAG X CGRA AAUCUCC GGAGAUU U GGGCGUG

30 282 GUACCAC CUGAUGAG X CGRA AGGCCUU AAGGCCU U GUGGUAC
354 GGUUUAG CUGRAUGAG X CGAA AUUCGUG CACGAAU C CUAAACC

357

UGAGGUU CUGAUGAG X CGAA AGGAUUC

GRAUCCU A AACCUCA

363

UUUCUUU CUGAUGAG X CGARA AGGUUUA

UAAACCU C AAAGAAA

- 381

UAGGUGU CUGAUGAG X CGAA ACGUUUG

CRAAACGU A ACACCUA

388

GCGGCGG CUGAUGAG X CGAA AGGUGUU

AACACCU A CCGCCGC




297 HCV-5596 5596
Nt
298 HGYo536dsasr 5612

GAGGCCU 299 HOV-5620 5620
U. CUGGGCA 300 HCV-5621 5621

60 No. Nane
Pos.

20

25

30

CCACCUG CUGAUGAG X CGAA ACUCCAC
Hammer head R bozyne
AGGCCUC CUGAUGAG X CGAA AGGEECCGper,
UGCCCAG CUGAUGAG X CGAA AGGCCUEJ

UUGCCCA CUGAUGAG X CGAA AAGCCCU

GQUGGAGU C CAGEUGG -

Substr at e

ooy

AGGECCUU C

AG@QE&DS@@WH@NKSGWOMSGWQ

UGGGCAA 301 HCV-5674 5674  AGUGGAU CUGAUGAG X CGAA AGCCUGC GCAGGCU U
AUCCACU 302 HCV-5675 5675  GAGUGGA UGAG X CGAA AAGCCUG CAGGCUU A
UCCACUC 303 HCV-5767 5767 GAUGUUG CUGAUGAG X CGAA ACAGGAG CUCCUGU U
CAACAUC 10 U]'{\fJA HC\- 5768 57 A CAGGA
UCCUGUU C AACAI 1’3!35 HCV- 5801 WeeAGGAGC CUGAucﬂt?’?"CGAA NCUUGAG
CUCAACU C GCucCClc-306-H : : WA&@@
ACUCGCU C CUCCCAG 7 _ AAGCAGC
GOUGCUU C GECCUPC G318 [HUSICEEE EocROaie % © EOCEACE CUCAIGA® S60GBaA| AGGCCGA

- UCGGCCU U CAUGH 09 |HCO\- 5828 5828  CGCCCAC-CUGALIGAG X_CGAAl AAGGCCG
CGGCRUU C GUGGGEG %io HAPET) SUCASEE* R RSB PUGREREAS R°EBRAl Aucceas
CCGGCAU U GCCGEpG ST T THO¥citd Fuci0ciacK Conr A chach AUGGCCG
CGGCCAU U GGCAGEA CV- 5867 5867  CAAGECC CUGAUGAG X _CGAA NUGCUGC
GCAGCAU A GGCCUYG 313 HG&A%‘S%UG“SW CCRRCHREEE UEATEAG SEIETRA| AGGCCUA
UAGGECCU U GCGAAGS = D eI OEhe X ChARAdntatn CPWASESy viadesrat LGCCCCC
GOGGGCU A UGGAGEG 315 HCV—5930 5930  AAGCCAC CUGAUGAG X CGAA| AGUGCAC
GUGCACU C GUGGCHU 3386 [HOYUCRBS FUGAYGRS /X CCRACASEHYSA (CLRSARRSA SUSERBSA| AGCCACG
CGJCI@'J U UUAAG,JLJI Lo Y i T '347 ||r\1 rnn rnnn . ("Af\f‘ljl > 3 X CC;AA
AAGCCAC Lf“fJ UAA 318 HC,\/-5939 5939

GAG X CGAA AGAGCAA -

AUAGAGA CU

UUGCUCU U UCUCUAU

"GAUAGAG CUGAUGAG X CGAR AAGAGCA

UGCUCUU U CUCUAUC

AGRUBGA CUGAUGAG X CGAR ARAGAGC

GCUCUUU C UCUAUCU

865

GARGAUA CUGAUGAG X CGAA AGARAGA

UCUUUCU C UAUCUUC

867

AGGAAGA CUGAUGAG X CGAR AGAGAAA

UUUCUCU A UCUUCCU

869

AGAGGAA CUGAUGAG X CGAA AUAGAGA

UCUCUAU C UUCCUCU

871

'CARGAGG CUGAUGAG X CGAA AGAUAGA

UCUAUCU U CCUCUUG

872

CCRAAGAG CUGAUGAG X CGAA AAGAUAG

CUAUCUU C COCUUGG

875

GGGCCAA CUGAUGAG X CGAA AGGARGA

UCUUCCU C UUGGCCC

877

CAGGGCC CUGAUGAG X CGAA AGAGGAA

- UUCCUCU U GGCCCUG

B89

CARACAG CUGRUGAG X CGAA ACAGCAG

CUGCUGU C CUGUUUG

B94

AUGGUCA CUGAUGAG X CGAA ACAGGAC

GUCCUGU U UGACCAU

895

GAUGGUC CUGAUGAG X CGAA AACAGGA

UCCUGUU U GACCAUC

902

AAGCUGG CUGAUGAG X CGAA AUGGUCA

UGACCAU C CCAGCUU

909

UAAGCGG CUGAUGAG X CGAA AGCUGGG

CCCAGCU U CCGCUUA

910

AURAGCG CUGRUGAG X CGAR AAGCUGG

CCAGCUU C CGCUUAU

915

ACCUGAU CUGAUGAG X CGAA AGCGGRAA

UUCCGCU U AUCAGGU

916

CACCUGA CUGAUGAG X j(!GM»‘A ARGCGGA -

UCCGCUU B UCAGGUG

918

CGCACCU CUGAUGAG X CGAR AUAARGCG

CGCUUAU C AGGUGCG




AGCAAGU CUGAUGAG X CGAA AACCAGG

323 .HCV-5982 5982 CCUGGUU A ACUUGCU
324 HCV-5990 5990 UGGCAGG CUGAUGAG X CGAA AGCAACU ACUUGCU C CCUGCCA
325 HCV- 6004 W@BR%847 GCOGGAEBECUGAUGAG X' CGAA AGAGEAL: AUCECTUS/002TCGGC
326 HCV-6020 6020 CCCCGAC CUGAUGAG X CGAA ACCAGGG CCCUGEAU C GUCCEEG
327 HCV-6023 6023 CGACCCC CUGAUGAG X CGAA ACGACCA UGGUCAU C GGEEEUCG
61 No. Nane Nt . Hammer head R bozyne Substrate

Pos. 328 HCV-6029
CUGCGAUC 5 33
CCUCCA@J C GECACEU
AUAGCGEU U CGCUUCG
UAGCGUU C GCUUCGC
GUUCGCU U CGCGEEG

AUGCCGEU ACGGCAU
AGUUCGG?  CCGAACU
AUAGUUC GAACUAU
AAUAGUU AACUAUU
AGUCCCC GGGGACU
AAGUCCC GGGACUU
AGUGGAA UUCCACU
ACGUUGU 10 ACAACGU
AUUCGGEG CCCGAAU

6029

CACACAC CUGAUGAGY X CGAA ACCCCGA ucaEEEay C

GUAUGUG 329 HCV-6044 6044 GACGCAG CUGAUGAG X CGAA AUUGCUG CAGCAAU C

DEC A
A _UUCQ

AGG 336 HC,\/- 6576 657

CCRG0GCE GUGAUGAG XICERN ABCCEUUCHUBINGCE CGATECTRAC

LIGAG X CCAA A
wm 55 | SBPTRIIEHTE * GRP TR I R
& G

- WW CUGAUGRAG XShbstyate™
31 HCY- 6106 6106 CGAAGCG CUGAUGAG X CGAA AC(
E&salﬁ@

U BEAUGEEASTT PRAYSRSS% FoARGRELRGIC (JEhgE

el al.Va'a [oXo Yol B ' W AN oY X oY | ~ArN—7
~ UGAG X 'CGAR’ XCUUGGA
U CEaduaBU%E PS5 5638

dcUAGUG CUGAUGAG

BCUAU

'C GACU URChO CuiGAPGIEH A TCAXG BUEGUUG (] ‘

1087TUCAIGGEAEU CUGAUGART S OchA/AGCECuh.

X CGAA AAUUCGG
CGAA AGAAUUC
CGAA AAGAAUU
CGAA AUUCGEU

GA/
- AAU

A

CCGAALUL

C UUCACCG 344 HCON- 6706 6706

\UZE3 U

CRCETER ALCRPEAHENBY P %7 ol

7 63cCEse EuaEToad T \CahRr AGcauds! 1
GGACGGG 25 347 HCV-6

230

ccadebid_oldctacta )G
CCL

6730

CUGAUGAG X CGAA ACEGCARS

CUGAUGAGsX CGAA AC(

20

25

30

@M@Wﬁ&“%ﬁﬂc

/-GS0 § FSERCUR ¢

CCCCACU A CGACAAU

1115

GGCGUCG CUGAUGAG X CGAA AUUGUCG

CGACAAU A CGACGCC

1152

GAACAGA CUGAUGAG X CGAA AGCGGCC

GGCCGCU U UCUGUUC

1181

AUCCGCA CUGAUGAG X CGRA AGGUCCC

GGGACCU C UGCGGAU

1198

GGGAGAC CUGAUGAG X CGAA AGGAAAA

Uuuuccy € GUCUCCC

1202

ACUGGGA CUGAUGAG X CGAA ACGAGGA

UCCUCGU C UCCCAGU

1204

CARCUGG CUGAUGAG X CGAA AGACGAG

CUCGUCU C CCAGUUG

1210

GGUGAAC CUGAUGAG X CGAA ACUGGGA

UCCCAGU U GUUCACC

1213

GAAGGUG CUGAUGAG X CGAA ACAACUG

- CAGUUGU U CACCUUC

1214

AGAAGGU CUGAUGAG X CGAA AACAACU

AGUUGUU C ACCUUCU

1219

AGGCGAG CUGAUGAG X CGAA AGGUGAA

UUCACCU U CUCGCCU

1220

GAGGCGA CUGAUGAG X CGAA AAGGUGA

UCACCUU C UCGCCUC

1222

GCGAGGC CUGAUGAG X CGAA AGAAGGU

ACCUUCU C GCCUCGC

1227

UACCGGC CUGAUGAG X CGAA AGGCGAG

CUCGCCU C GCCGGUA

1234

UGUCUCA CUGAUGAG X CGAR ACCGGCG

CGCCGGU A UGAGACA

1244

AGUCCUG CUGAUGAG X CGAA ACUGUCU

AGACAGU A CAGGACU

1257

AUUGAGC CUGAUGAG X CGAA AUUGCAG

CUGCAAU U GCUCAAU

1261

AUAGAUU CUGAUGAG X CGAA AGCAAUU

ARUUGCU C AAUCUAU

- 1265

CGGGAUA CUGAUGAG X CGAA AUUGAGC

GCUCAAU C DAUCCCG




349 HCV-6744 6744
350 HCV-6759 6759

CACGCCG CUGAUGAG X CGAA AGCGUAC
CGUAGGA CUGAUGAG X CGAA AGEUCUG

GUACGCCU C CGECAUG -
CAGACCU C UCCUACG

30 351whoys@adhl 6761  CCCGUAG CUGAUGAG X CGAA AGA SHPCUCU C
CUACGGG 352 HCV-6764 6764 CCUCCCG CUGAUGAG X CGAA AGG%@S”/O cucuccu A
CGGGAGG 353 HCV-6776 6776  GGAAUGU CUGAUGAG X CGAA ACAUCCU AGGAUGU C
ACAUUCC 354 HCV-6782 6782 CGACCUG CUGAUGAG X CGAA AAUGUGA UCACAUU C
CAGGUCG 355 HCV-6788 6788  UGAGCCC UGAG X CGAA ACCUGGA UCCAGAU C
GGGCUCA 356 HCV-6794 6794  AUUGGUU CUGAUGAG X CGAA AGCCCGA UCGGGCU C-
AACCAAU 357 HCV-/802 6302 AACCY _ AACCAAU A
CCUGGUU 62 Pogy Nt . bozyme | .\ er hedd Ri B8
Substrat e Pos. GaJ
ACCUGGU U c 5 1% X CCCAAC
GUUGGGU C ACAGCU = X X (GCUGUG
CACAGCU C CCAUGA - (CGUUUA
UAAACEU A GGCUGHC ¥8% c@“’é@cfz“%ﬁx CG&B&%@E G’ X ACCCCCU
AGGGEEEU C ucCCCa G COCRIEAE X CoRREITEKA U NeAUaRA |JAGACCCC
GEEEUCU C 10 364 HCV- 6931 6931 CAOCCAAG _CLIGALIGAG IX CGAA
AGGGEGG cocodoute wuee%eecs@@%a/xm Ac‘@@% |
AGGAGGG COCUCEE 357660 : e '

AGCUGGEC = G&ccadau 'C. UUCAGCU 367 HCV— 6958 6958
_ AUUGG;&J; AGCCAAULRS? GCHBCRC BRI/ X 6T A@%&G
ACAAU CAAU [l U(Wf‘l s YT oW N e Wi 7W
. 3415
AGGUUGG ~ CCAACCUG &W?"“H&/— 7118 7118
AGCGGEU ACCCHCUL 5L CFACSBEBE mmq@vmm Am
AAGCGGG
- ACUUCCC
- ACGOGGG _
A ) ié U(X:CF 1361 CUFJGU_(:;G CUGAUGAG X CGAA AUCCGGA UCéGGAU C CCACAAG
144,9 AAGACCU CUGAUGAG X CGAR AGccca¢ " | CUGGGCU A AGGUCUU
1454 CAAUCAA Ct.JG.AUGl.;G”X CGAA ACCUUAG CU_AAG_GU C UUGAUUG
1456 CACAAUC CUGAUGAG X CGAA AGACCUU - AAGGUCU U GAUUGUG
.20 1460 A ACAUCAC CUGAUGAG X CGAA AUCAAGA UCUUGAU U GUGAUGU
1468 AAAGAGU CUGAUGAG X CGAA ACAUCAC GUGAUGU U ACU_CUUU
1469 CAAAGAG CUGAUGAG X CGAA AACADCA UGAUGUU A CUCUUUG
1472 . CGGCAAA CUGAUGAG X. CGAA AGUAACA "UGUUACU C UUUGCCG
25 1474 GCCGGCA CUGAUGAG X CGAA AGAGUAA UUACUCU U UGCCGGC
. 1475 CGCCGGC CUGAUGAG X CGAA AAGAGUA UACUCUU U GCCGGCG
1434. . CCC_CG_UC CUGAUGAG X CGAA ACGCCGG dCGGéGU U GACGGGG
1493 UGUAAéu CUGAUGAG X CGAA ACCCCGU ACGGGGU C ACUUACA
14.9‘7 GUCGUGﬁ CUGAUGAG X CGAA AGUGACC GGUCACU UI ACACGAC
30 1498 UGUCGUG CUGAUGAG X CGAA AAGUGAC GUCACUU A CACGACA
1513 AGCﬁU#.-‘vC CUGAUGAG X CGAA ACCCCCC GGEGEGGU C GCAAGCU
1521 GUGUGéC CUGAUGAG X CGAA AGCUUGC GCARGCU C GCCACAC
1538 AGGACGU CUGAUGAG X CGAA ACGCUCU AGAGCGU C ACGUCCU
1543 GAAGAAG CUGAUGAG X CGAA ACGUGAC GUCACGU C CUUCuUUC
1546 GGUGAAG CUGAUGAG X CGAA AGGACGU ACGUCCU U CUUCACC




375 .HCV-7218 7218  GGBGUUGRU CUGAUGAG X CGAA AUCCGEG ~ CCCGGAU U ACAACCC
376 HCV-7219 7219  AGGGUUG CUGAUGAG X CGAA AAUCCGG ~ CCGGAUU A CAACCCU 25
377 HCV- 7234 WORUSSBATGEACUCU+CUGAUGAG X CGAA ACAGUSEE:  CCACRIGL/UBISASREUCC
378 HCV-7235 7235  AGGACUC CUGAUGAG X CGAA AACAGUG ~ CACUGUU A GAGUCCU
379 HCV-7251 7251  UAGUCCG CUGAUGAG X CGAA ACUUUUC ~ GAAAAGU C CGGACUA
380 HCV-7258 7258  AGGGACG CUGAUGAG X CGAA AGUCCGG ~ CCGGACU A CGUCCCU 30
381 HCV-7262 7262  CCGGAGG CUGAUGAG X CEBA ACGUAGU  ACUACGU C CCUCCGG
382 HCV-7266 7266  ACCGCCG CUGAUGAG X CGAA AGGGACG ~ CGUCCCU C CGGCGGU
383 HCV- 7288 7288[ % GAUGRTbozy e A ShbsaaterU U] GCCGCCU
384 HCV- 7296 7296 BC ~ GCCGCCU A |CCACGGG
385 HCV- 7354 7354 pUCECa0 E BT | CACCGUG
386 HCV- 7386 7386 CCLIGCCLL A ICUAAGAC
387 HCV-7389 738 nﬁcw“cudb&f&&} A AGACUWU

QP FOERE X SRR

63 No. . Nane NT 1550 | cOUGAGO DUEHUBAE X CoAMDRRGYABE | Ccuucuu C acccaae |oubstrate
Pos. 388 HOV-7395| 7395 | CUGCOGA CUGAUGAG X_CGAA IAGUCUUA _ UAAGACU U
UCGGCAG 389 HCV- 7398573 GACUWU U
CGGCAGC 5 39O THEY SAGUCU
AGACUUU C GGCAGCU|391 Hg ICCGGA
UCCGGAU C GUCGGCC|39%83H( JGAUCC
GGAUCGU C GGCOGUU3935HE (GGOCG
U GACAGCG| 10 ( CGAA
AGUACGA UCGUACH @58l G X CGAA
AGGAGUA UACUCCU-?@E G X CGAA
[ &) AG
AGGGGGG ~ Cccooc] UPGAG A /b§§r”‘ ‘?‘ﬁ;ﬁ’é G X CGAA
AUCAGEG CCCUGAY TeTdCA Z6BrAAE TuEAUNAG/ D £CAR KCr8doy |[ChidcEau b CotuatsAG X CGAA
AGAUCAG CUGAUCLLC_ACAGACG 399 HC\/- 7552 7582 AGACCAA CLGAUGAG X CGAA
ACCCGUC  GACGEH C*BUGGUIEEADCIRERAS/S 58 MSBFC | GERRERECS COBEBIGAG X CGAA
AGACCC®S PRITrCe GCR CUGAUGAG X CGAA RGAACCC | GGGUUCU U UGCCGCA
1655 GUGCGGC CUGAUGAG X CGAA AAGAACC GGUUCUU U GCCGCAC
1666 UGCGUAG CUGAUGAG X CGAA ACAGUGC GCACUGU U CUACGCA
1667 GUGCGUA CUGAUGAG X CGAA AACAGUG CACUGUU C UACGCAC
20 1669 GUGUGCG CUGAUGAG X CGAAR AGRACAG CUGUUCU A CGCACAC
1681 CGAGUUG CUGAUGAG X CGAA ACUUGUG CACAAGU U CAACUCG
1682 ACGAGUU CUGAUGAG X CGAA AACUUGU ACAAGUU C AACUCGU
1687 UCCGGAC CUGAUGAG X CGAA AGUUGAA UUCARCU C GUCCGGA
25 1690 GCAUCCG CUGAUGAG X CGAA ACGAGUU AACUCGU C CGGAUGC
~1723 GUCGAUG CUGAUGAG X CGAA AGCUGCA UGCAGCU C CAUCGAC
1764 GGCUCGG CUGAUGAG X CGRA AUAGGUG CACCUAU A CCGAGCC
1773 AGGUCCC CUGAUGAG X CGAA AGGCUCG CGAGCCU' A GGGACCU
1785 GGCCUCU CUGAUGAG X CGAA AUCCAGG CCUGGAU C AGAGGCC
30 1794 CAGCAGU CUGAUGAG X CGAA AGGCCUC GAGGCCU U ACUGCUG
1861 GAAACAG CUGAUGAG X CGAA ACACUGG CCAGUGU A CUGUUUC
1866 GGGGUGA CUGAUGAG X CGAA ACAGUAC GUACUGU U UCACCCC
1867 UGGGGUG CUGAUGAG X CGAA AACAGUA UACUGUU U CACCCCA
1868 UUGGGGU CUGAUGAG X CGAA AAACAGU ACUGUUU C ACCCCAA
1955 UGUUGAG CUGAUGAG X CGAA AGCAGCA UGCUGCU U CUCAACA




401 HCV- 7558 7558
402 HCV- 7560 7560
403 Wwibve/s59439
GUCUGCU 404 HCV- 7592
UGCUGCU 405 HCV- 7600
AAUGUCC 406 HCV- 7606

20

CACGGUA CUGAUGAG X CGAA ACCAAGA UCUUGEU C UACCAUG
CUCACGG CUGAUGAG X CGAA AGACCAA UUGGEUCU A CCGUGAG
7589  AGCAGAC CUGAUGAG X CGAA A useorbis CAU C
7592 AGCAGCA CUGAUGAG X CGAA ACGA ucau C
7600 GGACAUU CUGAUGAG X CGAA AGCAGCA UGCUGCU C
7606 UGUGUAG CUGAUGAG X CGAA ACAUUGA UCAAUGU C

CUACACA 25 407 HCV-7667 7667 A U CUGAUGAG X CGAA AUGGGCA
UGCCCAU C AACGCGU 408 HCV-7723 7723  ACUGCGG CUGAUGAG X CGAA AUGUUGU
ACAACAU C Cmq%mm__%gs_ww&a
UGCAAGU C CUGGACE 4PH Hcv- 7789 YFYmME 3 JCCCGG Cl
GACCACU A CCGGGAG—26- 4394
AGCCUUA  UAAGGEU A adc 58 %8
AGAAGUU AACU 1968 :

AUAGAAG Cuucu ' / 414 HC\/.- 7852 79K17 clJcic cJcALIGNG X CGAA
ACGGAUA UAL 200GAACRRRECS FBEAIRAG. % Sefp A5G | HRRFSEUTACRSRIRUBAG X CGAA
AUUUGGC 2621 CEoBERVE RéNHA\G X CGAA
AGAUUUG CAAAUCLLA_AAUULGG 417 _HCV-7900 7900 | AUAGCCA CUGAUGAG X CGAA
~ AUUUAGA UCUAAAU 2094 ¢ c"@&“‘ﬁo" CGMPECGUGNq CACGGAU U GCUUBGG, mrer head
Ri bozyne 2098 | - ] ) GCC
CUGAUGAG X CGAA AAUUUAG CUAAAUU U GGCUAUG 419 HCV—7906 7506 | ucocoea
CUGAUGAG X CGAA AGZERAA  CCUYICRICHRRURAS X CRBRGARCAAV AUUGQ?EOJ F@e@g b5 7955
CGGAGAE CcUGAUGAG 0 e Eeees - 560 7960
CCACACG CUGAUGAG . . ( 7’5 8075
AUACGAU CUGAUGAG } CCEaL o ®0e0A80f6 8076
AAUACGA CUGAUGAGX / CA——— UAUCE) HCV- 8078
8078  GGAAUAC Cl ' GCCULA HCV- 8170

8170  GAAUCCG O 6 S e HCV- 8176

817_6 15GUACUGG CHs 2"%6% - ;%A%'c'c'u%_ =‘xL "CGAR }f‘c:Lm-\'%c;i ‘I GUAUAGU U GAGUACC
2173 GURUGGG CUG_AUGA_G X CGAA AGUCAA_C GUUGACU A CCCAUAC

2179 GAGCCUG 'CUGAUGAG X CGAA AUGGG_UA UACCCAU A CAGGCUC

-2186 AGUGCCA CUGAUGAG X CGAA AGCCUGU ACAGGCU C UGGCACE

20 2194 GCAGGGG ‘CUGAUGAG X CGAA AGUGCCA UGGCACU A CCCCUGC
o 2207 UAAAGUU CUGRAUGAG X CGAA ACAGUGC GCACUGU C AACUUUA
2212 GAUGGUA CUGAUGAG X CGAA AGUUGAC GUCAACU U UACCAUC

2213 AGAUGGU CUGAUGAG X CGAA AAGUUGA UCAACUU U ACCAUCU

25 2214 | ARGAUGG CUGAUGAG X CGAA ARAGUUG CAACUUU A CCAUCUU
. 2222 UAACCUU CUGAUGAG X CGaA AAGAUGG CCAUCUU_ U AAGGUUA
2223 CUAACCU CUGAUGAG X _CGAA AAAGAUG éAUCUUU A AGGUUAG

. 2228 ACAUCCU CUGAUGAG X CGAA ACCUUAA UUAAGGU U AGGAUGU

2229 UACAUCC CUGAUGAG X CGAA AACCUUA | UARGGUU A GGADGOR

30 2236 ' CCCCACA CUGAUGAG X CGAA ACAUCCU AGGAUGU A UGUGGGG
2283 UCUCCUC CUGAUGAG X CGAA AGUCCAG . CUGGACU C GAGGAGA

2366 AACAGGG CUGAUGAG X CGAA AGUGUCU 1| AGACACU U CCCUGUU

2367 'GAACAGG CUGAUGAG X CGAA AAGUGUC GACACUU C ccuGcuuc

2373 GUGRAGG CUGAUGAG X CGAA ACAGGGA UCCCUGU U CCUUCAC

2374 GGUGAAG CUGAUGAG X CGAA ARCAGGG | CCCUGUU C CUUCACC




427
428
429
430
431
432

20 433 HCV-8357 8357

-HCv-8182 8182

HCV- 8187 8187

HCV- 8206 8206
HCV- 8207 8207
HCV- 8227 8227

AAGUCCC 434 HCV-8362 8362

GCUCACG 435 HCV-8
ACGGAGC 436 HCV-8
UACAUCG 25
CGECUCU A CAUCGGEG
UCUACAU C GEEGEECC

UGCGEUU A UCGCCGG
AUAACCG
AGUCGUC
ACAGGCC
AGCUUUG
AGCAUCG
AGGBUCGU10
ACAAGGU
Ri bozynmne
CUGAUGAG X CGAA AC
CUGAUGAG X CGAA AQ
CAAGUCG CUGAUGAG X
GJUGGAGISCUGAUGAG X

AGGAGAG CUGAUGAG X CGAA ACUGGAA
UGCCCAG CUGAUGAG X CGAA AGAGUAC
HCV- 8201 ¥98¥5584TGGAACUGH CEIGAUGAG X CGAA ACCCGEU:#
CACCAGG CUGAUGAG X CGAA ACUCAAC
UCACCAG CUGAUGAG X CGAA AACUCAA
UUUCUUU CUGAUGAG X
GCGACUU CUGAUGAG
CGUGAGC CUGAUGAG X CGAA ACUUUAU

J66Pos83§6
78 8318

GCUCCRibezni@AUGAG X CG
CCAUGUA CUGCAUCGAG X CC

AUUUCCA
CGAA AUGGECCU

A

UUCCAGU A CucuccU
GUACUCU C CUGGGCA
AGCGEET/USPHIRUCC
GUUGAGU U CCUGGUG
UUGAGUU C CUGGUGA
UGGAAAU C AAAGAAA
AGGCCAU A
AUAAAGU C
\A  AGRBSiTe
AA_AGCCGCU

UCGCU C
SCGCCU C

4001

A 3RTHCY-
439 HCV-

Gasticu
8424 8424

G
CGGECGAU _CUGA

437 $CV- §3887CCEL BHRAUCAEACEARNBSEBRBA UGABTICECARCHGAG

Q0 4

T HRtAEcEY
UGAG X_CGAA ACQ

CCG
CUAGA
[SCAG

U AUCGCCG {4 4%8HCY-

TAGLEGCE GUEBUGAG BCLEBE@RACAUERA

CGGUUAY
GACGACU

A S

HREECRY BEARSMAC

ocACCCCC ClLICAL

A

R G

C/Ge0kHGy (CUEARTESAG

[= 8522 RR??

GGEOCUGU DUGC. 444
CAAAGCU é@&m&ﬁf’*ﬂﬁ% HLRFRE S B B ERSUC

SUICCUG CUGALIGAG
CEUDERE® BRI ERG

CGCA -
CGAA
X CGAA
X CGAA
X CGAA
X CGAA

CGAUGCU
ACGACCL

GUEEAYM CYBANGEAS XOCGAR BIACCAGY U
HIUA 447 HCV- 8561 8561

GlsattsntS
AGCAUAAC CUGAUGAG

X CGAA
X CGAA

ACCUUGU

-Cz"éiJUAUEB“GG"G S‘BG“R‘BG X F\‘E%ﬁé‘“c’“&f
3 R 2C

GUUUGAU C CACFgfﬁTr

pr head

SAAU

GGGGGECA

8671
8698

CUGACCC CUGAUGAG X CGAA AUACCGU

ACGGUAU A GGGUCAG

AACCGCU CUGAUGAG X CGAR ACCCUAU

AUAGGGU C AGCGGUU

2468

AGGAGAC CUGAUGAG X CGAA ACCGCUG

CAGCGGU U GUCUCCU

2471

CAAAGGA CUGRUGAG X CGAA ACAACCG

. CGGUUGU C UCCUUUG

20 2473

CACAAAG CUGAUGAG X CGAA AGACAAC

GUUGUCU C CUUUGUG

2476

GRUCACA CUGAUGAG X CGAA AGGAGAC

GUCUCCU U UGUGAUC

2477

UGAUCAC CUGAUGAG X CGAA AAGGAGA

UCUCCUU U GUGAUCA

2483

CCCAUUU CUGAUGAG X CGAA AUCACAA

UUGUGAU C ARAUGGG

2494

CACGAUA CUGAUGAG X CGAA ACUCCCA

UGGGAGU A DAUCGUG

2496

AACACGA CUGAUGAG X CGAA AUACUCC

GGAGUAU A UCGUGUU

2498

GCARCAC . CUGAUGAG X CGAA AUAUACU

AGUAUAU C GUGUUGC

2503

GAAAAGC CUGAUGAG X CGAA ACACGAU

AUCGUGU U GCUUUUC

2507
30

GAAGGAA CUGAUGAG X CGAA AGCAACA

UGUUGCU U UucCCuucC

2508

AGAARGGA CUGAUGAG X CGAA AAGCAAC

GUUGCUU U UCCUUCU

2509

GAGAAGG CUGAUGAG X CGAA AAARGCAA

UuGCUUU U CCuucucC

2510

GGAGAAG CUGAUGAG X CGAA AAARGCA

UGCUUUU C Cuucucc

2513

CCAGGAG CUGAUGAG X CGAA AGGAAAA

UUUUCCU U CUCCUGG

2514

GCCAGGA CUGAUGAG X CGAA AAGGARA

UUUCCUU C UCCUGGC

2516

CCGCCAG CUGAUGAG X CGAA AGAAGGA

UCCUUCU C CUGGCGG




452 HCV-8701 8701
453 HCV-8728 8728

CACGAUUG CUGAUGAG X CGAA AGGAGCA UGCUCCU C CAACGUG -
UUUGCCG CUGAUGAG X CGAA AUGCGUC GACGCAU C CGGCAAA

10 454wbled/ssggi’4 8774 CCCAUGC CUGAUGAG X CGAA AGGGH&Fas9s/o ﬁg:CCCU U
GCACGEG 455 HCV-8842 8842 GGGCGCA CUGAUGAG X CGAA ACAUGAU AUCAUGU
UGCGCCC 456 HCV- 8854 8854 UGCCCAU CUGAUGAG X CGAA AGEUGCEG CCCACCU U
AUGGGECA 457 HCV-8855 8855 UUGCCCA CUGAUGAG X CGAA AAGCGUGG CCACCUU A
UGGGCAA 458 HCV-8871 8871 . GUCAUCA CB@AUGAG X CGAA AAUCAUC GAUGAUU U
UGAUGAC 15 459 HCV- 8880 8880 AAGAAGU CUGAUGAG X CGAA AGUCAUC GAUGACU-
ACUUCUU 460 HCV-B934 4 A  CCUGGAU U
GUCAGAU 461 HCV- GGAUUAU C
AGAUCUA 462 HCV- C
UACGEGEG 463 HCV- A
CGCEEECC 464 HCV- C
AGGAAAC 465 HCV-| U
GGGGAURAC 466 HCV- A
CCECCCU 25
OCGCOCU U GCGAGUG-468 Y
UOOCAGD © UooAGAC 185 TP TR ¥
GAAGUGU C CGCCGCUA 2639 HCeERAGGAOCUGAGE® X C
CCGECGCU A GGCUA
AGCCUAG CUAGgCU"GAl
ACAGU - CUACU X CGAA
ACGCCGEC X CGAA
AGUCCAG X CGAA
ACAAGUC - edithe 5 - X CGAA
ACCAGCU - UGCU 47] HCV- 9251 9251 X CGAA
- AACCAGC GCUGQUUESES USSR CUCRIIGARE. CCANAFAEARG |\t CUUGDGT U UBUCOEH mer head
Ri bozysre 2654 CAtABt ¢TRADEAG X CGAR AACAGRA | UUGUGUU U GUCUGUG '
2655 GCACAGA CUGAUGAG X CGAA ARACACA | UGUGUUU U UCUGUGC
7656 GGCACAG CUGAUGAG X CGAR AARACAC | GUGUUUU U CUGUGCC
2657 CGGCACA 'CUGAUGAG X CGAR AAAAACA ) UGUUUUU C UGUGCCG
20 2732 GGAGCAG CUGAUGAG X CGAA RGCAGCG | CGCUGCU C CUGCUCT
2749 T0GUGE0 CUGADGAG X CGAR ACGOCAS | CUGGOGU U ACCAGCA
2750 GOGGUGG CUGAUGAG X CGAA AACGCCA | UGGCGUU A CCACCAC
2791 UCCACAC CUGAUGAG X CGAA AUGCAGC | GCUGCAU C GUGUGGA
5 2607 CUACARR CUGAUGAG X CGAA ACCACCC | GGGUGGU U UUUGUAG
Z808 CCUACAR CUGAUGAG X CGAR AACCACC | GGUGGUU U UUGUAGG
3805 | ACCOACA COGAUGAG X CGAR ARACCAC | GUGGUUD U UGUAGGU
2810 GACCURG GUGADGAG X CGRR ARRRCCA UGGUUUU U GUAGGUC
7813 TUAGACC CUGADGAG X CGAR ACARRAR | GUUOUGU A GGUCUAR
30 2817 AGURUUA CUGAUGAG X CGAR BCCUACA | UGUAGGD C UAAUACU
2815 | AGAGUAU CUGAUGAG X CGAR AGAGGUA | UAGGUCU A AUACUCU
2822 TCARGAG CUGAUGAG X CGAA AUUAGAC | GUCUARD A CUCUUGA
2825 | AGGUCAA CUGADGAG X CGAA AGUAUCA “UARUACU C UOGACCU
7827 CARGGUC_ CUGAUGAG X CGAA AGAGUAD | ADACUCU U GACCOUG
2833 | UGGUGAC CUGAUGAG X CGAA AGGUCAR | UUGACCU U GUCACCA



AACCAGC CUGAUGAG X CGAA

Pos.. 478 HCV-9254 9254 ACGAACC GEUUCEU U
GCUGGEUU 479 HCV-9278 9278 UGUGAUA CUGAUGAG X CGAA AuGUCUC GAGACAU A
UAUCACA 5 WO IUBR4THCOV- 9280:::.9280  GCUGUGA CUGAUGAG X CGARCAYSOM9027
GACAUAU A UCACAGC 481 HCV-9282 9282 AGGCUGU CUGAUGAG X CGAA AUAUAUG
CAUAUAU C ACAGCCU 482 HCV-9292 9292 GGCCACGA CUGAUGAG X CGAA ACAGECU
AGCCUGU C UCGAEUGCC 483 HCV-9326 9326 GUAGGAG CUGAUGAG X CGAA AGGCACC
GEUGECCU A CUCCUAC 10 484 HCV- 932£35 9329 AAAGUAG CUGAUGAG X CGAA
AGUAGGC GCCUACU C CUACUW 485 HCV-9332 9332 CGGAAAG CUGAUGAG X CGAA
AGGAGUA UACUCCIT A, > 486 FRiYeDammeb O TUACGSHbstkdts\UGAG X CGAA
AGUAGGA UCCUACWY U UCCGUA_§487 HCV-9336 9336 CCUACGG CUGAUGAG X CGAA
AAGUAGG CCUACUY 1Z88CQHUACSEIaEES SSUERUGAD 8 FEAA S%QGU CECIURRUCE BERASRAG X CGAA
AAAGUAG CUACUU_lW' 0341 4-1 ..,\‘;‘, RS 4G X CGAA
ACGGAAA  UUUCCGU|A A éﬁ%ﬁ?@“bﬁ%‘m NGRS fe'hﬁ* AG X CGAA
ACCCCU UAGGGAY A8 88CCAURAJGRES ICUBKTGA® 8 oA BCRGU0T (JUARKGUR 0rav'|rene X CGAA
AUGCCU UAGGCAULC UACHLICC 492 HQ\/-9355 9355 GAGCAGG CUGALGAG X CGAA
AGAUGCC GGCAUCY ABoURIRECHG LRGP 3522 SHAUT | AMYEYC SORSATRAG X CGAA
AGCAGEU ACCUCC—GggeCC AR ZcoE I EAd) % CieAR) AeAAca JAUEiDets cldcdidedd X CGAA
AGCUCCC GGGA! A AUCACUC 495 HCV-9388 9388 AUGGAG) CUGAUGAG X CGAA
AUUAGCU AGCUAAY CERICUCCRSAIRY 6CURRSG2D 3 8RR §BRFYGC 1 CERSEEN:C X CGAA
AGUGAUU AAUCACH G s A Eaeck Cucaucad ¥ /Conk Rosiaet? | Sokbéan »wosbaeny CUGAUGAG
X CGAA pUUGECC GGCCAAU_A GGECCAUC Where "X!' reprlesents stem 1l yegion of
a HH ribozyne (Her{t e88%t | aPUSSUCROIYSAUGRE KeGcaA ARAGHAD He JUACPUD AJERGERG |The | engt h
of stem || may be {2-hpserpaire b ot dobbodAddiienalhiod
Hanmer head (HH) Rilbozyne|a chTar get Sequence Pos. Ri bozyne
Substrate 5 2993 CAAAQMJ CUGAUGAG%MGMLGA&AX@CWCW@GGGG
CCCCRAU U GCGEEEECG 342996 : - : %&%@@GAU A
GAUCACU
15 2998 ARUGUCA CUGAUGAG X CGAA AGAUUAG CUAAUCU U UGACAUU
2999 UBAUGUC CUGAUGAG X CGAA AAGAUUA UAAUCUU U GACAUUA
3005 GUUUGGU CUGAUGAG X CGAA AUGUCAA UUGACAU U ACCAAAC
3006 AGUUUGG CUGAUGAG X CGAA AAUGUCA UGACAUU A CCAAACU
20 3014 CGAGCAG CUGAUGAG X CGAA AGUUUGG CCARACU C CUGCUCG
. 3020 GAAUGGC CUGAUGAG X CGAA AGCAGGA UCCUGCU C GCCAULUC
3026 GACCGAG CUGAUGAG X CGAA AUGGCGA UCGCCAU U CUCGGUC
3027 GGACCGA CUGAUGAG X CGAA AAUGGCG CGCCAUU C UCGGUCC
3029 GCGGACC CUGAUGAG X CGAA AGAAUGG CCAUUCU C GGUCCGC
25
3033 AUGAGCG CUGAUGAG X CGAA ACCGAGA UCUCGGU C CGCUCAU
3038 GCACCAU CUGAUGAG X CGAA AGCGGAC GUCCGCU C AUGGUGC
3047 CAGCCUG CUGAUGAG X CGAA AGCACCA UGGUGCU C CAGGCUG
3073 UACAAAG CUGAUGAG X CGAA ACGGCAU AUGCCGU A CUUUGUA
30 3076 GCGUACA CUGAUGAG X CGAA AGUACGG CCGUACU U UGUACGC
3077 CGCGUAC CUGAUGAG X CGAA AAGUACG CGUACUU U GUACGCG
3080 GAGCGCG CUGAUGAG X CGAA ACAARAAGU ACUUUGU A CGCGCUC
3087 AGCCCCU CUGAUGAG X CGAA AGCGCGU ACGCGCU C AGGGGCU
3095 CACGAAU CUGAUGAG X CGAA AGCCCCU AGGGGCU U AUUCGUG
3096 GCACGAA CUGAUGAG X CGAA AAGCCCC GGBGCUU A UUCGUGC




38 GCGGAGU CUGAUGAG X CGAA AUCUAUG
CACAGEG CUGAUGAG X CGAA AGUGAUC
CUGAUGAG X wbhgissassUUCCU
CGAA ACAGUAG

CAUAGAU C ACUCCCC 42

GAUCACU C CCCUQAUG 57 AAGACAG
AGGAACU A CUGUCUU 10 62 GréFARY0gAUGAG X
CUACUGJ C UUCACCC 64 CUGCAUG CUGAUGAG X CGAA AGACA®U

ACUGUCU U CACGCAG 65 UCUGCEU CUGAUGAG X CGAA AAGACAG cuauCul C
ACGCARA 79 AUGGCUA CUGAUGAG X CGAA ACGCUUU AAAGCEU C UAGCCAU 15 81
CCAUGEC CUGAUGAG X CGAA AGACGCU AGCEECU A GCCAUGG 92 UCAUACU

CUGAUGAG X CGAA ACGCCAU
CGAA AACGCCA

CUCAUAC CUGAUGAG X

AUGGCGU U AGUAUGA 93

CAQUUAGU A UGAGUE
ACACUCA UGA
GAGCCAU A AUGCEUd
CUUUCUU 195
196 AUCCAAQ
GAUCCAA CUGAUGAQ
CUGAUGAG X CGAA
CGAA AUCUCCA
GGAGAUU U GGEECcald . /
GUGGEUAC 354 ST RUKoAtd LCUcATGAE P CeARACEUEEES | GoUARGEAZIGU@ALUAAACC 357
UGAGGUU CUGAUGAQ_X_CGAA AGGAULC GAALCCI] A AACILICA 363 LUUCUUU
CUGAUGAG X CGAA AGHBBIUA SCUPPRNRISATFAE XAFRBARTASS 1| SCUrEAEIIICtURAUGAG X
- cGAA ABeuuuG A O AT e Eo i EidATEAE X Cona AGRSiXCo Uatsot @ leaccabAA AGGUGUU -
AACACCU A CCGECCES : : .
) . ' 3198 GGGGURAA CUGAUGAG X CGAA AUGGUCA UGACCAU C UUACCCC
3200 GCGGGGU CUGAUGAG X CGAA AGAUGGU ACCAUCU U ACCCCGC
3201 AGCGGGEGE éUGAUGAG X CGAA ARGAUGG CCAUCUU A CCCCGCU
15 3254 CGGGCUC CUGAUGAG X CGAA ACUGCCA UGGCAGU R GAGCCCG
3269 UGUCAGA CUGAUGAG X CGAA AAGACGA UCGUCUU C UCUGACA
3271 CAUGUCA CUGAUGAG X CGAA AGAAGAC GUCUUCU C UGACAUG
3374 GUCCCAG CUGAUGAG X CGAA I_LGUAUCU_. : AGAUACU .U CUGGGAC
’ 20 3375 GGUCCCA CUGAUGAG X CGAA AAGUAUC GAUACUU C UGGGACC
3390 UCAAUGC CUGAUGAG X CGAA AUCGGCC GGCCGAU A GCAUUGA
3395 GCCCUUC CUGAUGAG X CGAA AUGCUAU AUAGCAU U GAAGGGC
3436 UUGGGCE CUGAUGAG X CGAA AGGCCGU . ACGGCCU A CGCCCAA
3458 ﬁACCAAG CUGAUGAG X CGAA AGGCCCC GGGGCCU A CUUGGUU
25 -
. 34261 UGC.AACC CUGAUGAG X CGAA AGUAGGC . GCCUACU U GGUUGCA
3465 ACAAUGC CUGAUGAG X CGAA ACCRAGU ACUUGGU U GCAUUGU
3470 UAGUAAC CUGAUGAG X CGAA AUGCAAC GUUGCAU U GUUACUA
. 3473 GCCUAGU CUGAUGAG X. CGAA ACAAUGC GCAUUGU U ACUAGCC
30 3474 AGGCUAG CUGAUGAG X CGAA AACAAUG CAUUGUU A CUAGCCU_
3477 GUGAGGC CUGAUGAG X CGAA AGUAACA " UGUUACU A GCCUCAC
3506 ccccuuc CUGAUGAG X CGAA ACCUGGU A(_‘:CAGGU C GRAAGGGG
3544 CAGGARAA CUGAUGAG X CGAA AUUGUGU ACACAAU C UUUCCUG
3546 GCCAGGA CUGAUGAG X CGAA AGAUUGU ACRAUCU U UCCUGGC
3547 .CGCCAGG CUGAUGAG X CGAA AAGAUUG CAAUCUD U CCUGGCG




68 Pos. -
CUGAUGAG X CGAA AUCUGAC

Ri bozyme

GUCAGAU C GUUGGUG 434
CGAA ACGAUCU WOIIXESB$TCGU U GGUGGAG 443 -

GUGGAGU U UACGUGU 444

Substrate 431

CACCAAC

CUCCACC CUGAUGAG X
# ACACGUA ;CUGAUGAG RCTUS#/3BICCAC
AACACGU CUGAUGAG X CGAA "AACUCCA UGGAGUU U

ACGUGUU 445 CAACACG CUGAUGAG X CGAA AAACUCC GGAGUUU A CGAUGUUG 451
GCGECGEEC CUGAUGAG X CGAA ACACGUA UACGUGU U GCCECEC 516 CUUCCAC
CUGAUGAG X CGAA AGEUUGC GCAACCU C GUGGEAAG 688 AUUGCGC CUGAUGAG X
CGAA ACCUCCG CGCGAGEU C GCGCAAU 702 AUGACCU CUGAUGAG X CGAA ACCCAGA

UCUGGGU A AGGUCAU [ T¥es. | COCACEU GibmayhdGC X CGAA AGCCUSubstrate AUACTCU C
ACGUGCG 740 AC ‘tiﬁgﬂ% UGAG X CGAA AGGUCGG CCGACCU C AUGGEGU 861
AUAGAGA CUGAUGAG X CUCATEGEGUCAA UG UA c o TAG
CUGAUGAG X CGAA AAGACCA-- AG X
OCGAA AAAGAGC iy ¢ URCRUDGTRER  ce R 'euﬁ% "‘e‘lA AGAAAGA
UCUUUCU _C UAUCUUC PU3564 ACACCAU CUGAUSHG /X CGAR FNCEBRAF) CIdcAu i mucEudtihAA AGAGAAA
UUUCUCU3A UCUUCCU 869 AGAGGAA CUGAUGAG X_CGAA AUAGAGA ucucbau ¢
UUCCUCU 871 CALGATES C)FW A@AUA‘@PCC u@i&ﬂﬁiﬁf U’ %9 UG 872
CCAAGAG CUGAUGAG X SNeE coanssn BEEERGGEEEIPGRE -
CUGAUGAG X CGAA AGGEAAGA UCUUCCU C UUGGCCC 25 87
CGAA AGAGGAA  UUCEURR$7U G%@%@%@@GAG X CERA/RGALSC LGRSO KX CRIGAE ACAGCAG
CUGCCUGEU C CUGUUUG <33 CEEICA M;- A e N N T T ol N s Y R TS CHCeyGU U
UGACCAU,;§95 GA AUCROCRG S EERAT ARCAR UCCUGUU U GACCAUC 30
902 GCUGG C BJGC\G X msmmw ceaauxmmu CoRiBP AJCADBAY
UAAGCGG CUGAUGAG X}oeAA-AGcUces— coCAGoL eeee- JA-910 AAd
i e i 7N %
CUGAUGAG X CGAA e'-“e o “W‘” R ' SRR EEEAlCAG X
CGAA AGCGGAA UUCTEESS 7 . R EN: :
UCCGCUU A UCAGGUG
3665 AGCCGAC _CUGAUGAG ‘X CGAA AGGUCUU AAGACCU C .GUCGGCU
15 3668 GCCAGCC . CUGAUGAG X CGAA ACGAGGU ACCUCGU C GGCUGGC
3720 UCCGAGC CUGAUGAG X CGAA ACCGCAG . CUGCGGU A GCUCGGA
3.758 CCGGAAU CUGAUGAG X CGAA ACGUCAG CUGACGU C AUUCCGG
3815 AAUAGGA CUGAUGAG X CGAA A_CGGGUC - GACCCGU C UCCUAUU
20 3817 CARAUAG CUGAUGAG X CGAA AGACGGG . CCCGUCU C CUAUUUG
3820 CUUCAAA CUGAUGAG X CGAA AGGAGAC GUCUCCU A UUUGAAG
3822 CCCUUCA CUGAUGAG X CGAA AUAGGAG CUOCCUAU U UGAAGGG
3823 GCCCUUC CUGAUGAG X CGAA AAUAGGA UCCUAUU U GAAGGGC
25 3832 ACCCGAD CUGAUGAG X CGAA AGCCCUU AAGGGCU C ULUCGGGU
3834 CCACCCG CUGAUGAG X CGAA AGAGCCC GGGCUCU U CGGGUGSE
3925 GGGUAUG CUGAUGAG X CGAA AGUCCAC GUGGACU U CAUACCC
3926 'CGGGUAU CUGAUGAG X CGAA AAGUCCA UGGACUU C AUACCCG
.3929 CBAACGGG CUGAUGAG X CGAA AUGAAGU ACUUCAU A CCCGUUG
30 3935 UAGACUC CUGAUGAG X CGARA ACGGGUA UACCCGU U GAGUCUA
3940 UUCCAUA CUGAUGAG X CGAA ACUCAAC GUUGAGU C UAUGGAA
3942 GUUUCCA CUGAUGAG X CGAA AGACUCA UGAGUCU A UGGARAC
3951 CGCAUAG CUGAUGAG X CGAA AGUUUCC GGAAACU A CUAUGCG
3954 GACCGCA CUGAUGAG X CGAA AGUAGUU AACUACU A UGCGGUC
3961 GACCGGG CUGAUGAG X CGAA ACCGCAU AUGCGGU C CCCGGUC




918 CGCACCU CUGAUGAG X CGAA AUAAGCG CCCUUAU C AGEUGCG 69 Pos.

Ri bozyne Substrate 934 CAGCCCG CUGAUGAG X CGAA
AUGCGUU wiXooisidyy C CGGEGCUG 943 GACAUGG CUGAUGAG X $¥o/0682%-C
GGEECUGUJ A CCAUGUC 5 950 CAUUCAU CUGAUGAG X CGAA
ACAUGEU ACCAUGU C ACGAAUG 964 UGAGUUG CUGAUGAG X CGAA AGCAGUC
GACUGCU C CAACUCA 970 AAUGCUU CUGAUGAG X CGAA AGUUGGA UCCAACU C
AAGCAUU 977 CAUACAC CUGAUGAG X CGHB AUGCUUG CAAGCAU U GUGEUAUG 1008
CCGCEEEG CUGAUGAG X CGAA AUGCAUG CAUGCAU A CCCCCGG 10 1067 UGGGAQU -
CUGAUGAG X CGAA-%#—%WWWUGAG X
CGAA AGUGAGC CU C CCA CGC G X ICGAA AGCAUGG
CCACGCU C_ GOOO0EAT 04— Giaas A SA Rt CoNaaisiSedaeioss [CCAGCAU C
CCCACLA 15 1107 AUUGUCG CUGAUGAG X CGAA AGUIGGEGEG
CCCCACU A CGACAALBIIG 1Y GUCCCUELVGRNGAS GUIGARVGARCCSE (JGRACCROIUIRRESGAC ICGACAAU A
CGACGECC 1152 —W XA AA 'SS coccces-H~UCUGUUC 1181
AUCCSCA CUGAUGAG A R @&m OERGTSG = 1199
GGGAGAC CUGAUGAS 3082 GAA coGAGKIAEVEAUG. Y NFEGIE (SGEHECCC 1AROTcC ACUGGGA
CUGAUGAG X CGAALACCACEA L 120 - CUGAUGAG X
CGAA AGACGAG ?@“&ﬁbﬁ&é%% CGAA ACUGGGA
UCCCAGU U GUUCA T M‘CAGJUGJ U.
CACCUUC 1214 AGAAGH ) (:UGAUGAG X (‘.(‘-.AA AA(‘AA(‘J AGUUGUIU C ACCUUCU 1219
AGGCCAG CUGAUGAL JOBGAA UARSERSGRIRATSAS W%@D@&i’i‘;‘i XGPSR leaGaA
CGAA AGAAGEU ACCUUGU C GCCUCGC 30 _ 1227 UACCGGEC
CUGAUGAG X CGAA| AGBEGAG CCACURS JEYSRITC (X ESAEAAYIRCO | AGRCATU C CAAGDGG
L 4023 GCGUGUA CUGAUGAG X CGAA AUGGGCC | GGCCCAU C UACACGC
1025 | GAGCGUG chAUGAG X CGAA AGAUGGG | CCCAUCU A CACGCUC
15 - 4032 CAGUGG CUGAUGRG X CORA AGCGUGU | ACACGCU C CCACUGG
4094 - GGACGAG CUGRUGAG X _CGAA AéCUUGU ACARGGU A CUCGUCC
4097 UCAGG_A(_! CUGAUGAG X CGAA AGUACCU AGGUACU C GUCCUGA
4100 GGUUCAG -CUGAUGAG X CGAA ACGAGUA UACUCGU C CUGAA_CC
20 E 4111 GGCARCA CUGAUGAG X CGAA AUGGGUU . AACCCAU C UGUUGCC
3126 | AAAACCC CUGAUGAG X CGAA AGGUGGC | GCCACCU U GGGUUUU
4131 GCCéCAA'CUGAUGAG X CGAA ACéCAAG CUUGGGU- U UUGGGGC
4132 CGCCCCA CUGRUGAG X CGRA AACCCAA UUGGGUU U UGGGGCE
5 4133 ACGCCCC CUGAUGAG X Cm AANCCCA UGGGEUUU U GGGGCGU
5 .
) 4141 AGACAUA CUGAUGAG X CGAA ACGCCCC BGGGCGU A UAUGUCU
4143 UUAGACA CUGAUGAG X CGAA AUACGCC GGCGUAU A UGUCUAA
3147 UGCCTUA CUGRUGAG X CGAR ACAUADA | UAUADGU C URAGGCA
~ 4149 UGUGCCT COGAUGAG X CGAR AGACAUA | UAUGUCU A AGGCACA
30 4161 GGG&CGG CUGAUGAG: X CGAA ACCAUGU . ACAUGGU A CCGACCC
1196 | CCGUGGU CUGAUGAG X CGAR ADGGUCC | GGACCAU U ACCACGG
419.7 CCCGUGG CUGAUGAG X CGAA AAUGGUC ‘GACCAUU A CCACGGG
3214 AGUACGU CUGAUGAG X CGAA AUGGGGG | CCCCCAU C ACGUACD
1215 GGUGGAG COGAUGAG X CGAA ACGUGAU | .AUCACGU A CUCGACC
1222 AUAGGUG CUGADGAG X CGAR AGUACGU | ACGUACU C CACCUAU




1234 UGUCUCA CUGAUGAG X CGAA ACCGGCG ~ OGOCGGU A UGAGACA 1244
AGUCCUG CUGAUYGAG X CGAA ACUGUCU ~ AGACAGU A CAGGACU 1257  AUUGAGC
CUGAUGAG X TRBECAG  QUBCAAU U GOUCAAU 1261 gy, AUAGABEFESRIEAG X
CGAA AGCAAUU  AAUUGCU C AAUCUAU 1265 CGGGAUA "CUGAUGAG X CGAA AUUGAGC

GCUCAAU C UAUCCCG
Substrate 1267

70 Pos. Ri bozyne .
GCCGGGA CUGAUGAG X CGAA. AGAUUGA UCAAUCU A UCCCGCEC 1269

UGGCCGG CUGAUGAG X CGAA AUAGAUU AAUCUAY C CCGGCCA 1299 AUAUCCC
CUGAUGAG X CGAA AGCCAUG CAUGGCU U GGGAUAU 1305 AUCAUCA CUGAUGAG X
CGAA AUCCCAA u N UGAUGAU Riibzyme UGUAGLC | ACCAGUU
AACUGGU C GCCUACA 1326 GCUGUUG CUGAUGAG X CGAA AGGCGAC cVecsolly
CAACAGC 1337 AGACEZAT ( URSRUETY AEGeeUCU 10
1345 UAACUGC W“
CCGGAGU CUGAUGAG N _ GAG
CUGA X CGAA AA‘_ GRS HSAGIICALGAG X
CGAA ACUAACU AG CUGALIGAG X_CGAAl AUCCGGA
UCCGGAU C CCACAAG 14@% Yeveviicilascvcecoly\
AGGUCUU 1454 (AAFEAA | Clbrt ko EacRucAE A AR QURIShe | AUEHSATC AtartaAUUG 1456
CACAAUC CUGAUGAG CGAA AGACCLIL AACEICU U GAUUG 20 1460
ACAUCAC CUGAUGAG X CB&h A u&%&@ﬁ CUGAE%EJW @GWUHFGE‘EGQ C ARCDGRR \GU
CUGAUGAG X CGAA AGAUIGHE ‘ A BT N o MCACIA
CGAA AAAUCA AUGUU A CUCUUUG 1472 CGGCAAAl CUGAUGAG X CGAR AGUAACA
UGUUACU C UUUGCCG |1442a4 AGIADEYFISATIRES X LGAS ARUCEER\ /| AUA@BCAA CCAUGIUALCUCU U
UGCCGGC 1475 GECREECT 68 s B R T T e
4328 CUGUGCC CUGAUGAG X CGAA AUGCCCA UGGGCAU C GGCACAG
4389 GGAGGCG CUGAUGAG X CGAA AGCGGUG CACCGCU A CGCCUCe
15 4395 GAUCCCG CUGAUGAG X CGAA AGGCGUA UACGCCU C CGGGAUC
4402 GGUAACC CUGRAUGAG X CGAR AUCCCGG CCGGGAU C GGUUACC
4406 GCACGGU CUGRUGAG X CGAR ACCGAUC GAUCGGU U ACCGUGC
4407 GGCACGG CUGAUGAG X CGAA AACCGAU AUCGGUU A CCGUGCC
20 4427 (£CUCCUC CUGAUGAG X CGAA AUAUUUG CAAAUADU U GAGGAGG
4440 UUGGACA CUGAUGAG X CGAA AGCCACC GGUGGCU C ucUuCccaa
4465 GCCAUAG CUGAUGAG X CGAA AGGGGAU AUCCCCU U CUAUGGC
4466 UGCCAUA CUGAUGAG X CGAA AAGGGGA UCCCCUU C UAUGGCA
25 4468 CUUGCCA CUGAUGAG X CGAA AGAAGGG CCCUUCU A UGGCAAG
4512 ABRAUGA CUGAUGAG X CGAA AUGCCUU AAGGCAU C UCAUUUU
4514 AGARAAAU CUGAUGAG X CGAA AGAUGCC GGCAUCU C AUUUUCD
4517 GGCAGAA CUGAUGAG X CGAA AUGAGAU AUCUCAU U UUCUGCC
- 4518 UGGCAGA CUGAUGAG X CGAA: AAUGAGA UCUCAUU U UCUGCCA
30 4519 GUGGCAG CUGAUGAG X CGAA AARAUGAG CUCAUUU U CUGCCAC
4520 AGUGGCA CUGAUGAG X CGAA AAAAUGA UCAUUUU C UGCCACU
4550 UUGCGGC CUGAUGAG X CGAA AGCUCAU AUGAGCU C GCCGCAA
4564 GAGGCCU CUGAUGAG X CGAA ACAGCUU AAGCUGU C AGGCCUC
4571 UGAUUCC CUGAUGAG X CGAA AGGCCUG CAGGCCU C GGAAUCA
4602 ACGUCAA CUGAUGAG X CGAA ACCCCGG CCGGGEU C UUGACGU




1484  CCOCGUC CUGAUGAG X CGAA ACGCOGG — COGGOGU U GACGGGG 1493

UGUAAGU CUGAUGAG X CGAA ACCCCGU  ACGGGGU C ACUUACA 1497  GUCGUGU
CUGAUGAG X @@Wasé#lGACC ~ GGUCACU U ACACGAC 30 PCTssP8
UGUCGUG CUGAUGAG X CGAA AAGUGAC  GUCACUU A CACGACA 1513 A
CUGAUGAG X CGAA ACCCCCC — GGGBGGGU C GCAAGCU 1521  GUGUGGC CUGAUGAG X
CGAA AGCUUGC ~ GCAAGCU C GOCACAC 1538  AGGACGU CUGAUGAG X CGAA ACGCUCU

AGAGCGU C ACGUCCU 1543 GAAGAAG G X CGAA ACGUGAC GUCACGU C
CUUCUUC 1546 GGUGAAG CUGAUGAG X CGAA AGGACGU ACGUCCU U CUUCACC 71
Pos. __.R§Lo.z.3m;e — Substrate 1547 GGGUGAA
CUGAUGAG X CGAA PABPSACG cauccHibeEyecacce 1549 QUGAUGAG X
CGAA AGAAGGA %@-W W &UGGGU
CUGAUGAG X CGAA PAGAAGH & AWE%? eee B UcauAG X
CGAA AuucCucU AGEACEAA BB X T dacEeAcAcsucatA GAA AGCUGRA
UCCAGCU C AUAAACK-1583 AALGACCLL.___AGCUCAU A
AACACBA 1607 CRIEERCROPEE AACAGGA 10
1636 GUUGAGG [Poed Gotucer 0Ginttuca o 0
CGGUGUU CUGAUGAG X_CGAA AGGGAUU AAUCCCU_C AACKACCG 1651 1GCAAAG
CUGAUGAG X CGAA ACEEG) SCCAsEi-ERSAVSAE) XCERB@ALSATp 5D UCUCCURANSAYCAC QUGAUGAG X
- CGAA AACCCGG CORIPOY GoddhiIeiioaha X coan AvAACEA i “OCAUORY C GUGECAR
CUGAUGAG X CGAA BGAACCE GGGUUCU U "UGCCGCA 1656 GUGCGGC QUGAUGAG X
CGAA AAGAACC SGABEUL 7 GAA ACAGUGC
GCACUYY U CUACGOR—1a57 : CUGUU C
UACGCAC 20 - CAG

 CUGUUCU A CGCACAL 1681 CAAGU U
) CAACUCG 4685 CCGAGUC CUGAUGAG X CGAA AAGUCAC GUGACUU U GACUCGG

4690 GAUCACC CUGAUGAG X: CGAA AGUCAAA : UﬁﬁGACU C GGUGAUC
15 2715 TCUGGGU CUGAUGAG X CGAR ACACAUG | CAUGUGU C ACCCAGA
4727 .U(:;:AAAUC CUGAUGAG X CGaa ACUGUCU AGACAGU C Gauuuca
4;131 AAGCUGA CUGAUGAG' X' CGAA 'AUCGACU AGUCGAU - U UCAGCUU
1732 CARGCUG CUGAUGAG X CGAA AAUGGAC | GUCGAUU U CAGCUUG
20 ' 2733 CCARGCU CUGAUGAG X CGAM AARUCGA | UCGAUUD C AGCUUGG
4738 GGGAUCC CUGAUGAG X CGAA AGCUGAA UUCAGdU U GGAUCCC
4743 ADGGUGG CUGAUGAG X CGAA AUCCRAG . .'CUUGGAU C CCACCUU
4750 AAUGGUA CUGAUGAG X CGAA AGGUGGG CCCACCU U UACCAUU
2 ' 4751 " CAAUGGU CUGAUGAG ¥ CGAA AAGGUGG -.'CCACCUU U ACCAUUG
5 ¥ T
4752 UCAAUGG CUGAUGAG X CGAA AAAGGUG CACCUUU A CCAUUGA
4757 UCGUCUC CUGAUGAG X CGAA AUGGUAA UUACCAU U GAGACGA
4824 ccuccece CUéAUGAé X CGAA ACCCCUG CAGGGGU A GGGGAGG
4835 ACCUGUA CUGAUGAG X CGRAA AUGCCUC GAGGCAU C UACAGGU
30 4837 AAACCUG CUGAUGAG X CGAA AGAUGCC GGCAUCU A CAGGUUU
4843. AGUCACA CUGAUGAG X CGRAA ACCUGU2 UBACAGGU U ﬁGUGACU
4844 GAGUCAC CUGAUGAG X CGAA AACCUéU ACAGGUU U GUGACUC
4851 UCUCCCG CUGAUGAG X CGAA AGUCACA UGUGACU C CGGGAGA
4867 CAUGCCC CUGAUGAG X CGAA AGGGCCG CGGCCCUu C GGGCAUG
4876 AGAAI.'_ICG CUGAUGAG X CGAA ACAUGCC GGCAUGU U CGAUUCU




1682 ACGAGUU CUGAUGAG X 'CGAA AACUUGU
UCCGGAC CUGAUGAG X CGAA AGUUGAA - UUCAACU C GUCCGGA 1690 GCAUCCG
CUGAUGAG X CCFAIRIBBACUU AACUCGU C CGGAUGC 25 1723 GUPCTUSINORAUGAG X
CGAA AGCUGCA  UGCAGCU C CAUCEAC 1764 GGCUCGG "QUJGAUGAG X CGAA AUAGGUG
CACCUAU A CCGAGCC 1773 AGGUCCC CUGAUGAG X CGAA AGGCUCG CGAGCCU A
GGGACCU 1785 GGCCUCU CUGAUGAG X CGAA AUCCAGG CCUGGAU C AGAGGCC 30

ACAAGUU C AACUCEU 1687

1794 CAGCAGU CUGAUGAG X CGAA AGeCcU@l  GAGGCCU U ACUGCUG 1861
GAAACAG CUGAUGAG X CGAA ACACUGG CCAGUGU A CUGUUUC 1866 GGGGUGA
CUGAUGAG X CGAA ACARGIACT GUACUGRIiBozyskeACCCC 1867 Substaths CUGAUGAG X
CGAA AACAGUA WACUGUU} U CACCCCA 1868 UUGGGGEU CUGAUGAG X CGAA AAACAGU
ACUGUUU C ACCCCAA 1835 | AAIBRISGACAGHICAIGAGRMCABREAA AGRIGGBLA cAUscuGJUGCU U
CUCAACA 72 Pos ubstrate
1956 IGUA [ kB R A ok ™ USRS R AR g
Vel CUGAUGAG [X 86 A[ ACHBERRACUGAUCRE I Bahi) ARG AR A PNGBCEADT C U0CGGUC 2020
CU CUGAUGAG [X_caaal accead | ACLIGCA] 1 CACOAAG 2021 LQUUGEU
CUGAUGAG X CGAA AACCENG| ACRERSCHERTRC ACCRAARIED4| CCAUTER:R ARERSCEUGAUGAG X
CGAA AUCCGUG (AGes3 U UcASchAd KUonutd § conn anddnlid T catidatderiauceie A AGCAAUC
GAUUGCU U UCGGAAG_2099 GCUUCCG CUGAUGAG X_CGAA AAGCAAU AUUGCUU U
CGGAAGC 10 2100 498R30uue@*\€&96419w X WCWMWCG%G@@WC GGAAGCA
2157 AUACACC [EHSREGRE ot = 63
UCAACUR CUGAUGAG UGA 2165 AQUCAAC
CUGAUGAG X CGAA AUAGACC| UUGCCAICEIRRGAG GRIGABLPCRAG S| CUGGABLRUABEIGALUGAUGAG X
CGAA ACUAUAC CW%@G X CGAA AACUCCA UGGAGUU C UGGGAAA
5024 CUGUGAA CUGAUGAG X CGAA ACGCUUU ARAGCGU C UUCACAG
- 5026 GCCUGUG CUGAUGAG X CGAA AGACGCU AGCGUCU U CACAGGC
15 5027 GGCCUGU CUGAUGAG X CGAA AAGACGC GCGUCUU C ACAGGCC
5036 - UGUGGGU CUGAUGAG X CGAA AGGCCUG CAGGCCU C ACCCACA
5045 GGGCAUC CUGAUGAG X CGAA AUGUGGG CCCACAU A GAUGCCC
5056 GGACAGG CUGAUGAG X CGAA AGUGGGC GCCCACU U CcuGcuCC
20 5057 GGGACAG CUGAUGAG X CGAA AAGUGGG CCCACUU C cucuccc
- 5062 GGUUUGG CUGAUGAG X CGAA ACAGGAA UUCCUGU C CCAAACC
5089 GUAAGGG CUGAUGAG X CGAA AGUUGUC GACAACU U CCCUUAC
5090 GGUAAGG CUGAUGAG X CGAA  AAGUUGU ACAACUU C CCUUACC
25 5094 ACCAGGU CUGAUGAG X CGAA AGGGAAG CUUCCCU U ACCUGGU
5095 UACCAGG CUGRUGAG X CGAA AAGGGAA UUCCCUU A CCUGGUA
5139 GGAGGUG CUGAUGAG X CGAA AGCCUGA UCAGGCU C CACCUCC
5145 . CACGAUG CUGAUGAG X CGAA AGGUGGA UCCACCU C CAUCGUG
5149 AUCCCAC CUGAUGAG X CGAA AUGGAGG CCUCCAU C GUGGGAU
30 5157 CACAUUU CUGRAUGAG X CGAA AUCCCAC GUGGGAU C AAAUGUG
5172 CGUAUGA CUGAUGAG X CGAA ACACUUC GAAGUGU C UCAUACG
5174 GCCGUAU CUGAUGAG X CGAA AGACACU AGUGUCU C AUACGGC
5177 "UARGCCG CUGAUGAG X CGAA AUGAGAC GUCUCAU A CGGCUUA
5183 UAGGUUU CUGAUGAG X CGAA AGCCGUA UACGGCU U AAACCUA
5184 GUAGGUU CUGAUGAG X CGAA AAGCCGU ACGGCUU A AACCUAC




2173 GUAUGGEG CUGAUGAG X CGAA AGUCAAC GUUGACU A CCCAUAC 2179
GAGCCUG CUGAUGAG X CGAA AUGGGEUA UACCCAU A CAGECUC 2186 AGUGCCA

CUGAUGAG X wassvisseaCCUGU ACAGGCU C UGGCACU 20 PCTIUSIS/PEHA
GCAGGGG CUGAUGAG X CGAA AGUGCCA UGGCACU A CCCCUGC 2207 UAAAGUU
CUGAUGAG X CGAA ACAGUGC GCACUGU C AACUUUA 2212 GAUGGUA CUGAUGAG X
CGAA AGUUGAC GUCAACU U UACCAUC 2213 AGAUGGU CUGAUGAG X CGAA AAGUUGA
UCAACUU U ACCAUCU 2214 AAGAUGG CUGAUGAG X CGAA AAAGUUG  CAACUUU A
CCAUCUU 25 2222 UAACCUU CUGAUGAG X CGAA AAGAUGG  CCAUCUU U AAGGUUA
AIGAGX—CGAAAMACAIG——GAL 2228
hA ACCUUAARIDOZYEE, £ 55 U ACSGAUGB“% UACAUCC
A ecacae FoSkdeht X e W EaS d tanacco & cacueca | 2236
A ACAUCCU AGGAUGU A UBUGEEG 2283 UCUCCUC
R(X6eC0aC IBENCAS cmmvzﬂ GG | CUGAUGAG X
A CGAA AAGUGUC
UCCCUGU U
CCUUCAC 2374 JEeT 3G CUUCACC 73
Pos. Rlbozvne _ A7 GAUGGEUG
CUCAUGAG X COA ATEARAS S SRR § CRORBE 2 4 B R | CuchUeAG X
CGAA AAGGAAC € e KucBUCACAUGA® X CGAR AGGGUGA | UCACEGIBT acacauc (BAGCCGG
CUGAUGAG X CGAA AGGGUGG CCACCCU A CCOCOCUIC 2394 GLUCGACAICUGAUGAG X
‘CGAA AGCCGEU CGAA ACAGAGC
C CACUG Ao CACUGEU U
UGAUCCA 2407 \UC CUGAUGAG X CGAA cr, GAUCCAC 10
5272 CRUGAUG CUGAUGAG X CGAA AUUUGGU ACCAAAU U CAUCAUG
5273 CCAUGAU CUGAUGAG X CGAA AAUUUGG CCAAAUU C AUCAUGG
5276 AUGCCAU CUGAUGAG X CGAA AUGAAUU . AAUUCAU C AUGGCAU
15 ' 5290 (;'rUCGGCC CUGAUGAG X CGAA ACAUGCA UGCAﬁGU C GGCCGAC
5348 GCGGCCA CUGAUGAG X CGAA AGCUGCA UGCAGCU C UGGCCGC
5384 CCACAAU CUGAUGAG X CGAA ACCACAC GUGUGGU C AUUGUGG
5387 UACCCAC CUGAUGAG X CGaAA AUG'A.CCA UGGUCAD U GUGGGUA
. 20 5394 AUGAUCC CUGAUGAG X CGAR ACCCACA . UGUGGGU A GGAUCAU
5402 CGGACAA CUGAUGAG X CGAA AUGAUC(f . GGAUCAU U UUGUCCG
5403 CCGGACA CUGAUGAG X CGAA AAUGAUC GAUCAUU U UGUCCGG
5404 -CCCGGAC CUGAUGAG X CGAA AAAUGAU AUCAUUU U GUCCGGG
25 5407 CCUCCCG CUGAUGAG X CGAA ACAAARU AUUUUGU C CGGGAGG
- 5441 GGUAGAG CUGAUGAG X CGAA ACUUCCC " GGGAAGU C CUCUACC
5444 CCCGGUA CUGAUGAG X CGAA AGGACUU Z:LAGUCCU C UACCGGG
5446 CUCCCGG .CUGAUGAG X CGAA AGAGGAC 'G_UCCUCU I CCGGGAG
5455 UVUCAUCG CUGAUGAG X CGRA ACUCCCG. CGGGAGU U CGAUGRAA
30 5456 UuucaAuUC CUGAUGAG X CGAA AACUCCC_. GGGAGUU C GAUGAAA
5479 GAGGUGU CUGAUGAG X CGAA AGGCGCA UGCGCCU C ACACCUC
5486 UGUAAGG CUGAUGAG X CGAA AéGUGUG CACACCU C CCUUACA
5490 UCGAUéU CUGAUGAG X CGAA AGGGAGG CCUCCC& U ACAUCGA
. 5491 UUCGAUG CUGAUGAG X CGRA AAGGGAG CUCCCUU A CAUCGAA
5495 CCUGUUC CUGAUGAG X CGAA AUGUAAG éUUACAU C GAACAGG




2411

CUGAUGAG X
CGAA ACCGUAC

GGAGGUG CUGAUGAG X CGAA AUCAAAC
GUACAGG CUGAUGAG X CGAA ACUGCAC

U
GUACGGU A UAG’GGUC 15

CUGAUGAG X CGAA AUACCEU

CGAA ACCCUAU

AUAGGEU C AGCGEUU 2468

ACGGUAU A GGGUCAG 2461

2456

GUUUGAU C CACCUCC 2443
GUGCAGU A CCUGUAC 2449
A CGGUAUA 2454

UAUACCG

GACCCRAT/ESRAZAG X

CUGACCC

- AACCCCU CUGAUGAG X

AGGAGAC CUGAUGAG X CGAA ACCCCUG

CAGCGGU U GUCUCCU 2471 CAAAGGA CUGAUBAG X CGAA ACAACCG  CGGUUGU C
UCCUUUG 20 2473 CACAAAG CUGAUGAG X CGAA AGACAAC
GUUGEUCU C CUUUGUG X GAUCA ] Htrs TOQUCCU U
UGUGAUC 2477 IGAUCAC CUGAUGAG X_OGAA AAGGAGA UCUCCUU U GUGAUCA 2483
CCCAUUU CUGAUGAG X GElA AUEBEIEA G5 B

CUGAUGAG X CGAA AdLicccea LUCGCCAGLLA IIAII(_‘G_]G_ZA_Q_@_ 2 CUGAUGAG X
CGAA AUACUCC  GRAGIRU  BERSEUEaR® oA BERACA] XBHAA AuauACU
AGUAUAU C GUGUUGC 2588 T Tictst el A 3= BRGET Y 6cog U
GCUUUUG 2507 > CUGAUGAG X_CGAA AGCAACA UGUUGCL U luﬁﬁiuc 30
2508 AGAAGGA (UGAGA

GAGAAGG CUGAUGAG X¥—EGA#

CUGAUGAG X CGAA A/

CGAA AGGAAAA L

UUUCCUU C UCCUGGC

CUGGCGG, 74 Pos.

2545  °CAUCCAC Cl

CCUGGEEC CUGAUGAG >
CUGAUGAG X CGAA Ad

CGAA AUGCCAU AJTEese] U &ddug#oGAUGAG X CGAA AAUACUG CAGURUU U AGCAGGC
5666 AGCCUGC CUGAUGAG X CGAA AAAUACU | AGUAUUU A GCAGGCU

15 5677 | CAGAGUG CUGAUGAG X CGRA AURAGCC | GGCUUAU C CACUCUG
5682 CCAGGCA CUGAUGAG X CGAA AGUGGAU | AUCCACU C UGCCUGG

5702 GUGAUGC CUGAUGAG X CGAA AUCGCGG CCGCGAU A GCAUCAC

5707 CAUCAGU CUGAUGAG X CGAA AUGCUAU | AUAGCAU C ACUGAUG

20 5719 GGCUGUG CUGAUGAG X CGAA AUGCCAU | ADGGCAU U CACAGCC
5720 AGGCUGU CUGAUGAG X CGAA AAUGCCA | UGGCAUU C ACAGCCU

5728 GGUGAUA CUGAUGAG X CGAA AGGCUGU | ACAGCCU C UAUCACC

5730 CUGGUGA CUGAUGAG X CGAA AGAGGCU | AGCCUCU A UCACCAG

5732 GACUGGU CUGAUGAG X CGAA AUAGAGG CCUCUAU C ACCAGUC

% 5739 GUGAGCG CUGAUGAG X CGAA ACUGGUG | CACCAGU C CGCUCAC
5744 GGGUGGU CUGAUGAG X CGAA AGCGGAC | GUCCGCU C ACCACCC

5757 AGGAGGG CUGAUGAG X CGAA AUUCUGG CCRGARD A GCCUCCT

5762 UGAACAG CUGAUGAG X CGAA AGGGUAU | AUACCCU C CUGUUCA

30 5774 CCCCUAA CUGAUGAG X CGAA AUGUUGA | UCAACAU C UUAGGGG
5776 UCCCCCU CUGAUGAG X CGAR AGAUGUU | AACAUCU U AGGGGGA

5711 AUCCCCC CUGAUGAG X CGAA AAGAUGU | ACAUCUU A GGGGGAU

5796 GCGAGUU CUGAUGAG X CGAR AGCAGCC GGCUGCU C ARCUCGC

5808 GCACUGG CUGAUGAG X CGAA AGGAGCG CGCUCCU C CCAGUGC

5820 AAGGCCG CUGAUGAG X CGAA AGCAGCA | UGCUGCU U CGGCCUU




2637

GGAAGGA CUGAUGAG X CGAA AGAAUGC GCAUUCU C UCCUUCC 2641
AUUCUCU C CUUCCUU 10 2644
ACACAAG CUGAUGA

CUGAUGAG X heh\dorsasaAGAAU
CUCUCCU U CCUUGUG 2645

CGAA AGGAGAG

UCUCCUU C CUUGUGEU 2648
ACAGAAA CUGAUGAG X CGAA ACACAAG
CACAGAA CUGAUGAG X CGAA AACA
GCACAGA CUGAUGAG X CGAA AAACACA

GUGUUUU 2653
2654

CUGAUGAG X CGAA
CGAA AAAAACA

X CGAA AGCACCG |
CUGGECGEU U ACCAC(H

AAGGAGA CUGAUGAG X CGAA AAUGCCA UGGCAUU C UCUCCUWJ 2639 : .
AAGGAAG

KA\ Cach

AAAACAC CUGAUGAG X CGAA AGGAAGG ccuuccu U
CUUGUAU U uuucuad 15

-,

e p g

2?3

UUGUGEUU U UUCUGUG 2655

UJu U UCUGUGC 2656 GGCACAG

JIGAUGAG X

GGAGCAG CUGAUGAG

CGAA ACGCCAG

CCACCAC 2791  [UCBACA AR BEGATS,
CUACAAA CURAUGAGX..CGA A : A GLAG 2808 C(
CUGAUSAG X CGAA |AA BRI TSRAIE"S 8 (| SR RCETREASTUYGAUGAG X
CGAA AAACCAC ,:‘-4_ SoGhbca TIT SRR EoeucdcicPAA  AAAACCA
UGGEUUUU U GUAGAE JYUUUGU A
GGEUCUAA 30 A UGUAGEU
C UAAUACU 2819 AUACUCU 2822
UCAAGAG CUGAUGACQ
CUGAUGAG X CGAA AGBPEUU OGAAMF@@A@XU@@‘\W 733@9@:03\@&99& (EUGAUGAG X
X CGAA MGUAU A 1 """' et r"‘""‘;"'f" GAA A A sr .v?—1v— ey- e/twv A@JCAA
UUGACCU U GUCA 7% :‘OS - R zynme
" Substrate 6120 Acc_uegu CUGAUGAG X CGAA ACCCCGC | GCGGGGU A ACCACGU
6128 UGGGGGA CUGAUGAG X CGAA ACGUGGU | ACCACGU U UGCCCCA
129 GUGGGGG CUGAUGAG X CGAA AACGUGG | CCACGUU U CCCCCAC
15 6130 CGUGGGG COGAUGAG X CGAA ARACGUG | GACGUUU C CCCCACG
€142 AGGCACG CUGAUGAG X CGAA AGUGCGU | ACGCACU A CGUGCCO
6173 UCUGAG_U CUGAUGAG X CGAA ACACGUG CACGUGU A ACUCAGA
6177 AGGRUCU. CUGAUGAG X CGAA AGUUACA | UGUAACU C AGAUCCU
20 . 6182 UGGAGAG CUGAUGAG X CGAA AUCUGAG " CUCAGAU C CUCUCCA
6185 GGCUGGA CUGAUGAG X CGAA AGGAUCU | AGAUCCU C UCCAGCC
6187 l' GAGGCUG CUGAUGAG X CGAA.AGAGGAU ) AUCCUCU C CAGCCUC
6194 UGAUGGU CUGAUGAG X CGAA AGGCUGG | CCAGCCU C ACCAUCA
. 6200 GCUGAGU CUGAUGAG X CGAA AUGGUGA ) UCACCAU C ACUCAGC
25 . .
. 6204 AGCAGCU CUGAUGAG X CGAA AGUGAUG . { CAUCACU C AGCUGCU
6221 | ACUGGUG CUGADGAG X CGAA AGCCUCU | AGAGGCU U CACCAGU
6222 CACUGGU CUGADGAG X CGAA AAGCCUC | GAGGCUU C ACCAGUG
6233 CCUCAUU CUGAUGAG X CGAA AUCCACU | 2GUGGAU U AAUGAGG
30 6234 UCCUCAU CUGAUGAG X CGAA AAUCCAC | GUGGAUU A AUGAGGA
247 UGGCGUG CUGAUGAG X CGAA AGCAGUC | GACUGCU C CACGCCA
6259 CGAGCCG CUGAUGAG X CGAR AGCAUGG | CCAUGCU C CGGCUCG
6265 UAGCCAC CUGAUGAG X CGAR AGCCGGA | UCCGGCU C GUGGCUA
272 CAUCCU0 COGAUGAG X CGAR AGCCACG | CGUGGCU B ARGGAUG
6281 AGUCCCA CUGAUGAG X CGAA ACRUCCU AGGAUGU U UGGGACU




2836

GUGUGGU CUGAUGAG X CGAA ACAAGEU
CACUUUG CUGAUGAG X CGAA AGUGUGG CCACACU A CAAAGUG 5
GGCGAGG CUGALYR&/SS84TAA A

CUGAUGAG X CGAA AACACUWU

CGAA AGGAACA
CCAGGCU C AUAUGEU
UGEUGEU 2889

CUGAUGAG X CGAA A
CGAA AUUAGCU A

2870

CUGGUGA CUGAUGAG X CGAAS
CCCUGEU CUGAUGAG X CGAA AUAAAGU

PG |
GCUAAU

JUU
ACCAUAU

AAAGJGU U CC , 2855
"AAGUGUU C CUCGCCA 28584 v
UGUUCCU C GCCAGGC 2867

ACCUUGU C ACCACAC 2845

2854
PCTYSIS0200
GCCUGEC CUGAUGAG X
CUGAUGAG X CGAA AGCCUGG

ACCACCA CUGAUGAG X CGAA AUGAGCC GGCUCAU A

NAAGUAU

C UUUGACA 2998 AAUGUCA

ACUUUAU C ACCAGGG 2993

AUACUUU A UCACCAG 2891
CAAAGAU
UGAG X

A CUGAUGAG X AGAUUAG

CUAAUCU U UGACAUU
GACAUUA 3005

AGUUUGG CUGAUGAG
CGAGCAG CUGAUGAG
CUGAUGRG X CGAA A

2989

1mm| C G‘(‘CAIII]{“ ’-Zﬂ’)ﬁ

CGAA AUGGCGA U

U COEBGEIFI A~ Comn RGEREEA

CGCCAUU C UCGEUCC
GEUCCEC 3033

AGSECUITOUSAUGAG A CEAA L ANSUCRE
b CUGAUGAG X CGAA ACCGAGA

GCACCAU CUGAUGAG K

CUGAUGAG X CGAA A
CGAA AGEGCAU A

ACCESEE CUGAU%GO%B @0%9@&

A DGR S5s

CUGAUGAG X CGAA Al

UC@S@JA%U@G UCCREGCHEE 7

CGAA AAGUACG &
ACUUUGU A CGECECUC] 3
AGGGECU 3095 CA :
CCACGAA CUGAUGAG L%A_ " GAGAAGA CUGAUGAG X CGAA “AGUCCCU U UCUUCUC
15 6364 UGAGAAG CUGAUGAG X CGAA AAGGGAC GUCCCUU U COOCUCA
6365 AUGAGAA CUGAUGAG X CGAA AAAGGGA UCCCUUU C UUCUCAU
6367 - GCRUGAG CUGAUGAG X CGAA AGAAAGG .| CCUUUCU U CUCAUGC
6368 GGCAUGA CUGAUGAG X CGAA AAGAAAG CUUUCUU C UCAUGCC
20 6370 UUGGCAU CUGAUGAG X CGAA AGAAGAA UUCUUCU C AUGCCAA
6385 UCCCUUG CUGAUGRG X CGAA ACCCGCG | CGCGGGU A CAAGGGA
6395 CCCGCCA CUGAUGAG X CGAA ACUCCCU AGGGAGU C UGGCGGG
6446 GUCCGGU CUGAUGAG X CGAA AUUUGUG CACAAAU U ACCGGAC
25 6447 UGUCCGG CUGAUGAG X CGAA AAUUUGU ACAAAUU A CCGGACA
6458 CGUUUUU CUGAUGAG X CGAA ACAUGUC GACAUGU C AAAAACG
6468 CUCAUGG CUGAUGAG X CGAA ACCGUUU AAACGGU U CCAUGAG
6469 CCUCAUG CUGAUGAG X CGAA AACCGUU. AACGGUU C CAUGAGG
6479 GCCCRAC CUGAUGAG X CGAA AUCCUCA UGAGGAU C GUUGGGC
30 6482 UAGGCCC CUGAUGAG X CGAA ACGAUCC GGAUCGU U GGGCCUA
6489 CAGGUUU CUGAUGAG X CGAA AGGCCCA UGGGCCU A AAACCUG
. 6520 GAUGGGG CUGAUGAG X CGAA ACGUUCC GGRACGU U CCCCADC
6521 UGRUGGG CUGAUGAG X CGAA ARCGUUC GARCGUU C CCCAUCA
6527 ACGCGUU CUGAUGAG X CGAA AUGGGGA UCCCCAU C AACGCGU
6535 UGUGGUG CUGAUGAG X CGAA ACGCGUU AACGCGU A CACCACA




76 Pos.

CUGAUGAG X wridusstdyJAAGC
CCGCACC CUGAUGAG X CGAA ACAUGCA UGCAUGU U GEUGCGG 3125
CUGAUGAG X CGAA AcCuuucCC GGAAAGU A GCCGGAG 3180
GACAGAU A CGUACEU 3184

CGAA ACCUGUC
GGEUACAU A CGUCUAU 3188
UAUGACC 10 3190

3198  GGGGUAA

GCGGGGU CUGAUGAG A AGAUGGU UCU U A
CUGAUGAG X CGAA A A
CGGGCUC CUGAUGAG CGENgs A R A A
CUGAUGAG X CGAA PAVEEACTA Goc

CGAA AGAAGAC  |GUCLLC

Ri bozyme

GCUUAUU C GUGCAUG 5

Substrate 3098
AUGCACG CUGAUGAG X CGAA AUAAGCC GGCUUAU U CGUGCAU 3099

UACGUCU

CAUGCAC

PCT/US99/b927
CUCCGEC

ACGUACG CUGAUGAG X

AUAGACG CUGAUGAG X CGAA ACGUACC
GGUCAUA CUGARKAG X CGAA ACGUACG
AUGGUCA CUGAUGAG X CGAA AGACGUA

CAUACA C

A UGACCAU

ABECGCEEG

AGAUACU U CUGGGAC 5%

ACRCCCU C_CCCGGCG
3269

8254
UGUCAGA

X C@BIRAAIUG 2 | 1GARGACEAUCIIGRECGAUGAG X

]
CCCGCGU CU%GAG g ?% AUES%

CGAA AGUAUCU

X} CGAA AAGUAUC

GAUACUU C UGGGA( Aoccadk c eeet (3GCOGAU A
GCAUUGA 3395 ) CCCalc _dlical CAAGGEEC 3436
UUGGGCG CUGAUGAG X6TicAI FEFSSEEIRAVSASAECRARTCHEY il sV Yo oYY
CUGAUGAG X CGAA G- —oses GCCAGG0 PUGAUGAG X
CGAA AGUAGGC GCCUACU U GAUUGCA 3465 ACAAUEC CLIGAUGAG X CEAA ACCAAGU
ACUUGEU U GCAUUGU €38270 GACEJJSE;GA%(‘EG@J‘G&8’&5&&?G%“@:Gz\AG“/%@(%AJA&MG"CGJUGCAU U

. GJUAdgA 3473 OOLIACL L el II\I Jf\ - ..“" W:{JA&C 30
3474 AGGOUAG | CUGAUGAE X COAA - ARCAAUG CAUUGUU A CUAGCCU 3477

GUGAGGC CUGAUGAG *8BGAR
CUGAUGAG X CGAA
CGAA AuUGUAU

PRCAIRA (GRGAVGRQ_JGIRIRCRFUBACCC(

] BT o hhns

TUEEASYS) 6SAUECY CCCUUC
" eicacote "adatue PUGAUGAG X

6866

GGUCGGU CUGAUGAG X CGAA AGCAUGG

CCAUGCU C ACCGACC

15 T

AAUGUGG CUGAUGAG X CGAA AGGGGUC

‘GACCCCU C CCACAUU

6884

CUGCUGU CUGAUGAG X CGAA.AUGUGGG

CCCACAU U ACAGCAG

6885

UCUGCUG CUGAUGAG X CGAA ARUGUGG

CCACAUU A CAGCAGA

6900

—CUACGUU CUGAUGAG X CGAA AGCCGUC

GACGGCU A AACGUAG

20 6945

CUAGCUG CUGAUGAG X CGAA AGAGCUG

CAGCUCU U CAGCUAG

6946 -

GCUAGCU CUGAUGAG X CGAA AAGAGCU .

AGCUCUU C AGCUAGC

6951

"AAUUGGC CUGAUGAG X CGAA AGCUGAA

UUCAGCU A GCCAAUU

6969

'UUDCARGG CUGAUGAG X CGAA AGGCGCA

' UGCGCCU U CCUUGAA

6970
25

CUUCAAG CUGAUGAG X CGAA ARGGCGC

‘GCGCCUU C CUUGAAG

6973

UGCCUUC CUGAUGAG X CGAA AGGAAGG

CCUUCCU U GAAGGCA

6990

UGGUGGG CUGAUGAG X CGAA AGUGCAU

AUGCACU A CCCACCA

7003

GUCCGGG CUGAUGRG X CGAA AGUCAUG

CAUGACD C CCCGGAC

7019

CCUCGAU CUGAUGAG X CGAA AGGUCAG

CUGACCU C AUCGAGG

30 7022

UGGCCUC CUGAUGAG X CGAA AUGAGGU

ACCUCAU C GAGGCCA

7064

CACGGGU CUGAUGAG X CGAA AUGUUUC

GAAACAU C ACCCGUG

7078

AUUCUCU CUGAUGAG X CGAR ACUCCAC

" GUGGAGU C AGAGRAAU

7086

ACCACCU CUGAUGAG X CGAA AUUCUCU

AGAGAAU A AGGUGGU

7094

CCAAAAU CUGRUGAG X CGAA ACCACCU

BGGUGGU A AUUUUGG

7097

AGUCCAR CUGAUGAG X CGAA AUUACCA

UGGUAAU U UUGGACU




3546
CGCCAGG CUGAUGAG
Ri bozyne
AAAGAUU

AACGCAG

GGACCAJ C UUCCACG 3586

CCACGEC 3587

GCCAGRA CUGRAUGAG X CGAA AGAUUGEU

WO 99/55847

AAUCUUU C
CCUGCEJ U AAUGEUG 5
CUGCGEUU A AUGEUGEU 3584

ACAAUCU U UCCUGCEC- 3547

X CGAA AAGAUUG CAAUCUU U CCUGECG 77 Pos.

... Substrate.3548 UOGCCAG CUBATIURS/0302TGAA

3563 CACCAWU CUGA G X CGAA ACGCAGG

3564 ACACCAU CUGAUGAG X CGAA
CGUGGAA CUGAUGAG X CGAA AccauCC

GOCGUGG CUGAWEAG X CGAA AGACGGAU ACCGUCU U

CCCCAUG CUGAUGAG X CGAA AAGACGG CCAUCUU C CACGECG 3632

UUUGGEU CUGAUGAG [X PéstA] Ri AR TShbeedte | AUUAGUG
CUGAUGAG X CGAA ACAUUUG CAAAUGU A CACUAAU 3648 UCUACAU CUGAUGAG X
CGAA AGUGUAC QUAGALU AGNU&M63 CGAA @mm% ACAUUAG
CUAAUGU A GACCAAG-2665 COCGAC-CUGAL WE‘ACCU C
AGDH OGH f y A G.
GUCGGCU 15 i : WeEEY h Fecteet
Al C GECUGCCT 37aw AR e MY VAT X Auﬁbﬁm(ﬂuucsa CCGCEU A
3758 COoEAAL CLGALIGAG X CGAA Am ICAG GACA ] C_ALICCGG 3815
AAUAGGA CUGAUGAG [X BEhA | ACERERHACCISAIRA Xl A@%ﬁi:u*xt?@"%“ U UCGRCCC 3817
CAAAUAG CUGAUGAG X 1aod A ACElatedocatcnt R tdnh) ahcRaury UJmmJCAAA
CUGAUGAG X CGAA AGGAGAC aJcuccy A UUUGAAG 3822 CCCUUCA CURAUGAG X
CGAA AUAGGAG U UG%WSA%% CGAA A&%@UU: ACPRUBY JCARBCSCSEPA AAUAGGA
UCCUAUU U GAA 337 A 8 N T S A N AGECU C
UUCGGEy 25 3834 CCA(CCCG CUGAUGAG X CGAA AGAGCE CCGRUGG
3925 GGAUAUG [CUBAUGAGCYECOESARUGATGAE GALSAA ACCRITICACJAULOGAIUARORSA8OP 6
. N/ AN N AN 1
CCGEUAU CUGAUGAG p< A oAU R e ATCOCHE P RaRGAT ¢ COGCaAR
7174 CUUCUUG CUGAUGAG X CGAA ADUUUCG CGAAARAU C CAAGAAG
7183 GGGGGGG CUGAUGAG X CGAA ACUUCUU ARGAAGU U CCCCCCC
15 7184 CGGGGGG CUGAUGAG X CGAA. AACUUCU AGAAGUU C CCCCCCG
7227 | AACAGUG CUGAUGAG X CGAA AGGGUUG CAACCCU C CACUGUU
7240 UUUCCAG CUGAUGAG X CGAA ACUCUAA | UUAGAGU C CUGGABA
7308 GGUAUUG CUGAUGAG X CGAA AGGGCCC GGGCCCU C CAAUACC
20 7313 GAGGCGG CUGAUGAG X CGAA AUUGGAG CUCCARU & CCGCCUC
7320 UUCCGUG CUGAUGAG X CGAA AGGCGGU ACCGCCU C CACGGAA
7340 UCAGRAC CUGAUGAG X CGAA ACCGUCC GGACGGU U GUUCUGA
7343 CUGUCAG CUGAUGAG X CGAA ACAACCG CGGUUGU U CUGACAG
25 7344 UCUGUCA CUGAUGAG X CGAA ARCAACC GGUUGUU C UGACAGA
7363 GGCAGAA CUGAUGAG X CGAR ACACGGU ACCGUGU C UUCUGCC
7365 ARGGCAG CUGAUGAG X CGAR AGACACG CGUGUCU U CUGCCUU
7366 CARGGCA CUGAUGAG X CGAA AAGACAC GUGUCUU C UGCCUUG
7372 CUCCGCC CUGAUGAG X CGAA AGGCAGA | UCUGCCU U GGCGGAG
30 7405 CGAUCCG CUGAUGAG X CGAA AGCUGCC GGCAGCU C CGGAUCG
7446 UGAUCGG CUGAUGAG X CGAA AGGGGCG CGCCCCU C CCGAUCA
7452 GAGGUCU CUGAUGAG X CGAA AUCGGGA UCCCGAU C AGACCUC
7459 GUCGUCA CUGAUGAG X CGAR AGGUCUG CAGACCU C UGACGAC
7480 AACGUCA CUGAUGAG X CGAA AUUCUUU RAAAGAAU C UGACGUU
7487 ACGACUC CUGAUGAG X CGAA ACGUCAG CUGACGU U GAGUCGU




3929 CAACGEG CUGAUGAG X CGAA AUGAARU
3935 UAGACUC CUGAUGAG X CGAA ACGGGUA UACCCGU U GAGUCUA 3940

UUCCAUA CUGKDIesisssd¢ CGAA ACUCAAC GUUGAGU C UAUGGAA 394 2ZpctrusetiaddbiCCA
CUGAUGAG X CGAA AGACUCA UGAGUCU A UGGAAAC 3951 CGCAUAG CUGAUGAG X
CGAA AGUUUCC GGAAACU A CUAUGCG 3954 GACCGCA CUGAUGAG X CGAA AGUAGUU

ACUUCAU A CCCGEUUG 30

AACUACU A UGCGGEUC 3961 GACCGEEG CUGAUGAG X CGAA ACCGCAU AUGCGCEU C
CCCGaUC 78 Pos. Ri bozggne Substrate
3968 CCGUGAA CUGAUGAG X CGAA ACCGEEG CCCCGEU C UUCACGG 3970 '
GUCCGUG CUGAUGAS5-EEpA—ACACEEERp—ELEae—0-CACOEAG alate 3971
UGUCCGU CUGA G goe Y. AAGACC! tee CUU C AQGGACA 5 - GGGAGAU
CUGAUGAG X CGAA—AGEIHEH o oA ,'v A HERACD O _ TUGAUGAG X
CGAA AUGAGUU AACUCAU C UCCCCCG 3987 GCCEHEG _CUGAUGAG X _JGAA AGAUGAG
CUCAUCU C CCCCCGC”B‘BQ GCAGEHG FUCRTSACBI(FSRICASASUCCHA BAGNERIFOCUSCUCC ((GGCCEU A
CC&AGA 10 4009 = =--$T 0 s T ! . y o I - A A Al U CCAAGJG
40105  ccacuug A3EAUEA e 023
GCGUGUA CUGAUGAG 7631CGRAAVRGCEBIGATGAG G(SEAXCAISAGESUACACIBEAW O 2B6Cccat (FAGCGUG
CUGAUGAG X CGAA_A@% : : JUGAUGAG X
CGAA AGCGUGEU A GGAA ACCUUGU
ACAAGGU A CUCGCGedUT | cacchin/ HcRIcAE B GRRK AEHUECUC A ACARIAC Baebecue AGGUACU C
GUCCUGA 4100 CALUCAG CLUGAUGAG X CGAA. ACGAGLIA UACUCG C.QUGAACC 20
4111 . GGCAACA ARAURAERCCARRUCESH A “RRoqeAU RIS 4126
AMAAREC CUGAUGAS S50 ossiiieiianeie BoaioRttchEcCCatlaeEt e Stcacan GCOCCAA
CUGAUGAG X CGAA_ACCCAMNG CUUGERU U UUGGEGEC 41132 CGOCCCA QUGAUGAG X
~© CGAA AACCCAA UOEEGYUYRFCRIACRYGRIGAG X CGAA ACCAUGU | ACAUGGU C URUGCCA
7711 UGUGGCA CUGAUGAG X CGAA AGACCAU AUGGUCU A UGCCACA
7754 CAAAGGU CU_GAUGAG x CGAA ACCUBCU RAGRAGGU C ACCUUUG
15_ 7759 . Ucucuca CUGAUGAG X CGAA AGGDGAC GUCACCU U UGACAGA
7760 GUCﬁGUC .CUGAUGAG"X ‘CGAA RAAGGUGA " UCACCUU U GACAGAC
7802 UCUCC_Uﬁ CUGAUGAG X CGAA AGCACGU - AéGUGCU C. AAGGAGA
- 7825 AACUGUé CUG_AUGAG X CGRA ACGCCUU- AAGGCGU C CACAGUU
20 ’ 7832 UAGCCUT.i CUGAUGAG X CGAA ACUGUGG CCI-\_CAGU U AAGGCUA
) 7833 UUAGCCU CUGAUGAG X CGAA AACUGUG CACAGUU A AGGCUAA
7844 ) CGGAUAé CUGAUGAG X CGAA.'AGUUUAG' . CUAAACU U CUAUCCG
- 71845 ACGCAUA CUGAUGAG X CGAA AAGUUUA . UARACUU C UAUCCGU
) 7884 UUGGCCG CUGAUGAG X CGAA AUGﬁGGG .CCCACAU U CGGCCAA
25 _ N
o 7885 UOUGGCC CUGAUGAG X CGAA AAUGUGG CCACAUU C GGCCAAA
7922 GGUUCCG CUGAUGAG X CGAA ACGUCCU | AGGACGU C CGGAACC
7931 UGCU_'GGI:\ CUGAUGAG X CGAA AGGUUCC GGAACCU A UCCAGCA
7933 . CUUGCU(é CUGAUGAG X CGAA AUAGéUU AACCUAU C CAGCAAG
30 7946 UGUGGUU CUGAUGAG X CGAA AUGGCCU AGGCCAU U AACCACA
7947 AUGUGG(:I CUGAUGAG X CGAA AAUGGCC .GGCCAUU A ACCACAU
8000 UGGUGU(; CUGAUGAG X CGAA -AUUGGCUG CACCAAU U GACACCA
8012 UUGCCAD CUGAUGAG X CGAA AUGéUGG CCACCAU Cc AUGGCAA
8030 CGCAGM.!.CUGAUGAG X CGAA ACUUCAC GUGAAGU U UUCUGCG
8031 ACGCAGA CUGAUGAG X CGAA AACUUCA UGAAGUU U UCUGCGU




4133 ACGCCCC CUGAUGAG X CGAA AAACCCA UGGGUUU U GGBGGCGU 25 4141
AGACAUA CUGAUGAG X CGAA ACGCCCC GGGECGU A UAUGUCU 4143 UUAGACA
CUGAUGAG X CXRIRBBGoC  GROGUAU A UGUCUAA 4147 - UGCCUURCTUBIN0ORE X
CGAA ACAUAUA UAUAUGU C UARGGCA 4149 UGUGCCUAIGAUGAG X CGAA AGACAUA
UAUGUCU A AGGCACA 30 - 4161 GGAUCGG CUGAUGAG X CGAA ACCAUGU
ACAUGGU A CCGACCC 4196 CCGUGGU CUGAUGAG X CGAA AUGGUCC GGACCAU U
ACCACGG 4197 CCCGUGG CUGAUGAG X CGAA $huGGUC GACCAUU A CCACGGG 4214
AGUACGU CUGAUGAG X CGAA AUGGGEGG CCCCCAU C ACGUACU 4219 GGUGGAG

CUGAUGAG X CGAA . mmxme X
CGAA AGUACGU ACU|C cAccuau 79 Pos. _Ri bogyne
Substrate 4257 @@@C(A@A@@mwwmmmox GAAGIUGACIGCRID (CUGGGGG
4258 GCCCCCA , L
4270 GAUAUCA C 42f5
AUUA CUGAUGAG X ©3AA [ AUCAIUREScucauBE/AUGNe) aRcEAEAUSIFUdcEY © caancd8aAUUAU
CUGAUGAG X CGAA AWW y UGAG X
CGAA AGUGGCA u &U | PRREEIGREAES6 AEEYSREUE RS EAES AGUCAGU
ACUGACU C GACUACO TBbhs#3 12 cucecaiNcharblne L bR ctiiony COivaudesdiderac | CUCGACU A
CCAUCCU 4319 JGCCCAG. CUGAUGAG X_CCAA  AUGEUAG CUACCAU C 4328
CUGUGCC CUGAUGAG (X TEAA | AGEEICEA CUSAYBRHICERS REAEREACATCABET CCAREGRGECG
CUGAUGAG X CGAA ARCHaICT cobddbs Sherucas St ARuAceA | UCGUAUD C CoAGAdES PO
GAUCCCE) CUGAUGAG X_CGAA |AGGCGUA UACGCCU C CGGGAUC 4402 GEUAACC
CUGAUGAG X CGAA AUCEOEG| AVRSECECRAUGAC ERAGEUSD6 | UGGGARTAUCIIENACUGRAUGAG X
CGAA ACCGAUC CWHW%UGAG X CGAA AACUCCC GGGAGUU C GUGUAUG
8105 UCUCGCA CUGAUGAG X CGAA ACACGRA UUCGUGU A UGCGAGA
8121 UCGUAAA CUGAUGAG X CGAA AGCCAUU AAUGGCU C UUUACGA
.15 8123 CGUCGUA CUGAUGAG X CGAA AGAGCCA UGGCUCU U UACGACG
-8124 ACGUCGU CUGAUGAG X CGaa AAGAGCC GGCUCUU U ACGACGU
8125 _ CACGUCG CUGAUGAG X CGAA AAAGAGC GCUCUUU A CGACGUG
8135 ‘GGGUGGA CUGAUGAG X CGAA ACCACGU ACGUGGU C UCCACCC
20 ' 8137 AAGGGUG CUGAUGAG X CGAA AGACCAC GUGGUCU C Ccacccuu
8144 CCUGAGG CUGAUGAG X CGAA AGGGUGG CCACCCU U CCUCAGG
8145 GCCUGAG CUGAUGAG X CGAA RAAGGGUG CACCCUU C CUCAGGC
8148 ACGGCCU CUGAUGAG X CGAA AGGAAGG CCUUCCU C AGGCCGU |
25 8164 GUACGAG CUGAUGAG X CGAA AGCCCAU AUGGGCU C CUCGUAC
8167 UCCGUAC CUGAUGAG X CGAA AGGAGCC GGCUCCU C GUACGGA
8177 AGUACUG CUGAUGAG X CGAA AAUCCGU ACGGAUU C CAGUACU
8185 CCCAGGA CUGAUGAG X CGAA AGUACUG CAGUACU C UCCUGGG
8241 ARAGCCCA CUGAUGAG X CGAA AGGGCUU AAGCCCU A UGGGCUU
30 8248 AUACGAG CUGAUGAG X CGAA AGCCCAU AUGGGCU U CUCGUAU
8249 CAUACGA CUGAUGAG X CGAA AAGCCCA UGGGCUU C UCGUAUG
8251 GUCAUAC CUGAUGAG X CGAA AGAAGCC GGCUUCU C GUAUGAC
8254 GGUGUCA CUGAUGAG X CGAA ACGAGAA UUCUCGU A UGACACC
8269 UGAGUCA CUGAUGAG X CGAA AGC'.AGCG_ CGCUGCU U uGAcuCA
8270 UUGAGUC CUGAUGAG X CGAA AAGCAGC GCUGCUU U GACUCAA




4407 GGCACGG CUGAUGAG X CGAA AACCGAU
4427 CCUCCUC CUGAUGAG X CGAA AUAUUUG
UUGGACA CUGKDO4¥6s84¢ CGAA AGCCACC
CUGAUGAG X CGAA AGGCGAU AUCCCCU U CUAUGCC 4466
CGAA AAGGGEGA UCCCCUU C UAUGGCA 4468
CCCUUCU A UGGCAAG 4512
UCAUUUU 4514

AAAAUGA CUGAUGAG X CGAA AUGCCUU

AUCGEUU A CCGUGCC 20

CAAAUAU U GAGGAGG 4440

GEUGGECU C UGUCCAA 4465pcTt/us90/0sadt/AG
UGCCAUA CUGAUGAG X
CUUGCCA CUGAUGAG X CGAA AGAAGGG
AAGGCAU C
AGAAAAU CUGAUGAG X CGAgp AGAUGCC GGCAUCU C AUUUUCU 4517

GGCAGAA CUGAUGAG X CGAA AUGAGAU AUCUCAU U UUCUGCC 4518 UGGCAGA
CUGAUGAG X C@AW—@J@%&E—MJ@W 4519
GUGGCAG CUGAUGA A AAAUGAGMRBBEAULU U WY hauaaca
CUGAUGAG X CGAA| AU C—HECCACHA TS O tHEEEEe{OUGAUGAG X
CGAA AGCUCAU \ < CCU CUGAUGAG X CGAA ACAGCUU
AAGCUGU C AGGCCYCeZEE7 1] ucucAB-AuiBlas GUCTRBIGRTSUNRG CI-ARARGISCARUSAGA CAGGCCU C
GGAAUCA 4602 e : aa'aaaal 1
POS 5 ACG i ] K % ACKY C t‘(iz@"%tms JC:\VA\CGJ 80
. _ pubstrate 0 ACACGEUC
CUGAUGAG - X CGAA [ e8t3CUC acucaaticiaatiac (X CRNaIORRAGA 6 | JUCCeUey WARKGRR0 [CUGAUGAG X
CGAA ACACGEUC GACA I C CAICAIIA 5 4637 : chauAAC
CUGAUGAG X CGAA| AGRIICUC SPRAEAGRBPDSC EBBATERS 640%* " CREERD PuGAUGAG X
CGAA ACGACAU  [AREECT - GAA B > CAA  AACGACA
UGUCGUU A UCGUGEC 4643 J AC: Cl CGUUAU C
© GUGGCAA 4659 @RICAU _ ' UAAUGAC 10
4661 10 CCGUCA e 1684
CGAGUCA CUGAUGAG X CGA C_ - GUC
. CUGAUGAG X CGAA [AABICAC Ceocact CREI0Re X CREJOORCA | UGUGACU U GGOCCCe '
: ' "800 UUUGAAD COGADGAG X CGAA RGUCAGG | CCUGACU A AUUCARA
8403 CCUUUUG CUGAUGAG X CGAA AUUAGUC | GACUARD U CAARAGG
15 8404 CCCUOUUU CUGAUGAG X CGARA  AAUUAGU ACUARDU C AARAGGG
8472 GUGAGGG CUGAUGAG X CGAA AUUGCCG | CGGCAAU A CCCUCAC
8-477 AGCAUGU CUGAUGAG X' CGAA AGGGUAU AUACCCU C ACAUGCU
8485 UOUCARG CUGAUGAG X CGAA AGCAUGU = | ACAUGCU A CUUGARA
20 8468 GGCUUUC CUGAUGAG X CGAR AGUAGCA | UGCUACU U GARAGCC
' 8565 | UCACAGA CUGAUGAG X CGAA AACGACA | UGUCGUU A UCUGUGA
5567 | OUUCACA CUGAUGAG X CGAA AUARCGA | UCGUUAU C UGUGARAA
8606 AGACUCG CUGADGAG X CGAA AGGCUCG | CGAGCCU A CGAGUCU
8612 CCGUGAA CUGAUGAG X CGAA ACUCGUA | UACGAGU C UUCACGG
25 . :
8614 COCCGUG CUGAUGAG X CGRA AGACUCG .CGAGUCU U CACGGAG
8615 CCUCCGD CUGAUGAG X CGAA ARGACUC | GAGUCUU C ACGGAGG
8625 CUAGUCA CUGADGAG X CGAA AGCCUCC ~GGAGGCU A UGACUAG
8631 GAGUACC CUGAUGAG X CGAA AGUCAUA | UAUGACU A GGUACUC
- 30 8635 CGCAGAG CUGAUGAG X CGAA ACCUAGU | ACUAGGU A CUCUGCC
8677 CAACUCC COGAUGAG X CGAM AGUCGUA | UACGACU U GGAGUUG
8683 UGUUAUC COGRUGAG X CGAA ACUCCAA | UUGGAGU U GAUAACA
8687 AUGAUGU CUGAUGAG X CGAA AUCAACU | AGUUGAU A ACAUCAU
8692 GGAGCAU CUGAUGAG X CGAR AUGUUAU | AUAACAU C ADGCUCC
8710 CGCGACC CUGAUGAG X CGAA ACACGUU | AACGUGU C GGUCGCG




UUUGACU C GGUGAUC 15

CAUGUGAU C ACCCAGA 4727

AGACAGU C GAUUUCA 4731 PCREREN9aR7

SABUCGAU U UGAGCUU 4732 :  CAAGCUG CUGAUGAG X

U GAGCUUG 20 4733 CCAAGCU

UCGAUUU C AGCUUGG 4738 GGRAUCC CUGAUGAG X

U GGRAUCCC 4743 91 AAGBUGG CUGAUGAG X CGAA AUCCAAG

AAUGGUA CUGAUGAG X CGAA AGEUGCEG CCCACCU U

4690 GAUCACC CUGAUGAG X CGAA AGUCAAA
4715 UCUGGGEU CUGAUGAG X CGAA ACACAUG
UGAAAUC CUGALRE/S88¢7GAA ACUGUCU
CUGAUGAG X CGAA AUCGACU
CGAA AAUCGAC GUCGAUU
CUGAUGAG X CGAA AAAUCGA
CGAA AGCUGAA UUCAGCU
CUUGGAU C CCACCUU 4750

UACCAUU 4751 CUGAUGAG "Ribasame AAGEUGG CCASahitrate ACCAUUG 25
4752 UCAAUGG C 1 X CGAA AAAGGUG CACCUUU A CCAUUGA 4757
UCGUCUC CUGAUGAG AUGTENA cumumm &F‘J@K@AC (GHGUCEIVAC GCGOREY JPCCC
UGAG X
UG
YT I UGAG X
CGAA A A ‘ | LGLIGACLL 4844 w@m_x.&%g AACCUGU
C ACI L
ACAGGUU U GUGACUC|483%° | TICEREBESRBERAUCER: R |nETRK ACU C
CGCGGAGA 4867 ( CE R A e N CAS R/SCAR REUGRES | CCRCREIEIGUGATCEJCAUG 4876
AGAAUCG CUGAUGAG X_CGAA MCAUGCC GGCAUGL U CcaaUlaL) 21 _Pas
Ri bozyme 8760 GU%S‘{UFW HS’W‘ A"CAC%ACAREEW X CGAA
AACAUGC GCAUGUL A2 : SO AAC
GUUCGAYgU CUUCGRU IGAA
AAUCGAA UUCGAUL AUCG
CGAUUCU U CGGEUCCU 4 aHUCUU C
GEUCCUG 4889 G JUGCUG
8818 UAGCCAG CUGAUGAG X CGAA AGUUGAC GUCAACU C CUGGCUA
8825 UGUUGCC CUGAUGAG X CGAA AGCCAGG CCUGGCU A GGCAACA
15 8834 ACAUGAU CUGAUGAG X CGAA AUGUUGC GCAACAU C AUCAUGU
8837 CAUACRU CUGAUGAG X CGAA AUGAUGU ACAUCAU C AUGUAUG
8870 UCAUCAA CUGAUGAG X CGAA AUCAUCC GGAUGAU U UUGAUGA
- B872 AGUCAUC CUGAUGAG X CGAA AAAUCAU AUGAUUU U GAUGACU
20 8884 GGAGAAG CUGAUGAG X CGAA AGUGAGU ACUCACU U cuucuccC
8885 UGGAGAA CUGAUGAG X CGAA AAGUGAG CUCACUU C UUCUCCA
8887 GAUGGAG CUGAUGAG X CGAA AGAAGUG CACUUCU U CUCCAUC
8888 GGAUGGA CUGAUGAG X CGAA AAGAAGU ACUUCUU C UCCAUCC
8890 AAGGAUG CUGAUGAG X CGAA AGAAGAA . UUCuUuUCyU C CAUCCUU
25
8894 CUAGAAG CUGAUGAG X CGAA AUGGAGA UCUCCAU C CUUCUAG
8897 GGGCUAG CUGRAUGAG X CGAA AGGAUGG CCAUCCU U CUAGCCC
8898 UGGGCUA CUGAUGAG X CGAA AAGGAUG CAUCCUU C UAGCCCA
8900 CCUGEGC CUGAUGAG X CGAA AGAAGGA UCCuUUCU A GCCCAGG
30 B915 CCUDUUC CUGAUGAG X CGAA AGCUGUU AACAGCU U GRAAAGG
8952 AUGGAGU CUGAUGAG X CGAA ACAGGCC GGCCUGU U ACUCCAU
8953 AQUGGAG CUGAUGAG X CGAA AACAGGC GCCUGUU A CUCCAUU
8956 CUCRAUG CUGAUGAG X CGAA AGUAACA UGUUACU C CAUUGAG
8960 GUGGCUC CUGAUGAG X CGAA AUGGAGU ACUCCAU U GAGCCAC
8969 GUAGGUC CUGAUGAG X CGAA AGUGGCU AGCCACU U GACCUAC




4903

CGCGUCA CUGAUGAG X CGAA AGCACUC
UUCCCAG CUGAUGAG X CGAA ACUCCAG

CUGAUGAG X wéavissgyp CUCCA UGGAGUU C UGGGAAA 5024

CGAA ACGCUUU

AAAGCAJ C UUCACAG 5026

AGCGUCU U CACAGEC 15 5027

AAGACGC GCGEUCUU C ACAGECC 5036
CAGGECCU C ACCCACA 5045

GAUGCCC 5056

5057 GGCGA
GEUUUGG CUGA
CUGAUGAG X CGAA

GAGUGCU A UGACGECG 10 5011
CUGGAGU U CUGGGAA 5012

UUUCCCA
GIEAUGAG X

CUpfifg
GCCUGUG CUGAUGAG X CGAA AGACGCU
GGOCUGU CUGAUGAG X CGAA

UGUGGEEU CUGAUGAG X CGAA AGGCCUG
GGGCAUC CUMAUGAG X CGAA AUGUGEG CCCACAU A
GGACAGGCUGAUGAGXCGAAAGUGGGC GCCCACUUCCUGUCCZO

5062
GUAAGGEG
CUGAUGAG X

CGAA AAGUUGEU CGAA AGGCGAAG
CUUCCCU U ACCUQ UUCCCUU A
CCUGGUA 5139 & = CACCUCC 5145
CACGAUG CUGAUGAG R tcha C Aucceac
CUGAUGAG X CGAA X 5157
CACAUUU CUGAUGA CGUAUGA
CUGRAUGAG X CGAA ’ . CUGAUGAG X
. CGAA AGACACU AU U Ghechtd EHeREGRD K /0GAA Acuccivh U aarcacialdapdcoX |CGAA AUGAGAC
GUCUCAU A CGGCULA 5187 _UACAEILL CLIGALIGAG X AGAA AGCCE A UACGGCU U
AAACCUA 5184 BORACHUECCLRITIERE K *ERA MRS OqU S ROBEEG A |AacCUAC 82
Pos. 5005 TN 1ADGCEEUE CUGAUGAG ¥ CGAA AGACCAU | AUGESS® biaeteea® 190 UGCAGCG
- CUGAUGAG X AGGUUWA UAAACCU A CGCUGCA '
. 9006 AAUGCGEC CUGAUGAG X CGAA AAGACCA -UGGUCUU A GCGCAUU
9013 GAGUGAG CUGAUGAG X CGAA AUGCGCU AGCGCAU U CUCACUC
. 9014 GGAGUGA CUGAUGAG X CGRA AAUGCGC | GCGCAUU C UCACUCC
15 9016 AUGGAGU CUGAUGAG X CGAA AGAAUGC | GCAUUCU C ACUCCAU
9020 AACUAUG CUGAUGAG -X - CGAA .AGUGAGA . U_CUCACU C CAUAGUU
9024 GAGUAAC CUGAUGAG X CGAA AUGGAGU ACUCCAU A GUUACUC
9027 GGAGAGU CUGAUGAG X CGAA ACUAUGG CCAUAGU U ACUCUCC
20 9028 UGGAGAG CUGAUGAG X CGAA ARCUAUG CAUAGUU A CUCUCCA
9031 ACCUGGA CUGAUGAG X CGAA AGUAACU AGUUACU C UCCAGGU
9033 UCACCUG CUGAUGAG X CGAA AGAGUAA UUACUCU C CAGGUGA
9044 CéCUAUU CUGAUGAG X CGAA AUCUCAC GUGAGAﬁ C AAUAGGG
- 9048 GCCACCC CUGAUGAG X CGAA AUUGAUC GAUCAAU A GGGUGGC
25 .
9057 . AGGCAUG CUGAUGAG X CGRA AGCCACC |- GGUGGCU U CAUGCCU
9058 GAGGCAU CUGAUGAG X CGAA AAGCCAC G_TJGGCUU C AUGCCUC
9105 CUGGCCC CUGAUGAG X CGAA AUGUCUC GAGACAU C GGGCCAG
9169 GAAGAGG CUGAUGAG X CGAA ACUUGCC GGCAAGU A CCUCUUC
30 5173 AGUUGAA CUGAUGAG X CGAR AGGUACU | AGUACCU C UUCAACU
9175 CCAGUUG CUGAUGAG X CGAA AGAGGUA UACCUCU U CAACUGG
9176 CCCAGﬁU CUGAUGAG X CGAA ARGAGGU ACCUCUU C RAACUGGG
9188 UGGUCCU CUGAUGAG X CGAA ACUGCCC " GGGCAGU A AGGACCA
9200 UGAGUUU CUGAUGAG X CGAA AGCUUGG CCAAGCU C AAACUCA
9206 UUGGAGU CUGAUGAG X CGAA AGUUUGA UCAAACU C ACUCCAA




5225 CGGCUCC CUGAUGAG X CGAA AGCCUAU  AUAGGCU A GGAGCCG 5

5234 CAUUUUG CUGAUGAG X CGAA ACGGCUC  GAGCCGU U CAAAAUG 5235

UCAUUUU CUGAYRBSEEGAA AACGH AGCQEUU C AAAAUGA 5246 PCTAURS(09937.
CUGAUGAG X CGAA AUCUCAU  +AUGAGAU C ACCCUCA 5252 #™¥ GAUGUGU CUGAUGAG X
CGAA AGGGUGA  UCACCCU C ACACAUC 5259 GUUAUGG CUGAUGAG X CGAA AUGUGUG
CACACAU C CCAUAAC 10 5264 AUUUGGU CUGAUGAG X CGAA AUGGGAU  AUCCCAU A
ACCAAAU 5272 CAUGAUG CUGAUGAG X CGAA BBUUGGU  ACCAAAU U CAUCAUG 5273
CCAUGAU CUGAUGAG X CGAA AAUUUGG ~ CCAAAUU C AUCAUGG 5276 AUGCCAU
CUGAUGAG X CGAA AUGRRIO | — AAUTCAGRGhosyeCCAU 15 “Substrate 5290
GUCGGCC CUGAUGAG K CGAA >
CUGAUGAG X CGAA A(CHEGBA |
CGAA ACCACAC GG
UGGUCAU U GUGGGUA| 284

% A GGAUCAU[S3BEL :

U 5403 CCGACA CLIGAUIGAG X CGAA AAUGALIC GAUCALL U 1A IxCGEG 5404
CCCGGAC CUGAUGAG X CESRA InAGRCRERE) CUCRUGRGCA OERS RICERFECHCESUSET /A CRECEFSUCCCG
CUGAUGAG X CGAA APARZRD T canstaB R aniacC et ancatco 42 écucuciidnsanse YUGAUGAG X
CGAA ACUUCCC GBEGAAGU IC CUCUACC 5444 CCCGGUA ICUGAUGAG X CGAA AGGACUU
AAGUCCU C UACCGGG|543% ACRRUESUCY UVAUGRESC(UCU A

COGGGAG 5455 U —EOEEREHHEEOAIGAA 5456
UUUCAUG,CUGAUGAG ; CGAA§:§: A 5479 T GAGRUGU
CUGAUGAG X CGAA A COGBIAR GBI BUCAUGAG X
CGAA AGGUGLG CHGAREH- RN GEAN AGTGAGS
CCUCCCU U ACAUCGA|5 G CUU A

CAUCGAA 5495 CEUERIAC elddacoN\U vibuEAJAGG

15

Where “X” represents stem I region of 2 HH ribozyme (Hertel et al., 1992 Nucleic Acids Res. 20
3252). The length of stem I may be 2 base-pairs.

20

25

30



83 Pos. Ri bozyme Substrate 5513
GCUCGCEC CUGAUGAG X CGAA AGCUGCA UGCAGCU C GCCGACGC 5540

CUGAUGAG X WwigodssysJGCCU AGGCACU C GEEUUGC 5545 % WG
CGAA ACCCGAG CUCGGEU U GCUGCAA 5644 GCUGAUG CUCGA AGUUCCA

UGGAACU U CAUCAGC 5645 CCCUGAU CUGAUGAG X CGAA AAGUUCC GGAACW C
AUCAGCG 5648 UCCCGECU CUGAUGAG X CGAA AUGAAQU ACUUCAU C AGCGEGA 5657
AAUACUG CUGAUGAG X CGAA AUCCCGC U A CAGUAUW 10 5662 UGCUAAA
CUGAUGAG X CGAA ACUGUAU AUACAGU A UUUAGCA 5664 CCUGCUA CUGAUGAG X

CGAA AUACUGU GG 566 CUGAUGAG X CGAA AAUACUG
CAGUAUU U %&EA “P"' (ﬁ@%%ﬂ@ﬂ%% BEEEA AAAUACU AGUAULU A

GCAGGCU 15 - 5677 CAGAGUG CUGAUGAG X CGAA AUAAGCC
GGCUUAU C CACUCUG 5682 CCAGGCA CUGAUGAG X CGAA - AGUGGAU AUCCACU C
UGCCUGG 5702 Pos. | GUGAUGC CUGRIFofymeSequsnde AUCGCGG  LOGCsahistrate GCAUCAC 5707
X_CGAA AUGCUAU - AUAGCAU C ACUGALIG : 5719
AUGGCAU U CACAGCC
Sy --rv--v- vth——"‘_-v‘;:\w &6 ‘.‘ : 2 T Y TS UGAG X
ACAGCCU "G UAUCACC. 5730 UGAUGAG X_CGAR AGAGGCU

CACCACLL O CGCUCAC
C ACCACCC 575Y
BAECGCU CAAUGARACAG
L_\.7' 4

| 576" “Rpocu

' CUAC CGCC GCCCAC

393 CCUGUG AGAA GCGG ACCAGAGAAACA X GUACAUUACC.UGGUA CCeC CGCC CACAGG

427 CCAACG AGAA GACC ACCAGAGAAACA X GUACAUUACCUGGUA | GGUC AGAU CGUUGG

15 505 GGUUGC AGAA GUUC ACCAGAGAAACA X GUACAUUACCUGGUA GAAC GGUC GCAACC

519 | CCUCGG AGAA GCGA ACCAGAGARACA X GUACAUUACCUGGUA | UCGC CGAC CCGAGG

574 UACCCA AGAA GAGC ACCAGAGAAACA X GUACAWACCUGGUZ-\ GCUC AGCC UGGGUA

645 | GCCGGG AGAA GCGG ACCAGAGARACA X GUACAUUACCUGGUA | CCGC GGCU CCCGGC

- 20 652 | CAACUA AGAA GGGA ACCAGAGARACA X GUACAWACCUGGUA UCCC GGCC UAGUUG

671 CCGGGG AGAR GUGG ACCAGAGARACA X GUACAUUACCUGGUR | CCRC GGAC CCCCGG

756 | COGCGA AGAR GCAC ACCAGAGARACA X GUACAUUACCUGGUA | GUGC GGCU UCGCCG

734 CAUGAG AGAA GCGA ACCAGAGAAACA X GUACAUUACCUGGUA | UCGC CGAC CUCAUG

: 25 754 CCGACG AGAA GAAU ACCAGAGAAACA X GUACAUUACCUGGUA | AUUC CGCU CGUCGG

852 ARGAGC AGAA GGGC ACCAGAGAAACA X GUACAUUACCUGGUA GCCC GGUU GCUCUU

883 CAGGAC AGAA GGGC ACCAGRGAAACA X GUACAUUACCUGGUA | GCCC UGCU GUCCUG

886. ADMACMAG AGAA GCAG ACCAG-I-\GAAACA X GDACAUUACCUGGUA - CUGC UGUC CUGUUU

891 UGGUCA AGAR GGAC ACCAGAGAAACA X GUACAUUACCUGGUA |} GUCC UGUU UGACCA
30

[ 905 AGCGGA AGAA GGGA ACCAGAGAAACA X GUACAUUACCUGGUA | UCCC AGCU UCCGCU.

911 CUGAUA AGAA GAAG ACCAGAGRAACA X GUACAUUACCUGGUA [ CUUC CGCU UAUCAG

960 AéUUGG AGAA GUCA ACCAGAGAAACA X GUACAUUACCUGGUA { UGAC UGCU CCAARCU

1050 | CCCAAC AGAA GGAG ACCAGAGAAACA X GUACAUUACCUGGUA | CUCC CGUU GUUGGG

1145 GAAAGC AGAA GCCC ACCAGAGAARCA X GUACAUUACCUGGUA GGGC GGCC GCUUUC

1148 | ACAGAA AGAA GCCG ACCAGAGAAACA X GUACAUUACCUGGUA | CGGC CGCU UUCUGU




5777 AUCCCCC CUGAUGAG X CGAA AAGAUGU ACAUCUU A GGGGGAU 5796
GOGAGUU CUGAUGAG X CGAA AGCAGCC GGCUGCU C AACUCGC 5808 GCACUGG
CUGAUGAG X CRRIMBBRGCG  CGQOUCCU C CGAGUGC 5820 AAGGCEGCTUSRIANIAG X

CGAA AGCAGCA UGCUGCU U G&EbcuwU 84 Pos. S Ri bozyne
Substrate 5885 UGUCCAC CUGAUGAG X CGAA AGCACCU  AGGUGCU U GUGGACA
5894 CCGCCAG CUGAUGAG X CGAA AUGUCCA UGGACAU U CUGGCGG 5

5895 CCCGCCA CUGAUGAG X CGAA AAUGUCES  GGACAUU C UGGOGGG 5986
AGGGAGC CUGAUGAG X CGAA AGUUAAC GUUAACU U GCUCCCU 5999 GGGAGAG
CUGAUGAG X CQ S y BabRtrAt

CGAA AGGAUGG UCCU C_UCCCCCG 6101

GGCUGAU A GCGUUESS

GCGGGGU 6120

UGGGGEGEA CUGAUGAG)

CUGA%G Cl>jGA W

CUGAUGAG X Ac

CGAA ACACGUG [13%3

UGUAACU C Acalccu 6189 UGGAGAG. CLIGALIGAG X _CGAA
AUCUGAG QJ«:A&&U EG"&EWAG%%WW%G LUEERA RERSCU
AGAUCCU C NeX70 |[OASCCAC ACAR BNOE RESAGA RSN G CtAOATURr UIGER | riSd veuc Bolen{U C
CAGCCUg 6194 UGAUGEU CUGAUGAG X CGAA AGCGCUGG NGCCU C ACCAUCTA 6290 _
GCUGAGU CUGA - @‘:’»&?@ AWACWWWUGW@AZ 39‘6320$C° C“GAAGCAGCU
CUGAUGAG X C ~ T T TN c SAG X

CGAA AGCCUCU ACAGGCU U CACCAGU
1596 | UGUGCC AGAA GCCA ACCAGAGAARCA X GUACAUUACCUGGUA | UGGC AGCU GGCACA

lelé | GUUCAG AGAA GUCC ACCAGAGAAACA X GUACAUUACCUGGUA | GGAC UGCC CUGAAC

15 1663 GCGUAG AGAA GUGC ACCAGAGAAACA X GUACAUUACCUGGUA | GCAC UGUU CUACGC

1692 CUGGGC AGAA GGAC ACCAGAGAAACA X GUACAUUACCUGGUA | GUCC GGAU GCCCAG

1713 | AGCUGC AGAA GGCC ACCAGAGARACA X GUACAUUACCUGGUA | GGCC AGCU GCAGCU

1719 | CGAUGG AGAA GCAG ACCAGAGARACA X GUACAUUACCUGGUA | CUGC AGCU CCAUCG

20 1797 AAUGCC AGAA GUAA ACCAGAGAAACA X GUACAUUACCUGGUA | UDUAC UGCU GGCAUU

1863 GGGUGA AGAA GUAC ACCAGAGAAACA X GUACAUUACCUGGUA | GUAC UGUU UCACCC

1880 | CACUAC AGAA GGGC ACCAGAGAAACA X GUACAUUACCUGGUA | GCCC UGUU GUAGUG

1898 GGACCG AGAA GUCG ACCAGAGAAACA X GUACAUUACCUGGUA | CGAC CGAU CGGUCC

1903 | GCACCG AGAA GAUC ACCAGAGAARCA X GUACAUUACCUGGUA | GAUC GGUC CGGUGC

25 1943 | CAGCAC AGAA GUCU ACCAGAGAAACA X GUACAUUACCUGGUA | AGAC AGAU GUGCUG
1951 | UUGAGR AGAA GCAC ACCAGAGAAACA X GUACAUUACCUGGUA | GUGC UGCU UCUCAA
1969 | UGUGGC AGAA GCGU ACCAGAGARACA X GUACAUUACCUGGUA | ACGC GGCC GCCACA
2082 CCGUGG AGAA GGUC ACCAGAGAAACA X GUACAUUACCUGGUA | GACC UGCC CCACGG
30 2090 | AARGCA AGAA GUGG ACCAGAGAAACA X GUACAUUACCUGGUA | CCAC GGAU UGCUUU

2316 GCUCCG AGAA GUCC ACCAGAGAAACA X GUACAUUACCUGGUA GGAC AGAU CGGAGC

2328 | GCAGCG AGAA GAGC ACCAGAGAAACA X GUACAUUACCUGGUA | GCUC AGCC CGCUGC

2332 | AGCAGC AGAA GGCU ACCAGAGAAACA X GUACAUUACCUGGUA | AGCC CGCU GCUGCU

2335 GACAGC AGAA GCGG ACCAGAGAAACA X GUACAUUACCUGGUA CCGC UGCU GCUGUC

2338 GUGGAC AGAA GCAG ACCAGAGAAACA X GUACAUUACCUGGUA CUGC UGCU GUCCAC




6222 CACUGEU CUGAUGAG X CGAA AAGCCUC GAGGCUU C ACCAGUG 6233

CCUCAUU CUGAUGAG X CGAA AUCCAcCU AGUGGAU U AAUGAGG 30 6234
UCCUCAU CUGH'ofssey CGAA AAUCCAC GUGGAUU A AUGAGGA 624 7per/usebledesUG
CUGAUGAG X CGAA AGCAGUC GACUGCU C CACGCCA 6259 CGAGCCG CUGAUGAG X
CGAA AGCAUGG CCAUGCU C CGECUCG 6265 UAGCCAC CUGAUGAG X CGAA AGCCGEA
UCCGECU C GUGGCUA 6272 CAUCCUU CUGAUGAG X CGAA AGCCACG CGUGGCU A
AAGGAUG 6281 AGUCCCA CUGAUGAG X CGA§g ACAUCCU AGGAUGU U UGGGACU 85
Pos. Ri bozyrre Substrate 6282 CAGUCCC
| (3

COEUCEA_CUGAUGAG X
304 Substrate ,cadiC
_ |

UGAG X

AAGUCAG

CCU C
CAGUCCA 6331 CUC 10
6338 5 UCGH
UCCCGEC CURA AGG
CUGAUGAG X Cf UGAG X
CGAA AGGGACU _ AG
CUGAUGAG X Cf-#¢22 AR GCEA_ASCREAGAARCA R GURCAUTACCUSGUA | URE#SEEARASC UGAG X

CGAA AAAGGGA ccaliy ¢ UUCLICALL 63687 GCALIGAG _CUIGALIGAG X_CGAA AGAAAGG
CCUUUCU U VST BB Achr GERAMIGRR PN BIERESARIACEIRE 2 A GREAPSCY USBFSBYcuU C
UCAUGBSC 20 [ 3557 [ oconoc acan Geam accacachiilci R oot tiottn 1 Acet iooh ey .
UUCUUCU C A “AA 6385 UCCClJlJG CUGALIGAG X OGAA_A( 3 Cac( A
CAAGGGA 6395 AR G AGINA GRRTAUACEYCEUA A BB\ CEFCCEUMABIGG

2627 | AAUGCC AGAA GCUC ACCAGAGRAAACA X GUACAUUACCUGGUA' GAGC GGAU GGCAUD

2663 | GUACCA AGAA GCAC ACCAGAGAAACA X GUACAUUACCUGGUA GUGC CGCC UGGUAC

- 15 ' ‘2725 | AGGAGC AGAA GCCA ACCAGAGAAACA X GUACAUUACCUGGUA UGGC CGCU GCUCCU

2728 | AGCRGG AGAA GCGG AC.CAGAGAAACA X GUACAUUACCUGGUA CCeC UGCU CCUGCU

2734 | AGCAGG AGAA GGAG ACCAGAGAAACA X GUACAUUACCUGGUA | CUCC UGCU CCUGCU

2740 | AACGCC AGAA GGAG ACCAGAGAAACA X GUACAUUACCUGGUA | CUCC UGCU GGCGUU

2978 | UGGGUG AGAA GCAC ACCAGAGAAACA X GUACAUUACCUGGUA | GUGC GGCC CACCCA

20
3016 | AUGGCG AGAR GGAG ACCAGAGARACA X GUACAUUACCUGGUA | COCC UGCU CGCCAD |
3030 | UGAGCG AGAR GAGA ACCAGAGRAACA X GUACADUACCUGGUA | UCUC GGUC CGCUCA
3034 | ACCAUG AGAA GACC ACCAGAGAARCA X GUACAUUACCUGGUA | GGUC CGCU CAUGGU
3760 | GARGAC AGAA GGCU ACCAGAGARRCA X GUACAGUACCUGGUA | AGCC CGUC GUCHUC

% 3340 GAGACG _AGAA-GUéC ACCAGAGAARCA X GUACAUUACCUGGUA GGAC UGCC CGUCUC
3511 | G3000A PoRA GOCA ACCAGAGARRCA X GUACAUUACCUGGUR | 0GCC Go00 Tecace |
3350 | CCUUCG AGAR GAGA ACCAGAGARACA X GUACADUACCUGGUA [ UCOC TGO CGRAGE
3383 | GCUAUC AGAA GGUC ACCAGAGAAACA X GUAcAUUAccuéeun GACC GGCC GAUAGC

30 3131 | GOCGUA AGAA GUGA ACCAGAGARACA X GUACAUUACEUGGUA UCAC GGCC UACGCC

3581 | GUGGAR AGAR GUCC ACCAGAGAAACA X GUACAUUACCUGGUA | GGAC CGUC UUCCAC

3597 | UCUUUG AGAA GGCG ACCAGAGAAACA X 'G\'JACAUUACCUGGUA 'CGCC GGCU CAAAGA

3615 | CUUUUG AGAA GGCU ACCAGAGAAACA X GUACAUUACCUGGUA AGCC GGCC CAAAAG

3669 | CAUGCC AGAR GACG ACCAGAGAAACA X GUACAUUACCUGGUA CGUC GGCU GGCAUG

3725 | AUAGAG AGAA GAGC ACCAGAGAAACA X GUACAUUACCUGGUA GCUC GGAC CUCUAU




6446 GUCCGAU CUGAUGAG X CGAA AUUUGUG CACAAAU U ACCGGAC 6447

UGUCCGG CUGAUGAG X CGAA AAUUUGU ACAAAUU A CCGGACA 6458 CGUUUUU
CUGAUGAG X CC¥RA9%zS8¢IcUC GACAUGU C AAAAACG 6468, CUCAUBCTUSBBAIRAG X
CGAA ACCGUUU AAACGEU U CGCAUGAG 6469 COUCAUG BUGAUGAG X CGAA AACCGUU
AACGGUU C CAUGAGG 6479 "GOCCAAC CUGAUGAG X CGAA AUCCUCA UGAGGAU C
GUUGGGC 30 6482 UAGGCCC CUGAUGAG X CGAA ACGAUCC

. GGAUCGU U GGGCCUA 6489 CAGGUUU CUGAURG X CGAA AGGCCCA UGGGCCU A
AAACCUG 6520 GAUGGGG CUGAUGAG X CGAA ACGUUCC GGAACGU U CCCCAUC 6521

UGAUGGG WWWW CCCAUCA 6577 Sub¥eaas00
CUGAUGAG X CGAA AUGBGGA  UCCCCAU C AA 6535 UAloae CUGAUGAG X

CGAA ACGCGEUU BECSEBUEM EGAK GARUAPCCAGABRPARY) & GUACAUUACCUGGUA | AUGRIUGHSZGPGRUT
Substrate 6559 ceeb-c—ceaaaG 6610

CUCCACG CUGAUGAG R bR RGAC" A (et QB“W CW

CUGAUGAG X CGAA

CGAA AABCUCC A COCCAL A GGG | céuc
GACGGEU A UGACQ >8%FGGGG wmwm ﬁ%iﬁt’ﬁx C

CCGECCC 6781 [t PeRcdeiaailGita Rechéatinal R BoRtATUACCEAGUR P edCt) AGAC EdetkT |10
6854 UGGAAGU._ CUGAUGAG_X_CGAA AGCACUG CAGUGCU C ACLUCCA 6858

AGCAUGG CUGAUGA8%2 (msme@c m&emem XLF"eE&EkWGB’sngACC CRRCHATRS
CUGAUGAG X CGAAAAG - CA 566

CGAA AGGAUGG
CUGAUGAG X CGAA|
CGAA AUGUGGG
CCACAUU A CAGCA

3932 | AGACUC AGAA GGUA ACCAGAGARACA X GUACAUUACCUGGUA | UACC CGUU GAGUCU

3958. ACCGGG AGAA GCAU ACCAGAGAAACA X GUACAUUACCUGGUA | AUGC GGUC CCCGGU

15 3965 | CGUGAA AGAA GGGG ACCAGAGARACA X GUACAUUACCUGGUA | CCCC GGUC UUCACG

3992 CGGUAC AGAA GGGG ACCAGAGAAACA X GUACAUUACCUGGUA | CCCC GGCC GUACCG

4064 GUACGC AGAA GGCA ACCAGAGAAACA X GUACAUUACCUGGUA | UGCC GGCYU GCGUAC

4076 | CCCUUG AGAA GCGU ACCAGAGAAACA X GUACAUUACCUGGUA | ACGC AGCC CAAGGG

20 | 4112 GGCGGC AGAA GAUG ACCAGAGAAACA X GUACAUUACCUGGUA | CAUC UGUU GCCGCC

4163 GUUGGG AGAA GUAC ACCAGAGAAACA X GUACARUUACCUGGUA | GUAC CGAC CCCAAC

4244 | UCCACC AGAA GCAR ACCAGAGAAACA X GUACAUUACCUGGUA | UUGC CGAC GGUGGA

4304 | AGUCGA AGAA GUUG ACCAGAGAAACA X GUACAUUACCUGGUA CAAC UGAC UCGACU

4334 | GUCCAG AGAA GUGC ACCAGAGADACA X GUACAUUACCUGGUA | GCAC AGUC CUGGAC

% 4355 | CGCUCC AGRA GUCU ACCAGAGARACA X GUACAUUACCUGGUA | AGAC GGCU GGAGCG
4366 | ACGACG AGAA GCGC ACCAGAGAAACA X GUACAUUACCUGGUA | GCGC GGCU CGUCGU
4441 | GUGUUG AGAA GAGC ACCAGAGARACA X GUACAUUACCUGGUA | GCUC UGUC CAACAC
4621 | CCGCUA AGAR GUAU ACCAGAGARACA X GUACAUUACCUGGUA | AUAC CGAC UAGCGG
30 4652 | UAGAGC AGAA GUUG ACCAGAGAAACA X GUACAUUACCUGGUA | CAAC AGAC GCUCUA

4724 | GARAUC AGAA GUCU ACCAGAGARACA X GUACAUUACCUGGUA |} AGAC AGUC GAUUUC

4734 | GAUCCA AGAA GAAA ACCAGAGAAACA X GUACAUUACCUGGUA | UUUC AGCU UGGAUC

4861 | CCCGAG AGAA GUUC ACCAGAGAARACA X GUACAUUACCUGGUA | GRAC GGCC CUCGGG

4886 | ACACAG AGAA GAAG ACCAGRAGARACA X GUACAUUACCUGGUA | CUUC GGUC CUGUGU

4937 | AGUCUC AGAA GGCG ACCAGAGAAACA X GUACAUUACCUGGUA CGCC CGCU GAGACU




6900  CUACGUU CUGAUGAG X CGAA AGCOGUC — GACGGCU A AACGUAG 20

6945 CUAGCUG CUGAUGAG X CGAA AGAGCUG ~ CAGCUCU U CAGCUAG 6946
GCUAGCU CUGHYMEs CGAA AAGAGCU  AGCUCUU C AGCUAGT 695TprrusddibdeicC
CUGAUGAG X CGAA AGCUGAA  UUCAGOU A GCCAAUU 6969  UUCAAGG CUGAUGAG X
CGAA AGGOGCA  UGCGCCU U COUUGAA 6970  CUUCAAG CUGAUGAG X CGAA AAGGCGC
GOGOCUU C CUUGAAG 6973  UGCCUUC CUGAUGAG X OGAA AGGAAGG — OCUUCCU U
GAAGGCA 6990  UGGUGGG CUGAUGAG X CGAf AGUGCAU  AUGCACU A CCCACCA 7003
GUOCGEG CUGAUGAG X CGAA AGUCAUG  CAUGACU C COCGGAC 7019 CCLICGAU
CUGAUGAG X U G AUCGAGS — 7000
UGGCCUC CUGH 7063PPSErat ) cdsau
CUGAUGAG X CGed 1 . T, 7 e ebdTodechaUJGAG X
CarA ACUCCAG - IGIEAG & ACAGAAL) 7086 ACCACCL. CUCAUGAG X. CaAN AULCUCU
AGAGAAU A A(ﬁﬂmnuewwgmmmm<m@EAﬂnﬁmeBGAU@RGWNMG@&ﬂAA 1GaU A

AUUUUGG 709 15 AGHES _ GtoedA U 87
Pos. s Frate 2008 GAGUCCA
CUGAUGAG _X q WGAWWUGAG X
CGAA AAAUUAG pion —— coahw
CUGAUGAG X ( AUGAG X
CGAA AGAGUCCT mA AAGAGUC
GACUCUU U CG NAGACL A UuU C
GACCCGC 7147 CRRGURYY EEbaea 10
715110 A R AR R CoACAITAIoEdon | Joec Aty Crecab B

UUCGCAG CUGAUGAGQ X CGAA AuCUCUG CAGAGAL] C AlICCGAAl 7174 CULCUUG

| CUGAUGAG X (GAR [AOBDBEATA CROpARRRITA AN BRRIUTACCICGUA | GACC GBCU GOvGuy

5420 GGGAAC AGAA GCCG ACCAGAGAAACA X GUACAUUACCUGGUA | CGGC UGUU GUUCCC

5509 | UCGGCG AGAA GCAU ACCAGAGAAACA X GUACAUUACCUGGUA | AUGC AGCU CGCCGA

15 5521 UGCUUG AGAA GCUC ACCAGAGAAACA X GUACAUUACCUGGUA | GAGC AGUU CAAGCA

5576 | GGGAGC AGRA GCCU ACCAGAGAAACA X. GUACAUUACCUGGUA AGGC CGCU GCuccCC

5579 CACGGG AGAA GCGG ACCAGAGAAACA X GUACAUUACCUGGUA | CCGC UGCU CCCGUG |

5683 | UUCCCA AGAA GAGU ACCAGAGAAACA X GUACAUUACCUGGUA | ACUC UGCC UGGGAA

20 5710 | AAUGCC AGAA GUGA ACCAGAGRAAACA X GUACAUUACCUGGUA UCAC UGAU GGCAUU

5723 | GAUAGA AGAA GUGA ACCAGAGAAACA X GUACAUUACCUGGUA UCAC AGCC UCUAUC

5736 | UGAGCG AGAA GGUG ACCAGAGAAACA X GUACAUUACCUGGUA CACC. AGUC CGCUCA

5740 | GUGGUG AGAA GACU ACCAGAGAAACA X GUACADUACCUGGUA | AGUC CGCU CACCAC

§764 | AUGUUG AGAA GGAG ACCAGAGAAACA X GUACAUUACCUGGUA | CUCC UGUU CAACAU

25 5792 | GAGUUG AGAA GOCA ACCAGAGARACA X GUACADUACCUGGUA | GGGC UGCU CAACUC
5816 | GGCCGA AGAR GCAC ACCAGAGABACA X GUACAUUACCUGGUA | GUGC UGCU UCGGCC
5822 | CACGAR AGAR GARG ACCAGAGAAACA X GUACAUUACCUGGUA | CUUC GGCC UOCGUG
5966 | GUCCUC AGRA GAGG ACCAGAGARACA X GUAéi\UUAccuééUA CCUC CGCC GAGGAC
30 €094 | GCURDC AGAA GGUU ACCAGAGAAACA X GUACAUUACCUGGUA | AACC GGCU GAUAGC

6178 | GAGAGG AGAA GAGU ACCAGAGAAACA X GUACAUUACCUGGUA ACUC AGAU CCucuC

6189 | UGGUGA AGAA GGAG ACCAGAGAAACA X GUACAUUACCUGGUA ' CUCC AGCC UCACCA

6205 | UUCAGC AGAA GAGU ACCAGAGAAACA X G’UACAUUACCUGGUA ACUC AGCU GCUGAA

6208 | CUCUUC AGAA GCUG ACCAGAGARACA X GUACAUUACCUGGUA CAGC UGCU GAAGAG

6243 GCGUGG AGAA GUCC ACCAGAGARACA X GUACAUUACCUGGUA GGAC UGCU CCACGC




7183 GGGGGGG CUGAUGAG X CGAA ACUUCUU  AAGAAGU U CCCccce 15

7184 CGGGGGG CUGAUGAG X CGAA AACUUCU  AGAAGUU C CCCCCCG 7227
AACAGUG CUGAURRYSBEAA AGGEG ~ CAACCCU C CACUGUU 7240 PCTUSRIMING
CUGAUGAG X CGAA ACUCUAA  HIAGAGU C CUGGAAA 7308 “%% GGUAUUG CUGAUGAG X
CGAA AGGGCCC  GGGCCCU C CAAUACC 20 7313 GAGGCGG
CUGAUGAG X CGAA AUUGGAG  CUCCAAU A CCGCCUC 7320  UUCCGUG CUGAUGAG X
CGAA AGGCGAU  ACCGCCU C CACGGAA 7340 99  UCAGAAC CUGAUGAG X CGAA ACCGUCC
GGACGGU U GUUCUGA 7343 CUGUCAG CUGAUGAG X CGAA ACAACCG _ CGBUUGU U

CUGACAG 7344 Pos. ‘ UG RabetraleNCAGA 25
7363 GGCA ACCGUGU C BUCUGCC 7365
AAGGCAG CUGAUGAE™ BEBC SeCU CApRELLA
CUGAUGAG X C
CGAA AGGCAGA JGAUCL
CUGAUGAG X CGAA3&R(CREISUS mmmmsm“‘—_m@mmume X
C(EAA A Fa'd /oo/a/a N alla'a'ad \\| v g AWA
UCCCGAU C AGA 7
UGACGAC 7480 [e2
ACGACUC CUGAUG
R 6465 UCAUGG AGAA GUACA% CCAUGH~ A
Ri bozyne @3%@??’5?%‘”%9’? R CUBATERG R
ACUCAAC QU CudBuA\REAALscCA AoCAGAGCARKOA KBS ACRUTREE UG \uGecr Yo cT GAREas/
GAGUCG4 A ccls 7609 CCAUGUG NUGAG X _CGAA AGGACAU
AUGUCCU A CACASE%3 78?&?“ “WW%W%H&AS@%C ceceeessaml C :
ACGCCAU 7675 JOGEdE: R CChGAR ST : 5 7684
CAGCAGA CUGA
6753 GGAGAG AGAA GCAC ACCAGAGARACA X GUACAUUACCUGGUA GUGC AGAC CUCUCC
6817 CAUGGG AGAA GUGA ACCAGAGAAACA X GUACAUUACCUGGUA UCAC AGCU CCCauUG
15 6839 | UGCCAC AGAA GGUU ACCAGAGAAACA X GUACAUUACCUGGUA | AACC GGAU GUGGCA
6869 GGAGGG AGAA GUGA ACCAGAGABACA X GUACAUUACCUGGUA UCAC CGAC cCcucc
6939 CUGAAG AGAA GGCC ACCAGAGABACA X GUACAUUACCUGGUA GGCC AGCU CUUCAG
7007 GUCAGC AGAA GGGG ACCAGAGAAACA X GUACAUUACCUGGUA CCCC GGAC GCUGAC
20 7013 GAUGAG AGAA GCGU ACCAGAGAAACA X GUACAUUACCUGGUA ACGC UGAC  CUCAUC
7114 GCUCGA AGAA GGUC ACCAGAGAAACA X GUACAUUACCUGGUA GACC CGCU UCGAGC
7148 UGCUGC AGAA GAUA ACCAGAGAAACA X GUACAUUACCUGGUA UAUC CGUU GCAGCA
7214 GUUGUA AGAA GGGC ACCAGAGAAACA X GUACAUUACCUGGUA GCCC GGAU UACAAC
7253 GACGUA AGAA GGAC ACCAGAGAAACA X GUACAUUACCUGGUA GUCC GGAC UACGUC
25
7291 GUGGUA AGAA GCAA ACCAGAGARACA X GUACAUUACCUGGUA UiGC CGCC vaccac
7315 CGUGGA AGAA GUAU ACCAGAGAAACA X GUACAUUACCU_GGUA AUAC CGCC UCCACG
7337 CAGAAC AGAA GUCC ACCAGAGAAACA X GUACAUUACCUGGUA GGAC _GGUU GUUCUG
7367 CGCCAA AGAA GAAG ACCAGAGAAACA X GUACAUUACCUGGUA CUUC UGCC UUGGCGE
30 7401 AUCCGG AGAA GCCG ACCAGAGAAACA X GUACAUUACCUGGUA CGGC AGCU CCGGAU _
7407 CCGACG AGAA GGAG ACCAGAGAAACA X GUACAUUACCUGGUA CUCC GGAU CGUCGG
7415 GUCAAC AGAA GACG ACCAGAGAAACA X GUACAUUACCUGGUA CGUC GGCC GUUGAC
7418 GCUGUC AGAA GCCG ACCAGAGAAACA X GUACAUUACCUGGUA CGGC CGUU GACAGC
7439 GGGAGG AGAA GUCG ACCAGAGAAACA X GUACADUACCUGGUA CGAC CGCC ccucce
7448 GGUCUG AGAA GGAG ACCAGAGAAACA X GUACAUUACCUGGUA CUCC CGAU CAGACC




7686

CGCAGCA CUGAUGAG X CGAA AGAGUUG
UUGUGEU CUGAUGAG X CGAA ACGCAGC

CUGAUGAG X {pghbs

CGAA AGACCAU

GACAGAC 7802

UAGCCUU CUGALIGAG.
CURAUGAG X ¢

AUGEUCU A UGCCACA 7754
AGAAGEU C ACCUUUG 15
GUCACCU U UGACAGA 7760

ey ACAUGEU C UAUGCCA 7711

7759

CGAA AGUUUAG

UAAACUU C UABCCG

CAACUCU C UGCUGCG 10 7695

GCUGCAJ C ACCACAA 7709 UGGCAUA

G X

CAAAGEU CUGAUGAG X CGAA Accuucu
UCUGUCA CUGAUGAG X CGAA AGGEUGAC
GUCUGUC CUGAUGAG X CGAA AAGGEUGA UCACCUU U
UCUCCUU CUGAUGAG X CGAfppAGCACCU
AACUGUG CUGAUGAG X CGAA ACGCCUU

JKA’/

ACGUGCCU C AAGGAGA 7825
AAGGCGU C CACAGUW 20

7832

G X

CGGCCAA 25 7
7922 cey
UGCUGZA CUGA
CUGAUGAG X
UGUGGEUU CUGAL

TSN AT T T )

X EROAEE
7933

T

AAGUUUA
AU U
HCCAAA

CUGAUGAG X CG

CGAA AUUGEUG

2030

ACCC UGAU CUEBR(Q

(R B

AUGAGe] CRIA |

IGAG X
AUGGEUGG

Ncdbms) %n@u - 89

" GACGCAG

CCACCAU C AUGECCAA AGAA_CUGALIGAG_X_CGQA-ACL
UUCUGCG 8031 | 7627 ACERSRPPBRSRERAESARRRA XaABRIER R q
Pos. 10 5560 | ToORGAHERRT G50 ACCAGAGARACA X GUACAUUACCUSEDET | %GE U o
CUGAUGAG X CGAA AAACUUC GAAGUUU U clUccdic 1
7667 | UGACGC AGAA GAGA ACCAGAGARACA X GUACAUUACCUGGUA | UCUC UGCU GOGUCA
7764 | CUUGCA AGAA GoCA ACCAGAGAAACA X GUACAUUACCUGGUA | UGAC "AGAC UGCARG |
7870 | GGGGGC AGAA GCUU ACCAGAGAAACA X GUACAGUACCUGGUA | BAGC UGAC GCCeCC |
15 7956 | ACACGG AGAA GAUG ACCAGAGN-_\A_CA X GUACAUUACCUGGUA | CAUG CGCU CGGUGD |
7975 | UCUUCC AGAA GGUC ACCAGAGAAACA X éﬁncmuaccuesm GACC UGCU GGAAGA
| 80€6 | AnGece AGAA GGCU ACCAGAGAAACA X GUACAUUACCUGGUA AGCC AGCU CGCCUU
- '[8087 | UCCCAG AGAA GGGA ACCAGAGAAACA X GUACAUUACCUGGUA UCCC AGAC COGGGA
. io 8172 | ACUGGA AGAA GUAC ACCAGAGAAACA X GUACAUUACCUGGUA GUAC GGAU UCCAGU |
' 8262 | CAAAGC AGAA GGUG ACCAGAGAAACA X GUACAUUACCUGGUA CACC CGCU GCUUDG
8265 | AGUCAA AGAA GCGG Accasa_smca _x GUACAGUACCUGGUA | CCGC UGCU UUGACU
8374 | AUGUAG AGAA GCUC Accmm X sﬁacnmAccusstJA T GAGC GGCU CUACEU
. 8395 | GAAUUA AGAA GGGG ACCAGAGAAACA x GUACAUUACCUGGUA CCCC UGAC URBRDUC
23 8452 | CUAGUC AGAA GCAC ACCAGAGAAACA X GUACAUUACCUGGUA | GUGC UGAC GACUAG
19501 | OccAcA AcAh GCaAG ACCAGAGAAACA X GUACAUUACCUGGUA | CUGC GGCC UGUCGA
8505 | CAGCUC AGAA GGCC ACCAGAGAAACA X GUACAUUAGCUGGUA' S5CC 060G GAGTE |
8639 | GGGGGG AGAA GAGU ACCAGAGAAACA X GUACAUUACCUGGUA ACUC UGCC CCCCCC
30 8656 | GGUUGG AGAA GGUC ACCAGAGAAACA X GUACAUUACCUGGUA GACC CGCC CCARCC
8711 | GUGCGC AGAA GACA ACCAGAGAAACA X GUACAUUACCUGGUA | UGUC GGUC GCGCAC
8911 | OUDOCA AGAR GUUC ACCAGAGAAACA X GUACAUUACCUGGUA GAAC AGCU UGAARA
8935 | CCGUAG AGAA GACA ACCAGAGAAACA X GUACAUUACCUGGUA UGUC AGAU CUACGG
8980 | UGAAUG AGAA GAGG ACCAGAGAAACA X GUACAUUACCUGGUA' CCUC AGAU CAUUCA
95082 "GUAC CGCC CUUGCG

CGCAAG AGAA GUAC ACCAGAGAAACA X GUACAUUACCUGGUA




8033 'GGACGCA CUGAUGAG X CGAA _AAA_ACUU AAGUUUU C UGCGUCC 5

8039 CCGGUUG CUGAUGAG X CGAA ‘ABEAG UCUGCGU C CAACCGG 8070

AUAAGGC CUGAMRE/58843GAA AGCUGGC GCCAGCU .C GCCUUAU 8081  PCTUSESMASIRA
CUGAUGAG X CGAA ACGAUAA UUAUCGU A UUCCCAG 8083  GUCUGGG CUGAUGAG X
CGAA AUACGAU AUCGUAU U CCCAGAC 8084 GGUCUGG CUGAUGAG X CGAA AAUACGA
UCGUAUU C CCAGACC 10 8099 AUACACG CUGAUGAG X CGAA ACUCCCA UGGGAGU U
CGUGUAU 8100 CAUACAC CUGEUGAG X CGAA AAMdccc % GOGAGUU C GUGUAUG 8105
UCUCGCA CUGAUGAG X CGAA ACACGAA UUCGUGU A UGCGAGA 8121 UCGUAAA
CUGAUGAG X CGAA AGRRPU— — AAUC Ribozyhib) cbO Substrate
CGUCGUA CUGAUGAG X CGAA AGAGCCA U UACGACG 8124 ACGUCGU
CUGAUGAG X CGAA ARBAS((TCUUCGITBRIGOAG AFCARCARDCR) XOGURCAUUACCUGERR (J UAS UENGACIBATS X
ACAUGE) © UoCACKK RN A DY
ACGUGRU C UCCACCO We e CCAC
GUGGUCU C _CACccul ARGUC T vcce GEACEERChW
CCUCAGG 8745 CCoULLC CIUCAGGC 8148
ACGGCCU CUGAUGAG ¢ CEREGSANEL CCRC PP X RRLRTBYB | SUCC ACHERESe
CUGAUGAG X CGAA Al AGA X ccucGOR ] RdAR GGEd ok X -
CGAA AGGACCC AQCUCTl) C dIACCGA 8177 AGUACLIG CUGAUGAG X CGAA AAUCCEU
ACGGAUU C CAGUACU %84 G“W@@ﬁﬂbﬁﬁ%&@%ck "cﬁi—’.&%"%}&% AGCE AEYoAPEgUeE
UCCUGGG 8241 ARG TA . . 20

8248 AGACGAG CUGA
CAUACGA CUGAUGAG X906/ ACCC (GERYA\ENEVA
CUGAUGAG X CGAA ARSAEH e Wx
CGAA ACGAGAA ULCUCK CUGA 3

CGCUGCU U UGACUCA 8270 UUGAGUC CUGAUGAG X CGAA AAGCAGC GCUGCUU U
GACUCAA

C
JJAU 8249

‘Where “X” represents stem IV region of a HP ribozyme (Berzal-Herranz et al., 1993, EMBO.J. 12,
15 2567). The length of stem IV may be 2 base-pairs. _

20

25

30



90 Pos. Ri bozyme Subtrate 8275 ‘GACUGUU
CGAAQK;AUGAG X CGAA AGUCAAA UUUGACU C AACAGUC 8282 UCUCAGU CUGAUGAG X

ACUGUWR) g0/5584¢AACAGU C ACUGAGA 5 8297 eACG
CUGAUGAG X CGAE AUGUCGC GCGACAU C CGUGUUG 8303 ACU(LISUT,C‘:JSCU%&AUGAG X
CGAA ACACGGA UCCGUGU U GAGGACGU 8311 GUAGAUU CUGAUGAG X CGAA AcCucCcuC
GAGGAGU C AAUCUAC 8315 AUUGGUA CUGAUGAG X CGAA AUUGACU AGUCAAU C
UACCAAU 8317 ACAUUGG CUGAUGAG X CGAA 1p@AUUGA UCAAUCU A CCAAUGU 10
8325 AAGUCAC CUGAUGAG X CGAA ACAUUGG CCAAUCU U GUGACUU 8332

GGGGGCC CUGAUGAG U
CUGAUGAG X X@%ﬁ &%&SWMW ’gé?ﬁﬁfﬁg%giﬁme X
CGAA AUUAGUC GACUAAU U CAAAAGG 15 8404 CCCUUUU
CUGAUGAG X CGAA AAUUAGU ACUAAUU C AAAAGGG 8472 - GUGAGGEG CUGAUGAG X
XGAA AUUGCCG Nos. JGOBAU A B&CUCAC 8477 mbuyAGCAUGJ CUA UGA%‘”X"EZGAA AGGGUAU
UACCCU C AdAJGC 8485 L LI A AN CU A
CUUGAAS 20 | © | Hov-ce8 82% "”""‘“@i’i” o eﬁ‘l’en T CRRe Aé‘dA
UGCUACU U GARRECT REvh5-60 | 2RON(PEHRCAC EHOATGAY -X )CCAK SACEGHUS] GICEGU C G (“W JUU A
UCUGUGA 8567 LIGAUIGAG X CGAA_ALIAACGA LIECLILIA JOLGAAA 8606
AGACUCG CUGAUGAG [RCBEAIS A GAPaRSCIusT GaRRYERS ¥ LRARIIERS | SReFS=0 © & 'i‘ A
CUGAUGAG X @ ZZC N T Y0\ CCTeRUGAE S GCRR ARHAANE, uuuuumu;uﬂmnu GAUGAG X
CGAA AGACUCG GAGUCU W CACAGAG 8615 - CalCCA ) Cl i : NAGACUC
GAGUCUU C AJGGAGH B5B25145 | #4473 _ PR ECPRAFCH U C CRSREACU A
UGACUAQO863 1——FABRACS T ARG AOGA 5 UC 30
8635 G QUGAUGAG [X ACCUAGU ~  ACUAGEU AlCUCUGCC 8677
CAACUCC CUGAUGAG DECTGEAKSLARGTPAGGCCO CKGSHE )X | FERR-ARRUERS| UCCAUCU U AGCCCUA

K] HCV.3-152 | 9452 |CUAGGGC CUGAUGAG X CGAA AAGAUGG| CCAUCUU A GCCCUAG

9 HCV.3-158 | 9458 ICCGUGAC CUGAUGAG X CGAA AGGGCUA| UAGCCCU A GUCACGG

15 [ 30 |Hcv.3-161| 9461 |UAGCCGU CUGAUGAG X CGAR ACUAGGG| CCCUAGU C ACGGCUA

11 HCV.3-168 | .9468 |UCACAGC CUGAUGAG X CGAA AGCCGUG| CACGGCU A GCUGUGA

12 HCV.3-181 | 9481 GCUCACG CUGAUGAG X CGAA ACCUUUC| GARAGGU C CGUGAGC

20 Where “X” represents stem II region of a HH nbozyme (Hertel et al., 1992 Nuclelc Acids Res. 20:
L 3252). The length of stem HOmaybe -2 bmpalrs

Core Reference Sequence for Nos. 1-3 = HPCCOPR (Acc#L38318) 1-600 bp

: *_Nucleotide 231 (8 nuclebtide upstream of the initiator ATG) has been designated as “1” for the -
25 purpose of numbering ribozyme sites in the core protein codi_ng region.

.NCR Reference Sequence for Nos. 4-12=D85516 (Acc#D85516) 9301-9535 bp

*. Nucleotide 9301 has been dwgnmd as “1” for the purpose of numbermg nbozyme sites in the

3'NCR.
30

. position number reflects the reference sequence from HPCCOPR.



UUGGAGU U GAUAACA 8687 -

AGUGAGG CUGAUJAG

UGUUAUC CUGAUGAG X CGAA ACUCCAA
AUGAUGU CUGAUGAG X CGAA AUCAACU
CUGAUGAG X CCXR IXEs8$TuAU
GAGRUAG CUGAURG:
CACGAGU CUGAUGAG X CGAAN AGHBUAGU
CUGAUGAG X CGAA AGUGAGG

CGAA ACACGUWU

Substrate 8714

CGAA AUCACGA UCGUGAY C (¢CACCA

GACAGCU A GACACAC 8808

CAGUCAA 8813
CGAA AUCAUCC GGAUGAY U YUGA

UAGCCAG CUGAUGAG X CGAA AGUUGAC
CUGAUGAG X CGAA AGCCAGH

ACAUGAU CUGAUGAG X CGAA AUGBUUEC
CUGAUGAG X CGAA AUGAUGRU

AUGAUUU U GAUGACU 20

AGUGAGU

CUCACUU C UUCUCCA 8887

AAGGAUG CUGAUGAG X CGAA AGAB
CUGAUGAG X CGAA AUGGAGA

CGAA AGGAUGG CCAUCCY U ¢
CAUCCUU C UAGCCCA

CUCCAUC 8888

8683
8743
8746
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8900 CCUGGEC CUGAUGAG X CGAA AGAAGGA UCCUUCU A GCCCAGG 30

8915 CCUUUUC CUGAUGAG X CGAA AGCUGUU  AACAGCU U GAAAAGG 8952
AUGGAGU CUGHYG#H@sss CGAA ACAGGCC  GGBCCUGU U ACUCCAU 8953pcrusddbigiiG
CUGAUGAG X CGAA AACAGGC ~ GCCUGUU A CUCCAUU 8956 CUCAAUG CUGAUGAG X

CGAA AGUAACA UGUUACU C CAUUGAG 8960 104 GUGGCUC CUGAUGAG X CGAA AUGGAGU
ACUCCAU U GAGCCAI QUAGGUC CUGAUGAG X CGAA AGUGGECU AGCCACU U

GACCUAC 92 Pos. Ri bozynme . Substrate
8975 UCUGAGG C X QGAA AGGUCAA  UUGACCU A CCUCAGA 8979 AUGAUCU
CUGAUGAG X CGAA AG ' ICUACCU C AGAUCAU 5 8984
GUUGAAU CUGAUGAG XfCGAA A CUCAGAU C AUUCAAC 8987 GUCGUUG
CUGAUGAG X CGAA AUGAUQ AGAUCAU U CAACGAC 8988 AGUCGUU CUGAUGAG X
CGAA AAUGAUC AACGACU 8996  GACCAUG CUGAUGAG X CGAA AGUCGEUU
AACGACU C CAUGGEUC GAGCUAA CUGAUGAG X CGAA ACCAUGG CCAUGEU C
UUAGCGC 10 9005 UGAG X CGAA AGACCAU AUGGEUCU U AGCGCAU
9006 AAUGCGC CURAUGA IGAA AAGACCA UGGUCUU A GCGCAUU 9013
GAGUGAG CUGAUGAG X|ccA& AT AGCGCAU U CUCACUC 9014 GGAGUGA

. CUGAUGAG X CGAA AA en: ICGCAUU C UCACUCC 9016 AUGGAGU CUGAUGAG X
CGAA AGAAUGC * JUCCAU 9020 AACUAUG CUGAUGAG X CGAA AGUGAGA
UCUCACU C CAUAGUU ¢ AGUAAC - CUGAUGAG X CGAA AUGGARU ACUCCAU A
GUUACUC 9027 \ 3 (s AG X CGAA ACUAUGG CCAUACGU U AcCucucC 20

9028 UGGAGAG C X ICGAA AACUAUG CAUAGUU A CUCUCCA 9031
ACCUGGA CUGAUGAG X & AEJAACU AGUUACU C UCCAGEU 9033 . UCACCUG
CUGAUGAG X CGAA Al ACUCU C CAGGUGA 9044 .CCCUAUU CUGAUGAG X
‘CGAA AUCUCAC YJAGGG! '

0.10 gcacgguéUaGgaggaaacucCCUUC_AA_G? X

SEM §equence
-0.04. |guguacucacGgaggaaacucCCUUCAR

Flue/Rluc
0.54
0.54

RPI Number
18701
18835

inverted abasic
ribo Inosine

Chemical Modiﬁcations are indicated as follows:

$= phospho;othioate linkages

Lower case = 2'-O-Methyl
B
!

Bold (non-italicized): 2'-NH;
U= 2-C-Allyl-U '
G,A=ribo GA

Motif
RPI Motif Il
RPI Motif lil

10
15
20



9048 GCCACCC CUGAUGAG X CGAA ABUGAUEC——GAUCAAL--A- GBBUGGC 25 9057

AGGCAUG CUGAUGAG X CGAA AGCCACC 9058 GAGGCAU
CUGAUGAG X SRR CAC GUGGCUU CUGGCCRCTIUSIROMT X
CGAA AUGUCUC GAGACAU C GGGCCAG 9169 ¢ L GAMGAGG UGAG X CGAA ACUUGCC

GGCAAGU A CCucuuC 30 9173 AGUUGAA CUGAUGAG X CGAA AGGUACU
AGUACCU C UUCAACU 9175 - CCAGUUG CUGAUGAG, X CGAA AGAGGUA UACCUCU U
CAACUGG 9176 CCCAGUU CUGAUGAG X CGAA AAARSGU i ADCUCUU C AACUGGG 9188
UGGUCCU CUGAUGAG X CGAA ACuGCcC GGGECAGU A AGGACCA 9200 UGAGUCUU
CUGAUGAG X CGA4n UGG CCAAGCU C AAACUCA 9206 UUGGAGU CUGAUGAG X

CGAA AGUUUGA CU C ACUCCAA 93 Pos. ' Ri bozymne
Substrate 9210 GCRAUUG CUGAUGAG X CGAA AGUGAQU ACUCACU C CAAUCCC
9215 CGGECCEG ClJGAUGAﬁn)@xﬁﬁﬁAhoAHhﬂS&&md mem@mﬁ cleaves RNA
9261 eliem: A

"-41

CCOGCUG CLCALGA '“HBQWC %& is in

CUGAUGAG X CGAR motif, yhgreiny the binding atms off spid enzymatic:nupleiciacidsaplesule

CGAA ACCAGCS  comfifiks@kduended tighiiem@Rard to any SHsabiNdte Gt @eRinédGAabM VAR

GCUGGUU U A 9315 CACCACA CUGAUGAG X CGAA AAACCAG  CUGGUUU A
UGUGGUG 9409 (GGG CUGAUGAG X CGAA AUGGCCU  AGGOCAU C CCCUUUU 9414

AAAAAAA CUGAUGAG X CGAA AGGGGAU  AUCCCCU U UUUUULU 15 \Mere " X!

represents stem || 2egi OAnOénzpmbiit muéleicyavid (nledutd wihiicha bpecifitBB? cNdvdsCRNA
Acids Res. 20: g3dued)fron] REpatifif @t\nmgh-lé{l? PiHekeifBd Q&y&aﬁ@ﬁ&l@ 8'abid motQule is in
a bairpin motif, wherein the binding arms of said enzymatic mucleic acid ‘molecule
10 . comprises sequences complementary to any of substrate sequences defined in table VIL.

3. The enzymatic nucleic acid molecule of claim 1, wherein said enzymatic

nucleic acid molecule comprises a stem II region of length greater than or equat to 2 base
pairs.

4, The enzymatic nucleic acid molecule of claims 1 or 2, wherein said nucleic
15  acid comprises between 12 and 100 bases complementary to said RNA.

5. The enzymatic nucleic acid molecule of claim 1 or 2, wherein said nucleic
acid comprises between 14 and 24 bases complementary to said mRNA.

6. The enzymatic nucleic acid of claim 2, wherein said enzymatic nucleic acid
molecule comprises a stem II region of length between three and seven base-pairs.

20 7. The enzymatic nucleic acid molecule of claim 2, wherein said enzymatic
nucleic acid molecule consists essentially of any ribozyme sequence defined in Table VII.

8. The enzymatic nucleic acid molecule of claim 1, wherein said enzymatic
nucleic acid molecule consists essentially of any ribozyme sequence defined in Tables IV-
VI and VIII.

25 9. A pharmaceutical 'composition comprising the enzymatic nucleic acid
molecule of claims 1 or 2.



25 30

Ri bozyne Sequence

ACCAGAGAAACAYX9BMTAUUACCUGGUA
ACCAGAGAAACA
ACCAGAGAAACA
ACCAGAGAAACA
ACCAGAGAAACA
ACCAGAGAAACA
ACCAGAGAAACA
ACCAGAGAAACA
ACCAGAGAAACA
ACCAGAGAAACA
ACCAGAGAAACA
ACCAGAGAAACA

AGAA
AGAA
AGAA
AGAA
AGAA
AGAA
AGAA GEGC
AGAA

94 Table VII:
Substrate 5. 10
CCCC CGAU UGGEEEGE 59

GUACAUUACCUGGEUA  CUAC UGUC UUCACG-109

CCUGCA Al

HCV Hairpin (HP) Ri bozyne and Target Sequence Pos. ,
CCCCCA AGAA GCEG

,GUAG
GCAC

GUACAUUACCUGGUA
GUACAUUACCUGGUA
GUACAUUACCUGGUA
GUACAUUACCUGGUA
GUACAUUACCUGGUA

GUGC AGCC UCCAGG 209

aoie coopranc ORI IEIEEEY

GUAC UGCfpdJGAUAG
CUAC CGCC GOCCAC 393

CCGC CGCC CACAGG 427

XXX XX XX

GAAC GGUC .GCAACC 549
UCGC CGAC CCGAGG 574
GCUC AGCC UGGEGEUA 645

XeldaadCOERACCUGGUA
X GUACAUUACCUGGUA

X GUACAUUACCUGGUA

UCCC GGCC UAGUUG 671
CCAC GGAC CCCCGG 726
GUGC GECU UCGCCG 734

GGGA ACCAGHGAAACA X GUACAUUACCUGGUA
GUGG ACCAGAGAAACA X GUACAUUACCUGGUA
GCAC ACCAGAGAAACA X GUACAUUACCUGGUA

GCAUUG AGAA GGEUU

GUAC
GQUAG

ACUMUGS AGAA GCGG
CCAACG AGAA GACC
QUAGRUUASCEmBAlian celbischpling ancazyicaticonRlcic i poigcuiGofans dfC
CCUCGG AGAA GCGA
UACCCA AGAA GAGC
GCCGEG AGAA GCGG
X GUACKUUAT B aamalianGetlof claity 10,08i6@En 3id mammalian celb is a h@eCUA

CCGEEG
CGGCGA
CAUGAG

GCGA ﬁCCAGAGAAACA xn@wmmmmnmmlmdm Ficoding GCRASG

GAAU ACCAfE Givav¥articX nidiAC Aeld rbldotib bf cldibldCl PR

ceece: ACCAGAGAAAC@ té ﬁup\wmole GEUU GoudUuU 5123

UGCU GQUCCUG 886
GCAG ACCAGAGAAACA X GUACAUUACCUGGEUA

CUGC UGUC CucUUU 891

&C
CAGGAC
AAACAG
UGGUCA

AGAA
AGAA

10

45

20

25

GGAC ACCAGAGAAMCA X riaieidnSi ettt
GGGA ACCAGAGAAACA X GUACAUUACCUGGUA

g %&QA‘%&@P@Q&:&% ACCEA

14. The mammalian cell of claim 13, wherein said mammalian cell is a human

15. A method for treatment of cirrhosis, liver failure or hepatocellular
carcinoma comprising the step of administering to a patient the enzymatic nucleic acid
molecule of claims 1 or 2 under conditions suitable for said treatment.

16. A method for treatment of cirrhosis, liver failure and/or hepatocellular
carcinoma comprising the step of administering to a patient the expression vector of
claims 1 or 2 under conditions suitable for said treatment.

17. A method of treatment of a patient having a condition associated with HCV
infection, comprising contacting cells of said patient with the nucleic acid molecule of
claims 1 or 2, and further comprising the use of one or more drug therapies under
conditions suitable for said treatment.

18.  The enzymatic nucleic acid molecule of claim 1, wherein said nucleic acid
molecule comprises at least five ribose residues, and wherein said nucleic acid comprises
phosphorothioate linkages at at least three of the 5' terminal nucleotides, and wherein said
nucleic acid comprises a 2'-C-allyl modification at position No. 4 of said nucleic acid, and
wherein said nucleic acid comprises at least ten 2'-O-methyl modifications, and wherein
said nucleic acid comprises a 3’- end modification,



1050 CCCAACWRRESHIAG A UUACCUGGUA  CURETUSIO0IUGEG
1145 GAAAGC AGAA GCCC A UUACCUGGUA  GGGC GGCC GCUUUC
1148 ACAGAA AGAA GCCG ACCA’GAGAAACA X GUACAUUACCUGGUA ~ CGGC CGCU UUCUGU
95 Pos. Ri bozyne Sequence Substrate
1155 UGGOGG AGAA GAAA ACCAGAGAAACA X GJACA@UACCUGGUA UUUC UGUU CCGCCA
1185 AAACGG AGAA GCAG ACCAGAGAAACA X GUACAUUACCUGGUA  CUGC GGAU CCGUWU 5
1190 GAGGAA AGAA A

1207 - GUeAAC AGL\A% i@ﬁéﬁ%ﬁ&@%ﬁﬁm whidhl S8 bl i
1331 CACUAG AGQMIDIsEs &3 CAAC AGCC CUAGUG
1357 UGUGGEG AGAA GGAG ACCAGAGAAACA x GUACAUUACCUGGUA CUCC GGAU CCCACA
1370 AUCCAC AGAA GGJU AGCAGAGAAA C.

Toea UGG Acaa Goc ARERei andleiS e bR O i 1. i iRy
1576 UUUAUG Amem@mm&dm@m saidarucleigrgidmolecule
1596 e pes @ACIRbvARICE OB S 5 téiiihal Autlebiides, dad

tols S N L i I R 0 4

UGUU CUACGC 169positiog NaGE mdom@%mmmmm@mm modggule

CGAU GCCCAG 171 dompisesd-itdealt itk 201 § Whiféifshid aubleicldlid co
AGCU GCAGCU 1719, e%gﬁgw GCAG ACCAGAGAAACA X GUACAUUACCUGGUA

AGCU CCAUCG 20 "AAUGCC AGAA GUAA ACCAGAGAAACA X
GUACAUUACCUGGUA  UUAC UGCU GGCAUWU 1863  GOGUGA AGAA GUAC ACCAGAGAAACA X

%QCCQBBQCCUQBUQ CAC UGHd ebkydtic nhSlefe acidahéleiile SXAAIn A Fhetéih-Sdid aidiéicAcitl
GUACAUACCUGUA™ Bt corditiss %@é@% He @%@M ARG
GUACAUUACCUGGUAcomprises phgs; g - RIgRS, ang
GJACAUUACCU(XJJAwhexéﬁAﬁd%Wlb@dG@LEolm& compliked @h ab@Aé s@&éﬁﬁhﬁ&@ﬁ@ﬁﬁﬁ&d\% 4
GJACAUUAWA % % U%d nucleic acid molecule, wherein said nucleic acid comprises
15  atleast ten 2'-O-methyl modifications, and wherein said nucleic acid molecule compnses a

3'-end modification.

911. CUGAUA AGAA GAAG AWUUAWA CUUC CGCU UAUCAG
960 AGUUGG AGAA GUCA ACCAGAGAAACA ﬁ@%UUACCUGGUA UGAC UGCU CCAACU

22.  The enzymatic nucleic acid molecule of claim 1, wherein said nucleic acid
molecule comprises of at least five ribose residues, and wherein said nucleic acid
comprises phosphorothioate linkages at at least three of the 5' terminal nucleotides, and

20 wherein said nucleic acid molecule comprises a 6-methyl uridine substitution at position
No. 4 and/or at position No. 7 of said nucleic acid molecule, wherein said nucleic acid
molecule comprises at least ten 2'-O-methyl modifications, and wherein said nucleic acid
molecule comprises a 3' end modification. |

23. A method for inhibiting HCV replication in a mammalian cell comprising
25 the step of administering to said cell the enzymatic nucleic acid molecule of claims 1 or 2
under conditions suitable for said inhibition.

24. A method of cleaving a separate RNA molecule comprising, contacting the
enzymatic nucleic acid molecule of claims 1 or 2 with said separate RNA molecule under
conditions suitable for the cleavage of said separate RNA molecule.



1969 UGUGGEC AGAA GCGU ACCAGAGAAACA X GUACAUUACCUGGEUA  ACGC GGCC GCCACA .
2082 CCAUGG AGAA GBUC ACCAGAGAAACA X GUACAUUACCUGGUA  GACC UGCC CCACGG
30 WO 98)s55847AAACCA AGAA ”,, '"F'lll'l! / GUACAU s CCAC
GGAU UGCUUU 2316  GCUCCG AGAA Ui iAL #8l GUACAUUA GGAC
AGAU CGGAGC 2328  GCAGCG AGAA GAGC ACCAGAGAAACA X GUACAUUACCUGGUA  GCUC
AGCC CGCUGC 2332 AGCAGC AGAA GGCU ACCAGAGAAACA X GUACAUUACCUGGUA  AGcc
CGCU GCUGCU 2335  GACAGC AGAA GCGG ACCAGHZACA X GUACAUUACCUGGUA  CCGC
UGCU GCUGUC 2338  GUGGAC AGAA CGCAG ACCAGAGAAACA X GUACAUUACCUGGEULA  cucc -
UGCU GUCCAC 96 Pos. Ri bozyme Sequence

Substrate 2341 GUZEUG R@AmetBodef ADINGREGAWAGSInXsatlAlRAvige S UaaRIsd out GbiGBe UGUC
CACGAC 2370 %@,@Q oA iRl F R ACCAGAGAAACA X GUACAUUACCUGGUA - UCCC UGUU
CCUUCA 2390 CAG AGAA GGUA ACCAGAGAAACA X GUACAUUACCUGGUA  UACC Gcu
CUGUCC 2395 CCAGUG AGAA GAGC ACCAGAGAAACA X GUACAUUACCUGEUA ~ GCuc uauc
CACUGG 2465 GGAGARS. AG%MWWSWWWSZ+- CAGC GGUU
GUCUCC 2522 GCGCGC AGAA GCCA ACCAGAGAAACA X GUACAUUACCUGEUA  UGGEC GGAC

UGUGGA 2357  GOUALRT ACAHECHIRISionRA BOBEAIRY Sl Rk AASRRCEB mslcesotdds

GAUAGC 2579 @hmmmy/sgmesﬁmu ACCAGAGAAACA X GUACAUUACCUGGUA  AGGC CGCC
CUAGAG 2627 AAUGCC AGAA GCUC ACCAGAGAAACA X GUACAUUACCUGGUA  GAGC GGAU
GGCAUU 2663 GUA GCAC ACCAGAGAAACA m&m CCUGGUA ., GUGC CGCC
UGGUAC 2725 AGGA R PISSSME VIR AN AR PriSeSscC OGCU
GCUCCU 2728 AGCAGG AGAA CCaraAKTininGinitiatan wgidnp CAUUACCUGGUA CCGC UGCU

CCUGCU 2734 AGCAGG A ,% BEAUUACCUGGUA
CCUGCU 2740 AACGCC A GGAG&EQ%A ot féﬁﬁﬁCAﬁuX CAL{@E%%&CDJ
GGOGUU 20 2978 CVUGGAKEPAERRR

GQUGC GGCCIGACCCA 3016 mmmmmeMdmde

o o cool et AR AR B %%W%’WUAWA

GEUC CGCU

29.  The expression vector of claim 12, wherein said vector comprises:
a) a transcription initiation region;
15 b)  a transcription termination region;
' c) an open reading frame; _
'd)  a gene encoding at least one said nucleic acid molecule, wherein
said gene is operably linked to the 3'-end of said open reading frame; and
wherein said gene is operably lmked to said initiation region, said open
20 reading frame and said termination region, in a manner ‘which allows expression and/or
delivery of said nucleic acid mol_ecule

30. The expression vector of claim 12, wherein said vector comprises:
a) a transcription initiation region;
b) a transcription termination region;
25 c) an intron;
d) a gene encoding at least one said nucleic acid molecule; and
wherein said gene is operably linked to said initiation region, said intron
and said termination region, in 2 manner which allows expression and/or delivery of said
nucleic acid molecule.

30 31.  The expression vector of claim 12, wherein said vector comprises:



3260
3340
3344
3350
3383
3431
3581
3597
3615
3669
3725
97 Pos.
3752
3771
3783
3799
3807
3812
3847

GAGUCU 39580

GAAGAC AGAA GGCU ACCAGA

AGCC CEUC @UCUUC 25

30

GAGACG AGAA GUCC ACCAGAGAAA O L e GGAC UGCC CGUCUC
GGOGGA WRRASBECA ACCAGAGAAA cill. RN UGCECTUSR/0920GCC
CCUUCG AGAA GAGA ACCAGAGAAA CUACAMUAECUSGUA  UCUC CGCC CGAAGG
GCUAUC AGAA GGUC ACCAGAGAAACA X GUACAUUACCUGGUA  GACC GGCC GAUAGC
GGCGUA AGAA GUGA ACCAGAGAAACA X GUACAUUACCUGGUA  UCAC GGCC UACGCC
GUGGAA AGAA GUCC ACCAGAGAAACA X GUACMUACCUGGUA  GGAC CGUC UUCCAC
UCUUUG AGAA GGCG ACCAGAGAAACA X GUACAUUACCUGGUA  CGCC GGCU CAAAGA
CUUUUG AGAA GGCU AGCC GGCC CAAAAG
CAUGCC AGAA GACG Kﬁe&%‘@ %@%M CGUC GGCU GGCAUG
AUAGAG AGAA GAGC ADCAGAAnsuription TopinalionwegiotGUA  GCUC GGAC CUCUAU
boza‘ﬂrmmig:quence Substrate

AAUGAC AGAA GCAU ACCAGAGAAACA..X CAUUACCUGGUA  AUGC UGAC GUCAUU

CACCGC AGAA GoaC Bocad@REREAdIDE AUUACCUGGUA  GCGC CGAC GOGGUG

UCCCBC AGAA GUCA @mmm@am@mwmmdm asish molcute, whersimn, 5

CUGGGG AGAA oA

ACCAGA

10 3852 DGy G@SMWIWACAUUACCU@JA GCUC UGCC
CUUCGG 3887  GCACAC AGAA GOCC ACCAGAGAAACA X GUACAUUACCUGGUA — GGGC UGCU
GUGUGC 3932 AGACUC AGAA GGUA ACCAGAGAAACA X GUACAUUACCUGGUA  UACC CGUU
ACCGG&AGAAnmnm,WzAmo QulCabishOmecifically ceBs BNAC

CCCC GEUC UUCé@q 992 AC A

CCCC GGCC GUA

cuslefi(e)
CA X GUACAUUACCUGGUA

15

20

25

33, The enzymatic nucleic acid molecule of any of claims 1, 2 or 32, wherein
said enzymatic nucleic acid comprises at least one 2’-sugar modification.

34.  The enzymatic nucleic acid molecule of any of claims 1, 2 or 32, wherein
said enzymatic nucleic acid comprises at least one nucleic acid base modification.

35.  The enzymatic nucleic acid molecule of any of claims 1, 2 or 32, wherein
said enzymatic nucleic acid comprises at least one phosphorothioate modification.

36. The method of claim 17, wherein said drug therapies is type I interferon.

37.  The method of claim 36, wherein said type 1 interferon and the enzymatic
nucleic acid molecule is administered simultaneously.

38. The method of claim 36, wherein said type I interferon and enzymatic
nucleic acid molecule is administered separately.

39.  The method of claim 36, wherein said type I interferon is interferon alpha.

40.  The method of claim 36, wherein said type I interferon is interferon beta.



4064  GUACGC AGAA GGCA ACCAGAGAAACA X GUACAUUACCUGEUA  UGCC GGCU GCGUAC .
4076 CCCUUG AGAA GCAU ACCAGAGAAACA X GUACAUUACCUGGUA ACGCC AGCC CAAGGG 20
4112 GGCCMD 9938847 GAUG ACCAGAAA ! CAl,L@T%@;CGCC
4163  GQUUGGG AGAA GUAC ACCAGA ] GUA CCCAAC
4244  UCCACC AGAA GCAA ACCAGAGAAACA X GUA('JAUUAC@UGGUA UUGC CGAC GGUGGA
4304 AGUCGA AGAA GUUG ACCAGAGAAACA X GUACAUUACCUGGUA CAAC UGAC UCGACU
4334 GUCCAG AGAA GUGC ACCAGAGAAACA X G4AAUUACCUGGEUA GCAC AGUC CUGGAC
4355  CGCUCC AGAA GUCU ACCAGAGAAACA X GUACAUUACCUGGUA  AGAC GGCU GGAGCG -
4366 ACGACG AGAA GCGC ACCAGAGAAACA X GUACAUUACCUGEUA  GCGC GeCu caucau
4441 GUGUUG AGAMIGAGTheCmatBad>af AGAm X3 6;Uslivkein/ AGRUBRIAT intGBisth iCiiRefadCAC
4621 CCGCUA gapa GUAU ACCAGAGAAACA X GUACAUUACCUGGUA  AUAC CGAC UAGCGG
30 . 4&52 UAGAGC AGAA GUUG ACCAGAGAAACA X GUACAUUACCUGGEUA  CAAC
AGAC GCUCUA 4724 GAAAUC AGAA GUCU ACCAGAGAAACA X GUACAUUACCUGGUA  AGAC
AGUC GAUUUC 4734 42AUOLe methad @f ActaithCBH)Gatistein GaidX typel A AitkifeDoiUBGosnsensu)UC
AGCU UGGAUC 48BdeferofoCCGAG AGAA GUUC ACCAGAGAAACA X GUACAUUACCUGGUA GAAC
GGCC CUCGGG 4886 ACACAG AGAA GAAG ACCAGAGAAACA X GUACAUUACCUGGEUA  cuuc
GAUC CUGUGU 4937 AGUCUC AGAA GGCG ACCAGAGAAACA X GUACAUUACCUGEUA  cacc
CCCU GAGACH 98 #%s. A method of treatment of &pitient/ havirfgercondition associated with HCV

Substrate 498 A iﬁt& %ﬁgc}% CGUC
UGCCAG 5059 Jﬁt%
CCAAAC 5179 ;%“X‘ﬁm ““d% :

UAAACC 5212 mwmmm ACCAGAGAAACA X GUACAUUACCUGGEUA CCCC UGCU
GQUAUAG 5231 AUUUUG AGAA GCUC ACCAGAGAAACA X GUACAUUACCUGGEUA  GAGC CGUU

CAAAAU 5291 AGAA GA CA. X GUACAUUACCUGGUA
GACCUG 5294 %&&M@ %@iﬁm@ﬂm CGAC
CUGGAG 5345 GGCCAG AGAA GCAA ACCAGAGAAACA X GUACAUUACCUGGUA  UUGC AGCU

CLEET S5 A O AR SR o o)

GUUCCC

46. The method of claim 44, wherein said type I interferon and enzymatlc
nuclelc acid molecule is administered sepatately

47.  The method of claim 44, wherein said type I interferon is interferon alpha.
15 48.  The method of claim 44, wherein said type I interferon is interferon beta.

49. The method of claim 44, wherein said type I interferon is interferon
gamma.

50. The method of claim 44, wherein said type 1 interferon is consensus
interferon. '



5509 UCGECG AGAA GCAU ACCAGAGAAACA X GUACAUUACCUGGUA  AUGC AGCU CGCCEA
15 5521 UGCUUG AGAA GCUC ACCAGAGAAACA X GUACAUUACCUGEUA  GAGC
AGUU CAAGCA SW9PEYSSGAGC AGAA GCCU ACCAGAGAAACA X GUACAUUACEOTUS#/09022GGC
CCCU GCUCCC 5579 CACGGEG AGAA GCGG ACCAGAGAAACA X GUACAUUACCUGGUA  CcCcC
UGCU CCCGAUG 5683 UUCCCA AGAA GAGU ACCAGAGAAACA X GUACAUUACCUGGEUA  ACUC
UGCC UGGGAA 20 5710 AAUGCC AGAA GUGA ACCAGAGAAACA X
GUACAUUACCUGGUA  UCAC UGAU GGCAUU 5723 dXUAGA AGAA GUGA ACCAGAGAAACA X
GUACAUUACCUGGUA  UCAC AGCC UCUAUC 5736 UGAGCG AGAA GGEUG ACCAGAGAAACA X
GUACAUUACCUGGUA  CACC AGUC CGCCUCA 5740 GUGEUG AGAA GACU ACCAGAGAAACA X
GUACAUUACCUGGUA  AGUC CGCU CACCAC 5764 AUGUUG AGAA GGAG ACCAGAGAAACA X
GUACAUUACCUGGEUA  CUCC UGUU CAACAK \? t‘g AGAA GCCA ACCAGAGAAACA X

GUACAUUACCUGGUA  UGGEC UGCU CAACUK GCCUEA AGAA GCAC ACCAGAGAAACA X

GUACAUUACCUGGUA  GUGC UGCU ’5«‘2‘*‘ A AGAY GAAG ACCAGAGAAACA X

GUACAUUACCUGGEUA  CuuC ¢ SACG ACCAGA X
GUACAUUACCUGEUA  CCuC A \ee: 0P94/S/GCUAUC AGAA U

ACCAGAGAAACA X GUACAUUACC ee.‘ B I/ GAGAGG AGAATGARU
ACCAGAGAAACA X GUACAEIUACCUGGUA A AGAA GGAG

ACCAGAGAAACA X GUACADUACCUGGUA
ACCAGAGAAACA X GUACAEIUACCUGGUA
ACCAGAGAAACA X GUACAUJUACCUGGUA

ACCAGAGAAACA X GUACAZIUACCUGGUA

Ri bozyne Sequence E ”’Substgate 6261 CG AGAA GGAG
ACCAGAGAAACA X GUACAUUACCUGGUA  CUCC GECULCGHGEC,/6308 GAA AGAA GUCA
ACCAGAGAAACA X GUACAUUACCUGGUA  UGAC UGAC‘Z’:U 6328 \AGCUUG AGAA GGAG
ACCAGAGAAACA X GUACAUUACCUGGUA  CUCC AGUC-OMARCU 5 6340 AAUUUC AGAA CGAG
ACCAGAGAAACA X GUACAUUACCUGBUA  CucC ucce U4.6426 CACAUG AGAA GGUG

ACCAGAGAAACA X GUACAUUACCUGGEUA  CACC UGCC CAUGUG 6465 UCAUGG AGAA GUUU
ACCAGAGAAACA X GUACAUUACCUGGUA  AAAC &5UU CCAUGA -,.,,
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6599 CUCUUC AGAA GCCA ACCAGAGAAACA X GUACAUUACCUGGEUA  UGEC UGCU GAAGAG 10
6692 UUCGEG AGAA GGGA ACCAGAGAAACA X GUACAUUACCUGGEUA  UCCC GGCC CCCGAA
6727 CUGUgo sfaagy7CCAC ACCAGAGAAACA X GUACAUUACCUGGUA g@,s% ,CCACAG
6753 GGAGAG AGAA GCAC ACCAGAGAAACA X GUACAUUACCUGGUA

6817 CAUGGG AGAA GUGA ACCAGAGAAACA X GUACAUUACCUGGEUA  UCAC AGCU CCCAUG

15 6839 UGCCAC AGAA GGEUU ACCAGAGAAACA X GUACAUUACCUGGUA  AACC
GGAU QUGGCA 6869 GGAGEG AGAA GUGA ACCA CA X GQUACAUUACCUGEUA  UCAC
CGAC CCcucC 6939 &%&5 AGAA GECC ACCA AACA X GUACAUUACCUGEUA  G&CC-

AGCU CUUCAG 7007 AGAA GGG GA CA X GQUACAUUACCUGEUA  CCCC
GGAC GCUGAC 20 7013 GAUGAG Al GCGAU ACCAGAGAAACA X
GQUACAUUACCUGGUA  ACGC UGACCUCAUC 7114 | A GEUC ACCAGAGAAACA X

GUACAUUACCUGEUA  GACE yCGCU=UCGAGC 7148 —IKLIUGC A GAUA ACCAGAGAAACA X
GUACAUUACCUGGUA  UA CCUUZGEAGCA 7214=—"8 1i€UA AGARIGGGC ACCAGAGAAACA X
GUACAUUACCUGGUA  GCCEL.GEHA ACAAC 7253 =-GaJBA AGAA GGAC ACCAGAGAAACA X

GUACAUUACCUGGUA ~{Y3UCC SGAJ _URCGUC 25 7294+=ZUGGUA GCAA ACCAGAGAAACA X
GUACAUUACCUGGUA | [zlJUGC CGCQWACCAC 7315 CGUESA A AU ACCAGAGAAACA X
GUACAUUACCUGGUA | |=AUAC CGCS-WCCACG 7333 CAGRAC Al GUCC ACCAGAGAAACA X
GUACAUUACCUGGUA | |Z(CAR_salM B GAAG ACCAGAGAAACA X
- GUACAUUA! AUCCGG AGAA CGCCG
ACCAGAGAACA X J&lliA 2 CCGACG AGAA GGAG
ACCAGAGAAACA X" BUA £CG 7415 <GEGRAC AGAA GACG
ACCAGAGAAACA X @ = GCUGUC=AGAA GCCG
ACCAGAGAAACA X GUAGAULAGEUGS 7489 GGGAGG@%\%G
ACCAGAGAAACA X CUACALUACCIGE _ ®_ GGUCUG @( G
ACCAGAGAAACA X GUACAUUA(T:BGGU - CUC&» =CAGACC ™ loGDBos e

Ri bozyne Sequence LI e 2 SubsErate 2453 UCACf&G AGAN'GAUC

ACCAGAGAAACA X GUACAUUACCUGGEUA GAUEE @FECTUCUGA 460 ACCGUC AG‘E GAGG
ACCAGAGAAACA X GUACAUUACCUGGUA CCUC C QACGGU
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7481
7535
7593
7596
7627
7660
7687
7764
7870
7956
7975
8066
8087
8172
8262
8265
8374
8395
8452
8501
. 8505
8639
8656
8711
8911
8935
8980
9082

CUCAAC AGAA
GCUGAG AGAA

ACAUUG AGAA
GCCAUG AGAA
UUGAUG AGAA
UGACGC AGAA
CUUGCA AGAA
GEGEGEEC AGAA
ACACGG AGAA
UCUUCC AGAA
AAGGCG AGAA
UCCCAG AGAA
ACUGGA AGAA
CAAAGC AGAA
AGUCAA AGAA
AUGUAG AGAA
GAAUUA AGAA
CUAGUC AGAA
UCGACA AGAA
CAGCUC AGAA
GGGEEGEG AGAA
GEUUGG AGAA
GUGCGC AGAA
UUUUCA AGAA
CCGUAG AGAA
UGAAUG AGAA
CGCCAAG AGAA

GGEU ACCAGAGAAACA X GUACAUUACCUGGEUA ACCC UGAU CUCAGC
UUGAGC WQRRUSSBACG ACCAGAGAAACA X GUACAUUACCUGGUA CARCTAIROWZUCAA
GCAG ACCAGAGAAACA X GUACAUUACCUGGUA CUGC UGCU CAAUGU
GGEEC ACCAGAGAAACA X GUACAUUACCUGGUA GCCC UGAU CACGCC 10
GCUU ACCAAGAGAAACA X GUACAUUACCUGGEUA AAGC UGCC CAUCAA
GAGA ACCAGAGAAACA X GUACﬁﬂ@ACCUGGUA UCUC UGCU GCGUCA
GUCA ACCAGAGAAACA X GUACAUUACCUGGEUA UGAC AGAC UGCAAG
GCUU ACCAGAGAAACA X GUACAUUACCUGGUA AAGC UGAC GCCcCCC
GAUG ACCAGAGAAACA X GUACAUUACCUGGUA CAUC CGCU ccauau
GEUC ACCAGAGAAACA X GUACAUUACCUGGUA GACC UGCU GGAAGA
GGCU ACCAGAGAAACA X GUACAUUACCUGGEUA AGCC |AGCU CGCCUU
GGCGA ACCAGAGAAACA X GUACAUUACCUGGUA UCCC |AGAC CUGGEA 20
GUAC ACCAGAGAACA X GUACAUUACCUGGUA GUAC U UCCAGU
GGUG ACCAGA CAX%QMIL@JAJ&%UGCUUUG
GCGG ACCAGA CA X WGCU UUGACU
GCUC ACCAGAGAAACA X GUACAUUACCUGGUA GEEU CUACAU
GGEGEG ACCACAGAAACA X ggig%ﬁgACQUGGUA___CCCC_UgAC UAAUUC 25
GCAC ACCAGAGAAACA X JACCUGGUA UGKC GACUAG
GCAG ACCAGAGAAACA X GUACAUUACCUGGEUA CUGC |GECC UGUCGA
GGCC ACCAGAGAAACA X GUACAUUACREIQE®——GGOC{UBC GAGOUG
GAGU ACCAGAGAAACA X ggﬁ ACCUGGUA ACUC gggg CCCccC 30
GEUC ACCAGAMRAACA X IACCUGGUA GACC CCAACC
GACA ACCA CA X GUACAUUACCUGGEUA UGUC IGEJC GCGCAC
GUUC ACCAGA CA X GQUACAUUACCUGGUA GAAC JAGCU UGAAAA
GACA ACCAGAGAAACA X GUACAUUACCUGGUA UGUC |AGAU CﬂéCGG
GAGG ACCAGAGAAACA X GUACAUUACCUGGUA CCUC |AGAU CARIUCA
GUAC ACCAGAGAAACA X GUACAUUACCUGGUA GUAC |CGCC b
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101 Pos. Ri bozyme Sequence Substrate -
9133 CCUUGG AGAA GUAG ACCAGAGAAACA X GUACAUUACCUGGUA  CUAC UGUC CCAAGG
9218 GGA -GCGA ACCAGAGAAACA X GUACAUUACCUGGUA CAUCC
9229 AAGS%O 2% GGGA ACCAGAGAAACA X GUACAUUACCUGGUA t@% GGACUU
9243 CGAACC AGAA GGAC ACCAGAGAAACA X GUACAUUACCUGGUA  @ucCc AGCU GaUUCG
9285 GAGACA AGAA GUGA ACCAGAGAAACA X GUACAUUACCUGGUA  UCAC AGCC uaucuc
9289 GCACGA AGAA GGCU ACCAGAGAAACA X GIACAUUACCUGGUA AGCC UGUC UCGUGC
9300 AGCGGEG AGAA GGCA ACCAGAGAAACA X GUACAUUACCUGGUA  UGCC CGAC cceecu 1o
9306 UAAACC AGAA GGGU ACCAGAGAAACA X GUACAUUACCUGEUA  ACCC CGCU GGUUUA
9358 UUGGGEG AGAA GGUA ACCAGAGAAACA X GUACAUUACCUGGEUA  UACC UGCU CCCCAA
Where "X' represents stem |V region of a HP ribozyne (Berzal-Herranz et

al ., 1993, EMBO. J. 12, 15 2567). The length of stem IV nmay be 2
base-pairs. 20 25 30 102 Table VI11: Additional HCV Conserved Hammer head
ri bozyme and target sequence Nos. Nanme* Pos.[err] .
Ri bozyme Substrate 1 HCV. C- 48 278 UUGEUGU CUGAUGAG

CGAA ACGUUUG CAAAQQU A ACACCAA 2 HCV. G- 60 290 UGUEGEGEC CUGAUGAG X CGAA
- ACGEUUG CAACCGEU CLOCCCACA 3 HCV. G175 405 AGEUUGAJ QUGAUGAG X CGAA
ACCGCUC GAGCGGU CCBCAACCU 4 - HCV, 287 AAAAAAASGUEBAUGAG X CGAA

AAAAAAA  UUUUULU UUUUUU 5 . 445 UAAGA@ ( UGAG X CGAA
- AGCCACC GEUGECU CREAUCUUA 6 GGGCUALG UGAG X CGAA
AUGGAGC GCUCCAU C={JUAGCCC 7 UAGGGOLEQUESAUGAG X CGAA

AGAUGGA UCCAUCU UCAGCCCUA 8
AAGAUGG CCAUCUU ABCCCUAG 9
AGGGCUA UAGCCCU ACQUCACGG

UGAG X CGAA

‘ _cc’sAQuc@AUGAG X CGAA
iz

FIREFLY LUCIFERAS
RENILLA LUC)

3

ANALYZE:

FIG.

RIBOZYME

DUAL REPORTER SYSTEM FOR CYTOPLASMI

tad
]
4 ”
52 o
l; Lug
il o
8 QE_ 0_3
(=) o 5 )
= g =3
< &> R M S
- N O} &=
et %
N
TR <\ =13
S £
ﬂo..
LL}
m.

SUBSTITUTE SHEET (RULE 26)



10 - HCV. 3-161 9461 UAGCCEU CUGAUGAG X CGAA ACUAGGG CCCUAGU C ACGGCUA 11

HCV. 3- 168 94@ o5 AIGACAGC CUGAUGAG . X CGAA AGOCGUG CACGGCU A GOUGUGA 12
HCV. 3-181 94 CG CUGAUGAG X CGAA ACCUUUC GAAAGGU C EBETMAYI9%T
Where "X" represents stemll region of a HH ribozyme (Hertel et al., 1992

Nucl ei c Acids Res. 20: 3252). The length of stemIl may be 2 base-pairs.
Core Reference Sequence for Nos. 1-3 = HP R (Acc#L38318) 1-600 bp
*-Nucl eotide 231 (8 nucl eotide upstreamo e ini;ti.ator ATG has been
designated as "1" for the 25 purpose of nunbering ribozyme sites in
the core protein coding region. 3 -NCR Reference Sequence for Nos. 4-12=
085516 (Acc#D85516) 9301-9535 bp *- Nucl eotide 9301 has been designated as
"1" for the purpose of nunbering ribozyme sites in the 30 [err]- position
nunber reflects the reference sequence from HPCCOPR. 103 [err] 104
[err] 105 d ains 1. An enzymatic nucleic acid nol ecul e which
specifically cleaves RNA derived fromhepatitis C virus (HCV), wherein said
enzymatic nucleic acid nolecule is in a hammerhead notif, wherein the

bi nding arnms of said enzymatic nucleic acid nolecule 5 conpri ses
sequences conplenmentary to any of substrate sequences defined in tables
IV-VI and VIII.

RN 81€
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RIBOZYME MEDIATED REDUCTION OF LUCIFERASE
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2. An enzymatic nuclei.c acid nolecul e which specifically cleaves RNA -
derived fromhepatitis C virus (HCV), wherein said enzymatic nucleic acid
nol ecul e | swmgssgigi rpin notif, wherein the binding arns pére@odenzymti c
nucleic acid nolecule 10 conpri ses sequences conplenentary to any of

substrate sequences defined in table VII. 3. The enzymatic nucleic acid
nol ecul e of claim1l, wherein said enzymatic nucleic acid nol ecul e conprises
a stemlIl region of length greater thangfrl equal to 2 base pairs. 4. The

enzymati c nucleic acid nolecule of clains 1 or 2, wherein said nucleic 15-
acid conprises between 12 and 100 bases conplenentary to said RNA. 5.

The enzymatic nucleic acid nolecule of claiml1l or 2, wherein said nucleic

acid conprises between 14 and 24 bases conplenentary to said nRNA. 6.

The enzymatic nucleic acid of claim2, wherein said enzymatic nucleic acid

nol ecul e conprises a stemlIl region of |ength between three and seven
base-pairs. 20 7. The enzymatic nucleic acid nolecule of claim
2, wherein said enzynmatic nucleic acid nol ecul e consists essentially of any
ri bozyme sequence defined in Table VII. 8. The enzymatic nucleic acid
mol ecul e of claim1, wherein said enzymatic nucleic acid nolecule consists
essentially of any ribozyme sequence defined in Tgbles¥Y- VI and VIIIl. 25
9. A pharnmaceuti cal cgnpositi on &QEPEkSREtHeden ic nucleic acid
nol ecul e of claims 1 or 2 1 n e 4 ncl udi ng an
enzymati c nucleic ac | ecul e of { } N o211 The
mammal i an cell of cl@ m 10, wherein said mammaliaf cel2%s a human cell. 5
12. An expression Mector conprising nucleic acid sequence encodi ng at
| east one enzymatic clefc acid nolecule of claiffs && 2, in a manner
whi ch al | ows expressEpn that enzymatic nucl eigzjac) gi=ol ecul e. 13. A
mammal i an cell inclu an expressi on vector of%l asmhl2.

23
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14. - The mammalian cell of claim 13, wherein said manmalian cell is a
human 10 cell. 15, A nethod for treatnment of cirrhosis, liver failure
or hepat ocel WP 395584 ci nona- conprising the step of adm ni st BETHEN0302%
patient the enzymatic nucleitc acid nDIecuIe of claims 1 or 2 under

conditions suitable for said treatnent. A method for treatnent of
cirrhosis, liver failure and/or hepatocekZFLar 15 carci noma conpri sing
the step of admnistering to a patient t xpression vector of clainms 1 or

2 under conditions swtqm_ﬁ 'ﬂszéFq-léVqﬁg IéHg\FlBA?ecMﬁogj of treat ment

of a patient having a condl I on assocrl at conpri sing
contacting cells of said 500008 ft—wt ‘-Iecule of clainms 1
or 2, and further conprising the use of one or nore drug therapies under 20
condltlons suitable for said tgeatnen .~ The enzyngtic nucleic acid
mol ecul e of claim1, wherdl0808ai d nuclleic acid nolecyl e conprises at |east
five ribose residues, and wher¢in sapgzmucl eic acid_donprises

phosphor ot hi oat e Ilnkage%ggb 8 ; :

and wherein said nucl et !
position No. 4 of saidgucleic}lacid,

conprises at |least ten <2’
acid conprises a 3' - end ?Qﬁ@ﬂﬁ'

E ¢ ME«NI gigpacid
erein said nucleic
bl enzymatic nucl ei c

acid of claim 18, wherein sai : , 3'-3" linked
inverted abasic noiety atqgapd{3’ 2 ;';: ic nucleic acid
nol ecul e of claim 1, wherein sai % conpri ses at | east
five ribose residues, and wher ¢i % Pl ecule 5 conpri ses
phosphor ot hi oat e Ilnkages at Qt-F A=t “4ie—54¢4er ni nal  nucl eot i des,

and wherein said nucleic acid coﬁﬁrlﬁﬁgma;ﬂs amgdo 1838¢fi cati on at p05|t|on

No. 4 and/or at position No. 7 (3P=§)af3p-= S)ngpgg c(4p¢gg c{4pmg ecul e, wherein said
nucl eic acid nol ecul e conpri ses at ‘| east hyI nodi fications, and

wherein said nucleic acid conprlses a'@REA@“ﬁEN%dlflcatlon 10 21.

The enzymatic nuclejic_acid nol in said nugleic acid
P=S- PHOSPHOROTHIOATE INTERNUCLEOTIDE LlNKAGES AT THE 5" END

SAC-SCRAMBLED CONTROL
BC—RIBOZYME WITH INACTIVATED CORE
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nol ecul e conprises at |east five ribose residues, and wherein said nucleic-
aci d nol ecul e conpri ses phosphorothioate |inkages at at |east three of the
5" term nal woum)ssgas i des, and wherein said nucleic acid noh@p Lo gprlses
an abasic substitution at position No. 4 and/or at position No. of said
nucl eic acid nolecule, wherein said nucleic acid conprises 15 at | east
ten 2'-O-nethyl nodifications, and wherein said nucleic acid nolecule
conprises a 3'-end nodification. 22. gfld enzymatic nucleic acid nol ecul e
of claim1, wherein said nucleic acid nolecule conprises of at least five -
ri bose residues, and wherein said nucleic acid conprises phosphorothloate

| i nkages at at Ieast three of the 5 term nal nucleotides, and 20 ?LFIH
saird nucleic acid nol ecule conprises a 6-nethyl uridine substitution a
position No. 4 and/or at positi@n No. 7 of said nucleic acid | ecul e,

wherein said nucleic acid nol ec‘_gl e conprises at least ten 2'-GEnethyl .
nodi fi cations, _and wherein saidgnucleic acid nmolecule conpri seg a 3’ e&
nodi fi cati on. ZB A et hod for,n TEnhigbi ti ng HCVerepl i cation ingazZna

cel | corrprl sing 25 t he step-co a@hni steri ng 0 said cell gg egl:%
nucl eic acid ny & #cul e of cl ai r'Es @ '82' under conditions suit OE sal d
i nhibition. 24¢ 2-A method of "a:Igeagij ﬁg@ sepaga't',e RNA nol eCU|=leECOﬂp.BI %ng

contacti ng theQen:Z‘ymatl ¢ nucl eg& ag @ IE)I ecul g-i,__gl ainms 1 oéQ id
separate RNA n? equHe under ¢ L&Epﬁs U|tab§e for the cleaqaﬁeigﬁgs
separate RMA n#@ecule. 108! 455 Bhes net ho ckplem 24, \&hﬁ@ﬁnts
cl eavage iE carg i*®dsgfdt< in thef&'; @résﬁe@c@ of g @i vaj'%nt Chyf | on§ Ber & 2 >
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chem caIIyIsyntLhe,slz-ed I ek Py B5si on. Zetd of gfuclb‘abrsblz wher
sai d vect a U “ ﬁ;transcr§§t|on DNt LtHat i on reglon b)
transcrlptZon t atlomqrggbon, c) a gene encodlnghah=least one ﬁ?ld
nucl ei c aqu étule and ;ﬂ o
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10 - ‘wherein said gene is operably linked to said initiation
region and s termnation region, in:@a panner which all ows expression
and/ or dellv§%€ 96P85i d nucleic acid nol ecul'e. 29. The exPFEYSOOM2Yect or
of claim 12, wherein said vector conprises: a) a transcription
initiation region; 15 b) a transcription term nation
region; c) an open reading frane; d) gene encodi ng at | east one
said nucleic acid nol ecul e, :wherein said 6%ﬁe is operably linked to the
3'-end of said open reading frame; and wherein said gene is operably |inked
to said initiation region, said open 20 readi ng frame and said
termnation region, in a manner which all ows expression and/or delivery of

said nucleic acid nol ecule. 30. The expression vector of claim12,
wherein said vector conprises: a) a transcription initiation region; b)
a transcription termnation region; 25 c) an intron; d)

a gene encoding at | east one said nucleic acid nolecule; and wherein said
gene is operably linked to said initiation region, said intron and said
termnation region, in a nanner whi ch alloms expression and/or delivery of
sai d nucl eic acid nol ecul e. The expression vector of claim

12, wherein said i1y | initiation
regi on; h) a }ﬁﬂ%‘ﬁ%ﬁ%ﬁphﬁ)%ﬁﬁaﬁwé %W = ron; d) an
open readi ng frant; a gene encodi ng at | east one said
nucl eic acid nol ecul e, wherein said gene is operably linked to the 3'-end
of said open reaﬂggﬁgérane and wherein said gene is operably |inked to

said initiation said I ntron,

i /
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- / —&— 7/3 FORMAT
S 500000 ——@—— 6/4 FORMAT
=~ : —&— 6/3 FORMAT
250000 —-8--~ SAC 7/4 FORMAT
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said open reading frane and said termination region, in a manner which
al l ows expression and/or delivery of said nucleic acid nolecule. 10

32. An enwoewssssznucl ei ¢ aci d nol ecul e whi ch speci fi cal lperisosses RNA
derived fromhepatitis C virus (HCV), wherein said enzymatic nucleic acid
nol ecule is a DNA enzyne. 33. The enzymatic nucl eic acid nol ecul e of any
of clainms 1, 2 or 32, wherein said enzyﬂﬁqlc nucl ei ¢ acid conprises at

| east one 2'-sugar modi fi cati on. 1 The enzymatic nucleic
acid nol ecul e of any of clains 1, 2 or 32, mherein sai d enzymatic nucleic
acid conprises at |east one nucleic acid base nodification. 35. The
enzymatic nucleic acid nol®cule of any of claims 1, 2 or 32_wherein said
enzymatic nucleic acid conprises at |east one phosphorothlogie

nodi fication. 36. The meChod of claim 17, wherein saLd_drzahtherapies is
type | interferon. 20 € 37. The nethod of claim 36 erei} said
type | interferon and the &nzymatic nucl gLjc acid nol ecul e le'adniqistered

si mul t aneousl y. 38. The Tret hod of cIa|Q536 wherein said ®Hpe |
interferon and enzymatic nﬁclelqgaeid molZcul e is adm ni ste®d separately.
39. The met hod of cl ai_n $6, erel?,sai type | interferon is interferon

alpha. 2 5 40. <The vEt hod o glarm 36, wherein said type |
interferon is interferor®beta. 110%41. The met hod of claim 36, wherein
said type | fnterferon i>§|interferon gama. 42. The met hod of cl ai m 36,
wherein saigg type | inteb gﬁam i s consensus interferign. 5 43. A
met hod of t&Zeatnent of /& tleﬁt“hath a condition associ af w th HCV

i nfection, npri si ng, tgctln cel lsof said patiept wth Jtthe nucleic
acid nnlecu of clakm 32, _and furtifersc rising the use of| lone or nore
drug therapges under OndILIOHS suitable for said treatnent 44, The

nmet hod of ciai m 43, gherel sai d drug fherapies isty pe | intlerfer 10

45, The r’rghod of & aim44, wherein saidgtype | incerferon and t

enzymatic
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nucl ei ¢ acid nol ecul e is administered si mil faneousl y. 46. The net hod of

claimd44, wherein said type | interferon.and enzymatic nucleic acid

mol ecul e is MY er ed separately. 47. = The nethod of c|REHVS090gher ei n
said type | interferon is interferon al pha. 15 48. The net hod of
claim44, wherein said type | interferon is interferon beta. 49. The

nmet hod of claim 44, wherein said type | 'g?{”erferon Is interferon gamma. 50.
The nmet hod of claim44, wherein said tya interferon i s consensus
i nterferon. N

SYNERGISTIC EFFECT OF HCV RIBOZYME AND INTERFERON
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