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RIBOZYMES

: The present invention relates to a class of

i | synthetic RNA molecules and derivatives thereof,

; hereinafter referred to as ribozymes, which possess

% | highly specific endoribonuclease activity.

| > A number of naturally occurring RNA molecules

such as avocardo sunblotch viroid (ASBV), the
satellite RNAs of tobacco ringséot virus (sTobRV) and
lucerne transient streak virus (sLTSV), undergo
self-catalysed cleavage. Such cleavage appears to be

10 an essential and unique part of the life cycle of
these and other RNAs.

Self-catalysed RNA cleavage reactions share a
common requirement for divalent metal ions and
neutral or higher pH, and result in the production of

15 RNA with termini possessirg 5' hydroxyl and 2°,3°
cyclic phosphate 'groups (Frbdy et al., Science 231:
1577-1580 (1986) and Buzayan et al., Virology 151:
186-199 (1986)). The cleavage reactions are
catalysed by the RNAs theaselves, presumably as a
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15 RNA with term ni possessing 5 hydroxyl and 2',3

nosphate groups (Prody et al., Science 231: 1577-1580 (1986) and
et al ., Virology 151: 186-199 (1986)2. The cl eavage reactlons are
1 by the RNAs t hensel ves, presumably as a 20

result of conformation bringing reactive groups into
close proximity. The sites of self-catalysed
cleavage in naturally occurring RNAs are located
within highly conserved regions of RNA secondary
structure (Buzayan et al., Proc. Natl. Acad. Sci. USA
83: 8859-8862 (1986) and Forster, A.C. and Symons,
R.H. Cell 50: 9-16 (1987)).

Experiments we have carried out on the satellite
RNAs of tobacco ringspot virus (sTobRV) have led to
the design of novel endoribonucleases (hereinafter
referred to as "ribozymes"), that is, enzymes
comprised of RNA which catalyse specific cleavage of
RNA target molecules.

The term ribozyme as used in the specification
refers to molecules comprised wholly of RNA or
derivatives thereof.

The ribozymes of the present invention are
distinct from the RNA endoribonuclease which occurs
naturally in Tetrahymena Fhermophila (known as the
IVS, or L-~19 IVS RNA) and which has been extensively
described by Thomas Cech and collaborators (Zaug;

"A.J. et al, Science (1984) 224: 574-578; Zaug, A.d.

and Cech, T.R., Science (1986) 231: 470-475; Zaug,
A.J., et al, Nature (1986) 324: 429-433; published
International patent application No. WO 88/04300 by
University Patents Inc.). The Cech endoribonuclease
has an eight base pair active site which hybridizes
to a target RNA sequence whereafter cleavage of the
target RNA takes place, with a requirement for free
guanosine or guanosine derivatives. The fragments
which arise from cleavage contain terminal 5°*
phosphate and 3*' hydroxyl groups. The limited number
of nucleotides available for hybridization to an RNA
substrate limits the effectiveness or efficiency of
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2 resul tf of conformation bringing reactive groups into close proxinmty. The
sites off self-catal ysed cleavage in naturally occurring RNAs are | ocated

Wi t hin ghly conserved regi ons of RNA secondary 5 structure (Buzayan et
al., Prdc. Natl. Acad. Sci. USA 83: 8859-8862 (1986) and Forster, A C. and
Synmons, R H Cell 50: 9-16 (1987)). Experinénts we have carried out on the
satellit

the Cech endoribonuclease as in general,
oligonucleotides comprising less than twelve
nucleotides hybridize poorly to target sequences. It
also appears that a number of nucleotides in the
5 active site of the Cech endoribonuclease may need to
be conserved for efficient endoribonuclease
activity. This restricts the number of permutations
of active site sequences which can be engineered to
effect hybridization to target sequénces, thereby
10 restricting the range of RNA target sequences
cleavable'by the Cech endoribonuclease. The Cech
: endoribonuclease also modifies RNA by adding a free
E guanosine nucleotide to the 5' end of cleaved RNA.
i In contrast, the ribozymes of the present
15 invention hybridize efficiently to a wide range of
target RNA sequences, and do not modify the cleaved
target RNA. '
The ribozymes of the present invention comprise a

hybridizing region which is complementary in

20 nucleotide sequence to at least part of a target RNa,

| and a catalytic region which is adapted to cleave the

f target RNA. The hybridizing region contains 9 or
more nucleotides.

In a preferred aspect the ribozymes'of the

25 present invention have a hybridizing region -
comprising one or more arms formed of single stranded
RNA and having a sequence complementary to at least
part of a target RNA, said one or more arms being
associated with a catalytic region capable of

30 cleaving said target'RNA; and where the hybridizing
region comprises a single arm of RNA said arm

contains at least 9 nucleotides, and where the
hybridizing region comprises 2 or more arms of RNA,
the sum of nucleotides in said arms is greater than 9
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RNAs of §t obacco ringspot virus (sTobRV) have led to 10 the design of novel
endori b@nucl eases (hereinafter referred to as "ri bozynes"), that is,
enzymes conpri sed of RNA which catal yse specific cl eavage of RNA target
nol ecul gs. The termri bozynme as used in the specification 15 refers to

nol ecul ds conprised wholly of RNA or derivatjves thereof. The ribozynes of
the pregent invention are distinct fromthe endori bonucl ease whi ch
occurs rgaturally in Tetrahynena Fhernophila (known as the

nucleotides.
In one embodiment of the invention, there is
provided a ribozyme of the formula 1:

3 5¢
5 (X)X X(X),,
(1) A C (1)
S 1 U
¢ 'a g (11) (1)
C*GGA
10 | l X
X' X*
5¢ 3!

wherein; X represents any ribonucleotide and each X

15 residue may be the same or different;

the sum of n and n' is greater than 6 and n
and n*' may be the same or different;

an (*) represents a base pair between
complementary ribonucleotides;

20 X' and X" represent oligoribonucleotides of
complementary sequence along at least part
of their length to allow base pairing
between the oligoribonucleotides, or X' and
X" together form a single RNA sequence

25 wherein at least part of said sequence
comprises a stem formed by base pairing
between complementary nucleotides; and

optionally, an additional nucleotigde
selected from one of A, G, C or U may be

30 inserted after YA in formula (1).

Region (I) of formula (1) represents the arms or
flanking sequences of a ribozyme which hybridize to
respective portions of a target'RNA sequence. The
arms may hybridize along the full length of the
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20 1VS, o
Cech and

Zaug, A. JJ]
Nature (19
No: WO 88/§04300 by University. Patents Inc.).
[Jase pair active site which hybridizes to a target RNA sequence
1 cl eavage of the target RNA takes place,
;.nosine ggrg%%ngﬁlne derivatives. The

an ei ght

L-19 IVS RNA) and whi ch has been extensively described by Thomas
dol | aborators (Zaug, A.J. et al, Science (1984) 224: 574-578;
and Cech, T.R, Science (1986) 231: 470-475; Zaug, A J., et al,
86) 324: 429-433; published 25 International patent application
The Cech endori bonucl ease has

with a requirenment for

A or part thereof. gnagﬁf catalyt1c region
is depicted at region (II) of formula 1. The
catalytic region may contain one or more additional
nucleotides which'do not adversely effect catalytic

5 activity. Such additions could be readily tested for
ribozyme activity without undue experimentation
following the teachings of the specification. The
catalytic region may also form part of the
hybridizing region.

10 The oligoribonucleotides X*' and X" may comprise
up to 5,000 or more nucleotides.
According to a further specific embodiment of the
present invention there is provided a ribozyme of the
formula 2: ' |

15
3 5°
. (X) A X(X)
A c
A U
20 G 1n @
C *GG A (2)
X =*X X
X *xX
(X, * X
25 X X
B

wherein; X represents any ribonucleotide and each X
residue may be the same or different;
30 an (*) represents a base pair between
complementary ribonucleotides;
n and n*' are as previously defined;
m and m* are 1 or more and may be the same
or different;

_—
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arise fromcl eavage contain termnal 5 phosphate and 3' hydroxyl

The limted nunber of nucl eotides avail able for hybridization to an
bstrate limts the effectiveness or efficiency of 3 the Cech
bonucl ease as in general, oligonucleotides conprising |ess than
nucl eoti des hybridi ze poorly to targetssequences. It

B represents a bond, a base pair, a
ribonucleotide, or an oligoribonucleotide
containing at least 2 ribonucleotides;

and optionally, an additional nucleotide
selected from any one of A, G, C or U may be

lA in formula (2).

- inserted after
The ribozymes of the present invention may be
prepared by methods known per se in the art for the

synthesis of RNA molecules. (For example, according

10 to recommended protocols of Promega, Madison, WI,
"USA). In particular, the ribozymes of the invention

may be prepared from a corresponding DNA sequence
(DNA which on transcription yields a ribozyme, and
which may be synthesized according to methods known

15 per se in the art for the synthesis of DNA) operably

linked to an RNA polymerase promoter such as a
prombter for T7 RNA polymerase or SP6 RNA

polymerase. A DNA sequence corresponding to a
ribozyme of the present invention may be ligated into

20 a DNA transfer vector, such as plasmid or

bacteriophage DNA. Where the transfer vector
contains an RNA polymerase promoter operably linked
to DNA-corresponding to a ribozyme, the ribozyme may
be convéniently produced upon incubation with an RNA

25 polymerase. Ribozymes may, therefore, be produced in

vitro by incubation of RNA polymerase with an RNA
polymerase promoter operably linked to DNA
corresponding to a ribozyme, in the presence of
ribonucleotides. In vivo, prokaryotic or eukaryotic

30 cells (including mammalian and plant cells) may be

transfected with an appropriate transfer vector
containing genetic material corresponding to a
ribozyme in accordance with the present invention,
operably linked to an RNA polymerase promoter such
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al so appgars that a nunber of nucleotides in the 5 active site of the Cech
endor i bophucl ease may need to be conserved for efficient endoribonucl ease
activityy This restricts the nunber of permutations of active site
sequence$ which can be engineered to effect hybridization to target
sequence$, thereby 10 restricting the range §f RNA target sequences

cl eavabl ¢ by the Cech endoribonucl ease. The Cech endoribonucl ease al so
nodi fi es§RNA by addi ng a free guanosine nucleotide to the 5° end of cleaved

RNA.Tn ;ontrast,t%g% @H%”@ggg%fﬁetfgaE¥§ﬁ§@£ibed in the host cell.

Transfer vectors may be bacterial plasmids or viral

RNA or DNA. Nucleotide sequences corresponding to
ribozymes are generally placed under the control of
5 strong promoters such as, for exémple, the lac, SvV40
late, SV40 early,_metallothionin, or A promoters.
Ribozymes may be directly transcribed in-vivo from a
transfer vector, or alternatively, may be transcribed
as part of a larger RNA molecule. For example, DNA
10 corresponding to ribozyme sequences may be ligated
into the 3' end of a carrier gene, for example, after
a translation stop signal. Larger RNA molecules may
help to stabilize the ribozyme molecules against
nuclease digestion within cells. On translation the
15 carrier gene may give rise to a protein, whose
presence can be directly assayed, for example, by
'enzymatic reaction. The carrier gene may, for
example, encode an enzyme.
In a further aspect of the invention, there is
20 provided a DNA transfer vector which contains a DNA
sequence corresponding to a ribozyme operably linked
to a promoter to provide transcription of the
ribozyme.
In one preferred method of producing a ribozyme,
25 two synthetic oligonucleotides of complementary
sequence are prepared by standard procedures (for
example, using an Applied Biosystems Model 380A DNA
Synthesizer (Applied Biosystems Inc., Foster City,
California 94404)), and hybridized together. One of
30 the oligonucleotides encodes a desired ribozyme. The
respective ends of the hybridized oligonucleotides
correspond to different restriction enzyme sites, say
EcoRl at one end and Pstl at the other end. After
cleavage with appropriate restriction enzymes (EcoR1l

\".
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15 invent!on hybridi ze efficiently to a wide range of target RNA sequences,

and do no

'nodi fy the cleaved target RNA. The ribozynes of the present

i nventi onfconprise a hybridizing region which is conplenentary in 20

nucleotidl
regi on whi
cont ai ns

g or
25 present

e mema P £ i

sequence to at least part of a target RNA, and a catal ytic
ch is adapted to cleave the target RNA. The hybridizing region

nore nucl eotides. In a preferred aspect the ribozynmes of the

i nvention have a hybridi zing region

and Pstl in the above example), the double stranded
DNA fragment may be cloned into a transfer vector.
Where the plasmid vector contains an RNA polymerase
promoter upstream from the DNA sequence corresponding
to a ribozyme of the present invention, RNA
transcripts corresponding to the ribozyme can be
conveniently prepared either in-vitro or in-vivo.

Where the ribozyme is comprised of two halves held

10

15

20

25

30

together by base-pairing between complementary
nucleotides, each half of the ribozyme may be
produced according to the above methods, and the
halves incubated together to form the ribozyme.

The preferred ribozymes of the present invention
cleave target RNA which contains the sequence XOUY,
where X° is any ribonucleotide, U is uracil and ¥
is adenine, cytosine or uracil. x%°U forms part of
a base pair flanking region and Y is not base
paired. Preferably, but by no means exclusively,
x° is guanidine, and x°UY is GUC or GUA. Any RNA
molecule containing these sequences can be cleaved
with the ribozymes of the present invention. ' Once
the sequence of an RNA transcript containing the
sequence x°UY has been determined, the arms of the
ribozyme sequence can be synthesised to be
complementary to, and thus hybridizable to, the RNA
on the target sequence flanking the x°uy sequence.
On hybridization of the arms of the ribozyme to the
target RNA sequence flanking the XOUY sequence, the
catalytic region of the ribozyme cleaves the target
RNA within the X°uy sequence. RNA cleavage is
facilitated in the presence of magnesium or other
divalent cation at a pH of approximately 8.0.

Accordingly, the preferred ribozymes of the
present invention can be engineered to cleave any RNA
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conprising one
arns bei-ng
target RN/
said armg
conprises §2 or
greater tHan 9

: or nore arns fornmed of single stranded RNA and having a
sequence {qonplenentary to at |east part of a target RNA, said one or nore

nore
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associated with a catalytic region capable of 30 cleaving said
;. and where the hybridizing region c&ﬂprises a single armof RNA
dont ai ns at e

| east 9 nucl eotides, and re the hybridizing region
arns of RNA, the sum of nucleotides in said arns is

whose sequence is known. The high frequency of the
residues cleaved by the ribozymes in RNA (1:64 for
GUC in an RNA with random and equal frequency of base
distribution) means that a number of potential sites
for ribozyme cleavage can be confidently predicted in
any givén target RNA.

According to another aspect of the present
invention there is provided a method for the
inactivation of a target RNA sequence, which
comprises reacting said target RNA sequence with a
ribozyme of the present invention.

In-vivo, that is, within the cell or cells of an
organism, a transfer vector such as a bacterial
‘plasmid or viral RNA or DNA, encoding one or more
ribozymes, may be transfected into cells e.gq.
(Llewellyn et al., J. Mol. Biol. (1987) 195:

115-123; Hanahan et al. J. Mo. Biol (1983) 166).

Once inside the cell, the transfer vector may
replicate, and be transcribed by cellular polymerases
to producé ribozyme RNAs which then inactivate a
desired target RNA. Alternatively, a transfer vector
containing one or more ribozyme sequences may be
transfected into cells or introduced into cells by
way of micromanipulation techniques such as
microinjection, such that the transfer vectof or a
part thereof becomes integrated into the genome of
the host cell. Transcription of the integrated
genetic material gives rise to ribozymes, which act
to inactivate a desired target RNA.

The ribozymes of the present invention have
extensive therapeutic and biological applications.
For example, disease causing viruses in man and
animals may be inactivated by administering to a
subject infected with a virus, a ribozyme in
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4 nucl eotides. In one enbodi nent of the invention, there is provided a

ri bozyne ofgt-he formula 1. 3' ' 5 TJerr] wherein; X
represents fhny ribonucl eotide and each X 15 resi due may be the
sanme or difgjerent; the sumof n and n' 'is greater than 6 and n and n' may

be t he samej or different;’ 10

accordance with the present invention adapted to
hybridize to and cleave RNA transcripts of the
virus. Such ribozymes may be delivered by parenteral
or other means of administration. Alternatively, a
5 subject infected with a disease causing virus may be

administered a non-virulent virus such as vaccinia or
adenovirus which has been genetically engineered to
contain DNA corresponding to a ribozyme operably
linked to an RNA promoter, such that the ribozyme is

1 10 transcribed in the cells of the host animal,

ﬂ transfected with the engineered virus, to effect

; cleavage and/or inactivation of the target RNA

: transcript of the disease causing virus. The

ribozymes of the present invention have particular
application to viral diseases caused for example, by
the herpes simplex virus (HSV) or the AIDS virus
(HIV).

The ribozymes of the present invention also have
particular application to the inactivation of RNA
transcripts in bacteria and other prokaryotic cells,
plants and animals. In bacteria, RNA transcripts of,
for example,bacteriophage, which cause bacterial cell
death, may be inactivated by transfecting a cell with
a DNA transfer vector which is capable of producing a
ribozyme in accordance with the present invention '
which inactivates the phage DNA. Alternatively, the
ribozyme itsélf may be added to and taken up by the -
bacterial cell to effect cleavage of the phage RNA.

RNA transcripts in plants may be inactivated
using ribozymes encoded by a transfer vector such as
the Ti plasmid of Agrobacterium tumefaciens. When
such vectors are transfected into a plant cell, the
ribozymes are produced under the action of RNA
polymerase and may effect cleavage of a specific




an (*) reprgsents a base pair between conplenmentary ribonucl eotides; 20

X and X' rgpresent oligoribonucl eotides of conpl enentary sequence al ong at
| east part Ppf their length to allow base pairing between the

ol i gori bonugl eotides, or X and X' together forma single RNA sequence 25
wherein at jeast part of said sequence conprisefia stem fornmed by base
pairing betjween conpl enentary nucl eoti des; and optionally, an additional
nucl eoti de § :

target RNA sequence. 'Accordingly, plant viruses
whose RNA sequence are known, or the RNA transcripts
of plant genes, may be inactivated using ribozymes.
Endogenous gene transcripts in plants, animals or
5 other cell types may be inactivated using the
ribozymes of the present invention. Accordingly,
undesirable phenotypes or characteristics may be
modulated. It may, for.example, be possible using
the ribozymes of the present invention to remove
10 stones from fruit or treat hergditry diseases in
humans which are caused by the production of a
deleterious protein, or over production of a
particular protein.

The present invention will now be illustrated by
15 way of non-limiting example only, with reference to
the following non-limiting Examples, and Figures.

In the Figures:

FIGURE 1 shows RNA self cleavage sites of wild
type and mutated RNAs; and an electrophoretic profile

20 showing self-catalysed RNA cleavage products.

(a) Summarises the conserved structures
associated with naturally-occurring RNA cleavage
sites in ASBV, newt satellite DNA transcripts and the
satellite RNAs of sTobRV, LTSV, velvet tobacco mottle

25 virus, solanum nodiflorum mottle virus and
subterranean clover mottle virus. Nucleotide
sequences which are conserved between these
structures are shown, while others are represented as
X. Base-pairing is represented by "*" and the site

‘30 for RNA cleavage is arrowed.

(b) Shows the conserved nucleotide sequence
associated with the cleavage 6f_the (+) strand of
sTobRV RNA, The cleavage site is arrowed. |

(c) An in vitro mutant of sTobRV containing an

T
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sel ected §romone of AL G Cor U nay be 30 I nserted after [err]

in formulq (1). Region (I) of formula (1) represents the arns or flanking
sequences fof a ri bozynme which hybridize to respective portions of a target
RNA sequerjce. The arnms may hybridi ze along the full length of the 5

t ar get A or part thereof. An RNA catalytic rf?ion

insertion of eight nucleotides (shown boxed) together
with a flanking duplication of three nucleotides (UGU
residues 7 to 9) is shown.

(d) Sub-cloned Haelll fragments of wild type

5 sSTobRV and the D-51 in vitro mutant were each
transcribed in both the (+) and (-) orientations and
radiolabelled transcripts fractionated by
polyacylamide gel electrophoresis. The positions of
uncleaved 159 and 170 base transcripts from the wild
10 type (WT) and mutant (D-51) sequences are arrowed;

sizes of cleavage products are shown.

FIGURE 2 shows the nucleotide sequence of a

ribozyme and the products of ribozyme cleavage
separated by gel electrophoresis.

15 (a) The inserted nucleotides in the D-51 mutant
(FIG. lc) contains a BamHI restriction endonuclease
site. BamHI was used to split the mutant DNA, and
the two sequences were sub-cloned and transcribed
separately in vitro. The RNA transcripts are shown

20 schematically, with potential base-pairings between
the RNAs indicated "*". The fragment containing the
arrowed site for cleavage is referred to as S-RNA,
the fragment containing the ribozyme is designated
Rz-RNA.

25 (b) [32P]-Rz-RNA (101 bases) was incubated
alone (lane 1), and with unlabelled S-RNA (lane 2).
[3ZP]—SaRNA was incubated alone (lane 3), and with
unlabelled and 32P labelled Rz-RNAs (lanes 4 & 5
respectively).

30 FIGURE 3 shows a schematic model of a ribozyme
according to one embodiment of the present
invention. Regibn A represents the cleavage sequence
within the target RNA. Region B represents a
catalytic region, and regions C represent the arms of

\
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I's depictef at region (11) of fornula 1. The catalytic region may contain
one or norgq additional nucleotides which do not adversely effect catalytic
5 activity) Such additions could be readily tested for ribozyne activity

wi t hout ungue experimentation follow ng the teachings of the specification.
The catal ytlic region may also formpart of the bridizing region. 10

The ol i gorijbonucl eotides X and X' nay conprise up to 5,000 or nore

nucl eoti des} According to a further specific enbodi nent of the
: the ribozyme.

FIGURE 4 shows the design of ribozymes targeted
against the CAT (chloramphenicol acetyl transferase)
gene transcript. Ribozymes, termed RzCAT-1, 2 and 3,

5 were targeted against three sites within an 835 base

in vitro transcript of the CAT gene. The relative
locations of the cleavage sites on the transcript are
shown schematically with the flanking bases numbered
(a). The three ribozyme sequences are shown ((b) to
10 (d)) with their target sequences. Amino-acid
sequences of the CAT gene are numbered and the
predicted sites for RNA cleavage arrowed. RzCAT-1
and 3 contain 24 base sequences derived from (+)
strand sTobRV (region B, FIG. 3), while RzCAT-2
15 contains a single U-A change in this region.
FIGURE 5 shows the results of CAT RNA cleavage
with ribozymes RzCAT-1 to 3.
" (a) The £32P]-CAT RNAs were gel fractionated
after incubation alone (-) or with with one of the
20 three ribozymes, RzCAT-1 to 3 (lanes 1, 2 & 3
respectively). The location of full-length

transcript is shown arrowed.
(b) 5' Terminal base analysis. The 3' fragments
produced by ribozyme cleavage of CAT mRNA were
25 [5'-32P]-kinésed, gel purified, subjected to
complete nuclease digestion and the released terminal
residues fractionated by pH 3.5 polyacrylamide gel
electrophoresis. The 5' terminal nucleotides,
determined by reference to markers (lane M), were A,
30 U and G for the fragments produced by RzCAT-1 to 3
(lanes 1,2 and 3 respectively).
FIGURE 6 shows a time course of ribozyme
(RzCAT-1) catalytic activity against CAT RNA. The
amounts of the 139 nucleotide cleavage product were
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present i
wherein; ;
same or di
conpl erment
are 1 or

ferent.;

5

10

15

20

wention there is provided a ribozynme of the formula 2: 15 [err]

A X' represents any ribonucl eotide and each X residue may be the
30 an (*) represents a base pair between

ry ribonucl eotides; n and n' are as previously defined; mand ni
gre and nay be the same or different;14 '

quantified and plotted. The inset shows the
accumulation of the 139 base fragment with time,
after polyacrylamide gel electrophoresis.

FIGURE 7 shows the relative rates of cleavage of
CAT RNA under different temperature conditions.
Substrate RNA is represented by a solid line. 1In
each case cleavage product is represented by a broken
line. _

FIGURE 8 depicts three ribozymes (corresponding
to RzCAT-2) having arms or flanking sequence of
varying length.

FIGURE 9 shows the scheme for production of a
ribozyme comprising catalytic anti-sense RNA
containing each of the cleavage domains RzCAT-1 to 3.

FIGURE 10 shows ribozymes hybridizing to a target
sequences containing the GUA (10a) and GUU (10b)

- motifs in CAT mRNA,

FIGURE 11 shows sites for self catalysed RNA
cleavage in citrus exocortis viroid (CEV) RNA and its
complement. '

FIGURE 12 shows the ribozyme RzCEV25x(+)
hybridized to target CEV RNA(a), and a gel
electtophoretic profile of (+)CEV RNA and
compleméntary (-) CEV RNA incubated with RzCEV25x(+)

25 (b, lanes 1 and 2 respectively. Cleavage product is

arrowed).

FIGURE 13 shows the ribozyme RzCAT-2 hybridizing:
to its target sequence (a) and ribozyme RzSCMoV(b).
The catalytic domain in each ribozyme is boxed.

30 Differences in the catalytic region of RzSCMoV, when:

compared with RzCAT-2 are marked.

FIGURE 14 shows the ribozyme RzCEV-2 hybridizing
to a target sequence in citrus exocortis viroid (CEV)
RNA. The cleavage site corresponds to nucleotide-336

—_—
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6 B representsfa bond, a base pair, a ribonucleotide, or an
ol i gori bonucl edti'de containing at |east 2 ribonucl eotides; and optionally,

an additional rucleotide 5 selected fromany one of AA G Cor U
may be inserted after [err] in:forrmula (2). The ribozynes of t he present
i nvention may e 15

in the CEV RNA sequence. The alteration in
nucleotide sequence in the catalytic domain, when

| compared with the catalytic domain of sTobRV, is

i circled (a). Fig_14(b) shows an electrophoretic

] 5 profile of a control [(-) strand of CEV] RNA, lane 7
] and the (+) strand of CEV RNA lane 8, aftét

! incubation with RzCEV2.

% FIGURE 15 shows the.ribozyme RzCAT-2 (a) compared
| with ribozyme RzCAT-2B (b). Catalytic domains are
10 boxed. Changes is the catalytic domain of RzCAT-2B
) compared with RzCAT-2 are also boxed;

FIGURE 16 shows a map of plasmid pJ35SN; and

FIGURE 17 is a graphic presentation of the
average of four experiments on the inhibition of CAT

15 expression in plants (tobacco protoplasts).

The following Examples are given to illustrate
the present invention and are not to be construed as
limiting the present invention.

Reactions and manipulations involving DNA, such

20 as ligations, restriction enzyme digestions,
bacterial transformation, DNA sequencing etc. were
carried out accordidé to standard techniques, such as
those described by Maniatis et al (Molecular Cloning,
Cold Spring Harbour, 1982). Manipulations involving

25 RNA were also carried out according to standard
techniques, such as those described by Uhlenbeck
(Nature 328, 596-600 (1987)) and Héséloff and Gerlach
(Nature 334, 585-591 (1988)).

30 EXAMPLE 1
= v \'s :
A concensus of the domains associated with
naturally-occurring RNA cleavage sites in ASBV, newt
satellite DNA transcripté and the satellite RNAs of
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prepared Ry net hods known per se in the art for the synthesis of RNA

mol ecul es.
Madi son,

(‘For exanpl e,

, USA) .

In particular, the ribozymes of the invention may be

prepared from a correspondi ng DNA sequence (DNA which on transcription

yields ar
15 per se
pol yner ase
pol ymer ase

bozyne,

and whi ch may be synt hesi zk8l according to nmet hods known

n the art for the synthesis of DNA) operably linked to an RNA
pronoter such as a pronoter for T7 RNA pol ynerase or SP6 RNA

A DNA sg@tgBROS £a6kesRandeRdtbB®adco mottle virus (VMoV),

10

solanum nodiflorum mottle virus (SNMV) and
subterranean clover mottle virus (SCMoV) as.shown in
Figure la. Nucleotide sequences which are conserved
between these structures are shown, while
non-conserved sequences are represented as X. An
extra U is positioned after residue lA in LTSV(+)
strand. . '

The domain associated with the self-catalysed
cleavage of the (+) strand of sTobRV was studied to
ascertain the enzymic substrate activity within this
domain. First, cloned sTobRV cDNAs were mutagenised
using an oligonucleotide linker (BamHl) insertion
protocol.

STobRV:

A 160 bp Tag 1 -~ Spe 1 fragment Of sTobRV cDNA
was isolated from pSP653 (Gerlach et al. 1985,
Virology 151: 172-185) and ligated to Acc 1 - Spe 1
cut, phosphatase-treated pGEM 4 to reform the Acc 1
site. A resulting clone was linearized with Acc 1,
phosphatase~treated and a 359 bp Tag 1 fragment of
the sTobRV cDNA was inserted. The resulting clones
were screened for the presence of a circularly
permuted 520 bp sTobRV cDNA sequence containing the
terminally redundant residues 277 to 81 (pTTS). The
sTobRV sequence is flanked by promoters for T7 and
SP6 RNA polymerases, and in vitro transcription gave
rise to RNAs of (+) or (-) orientation which
contained two sites for self-cleavage.

In vitro Mitagenesis:

The'plasmid pTTS (50 ug) was linearized with BamH
1, treated with S1 nuclease and religated, to remo?e
a unique BamH 1 site. The resulting construction,

[—
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— ;
ri bozyne’

of the present invention nmay be ligated into 20 a DNA transfer
vector, dquch as plasm d or bacteriophage DNA. Were the transfer vector
cont ai ns Jan RNA pol ynerase pronoter operably |inked to DNA corresponding to
a ribozyrfe, the ribozynme nay be conveniently produced upon incubation with
an RNA 29 pol ynerase. 'R bozynes may, therefore, be produced in vitro by

i ncubati dn of RNA pol ynmerase with an RNA pol yaerase pronoter operably

| i nked tof DNA corresponding to a ribozyme, in the presence of

ri bonucl eptides. In vivo, prokaryotic or eukaryotic

pTTS-B, was treated with 2 x 10™% units DNase 1 in
ZOmM Tris-HCl pH 7.0, 15 mM MnCl2 for 10 mins. at
37°C. The resulting linear DNAs were trimmed and/or
end-filled using T4 DNA Polymerase, and purified by
5 0.7% LGT agarose gel electrophoresis and extraction.

Kinased BamH 1 linker sequences (CGGATCCG) were
ligated to the linearized plasmid overnight at room
temperature in the presence of 5% polyethylene
glycol. Subsequently, the reactions were BamH 1

10 digested, and the linear plasmid DNAs repurified by
0.7% LGT agarose gel electrophoresis (this was found
necessary to remove last traces of circular plasmid, .
together with unligated linkers). Plasmids were
recircularized using T4 DNA ligase and transformed

15 into E. coli DH-1. Colonies (greater than 1000) were
scraped from agar plates, grown in liquid culture to
saturation and a mixed population of plasmid DNAs
prepared. The mixed sTobRV cDNA inserts were excised

by restriction enzyme digestion at flanking EcoRl and

20 pstl sites, purified by 1% LGT agarose gel
electrophoresis, and sub-cloned into EcoRl - Pstl
cut, phosphates-treated pGEM 4. The resulting
transformants were again pooled, grown in liquid
culture and plasmid DNA prepared. The plasmid DNAs

25 were treated with BamHl, to cleave only those
piasmids containing a BamHl linker sequence, and the
linear forms were again purified by two rounds of
0.7% LGT agérose'gel electrophoresis, recircularized
with T4 DNA ligase, and transformed into E. coli

30 pH-1. Individual transformants were screened for the
approximate position of the inserted BamHl linker
within the sTobRV sequence by restriction enzyme
digestion, Sub—cloned into M13 mpl% and sequenced via
the dideoxynucleotide chain termination technique.
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30 cell§§(inc|uding manmal i an and plant cells) may be transfected with an

appropri qte-transfer vector containing genetic material corresponding to a
ri bozyme lin accordance with the present invention, operably linked to an
RNA pon%erase pronot er such 7 that the ribozyme is transcribed in the
host cell}. Transfer vectors may be bacteri al Péasnids or viral

A library of sTobRV mutants resulted, and
nucleotide sequence analysis showed that each mutant
contained an inserted BamHl linker sequence
(CGGATCCG) together with flanking duplicated or

5 deleted sTobRV sequences. The mutants were
transcribed in vitro and the RNAs assayed for their
ability to undergo cleavage. From these experiments,
a S52-nucleotide sequence was identified as containing
both the substrate and cleavage portibns of sTobRV

10 RNA. This 52-nucleotide sequence, depicted in Figure
1b, contained the domain of conserved sequence
required for self-cleavage of other RNAs (Figure
la). One mutant, designated D-51, contained an eight
nucleotide BamHl linker sequence inserted between

15 three dﬁplicated sTobRV nucleotides numbered 7 to 9.
This mutant underwent self-catalysed RNA cleavage.

97 and 108 base-pair HaeIIl fragments containing
the 52-nucleotide cleavage sequence of the wild type
and D-51 RNAs (as shown in Figures 1lb and 1lc) were

20 excised from sequenced plasmid clones. The fragments
were ligated into the Smal site of pGEM4 and screened
to obtain both orientations of the insert. The
plasmids were linearised using EcoR1l and (+) and (-)
strand RNAs of lengths 159 and 170 bases were

25 transcribed using 200 units/ml T7 RNA polymerase in
50 mM Tris-HCl, pH 7.5, 10 mM NaCl, 6 mM MgCl,, 2
mM spermidine, 1000 units/ml RNasin, 500 uM ATP,

CTP and GTP with 200 uM [a>2P] UTP. RNAs were
fractionated by electrophoresis on a 10%

30 polyacrylamide, 7 molar urea, 25% formamide gel, and

autoradiographed.

As shown in Figure 1d, no cleavage of the (-)
strand RNA transcripts was observed. This was as
expected, as the (-) strand d4id not contain a
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2 Nucl eoti de sequences corresponding to ribozynes are generally
ifjder the control of 5 strong pronoters such as, for exanple, the

| ac, SV4Q | ate, SV40 early, netallothionin, or [err] pronpters. Ribozynes
may be dijrectly transcribed in-vivo froma transfer vector, or
alternatijvely, may be transcribed as part of %Plarger RNA nol ecul e. For
exanpl e, 'IDNA 10 corresponding to ri bozyne sequences may be ligated into the
3" end off a carrier gene, for exanple, after a translation stop signal.
Larger RNA nol ecul esehfincaedlysedscheavage shseni bdihme tinel dadl etragdbnst

of both the wild type and D-51 sequences, cleavage
took place, with cleavage of the D-51 RNA being
somewhat less efficient than that of the wild type

5 (Figure 1d). This experiment indicates that the
single stranded loop region at the right-hand side of
the 52-nucleotide sequence involved in the
self-catalysed cleavage of RNA is non essential.
S Li £ E . 1 Substrate Activities:

10 Using the BamHl restriction endonuclease site
inserted into D-51, the flanking HaeIII-BamHl and
BamHl-HaelIII fragments were obtained and each was
sub-cloned into an E. coli plasmid suitable for
in-vitro transcription. This led to the elimination

15 of the mutated single-stranded loop from the
self-cleavage domain, splitting the region into two
RNA segments (Figure 2a). The smaller HaeIII-BamHl
fragment contained nucleotides 321 to 9, including
the actual site of cleavage and was termed the S

20 fragment. The BamHl-HaeIII fragment containing
sTobRV nucleotides 7 to 48 was termed the ribozyme or
Rz fragment. The E. Coli plasmids used for in-vitro
tanscription were pGEM3 and pGEM4 (Promega, Madison,
WI, U.S.A.). These expression plasmids contain:

25 (a) an origin of replication;

(b) selectable drug resistance (Ampr) gene;

(c) a multiple cloning site flanked by RNA _
polymerase promoters which can be used for
in vitro production of transcripts.

30 '

T7 DNA polymerase treated, Kpnl digested_Rz—pGEMB
and Xbal digested S-pGEM4 were transcribed using SP6
RNA polymerase under the same conditions as set out
above.

Qi ::_‘.'\ @'A’ﬁ‘;ﬁ"mf‘@‘\:ﬁ"‘\ﬂ,"“ D
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nucl eas di gestion wthi
_ _ wthincells. On ' '
give ritde to a i tni : transl ation the ' ma
exanpl e;} by eﬁzsggifén}eggﬁfg pr$ﬁence can be directﬂ? ;2;;;25 g?g? Y
an ! n. e carri ma m

enzyt In a further aspect of the invggtgene y, for exanple, encode

transfer]vector which contains a DNA seQUencé8n’ there is 20 provided a DNA

operabl yjlinked to a correspondi :
g pronoter to - rresponding to a ribozyne
one preﬁ.rred met hod of producingp;OY:ggz;Lgnscrlptlon of the ribozyney I'n

_ As shown in Figure 2, both the S and Rz-RNAs
showed no significant degradation when incubated
alone (Figures 2b, janes 1 and 3) under conditions
suitable for highly efficient self-cleavage'(50°C,

5 20mM MgClz, pH 8.0). The labelled Rz-RNA also
appeared unaltered after incubation with the S-RNA
(Figure 2b, lanes 2 and 5). However, when the S-RNA

was mixed with the Rz-. RNA, efficient cleavage of the
S-RNA occurred (Figure 2b, janes 4 and 5) producing
10 two fragments. The product sizes were consistent
with cleavage of the S-RNA (84 bases) at the normal
site between nucleotides #359 and #1, to give 5° and
3' proximal fragments of 67 and 17 nucleotides,
respectively. This shows that the S-RNA acted as 3
15 substrate for ribonucleolytic cleavage by the Rz-RNA,
which acted in a catalytic fashion. _ ' :

A model of a ribozyme based on the catalytic
region of sTobRV RNA is shown in Figure 3. The
ribozyme has two arms OI flanking sequences of single

20 stranded RNA shown at C. hybridizing to complementary
sequences on a substrate RNA, j.e. RNA to be
cleaved. Each flanking sequence shown at C, contains
8 ribonucleotides. The number Of nucleotides
contained in region C is not critical. sufficient

25 npucleotides must, however, be present to allow the
ribozyme to hybridize to a target RNA. Four
nucleotides in each region C appears to be the

¢ minimum number for hybridization.
% The catalytic region B contains sequences which
1 30 are highly conserved in naturaily—occurring cleavage

domains (see Figure la). From 2 comparison with

cleavage domains of the known sequences, the length
of the base pair stem II is unimportant, as 1S the
presence of an associated loop at one end thereof.

——
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25 two syt hetic oligonucl eotides of conplenentary sequence are prepared by
standard procedures (for exanple, using an Applied Bi osystens Mdel 380A
DNA Synt hgsi zer (Applied Biosystens Inc., Foster Cty, California 94404)),
and hybri di zed together. ©One of 30 the oligonucleotides encodes a desired
ri bozyme. {The respective ends of the hybridized?d igonucl eotides correspond
to differgnt restriction enzyne sites, say EcoR at one end and Pstl at the

ot her end.{ After cleavage with appropriate restriction enzynes (EcoR:
The cleavage site within the target RNA is

depicted at A (in'Figure 3) as GUC. On the basis of

our experiments (not shown), and others by Koizumi
" (FEBS LETT 288; 228-230 (1988); and FEBS LETT 239;
5 285-288 (1988)) the identified cleavage sites in
naturally occurring RNAs, the sequenceé'GUA; GUC,
CUC, AUC and UUC also act as cleavage sites within
RNA.

- 10 EXAMPLE 2

Demonstration of the Design, Synthesis and Activity
of Ribozymes with New and Highly Specific Endoribo-
nuclease Activity:

As an illustration of this invention, three

15 ribozymes have been designed, which are targeted
against the transcript of a commonly used indicator
gene derived from bacteria, Tn9 Chloramphenicol
Acetyl Transferase (CAT), which cah provide
antibiotic resistance in bacteria, plants and animals

20 and can be easily assayed. These ribozymes,
designated RzCAT-1l to 3 correspond to potential GUC
cleavage sites in CAT RNA at positions 139-140,
494-495 and 662-663 respectively. The sequences of
these ribozymes are depicted in Figure 4. In each

25 case, the flanking sequences of the ribozyme which
hybridize to the target CAT RNA, were 8 nucleotides
in length. The catalytic region was chosen to
correspond to that of sTobV RNA, shown in Figure 3.

The CAT gene was obtained from pCM4 and

30 sub-cloned as a BamHl fragment into pGEM-32 (from
Promega, Madison, WI, U.S.A.). This plasmid was
linearised with HindIII and CAT gene transcripts were
obtained using T7 RNA polymerase with 220uM
[a-32P]UTP. Ribozyme sequences were synthesised

K
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T |
8 and Pstl in{the above exanple), the double stranded DNA fragnment nmay be
cloned into ajtransfer vector. Wiere the plasm d vector contains an RNA
pol ymer ase prdnoter upstream fromthe DNA sequence corresponding 5 to a

ri bozyme of the present invention, RNA transcripts corresponding to the
ri bozyme can Qe -conveniently prepared ei ther in-vigyo or in-vivo. Were the

ri bozyne is conprised of two hal ves held

as oligodeoxynucleotides, Rz CAT-1, 2 and 3,
respectively. They were kinased, ligated with
phosphatased treated, EcoRI-PstI cut pGEM4 and
incubated with the Klenow fragment of DNA polymerase
5 1 before bacterial transormation. EcoRI linearised
plasmids were transcribed with T7 RNA polymerase to
produce ribozyme RNAs. Ribozymes were incubated with
CAT transcript in 50 mM. Tris-HCl pH 8.0, 20 mM
MgCl2 at 50°C for 60 min, and the products

10 fractionated by 5% polyacrylamide 7M urea, 25%
formamide gel electrophoresis prior to
autoradiography.

When the 840-nucleotide CAT transcript was
incubated with any one of the three ribozymes,

15 efficient and highly sequence—;pecific cleavage
occurred (Figure 5) producing 2 RNA fragments in each
reaction. The fragment sizes were consistent with
the predicted. sites for cleavage (i.e. 139 and 696,
494 and 341, 662 and 173 base fragments were the 5°'

20 and 3' products from RzCAT-1 to 3 catalysed cleavage
respectively). The conditions required for these
ribozyme-catalysed cleavages were similar to those
obsefved for naturally occuring cleavage reactions
(Foster, A.C. and Symons, R.H., Cell 49: 211-220

25 (1987) and Foster, A.C. and Symons, R.H. Cell 50:
9-16 (1987)), with more efficient cleavage occuring
at elevated pH, temperature and divalent cation
concentrations (data not shown). When present in
molar excess, the three ribozymes catalysed almost

30 complete cléavage of the CAT RNA substrate afEer 60
min. in 50 mM Tris HC1l, pH 8.0, 20 mM M9012 at
50°C. Under similar conditions with 0.1 uM
substrate and 3 uM ribozymes, the T1/2 of CAT
mRNA substrate was 3.5, 3.5 and 2.5 min. in the

X
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t oget her by bpse-pairing between conplenentary 10 nucl eoti des, each half of
the ribozyne y be preoduced according to the above nethods, and the hal ves
i ncubat ed togg¢ther to formthe ribozyne. The preferred ri bozynes of the
present invention cleave target RNA which contains the sequence [err] 15
where [err] i$ any ribonucleotide, Uis uracil and;®¥ is adenine, cytosine
or uracil. [efr] forns part of a base pair flanking region and Y is not
base paired. Rreferably, but by no nmeans exclusively, [err] is guanidine,

and [err] is QUC or CJM\prXeggé of RzCAT-1 to 3 respectively. The ribozyme
sequehces were inactive against the complement of the
substrate RNA (i.e. the (+) strand), and in the form
of oligodeoxyribonucleotides (data not shown). The

S 3' terminal cleavage fragments from each ribozyme
catalysed reaction were isolated and S°
32P—kinased (50 mM TrisHCl pH 9, 10 mM MgClz, 10
mM DTT with 50 uCi y->2P ATP and 5 units T4
polynucleotide kinase for 30 min. at 37°C.).
10 Efficient kinasing of the fragments indicated that
they possessed 5' terminal hydroxy groups, similar to

those produced in naturally occuring cleavage
reactions.

The terminal nucleotide of the fragments produced

15 by cleavage of the CAT sequences by RzCAT-1l to 3 were
determined. Briefly, radiolabelled fragments were
purified on a 5% polyacrylamide gel and digested with
an equal volume of 500 units/ml RNase T1, 25 units/ml
RNase T2 and 0.125 mg/ml RNaseA in 50 mM ammonium

20 acetate pH 4.5 for 120 min. at 37°C. The products
were fractionated on a 20% polyacrylamide gel
containing 25 mM sodium citrate, pH 3.5 and 7 molar
urea. Figure 5b shows that the cleavage of the CAT
sequences by RzCAT-1 to 3 occurs precisely before

25 nucleotides A, U and G respéctively.

The terminal sequence of the CAT gene fragments
were determined directly using the partial enzymatic
digestion technique (Donis-Keller et al., Nucleic
Acids Res. 4: 2527-2538 (1980)), using base-specific

30 _partial ribonucleolytic cleavage. The sequence of

the fragments confirmed that cleavage occurred at the
expected locations within CAT RNA (not shown).

To demonstrate that ribozymes cause cleavage of

\
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20 nol ecul e co
the present in
t he sequence [ 4
can be synt hesi
RNA on the tard
the arns of theg
sequence, the ¢
within the [err

taining these sequences can be cleaved with the ribozynes of
ention. Once the sequence of an RNA transcript containing
rr] has been determ ned, the arns of the ribozyme sequence
sed to be 25 conplenentary to, and thus hybridizable to, the
et sequence flanking the [err] seq@@nce. On hybri di zati on of
ri bozyne to the target RNA sequence flanking the [err]
at al ytic region of the ribozyne cleaves the target 30 RNA
| sequencthe ROUT ki agebstrate in a catalytic manner, each

was incubated with a molar excess of substrate, under
conditions which should favour both efficient
cleavage and product dissociation. Figure 6 shows

5 the results of an experiment where after 75 min. at
50°C, pH 8.0 in 20 mM MgClz, 10 pmoles of RzCAT-~1
had catalysed specific cleavage of 163 pmoles of a
truncated CAT mRNA (173 .bases) substrate to give 5°
and 3*' fragments of 139 and 34 bases, respectively.

10 On average, each ribozyme had participated in greater
than ten cleavage events. After 75 minutes at 50°C
some don—specific cleavage of RNA was noticed due to
the extreme conditions, but 70% of the remaining
intact RNAs (163 pmoles) had accumulated as the 139

15 base fragment. Similar results were obtained for
RzCAT-2 and 3 (data not shown), and thus each acts as
an RNA enzyme. |

EXAMPLE 3

20 The Effect of Temperature on Ribozyme Activity:

The effect of reaction temperature on the
in-vitro rate of ribozyme activity was examined.

A time course of reactions for ribozymes RzCAT-1
to 3 on CAT RNA substrate at 37°C and 50°C was

25 carried out.

In this experiment, reactions for each ribozyme
were set up in duplicate,-using reaction conditions
for ribozyme cleavage set out in Example 2. One
reaction was incubated at 37°C, the other at 50°C.

30 Samples were removed at time points to 90 minutes and
the extent of reaction was analysed by denaturing
polyacrylamide gel electrophoresis. 'Figure 7 shows
the time course of reaction for each of the ribozymes
RzCAT-1 to 3 at 37°C and 50°C. The reaction rate of

e N
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facilitated in'the presence of magnesi um or other divalent cation at a pH
of approximately 8.0. Accordingly, the preferred ribozynmes of the present

i nvention can be engineered to cleave any RNA 9 whose sequence i s known.
The high frequehcy of the residues cleaved by the ribozynes in RNA (1:64
for GQUCin an RNA with random and equal -frequency of,base

each ribozyme increases with increased reaction
temperature.

The time taken for 50% (tl/z) cleavage of
CAT RNA is set out in Table 1.

5 TABLE 1
RzCAT-1 "RzCAT-2 RzCAT-3
tl/2 (mins.)
50°C 3.5 3.5 ' : 2.5 '
10 37°C 55.0 70.0 65.0

As shown in Table 1, the rate of reaction of
ribozymes at 37°C is approximately 20 times slower
15 than the rate of reaction at 50°C.

EXAMPLE 4

The Effects of Varying Arm Lengths of Ribozymes (or

Flanking Sequence) on Ribozyme Catalytic Activity:

20 The arms or flanking sequences of a ribozyme
(region (I) of formula 1) hybridize the ribozyme to a
target RNA whereafter cleavage of the RNA takes
place. In this experiment, the effect on cleavage
rate of a target sequence by altering the extent of

25 complementarity and subsequent length of base pairing
of the ribozyme arms to the target sequence was
investigated.

Ribozymes were produced with 4, 8 and 12 base
complementarity to the target sequence RzCAT-2 on

39 €each arm (Figure 8a). The ribozymes were prepared
according to the methods of Example 2. Ribozyme
activity was determined by incubating the ribozyme
RNA with CAT RNA as described previously.

The ribozyme having a 4 base complementarity on

(T
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di stribution) means that a nunber of potential sites 5 for ribozyne

cl eavage can be confidently predicted in any given target RNA. According to
anot her aspect of the present invention there is provided a nethod for the
I nactivation Qf a target RNA sequence, which 10 gprlses reacting said
target RNA seguence Wi %f

is, within th

bacterial plas

10

15

20

25

30

th a ribozyme of the prese I nvention. In-vivo, that

cell or cells of an organism a transfer vector such as a
md or viral RNA or DNA, encoding one or

each arm did not cleave the substrate RNA. The
ribozyme with 8 base complementarity on each arm
cleaved the CAT substrate as did the ribozyme having
12 base complementarity. Ribozymes with 12 base
complementarity cleaved target RNA more efficiently,
as judged by reaction rate in-vitro than did
ribozymes having a lesser number of base
complementarities. Even though it appears necessary
to have mdre than four base complementarity,
increasing the length of the hybridizing region of
ribozymes increases their reaction rate.

In a second experiment, the reaction efficiency
of a ribozyme having (a) complementarity to the
entire length of the CAT transcript target RNA and
(b) multiple catalytic domains, was investigated.

Four GUC target sites in CAT RNA sequences were
chosen. Ribozyme catalytic domains against these
sites were "inserted" into a compiete anti-sense (-)
sequence for the CAT transcript and catalytic
activity tested.

The four sites chosen were the three specified by
RzCAT-1 to 3 described previously, and a further site
which may be represented as follows:

New CAT site
#192
His His Ala Val Cys Asp Gly
5' CAU CAU GCC GUC UGU GAU GGC 3
where *"192" refers to amino acid 192 in the CAT
polypeptide and an refers to the site of cleavage.

Oligodeoxyribonucleotides containing ribozyme
catalytic domains and spanning each of these cleavage
sites were used for M13 mutagenesis experiments to
produce a sequence containing the entire complement
of the CAT sequence but with the four ribozyme
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ri bozynes;

"Yray be transfected into cells e.g.

(LIewel l'yn et al.,

Biol . (1987) 195 115-123; Hanahan et al. J. M. Biol (1983) 166). Once

i nside the ce

"the transfer vector may replicate, and be transcribed by

cel lul ar polynerases 20 to produce ribozynme RNAs which then inactivate a

desired target

RNA. Alternatively, a transfer vector containing one or nore

ri bozyne sequepces may be transfected into cells or introduced into cells
by way of micrnmanipul ati on techni ques such as 252 croi nj ection, such that
the transfer veéctor or a

catalytic domains inserted within it. M13
mutagenesis was performed by binding of
oligonculeotides containing ribozyme insertions to
single stranded M13 DNAs containing uracil, followed
S5 by synthesis of complementary DNAs containing the

insértion. The complementary DNAs were recovered
following cloning in an appropriate Escherichia coli
strain, (T.A. Kunkel 1985, Proc. Natl. Acad. Sci.
U.S.A. 82: 488-492). The resultant double-stranded

10 cDNA was cloned in an in-vitro expression vector to
produce ribozyme RNA using the T7 polymerase
transcription system. Ribozyme activity was
determined by incubation of ribozyme RNA with CAT
transcript followed by gel electrophoresis of the

15 reaction mixture, after glyoxal treatment to denature
nucleic acids.

Autolytic cleavage occurred at all the expected
sites on the CAT transcript. Accordingly, the
flanking sequences of arms or a ribozyme may extend

20 along the full length of the RNA transcript which is
to be cleaved.

Figure 9 schematically shows the production of
catalytic anti-sense RNA containing each of the four
ribozymes. The catalytic anti-sense RNA contains

25 approximately 900 bases.

Under the above reaction conditions, the ribozyme
and target sequences form high molecular weight
complexes presumably by extensive base pairing. A
strong denaturing'treatment such as glyoxal treatment

30 is required to resolve reaction products during
electrophoresis. ]
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part thereof becones integrated into.the genone of the host cell
Transcription of the integrated genetic material gives rise to ribozynes,
which act to inactivate a desired target RNA. 30 The ri bozynes of the
present invention have extensive therapeutic and biol ogi cal applications.
For exanpl e, disease causing viruses in man and anigals'nay be inactivated
by admi nistering to a subject infected with a virug, a ribozyne in

EXAMPLE 5
Target Sequences for Ribozyme Cleavage:
The GUA motif in mRNA was tested to see whether a

ribozyme would effect RNA cleavage at this sequence.
5 A specific site in CAT mRNA, including the GUA

motif (Figure 10a) was chosen and an appropriate

ribozyme sequence was prepared and tested for

activity. The ribozyme .contained arms of 8

ribonucleotides. '

10 Synthetic oligonucleotides corresponding to the
ribozyme of Figure 10 were prepared according to
Example 2 and double-stranded cDNA cloned into an
in-vitro expression vector (pGEM 4, see above) in E.
coli in order to produce ribozyme RNA using the T7

15 polymerase transcription system. Ribozyme activity
was determined by incubation of ribozyme RNA with CAT
mMRNA, followed by gel electrophoresis of the reaction
mixture as previously described.

The ribozyme effected cleavage at the GUA target

20 site (not shown). Accordingly, the motif GUA in RNA
is .a substrate for ribozymes of the present
invention. This was not completely unexpected since
one naturally occuring cleavage site in the satellite
RNA of lucerne transient streak virus requires

25 recognition of a GUA site.

Similarly, a GUU motif in the CAT RNA target
sequence was tested with an appropriate ribozyme (See
Figure 10b), and cleavage was effected.

30 EXAMPLE 6
Ribozyme Cleavage of Viral RNA:
Viroid RNA, in the form of citrus exocortis
viroid RNA, was cleaved using a ribozyme of the
present invention.
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- A
10 accordance with the present invention adapted to hybridize to and cl eave
RNA transcripts-of the virus. Such ribozymes may be delivered by parenteral
or other means of administration. Alternatively, a 5 subject infected with
a di sease causing virus nmay be adm nistered a non-virulent virus such as )
vacci ni a or adenovirus whi ch has been genetically engineered to contain DNA
corresponding to a ribozyne.operably |inked to an2NA pronoter, such that
the ribozyne is

Two GUC target sites were chosen in citrus
exocortis viroid (CEV) RNA. One site in the
complementary strand sequence was also chosen.
Ribozymes were prepared against all of these sites

5 and tested for activity. The ribozymes were
designated CEV9x(+), CEV9x(-) and CEV25x(+). Figure
11 shows the three cleavage sites in CEV RNA for each

of these ribozymes.

Ribozymes were prepared according to previous
10 methods. Ribozyme RzCEV25x(+) is shown in Figure
12.. This ribozyme cleaves the GUC motif at
nucleotide 116 of CEV RNA.

Figure 12(b) shows cleavage of CEV RNA with

ribozyme RzCEV9x(+). No cleavage is observed with
15 ribozyme RzCEV9x(-).

This experiment indicates that ribozymes are
active against target RNA sequences from diverse
sources. This is to be expected, as all RNAs are
formed from the basic ribonucleotide building blocks

20 of adenine, guanine, cytosine and uracil, regardless
of their animal, plant or microbial origin.

EXAMPLE 7
Ex i Havi i i
25 A ribozyme targeted against a CAT-2 site was
prepared using the catalytic domain sequence from the
satellite RNA of subterranean clover mottle virus
(SCMoV). Twelve base complementarity of ribozyme arm
flanking sequence was incorporated into the design of
30 the ribozyme RzSCMoV. The ribozymes RzCAT-2 and
RzSCMoV are shown at Figures 13a and 13b
respectively. The loop region of RzSCMoV contains 5
nucleotides, having the sequence AAAUC. This is to
be contrasted with the loop region of RzCAT-2 which
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10 transcribed in the cells of the host animal, transfected with the

engi neered virus, to effect cleavage and/or inactivation of the target RNA
transcri pt of the disease causing virus. The ribozymes of the present
invention have particular 15 application to viral di seases caused for
exanpl e, by the herpes sinplex virus (HSV) or the AIDS virus (HV). The

ri bozymes of the present invention also have par8fPcul ar application to the
i nactivation of RNA 20 transcripts in bacteria and ot her prokaryotic cells,

contains 4 nucleotides having the sequence AGAG. In

addition, RzSCMoV contains a C in the catalytic

region, in place of U* in RzCAT-2. The different

sequences in RzSCMoV when compared with RzCAT-2 are
5 marked.

The RzSCMoV was produced according to Example 2.
RzSCMoV was active, yielding two cleavage products as
expected. e

In another experiment, the citrus exocortis

10 viroid (CEV) target site at nucleotide -336 in its
complementary RNA was cleaved using a ribozyme
(RzCEV2) having the sequence set out in Figure 1l4a.
The loop region deéignated with the letter "L" in
Figure 14 comprises six nucleotides having the

15 sequence 3°'-CCTATA-5'. This is distinct from the
loop region of sTobRV which comprises four
nucleotides having the sequence 3'-AGAG-5°'. This
ribozyme cleaves target CEV complementary RNA at
position -336 as shown in the electrophoretic profile

20 of Figure 14b.

This experiment indicates that the number of

. nucleotides, and nucleotide sequence of the loop
region is unimportant in ribozyme activity. In these
experiments, the ribozyme was produced according to

25 methods previously described in the specification.

In another experiment, the effect of base pairing
in the catalytic domain (stem region) on ribozyme
activity was investigated.

A modified ribozyme corresponding to RzCAT-2 but

30 containing four extra base pairs was prepared and
tested. In Figure 15a, the sequence of the ribozyme
Rz CAT-2 is shown hybridized to target CAT RNA. The
test ribozyme is shown at 15b, with the additional
base pairs boxed. The test ribozyme had comparable
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plants and! aninmals. In bacteria, RNA transcripts of, for

exanpl e, bact eri ophage, which cause bacterial cell death, may be inactivated
by transfecting a cell with a DNA transfer vector which is capabl e of
producing a 25 ribozynme in accordance with the present invention which

i nactivates the phage DNA. Alternatively, the ribozynme itself may be added
en up by the bacterial cell to effec?lcleavage of the phage RNA
ipts in plants nay be inactivated 30 using ribozymes encoded by
vector such as the Ti plasm d of Agrobacteriumtumefaciens.

to and t aké¢
RNA transct
a transfer
When

10

15

25

30

20

activity to that of RzCAT-2. This indicates that the
base paired region of the ribozyme catalytic domain
may be of variant length, without effecting catalytic
activity.

We have observed (data not.shown).thet the stable
in vivo form of sTobRV RNA transcripts expressed in

‘transgenic plants is primarily circular, presﬁmabiy

due to ligation of 5' and 3' termini. Therefore, the
use of two autolytic cleavage sites flanking a
sequence of interest in an in vivo RNA transcript is
likely to lead to a circularized product which may
have greater stability than linear transcripts. This
approach appears to provide a novel method for in
vivo stabilization of ribozyme sequences. This is
termed circularization.

EXAMPLE 8
-viv ivi i :

The in-vivo activity of ribozymes in plant cells
is investigated in this Example.
Experxrimental Protocol:

Plasmids containing anti-CAT (CAT=chloramphenicol
acetyl transferase) or combined anti-CAT/ribozyme
gene constructions (see below) were introduced into
tobacco protoplasts in the same amount and proportion
relative to each other, along with another plasmid
which contained a functional CAT gene construction.
CAT activities were measured and compared with the
base level of gene activity. '
Materials and Methods:

(a) Electroporations and CAT assays.

These were performed as described in Llewellyn et

al. J. Mol. Biol. (1987) 195:115-123. Briefly,

protoplasts of Nicotiana plumbaginifolia line TS5 were
—

i
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such vectors are transfected into a plant cell, the ribozynes are produced
under the .action of RNA polynerase and nmay effect cleavage of a specific
target RNA sequence. Accordingly, plant viruses whose RNA sequence are
known, or the RNA transcripts of plant genes, may be inactjvated using

ri bozymes. Endogenous gene transcripts in plants animals or 5 other cel
types may be inactivated using the '

prepared from a suspension two days after subculture,
suspended in 10mM HEPES, pH 7.2, 150mM NaCl, 0.2M
mannitol and adjusted to a density of 3 x 106/m1.
Electroporation was carried out using a single 50ms
5 pulse at 250V. Protoplasts were diluted 10-fold and

cultured and for 20 hr. at 26°C in the dark. They
were disrupted by sonication and extracts obtained.
The extracts were normalizZed for protein content and
assayed for CAT activity in vitro using

10 14C—chloramphenicol and acetyl CoA. Reaction
products were separated by thin layer chromatography
and visualized by autoradiography. Extent of
reactions were calculated by the production of
radioactive product derivatives from the

15 14C-chloram.phenlcol template.
(b) Gene Constructions.

' Gene constructions were introduced into 0.1 ml
protoplast suspensions as plasmid DNAs which had been
purified from bacteria by extraction and two cycles

20 of CsCl equilibrium density gradient centrifugation.
They were resuspended in 10 mM Tris/1l mM EDTA/pH=7.5
for use.

The active CAT gene construction was borne on the
plasmid designated pCAT7+. It was derived by fusion

25 of a CAT gene sequence (from plasmid pCM4, see T.J.
Close and R. Rodriguez, 1982, Gene 20:305-316) into
the plasmid pJ35SN (derived from p35SN, W.L. Gerlach
et al., 1987, Nature 328:802-805) so that the active

gene construction was:
30 S 3°

—
358 CAT NOS

35S refers to the 35S CaMV (cauliflower mosiac virus)
promoter, NOS to nopaline synthetase polyadenylation

signal, T/C to transcription.
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ri bozymes of the present invention. Accordingly, undesirable phenotypes or
characteristics may be nodul ated. It may, for.exanple, be possible using
the ri bozynes of the present invention to renove 10 stones fromfruit or
treat hereditry diseases in humans which are caused by the production of a
del eterious protein, or over production of a particular protein. The
present invention will now be illustrated 33 15 way of non-limting exanple
only, with reference to the followi ng non-limting Exanples, and Fi gures.

Along with 0.2 ug of pCAT7+ there were added
various gene constructions in excess as described
below. The gene constructions were contained within
‘plasmids with the following designations:

5 pJd35SN - This vector plasmid, a map of which is
shown in Figure 16, contains a 355 CaMV
promoter and plant nopaline synthase 3°
polyadenylation signal, which may be
depicted as follows: |

10 S 3
35S NOS
pCAT7- - This contains the CAT gene sequence
inserted into pJd35SN such that transcription
will result in the production of the

15 antisense CAT RNA, which may be depicted as
follows:
5 3
358 T NOS
PCAT19- - This contains the CAT gene with four
20 catalytic ribozyme domains included within

it, (See Example 4 and Figure 9), inserted
into pJd35SN such that transcription will
result in the production of antisense CAT
RNA containing four catalytic ribozyme

25 domains, which may be depicted as follows:
5¢' ° 3
355 Tt NOS
catalytic domain insertions
Results:
30 The following table shows the relative CAT

‘activities in cells 20 hours after electroporation.
Activity is expressed as per cent conversion of
chloramphenicol substrate in a 1 hour assay.

jaced
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In the Figures: FIGJURE 1 shows RNA self cleavage sites of wld type and
nmut at ed RNAs; and an el ectrophoretic profile 20 show ng sel f-catal ysed RNA
cl eavage products. (a) Sunmarises the conserved structures associated with
natural |l y-occurring RNA cl eavage sites in ASBV, newt satellite DNA _
transcripts and the satellite RNAs of sTobSﬁ LTSV, velvet tobacco nottle
25 virus, solanum nodiflorumnottle virus a.ﬁ subt erranean cl over nottle
virus. Nucl eoti de sequences which are conserved between these

ug Plasmid Electroporated _
Treatment pCAT7+ pJ35SN pCAT7- pCAT19-~ % Conversion

1A | 0

1B | 0

5 2A 0.2 18 .21
2B 0.2 18 46

3A 0.2 g 9 28

3B 0.2 s . 9 32

4A 0.2 18 26

10 4B 0.2 18 19
5A 0.2 g 9 19

5B 0.2 9 22

6A 0.2 18 14

6B 0.2 18 16

15 (for each treatment "A" and "B* are duplicates)

Thé following conclusion can be drawn from these

results:
(a) The introduction of the CAT gene construction
20 results in significant CAT activity - compare

2A,B with 1A,B. There is variability between
duplicates. From the trends seen in the other
samples (see "b" and "c" below) it is likely that
2A shows an abnormally low activity.

25 (b) Concomitant introduction of an antisense gene
construction results in a decrease in the level
of activity - compare 3A,B and 4A,B with 2B. The
extent of the decrease is related directly to the
level of the antisense gene added as plasmid -

30 compare 3A,B and 4A,B.

(c) Concomitant introduction of the combined -
antisense/ribozyme gene construction results in a
decrease in gene activity - compare SA,B and 6A,B
with 2B. Furthermore, the decrease is more
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structures are shown, while others are represented as X. Base-pairing is
represented by "*" and the site 30 for RNA cl eavage is arrowed. (b) Shows
t he conserved nucl eoti de sequence associated with the cl eavage of the (+)
strand of sTobRV RNA. The cl eavage site is arrowed. (c) An in vitro nutant
of sTobRV contai ning an 12 '

35

marked than for the corresponding levels of
antisense gene constructions - compare S5A,B with
3A,B, and 6A,B with 4A,B.
The average results for four in-vivo experiments are
5 shown in Figure 17. In this Figure, “control®
represents treatment 2. "Antiseﬂse' represents
treatment 4. “Catalytic" represents treatment 6 and
“Background" represents treatment 1.

The catalytic ribozyme inhibits CAT activity an

10 average of 47%, compared to an average of 34% for an
antisense rlbozyme.

The introduction of ribozyme-~bearing genes into
plant cells inhibits the activity of genes against
which they are targeted. Furthermore, the inhibition

15 is greater than for corresponding antisense RNA
molecules.

These results show that ribozymes will be active
in animal, plant or microbial cells against a range
of target RNA molecules.

20 The mechanisms of action of the ribozymes in this
Eiample is unclear. For example, the antisense
ribozyme may irreversibly hybridize to a target RNA
and catalyse phosphodiester bond cleave at one or
more selected target sites along the target RNA.

25 Alternatively, cellular enzymes may unwind the
antisense RNA from its target sequence, such that the
target RNA is cleaved into two or more fragments.

30

____~_~____f_gﬁ__*~‘
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insertion of eight nucleotides (shown boxed) together with a flanking
duplication of three nucleotides (USJ residues 7 to 9) is shown. (d)
Sub-cl oned Haelll fragnments of wild type 5 sTobRV and the D-51 in vitro
mut ant were each transcribed in both the (+) and (-) orientations and
radi ol abel l ed-transcripts fractionated by pol3fcyl am de gel _

el ectrophoresis. The positions of uncleaved 159 and 170 base transcripts
fromthe wild 10 type (W) and nutant (D-51) sequences are arrowed; sizes

of cl eavage produciEXsAa{ELEs pwn.
—vi ctivi . . . .

The activity of ribozymes in inactivating a
target RNA in mammalian cells is demonstrated in this

5 Example.
Materials and Methods:

The active gene constructions encoding ribozymes
were transfected into the widely available monkey
kidney cell line COS1 by electroporation. 1In this

10 method, 3 x 106/m1 COS1 cells suspended in a
buffered saline with 10% FCS (foetal calf serum),
were contacted with various gene constructs and an
electric discharge applied to effect electroporation
of DNA into the cells. The transfected cells were

15 incubated at 37°C for 48 hours in culture medium
before assay for CAT and luciferase activity.

CAT gene constructs were borne on the plasmid
designated pTK CAT (Miksicek et al., Cell 46:
283-290, 1986). This plasmid was derived by the

20 introduction of a CAT gene Sequence into the plasmid
pSV2 such that it is under the control of the
thymidine kinase promoter of the herpes simplex virus.

Gene constructs encoding ribozymes were borne on '
the plasmid pSV232A (De Wet et al.,'Molecular and

25 Cellular Biology 7: 725-737, 1987) containing the
luciferase gene fused to the SV40 early promoter.

DNA encoding ribozymes was ligated into the Xbal site
at the 3' end of the luciferase gene according to the
standard methods of Maniatis-et al. (Molecular

30 Cloning, A Laboratory Manual, Cold Spring Harbour,
1982).

The following constructs were prepared using
standard techniques of Maniatis et al. (Supra):

PFC58 -~ This plasmid vector contains DNA encoding

i




FI GURE 2 shows the nucl eotide sequence of a ribozyne and the products of
ri bozyme cl eavage separated by gel electrophoresis. 15 (a) The
i nserted nucleotides in the D51 nutant (FIG 1c) contains a BanH
restriction endonucl ease site. BanH was used to split the nutant DNA, and
the two sequences were sub-cloned and transcribed separately in vitro. The
RNA transcripts are shown 20 schematical By, with potential base-pairings
bet ween the RNAs indicated "*". The fragnent containing the arromed site
for cleavage is referred to as S RNA,

ribozyme RzCAT-1 fused to the 3*' end of the

luciferase gene in a non-functional
orientation.
This may be depicted as follows:

5 - .
SV40 . ribozyme| [small +
232A earl} 1uc1ferase} 4 RzCAT-1 T Poly™ | 232A .

where 232A refers to pSV232A sequences, SV40 early
refers to the early promoter of SV40 and small T is

10 DNA encoding the small T intervening sequence of

SV40. This construct results in production of an RNA
molecule encoding luciferase and the ribozyme
RzCAT-1, the latter being in an orientation such that
it would not be expected to be catalytic.

15 pFC4 - This plasmid is the same as pFC58 except
that RzCAT-1 is replaced with RzCAT-3.

PFCl-6 - This plasmid is the same as pFC58 except
that RzCAT-1 is replaced with RzCAT-3 in the
sense orientation (5'-3').

20 pFC20 - This plasmid is the same as pFCl-6 except
that RzCAT-3 is replaced with RzCAT-2 having
eight nucleotide flanking sequences.

PFCl1l2 - This plasmid is the same as pFC20 except
that the ribozyme RzCAT-2 contains twelve

25 nucleotide flanking sequences. _

pPFC50 - This plasmid contains the CAT gene with
four catalytic ribozyme domains included
within it (see Example 4 and Figure 9) in
the sense orientation (5'-3'), which on

30 transcription gives rise to an inactive
ribozyme. This plasmid may be depicted as
follows:

SvV40 CAT gene containing Poly|
late ribozyme domains‘ A+

non-catalytic RNA
This Sheet Has Been Repl Y
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the fragnent containing the ribozynme is designated Rz- RNA. 25 (b)
[err]-Rz-RNA (101 bases) was incubated alone (lane 1), and with unl abell ed
S-RNA (lane 2). 32 [err]-S-RNA was incubated alone (lane 3), and with 32
unl abel | ed and P | abel | ed Rz-RNAs (lanes 4 & 5 respectively) 30

FI GURE 3 shows a schematic nodel of a ribozyge according to one enbodi ment
of the present

pFC54 - This plasmid is the same as pFC50, éxcept
that the CAT gene and the ribozyme domains
are in the antisense (3°'-5') active
orientation.
5 pFC64 - This plasmid shares the SV40 promoter and
' ' polyadenylation signals with pFC50 and
contains the wild type CAT gene with no
inserted ribozyme domains. This gene is in
an antisense orientation, and thus does not
10 produce CAT protein.
pFC65 - This plasmid is the same as pFC64 except
that the wild type CAT gene is in the sense
(5'-3') orientation and is thus productive
of CAT protein.
15 Assays: |

Luciferase activity was assayed according to the
methods of De Wet et al. (Supra). Briefly, COS cells
were lysed 48 .hours after transfection, and the cell
'lysate incubated with luciferin, the substrate of

20 luciferase, and luminesence detected using a
scintillation counter.

CAT activity was also measured using COS cell
lysates (cell lysates were divided into two, and each
portion assayed either for luciferase or CAT

25 activity), according to the method of Sleigh, M.Jd.,
Anal. Biochem. 156: 251-256, (1986).

In the in-vivo assays, pFC58 and pFC4 did not
effect CAT activity in transfected cells. This
activity was designated 100% CAT activity and 0% CAT

30 suppression. CAT activity in cells transfected with
other plasmids was measured relative to pFCS58.
The % of CAT suppression'was measured as
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i nvention. Region A represents the cleavage sequence within the target RNA
Regi on B represents a catalytic region, and regions Crepresent the arns of
13 the ribozyme. FIGURE 4 shows the design of ribozymes targeted agai nst
the CAT (chl oranpheni col acetyl transferase) gene transcript. Ri bozynes,

termed RzCAT-1, 2 and 3, 39
: CAT
100 - test ) x 100
CATcontrol

no;malised to luciferase production. CATtest = CAT
assay result for test constructs. CAT control = CAT
assay for control constructs (pFC4 and pFCS58).
Luciferase'production is an internal control for
electroporation, and gives a measure of ribozjme
production within each individually electroporated

tissue culture plate.
10

Results:
Experiment (i)

pg plasmid electroporated/1.5x106 cells
Treatment pTKCAT pFC58 pFC20 pFCl-6 pFC12 % CAT

Suppression
1l 5 2 56
15 2 5 1 1 ) 53
3 5 2 40
4 5 2 0

All treatments were carried out in duplicate and an average
value given.

20 E [ ! {,l u} -
ug plasmid electroporateds/1.5x106 cells

Treatment pTKCAT pFC-1-6 pFC20 pFCl2 pFC4 % CAT
Suppression

‘5 5 2 75

6 5 2 75

7 5 4q 62

25 8 5 1 1 . 70
9 5 4 51

10 5 2 0

Treatments 5 to 10 were carried out in duplicate and an
average value given.

30 E . E (i34) .
#g plasmid electroporateds1.5x106 cells

Treatment pTKCAT pFCl-6 pFC4 % CAT
Suppression
11 5 2 66
12 5 2 0
T




5 were targeted against three sites within an 835 base in vitro transcri pt
of the CAT gene. The relative |ocations of the cleavage sites on the
transcript are shown schematically with the flanki ng bases nunbered (a).
The three ribozyme sequences are shown ((b) to 10 (d)) with their target
sequences. Am no-aci d sequences of tg&eCAT‘gene are nunbered and the
predicted sites for RNA cl eavage arr d. RzCAT-1 and 3 contain 24 base
sequences derived from (+) strand sTobRV (region B, FIG 3), while RzCAT-2

15 Conta'n%f%é%dgﬂtslﬁé&éﬂgg¥¥3eélé&%slﬁe@ulﬁkupllcate and an average
: value given.

Experiment (iv)
#g plasmid electrophorated
Treatment pTKCAT PpFC50 pFC54 pFC64 pFC65 % CAT
5 - _ Suppression

13 S 2 _ 0
14 S 2 26
15 5 2 2
16 0 2 NA

10 Each of treatments 13 to 16 were carried out in quadruplicate.

The sense CAT construction (treatment 16) was productive of high
levels of CAT activity in its own right. Therefore %
suppression is not applicant (NA).

A number of experiments'were also conducted with

15 the TK promoter of pTKCAT replaced with the human
metallothionein promoter. When this CAT construct
was co-transfected into COS1 cells with plasmids
encoding one or more ribozymes, a marked decrease in
CAT activity was observed.

20 The above results clearly demonstrate the in-vivo
inactivating activity of ribozymes in animal cells.

Whilst the effectiveness of the ribozymes in

vivo, is believed to be caused by one or more
catalytic regions which are capable of cleavage of a

25 target RNA, the presence of such regions in -
"Antisense®" RNA type ribozymes may not actually lead
to cleavage in vivo if the entire RNA/antisense RNA
molecule does not fall apart. However, regardless of
whether the molecule falls apart or not, the

30 foregoing Examples demonstrate the effectiveness of
the ribozyme in inactivating the target RNA. Thus,
the invention is applicable to all ribozymes'having a
catalytic region capable of causing cleavage and a
hybridizing region, regardless as to whether cleavage

—
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FIGURE 5 shows the results of CAT RNA cl eavage with ribozynmes RzCAT-1 to 3.
32 (a) The [err]-CAT RNAs were gel fractionated after incubation alone (-)
or with with one of the 20 three ribozymes, RzCAT-1 to 3 (lanes 1, 2 & 3
respectively). The location of full-length transcript is shown arrowed. (b)
5' Term nal base analysis. The 3' fragnments produced by ribozyne cl eavage
of CAT nRNA were 25 [err]-kinased, gel purifidad, subjected to

actually occurs in the target RNA. i.e. The
hybridizing region may be so large as to cause the
combined RNA/ribozyme to stay together and prevent
the target RNA being cleaved into separated '

5 components even though the catalytic region is 1tse1f
capable of causing cleavage.

10

_—
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conpl ete nucl ease digestion and the released ternminal residues fractionated
by pH 3.5 polyacryl am de gel electrophoresis. The 5 term nal nucleotides,

determned by re mmu““(ﬂ“s (lane M), were A, 30 U and Gfor t
fragnents producu“‘mm , 33 (lanes 1,2 and 3 respectively). FI E 6
shows a tine courge &f fFibbzyne (RzCAT-1) cajplytic activity against CAT -
RNA. The anmpunts of the 139 nucl eotide cl eavage product were

CLAIMS:

1. A ribozyme comprising a hybridizing region
which is complementary in nucleotide sequence to at
least part of 'a target RNA, and a catalytic regioh-
which is adapted to cleave said target RNA wherein
the hybridizing region contains 9 or more nucleotides.

2. A ribozyme comprising one or more arms formed
of single stfanded RNA and having a sequence
complementary to at least part of a target RNA, said
one or more arms being associated with a catalytic
region, capable of cleaving said target RNA; and
where the hybridizing region comprises a single arm
of RNA said arm contains at least 9 nucleotides, and
where the hybridizing region comprises 2 or more arms
of RNA, the sum of nucleotides in said arms is
greater than 9 nucleotides.

3. A ribozyme according to claim 2, having two
single stranded arms of RNA, associated with one
another through said catalytic region.

4. A ribozyme according to any preceding claim
which does not modify cleaved target RNA.
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14 quantified and plotted. The i nset shows the accunul ation of the 139 base
fragnment wth—ti yl am de gel electrophoresis. FIGURE 7

shows the rel atj of : ¢l eavage of 5 CAT RNA under different
t enper at ur e cod IBM?I] Hﬂtﬂ”lﬂe RNA is represented by a solid line. In
each case clea : presented by a broken line. FIGURE 8
depicts three ribozynes {(correspondi ng - 43

5. A ribozyme of the formula:

3 , 5
(x)n X X (X)n.

A C

A U

e la a

C*GGaA

BE

X' X
5 3

wherein; X repreéents any ribonucleotide and each X
residue may be the same or different;

the sum of n and n' is greater than 6 and n
and n' may be the same or different;

an (*) represents a base pair between
complementary ribonucleotides;

X' and X" represent ribonucleotides of
complementary sequence along at least part
of their length to allow base pairing
between the oligoribonucleotides, or X' and
X" together form a single RNA sequence
wherein at least part of said sequence
comprises a stem formed by base pairing
between complementary nucleotides;

and optionally, an additional nucleotide
selected from any one of A, G, C or U is

- inserted after 1A.

6. A ribozyme as claimed in any preceding claim

“having the formula:

-

i




10 to RzCAT-2) having arnms or flanking sequence of varying length. FIGURE 9
shows the schene f lon of a ribozynme conprising catalytic
anti-sense RNA containing each of the cleavage domains RzCAT-1 to 3. 15

FI GURE 10 | ybr|d|2|ng to a tar%if sequences containing the
GUA (10a) m‘mm I'fs in CAT nRNA. FI'GJRE 11 shows sites for self
catal ysed RNA |l éav8ge®in"citrus exocortis viroid (CEV) RNA and its 20

conpl enment . 3¢ 5
(X)nA X(X)n
A C
A U
G a6
- - C *GG A (2)
X * X X
X * X
(X) % (X)),
X X
B

wherein} X represents any ribonucleotide and each X
residue may be the same or different;

an (*) represents a base pair between
complementary ribonucleotides;

n and n' are as previously defined;

B represents a bond, a base pair, a
ribonucleotide, or an oligoribonucleotide
containing at least 2 ribonucleotides;

m and m*' are 1 or more and may be the same
or different; and '

optionally, an additional nucleotide
selected from any one of A, G, C or U is
inserted after 1A.

7. A ribozyme according to any one of claims 5
or 6, where the sum of n and n*' is 16 or greater.

8. A ribozyme according to any preceding claim
wherein the catalytic region is capable of cleaving a
target RNA after the sequence XOUY whére x° is
any ribonucleotide, U is uracil and Y is adenine,

cytosine or uracil.

\
\
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FI GURE 12 sho the ri bozyme RzCEV25x(+) hybridized to target CEV RNA(a),
and a gel el egmﬂm m”m' l e of (+)CEV RNA and conpl enentary (-) CEV
RNA i ncubat ed X Hl 25 (b, lanes 1 and 2 respectively. C eavage
product is arrowed). FI'GURE 13 shows the ri bozyme RzCAT-2 hybridizing to
its target sequence (a) and ribozyne RzSCMoV(bWS The catalytic domain in
each ri bozyne is boxed. 30 Differences in the catalytic region of RzSCMV,
when conpared with RzCAT-2 are narked. _

9. A ribozyme containing multiple catalyti

domains connected through flanking sequences, each
said flanking sequence including sequences
complementary to the target RNA which is desired to

be inactivated.

10. A ribozyme according to any preceding claim
which has been stabilized by circularization.

11. A ribozyme comprised of catalytic antisense
sequences according to any preceding claim.

12. A method for the inactivation or cleavage of
a target RNA which comprises reacting said target RNA
with a ribozyme as claimed in any one of claims 1 to
1l.

13. A method according to claim 12, wherein said
inactivation occurs in-vivo in prokaryotic or
eukaryotic cells, as a result of transcription of
said ribozyme from a DNA or RNA transfer vector
transfected into said cells or precursors thereof, or
expression of a gene encoding said ribozyme which is
integrated into the host genome, such that said
ribozyme hybridizes to and inactivates a desired

cellular target-RNA.

14. A method according to claim 13, wherein said

cells are plant or animal cells.

15. A method according to claim 13 or 14,
wherein the target RNA is endogenous to the cells, or

is exogenous, such as viral RNA.

\ .
This Sheet Has Bee,

i




FI GURE 14 shows the ribozyme RzCEV-2 hybridizing to a target sequence in
C|trus_exgeep%+s—vrr0rd—tCEV) RNA. The cl eavage site corresponds to

nucleotlde 336
sequence
of sTob

he CEV RNA sequence. The alteration in nucleotide
'E domai n, when conpared with the catal ytic domain
Fig 14(b) shows ameel ectrophoretic

16. A method according to claim 15, wherein
target viral RNA is selected from RNA of the
HIV(AIDS), hepatitis or other virus causing disease
in mammals.

17. A method according to claim 15, wherein the
viral RNA is bacteriophage RNA.

18. Use of a ribozyme according to any one of
claims 1 to 11 in the manufacture of a medicament
for the treatment of viral disease in man or
animals, said ribozyme being capable of hybridizing
to and inactivating transcripts of said viral RNA.

19. A method for treating viral or viroid
disease in plants which comprises administering to a
plant a ribozyme according to any one of claims 1 to
11, said ribozyme hybridizing to and inactivating.
transcripts of said viral RNA.

20. A composition which comprises a ribozyme as
claimed in any one of claims 1 to 1l in association
with pharmaceutically, veterinarially, or
agriculturally acceptable carrier or excipient.

21l. A method for producihg a ribozyme according
to any one of claims 1 to 1l which comprises the
steps of:

(a) ligating into a transfer vector comprised of DNA,
RNA or a combination thereof a nucleotide .
sequence corresponding to said ribozyme;

(b) transcribing the nucleotide sequence of step (a)
with RNA polymerase; and
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5 profile ofazeEgDLLgL,g%fT’§FFénd of RNA, lane 7 and the (+) strand
of CEV RNA | after tion mnth RzCEV2. FI GURE 15 shows the

ri bozyme RzCAT wnm th ri bozyme RzCAT-2B (b). Catal ytic donains
are 10 boxed. sgﬂg mmﬁ catal yti c domai n of RzCAT-2B conpared wi th
RzCAT-2 are al oxed; El GURE 16 shows a g%p of plasm d pJ35SN;, and FlI GURE

17 is a graphic presentation of the averagé‘of four experinents on the
i nhibition of CAT 15 expression in plants (tobacco protoplasts).

(c) optionally purifying the ribozyme.

22. A transfer vector comprised of RNA or DNA or
a combination thereof containing a nucleotide
sequence which on transcription gives rise to a
- ribozyme as claimed in any one of claims™1 to 11.

23. A transfer vector according to claim 22,
which is a bacterial plasmid or phage DNA.

24, A prokaryotic or eukaryotic cell containing
nucleotide sequences which on transcription thereof
give rise to a ribozyme as claimed in any one of
claims 1 to 1l. '
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——
The follow ng Exanples are given to illustrate the present invention and
are not to be construed as linmting the present invention. Reactions and
mani pul ati ons invol ving DNA, such 20 as ligations, restriction enzgre
di gestions, bacterial transfbrnation, DNA sequencing etc. were canfi)ed out
according to standard techniques, such as tho48 described by Mani s et al
(Mol ecul ar d oning, Cold Spring Harbour, 1982). WManipul ations involving 25
RNA were al so carried out according to standard t echni ques, such as those
descri bed by Unhl enbeck '

RIBOZYMES

ABSTRACT

Synthetic RNA molecules having highly specific
endoribonuclease activity (hereinafter referred to as
"ribozymes") are described. The ribozymes comprise a

5 hybridizing region which is complementary in

nucleotide sequence to at least part of a target RNa,
and a catalytic region which is adapted to cleave the
target RNA,

Methods for inactivating RNA, and compositions

10 containing ribozymes are also described.
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RN
(Nature 328, 596-600 (1987)) and Hasel off and Gerlach (Nature 334, 585-591
(1988)). 30 EXAMPLE 1 Self-Catal yzed C eavage of Miutated sTobRV- RNA: A
concensus of the dommins associated with naturally-occurring RNA cl eavage
sites in ASBV newt,..sat.el li. DNA transcripts and the satellite of

16 s
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[ sol anum nodi fl orum nottl e

sTobRV, LTSV, velvet tobacco nottle virus (VMV),

virus (SNW) and subterranean clover nottle virus (SCWbV) as shown in
Figure la. Nucleotide sequences V\/ryr{qbl?é conserved 5 between these _
structures are shown, while non-conserved sequences are represented as X
An ext®a U is positioned after resid LTSV(+) strand. The domain
associated with the self-catal ysed, 10 ge of the (+) strand of sTobRV

was studied to ascertain the enzynfc subsirate activitySaRMAn S

H#3sg] 4 UGUCG""

-———CCUGUC ACCGGA

* % * % % * k% % * % %

---G GACA UuGcGGeGCCU

3 A C - .U
A 0] | UUGUGUGCCUAG-~-
G A G Rz-RNA S’
C*G G A
A*U U
G*C
G*C
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G U
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domain. First, cloned sTobRV cDNAs were nutageni sed using an

ol i gonucl eotide linker (BanH ) insertion protocol. 15 Construction of a
Vector for in vitro Expression of sTobRV: A 160 bp Taqg 1 - Spe 1 fragnent
of sTobRV cDNA was isol at@gl from pSP653 4 Ge h et al. 1985, Virology 151:
172-185) and ligated to Acc, L - Spe 1 205Cu hosphat ase-treated pGEM 4 to
reformthe Acc 1 site. A re}ﬁlting clone was linearized with Acc 1,

phosphat ase-treated and a 3;2 bp Tag 1 fragment of

5

C
Ribozyme

* kX K * *x *x K K

X X X X X X X X

* * K * % * % %

FIGURE 3

. Substrate ‘
XXXXXXXXXXXXXel8e] (X X XX XXX XIXXXX
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the sTobRV cDNA was inserted. The resulting clones were ‘screened for the _
presence of a circularly 25 pernuted 520 bp sTobRV cDNA sequence cont ai ni ng
the term nally redundant residues 277 tq 81 TS). The sTobRV sequence is
fl anked by pronoters for T7 and SP6 RNA |ppTy ses, and in vitro
transcription gave rise to RNAs of (+) or{(-) orientation which 30
contained two sites for self-cleavage. In vitro Miutagenesis: The plasm d
pTTS (50 ug) was linearized with BanH 1, treated with S1 nucl ease and

religated, to renove

FIGURE 4
a -
5' CATRNA transcript 3’
1 139,14 494,495 662,663 835
Rzeat! RZAT? Recar?

Tiaihcet s g, o

\
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a unique BanH 1 site. The resulting construction, 17 -4 pTTS-B, was
treated with 2 x 10 units DNase 1 in 20nM Tris-HCO pH 7.0, 15 mM[err]
for 10 mins. at [err]. The resulting |inear WeT, ri mmed and/ or
end-filled using T4 DNA Pol ynerase, and purifi&d b 0. 7% LGT agar ose gel
el ectrophoresi s and extracti on. ' '

PIGURE 4

b RLCAT-1 site:

124
5 Ala Phe Gln Serl val Ala Gln 3¢
GCAUUUCAGUC AGUUGCUCARA

*® & &€ % & & ¢ @ 2 % & ® &€ & &
UAAAGUCA UCAACGAG
- 3' * c SI
A U |
G A G
C:GG A
AU U
G*C
G*C
A G
G U
c RZCAT-2 site:
_ £143 1
5¢ Phe Phe Vval Ser Ala Asn 3¢
UGUUUUDUCGUC UCAGCCAAUC
t %2 ¢ 2 8 & ® ¥ ¢t &t ¥ £ ® & = ¢
AAAAAGCA AGUCGGUU
3] . A c 5!
A v
G A G
C*G G A
AU U
G*C
G*C
A G
G A
a RzCAT-3 site:
158 1
S Phe Ris Val Gly Arg Met 37
GCUUCCAUGUC GGCAGAAUGC
4 " &£ R & &« %" ® l.tﬁlﬁitl
AAGGUACA CCGUCUUA
3! A c Sl
A U
G A G
C*G G A
oo A*U U
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Ki nased BanH 1 |inker sequences (CGGATCCG re ligated to the linearized
pl asm d overnight at roomtenperature in thef presence of 5% pol yet hyl ene

gl ycol. Subsequently, the reactions were Ba ‘ll@di gested, and the |inear
plasm d DNAs repurified by 0.7% LGI agarose gel electrophoresis (this was
found necessary to renove |ast traces of circular plasmd, together with
unligated linkers). Plasm ds were recircularized using T4 DNA |igase and
transforned 15 into E. coli DH 1. Col oni eBIGURBaBar than 1000) were scraped

fromagar plates, grown in liquid culture to

a

‘ -173

L | -139
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saturation and a m xed popul ati on of plasm d DNAs prepared The m xed
sTobRV cDNA inserts were excised by restriction |gest|on at
flanki ng EcCoORl and 20 Pstl sites, purified by 103% rose gel

el ectrophoresi s, and sub-cl oned into EcoRl - Pstl cut, phosphates treated
PpGEM 4. The resulting transformants were again pooled, grown in liquid
culture and plasm d DNA prepared. The plasmd DNAs 25 were treated with
BanHl , to cleave only those plasm ds containing a BanrH |inker seqguence,
and the linear fornms were again purified by two rounds of

i FIGURE Sp
b
M 1 2 3
S
| PAp ..
PGp - D
PUp -
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0. 7% LGT agarose gel electrophoresis, recircularized with T4 DNA | i gase,
and transformed into E. coli 30 DH 1. Individgal nsformants were
screened for the approxi mate position of the @s‘er BanH |inker within
t he sTobRV sequence by restriction enzyne digestion, sub-cloned into ML3
npl 9 and sequenced via the di deoxynucl eoti de chain term nation technique.
18 .
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A library of sTobRV nutants resulted, and nucl eoti de sequence anal ysi s
showed that each nutant contained an inserted B er sequence
(CGGATCCG together with flanking duplicated org< d sTobRV sequences.
The mutants were transcribed in vitro and the R assayed for their
abitlity to undergo cl eavd®J}GURE oin t hese experinents, a 52-nucl eotide
sequence was identified as containing bR@dthe 1su@!sem1@$ed cl eavage

gt

portions of sTobRV 10 RNA. This 52-nu ti u ted in Figure
| b, contained the domain of conservedgzg&éﬁg %] %WM +
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required for self-cleavage of other RNAs (Figure la). One nutant,
desi gnated D51, contained an ei ght nucl eotide E yT\Ker seqguence

i nserted between 15 three duplicated sTobRV nucl'eoti nunbered 7 to 9.
Thi s mutant underwent self-catal ysed RNA cl eavage. 97 and 108 base-pair
Hael Il fragnents containing the 52-nucl eotide cl eavage sequence of the wild

type and D-51 RNAs (as shewggure Fi g@bgs;)lb and 1c) were 20 excised from

sequenced plasnm d clones. The fragnents % nh he Smal site of
pGEMA and screened to obtain both ori ent GRAYHG®Rt . The
500C pH 8 O 20mM Mg++
X cleoved
100 < : :
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pl asm ds were |inearised using EcoR and (+) agﬂuL; rand RNAs of | engths

159 and 170 bases were 25 transcribed using 20 T7 RNA pol.ynerase
pH 7.5, 10 MM NaCl, 6 nM([err], 2 nNIspernidine 1000

g&tﬁgf ogﬁgs%mm 3?? am de WLFW&ER‘?TY

no cl eavage

in 50 mM Tris-HJ,
units/m RNasin, 500 |
fractionated by electr
25% f or mam de gel, and aut oradi ographed. As shomn in Figure 1d,
of the (-) strand RNA transcripts was observed. This was as

1233 (

Ile Glu Asn et Phe Phe Val | Ser Ala Aen Pro Trp Val  Ser
AUUGAGAAUAUGUUUUUCGUC UCAGCCAAVCCCUGGCUGAGY
e s e @ * e s e
AGCA AGUC
3' A 'c sl

- A o - -
¢ A GC
C*'CGGC A 2x4
A*U U
G*C
G*C
A G
G A
. (
$139 (
Ile Glu RAsn Met Phe Phe Val Ser Ala Asn Pro Trp Val  Ser

AUUGAGAAURUGUUUUUCGOC UCAGCCAAUCCCUGGGUGAGYU

AGUCGCUU

*® ¢ ¢ % ¢ ¢ ¢ ¢

AAAMAAGCA
g«

¥ A ¢
A g
¢ A C
C*'CC A 2xe
AU v
) G°c
' Gec
A G’
G A
t
€139 |
Ile Glu Asn Met Phe Phe Val Ser Ala Asn Pro Trp Val  Ser

AUUGAGAAUAUGUUUUUCGUC 'UCAGCC&AUCC%UGGGUGAGU

*T 2 e s e e e e e e

AGUCGGUUAGGGA
c

AUACAAAAAGCA

A 5

3'

2x12

FIGURE 8a

This-Sheet Has Been Replaced

[l lIIIIl




expected, as the (-) strand did not cont trz:a_ 19 sel f-catal ysed cl eavage
site. Wth the (+) strands of both the ;%éaand D- 51 sequences,

cl eavage took place, with cleavage of the D-51 RNA being somewhat |ess

efficient than that of the wild type 5 (Frgure 1d). Th| errent
i ndicates that thé single stranded | oop fegion at the right- ar?d si de of
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t he 52-nucl eoti de sequence involved in the ael f=catal ysed cl eavage of RNA
is non essential. Separation of Enzymc anh?suﬁéﬂfhte Activities: 10

Using the BanH restriction endonucl ease site inserted into D-51, the

fl anking Haelll-BanmH and BanH -Haelll fragnents were obtai ned and each was
sub-cloned into an E. coli plasmd suitable for in-vitro transcription.
This led to the elimnation 15 of the nutated single-stranded | oop fromthe
sel f-cl eavage donmain, splitting the region into two RNA segnents (Figure
2a). The smaller Haelll-BanH -

FIGURE 10

a

. .RAAGACC GUARAGAAA 44 .. Haget sequamce
udcuggcHq uucauuu & .. c.Loz,‘,..c

b
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fragment contai ned nucl eotides 321 to 9, in* udi he actual site of
cl eavage and was terned the S 20 fragnent .. Ba Hael I I fragnent
cont ai ni ng sTobRV nucl eotides 7 to 48 was terned tW®e ribozynme or Rz
fragment. The E. Coli plasm ds used for in-vitro tanscription were pGEM
and pGEM4 (Pronega, Madison, W, U S A ). These expression plasnds
contain: 25 (a) an origin of replication; (b) ®el®ctable drug resistance
(Amp r) gene; (c) a nultiple cloning site flankedby RNA pol ynerase
pronoters which can be used for '

auwizoqTy
owlzoqTy

(-)X6AD .2whkzoqry

(+)x5zZAdD
(+)X6A3D

T TANOIAa

¥dDANODDNDDOVOO NANNDDDDDHH D
TT TUNOIA

ONDVYOOVYOHONOIODVYVYVYIODNONDSDDD

\'4

O x5
¥YVONO9O9VOoNn099595¢v

ON9O995V¥HO INHO VYYD
9VO0NNdOd2o0nosvvo

O x 9
N 0 » Vv

B
¥99

Q aan

O0¥902N95N20900995V¥Y0922$1nD2
OSONODVOVYHYHYHIOINHHHYO

ﬂmsmmHmB&m&T

AT




in vitro production of transcripts. 30 T7 DNA pol ynerase treated, Kpnl

di gested Rz- pGEM3 and Xbal digested S-pCGEMA scri bed using SP6 RNA
pol ymer ase under the same conditions as set %@e‘bﬁ 20 As shown in
Figure 2, both the S and Rz- RNAs

FIGURE 12
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showed no significant degradati on when incubatfed al one (Figures 2b, lanes 1
and 3) under conditions suitable for highly Ef i&ﬁ:§22 sel f-cl eavage
(50[err]C, 5 20mM[err], pH 8.0). The | abell Rz- al so appeared

unal tered after incubation with the S-RNA (Figure 2b, |lanes 2 and 5).
However, when the S-RNA was m xed wth the Rz- RNA, efficient cleavage of
the S-RNA occurred (Figure 2b,  lanes 4 and 5) producing 10 two fragnents.
The product sizes were consistent with cl eavage of the S-RNA (84 bases) at
the normal site between nucl eotides #359 and #1, to give 5 and

" FIGURE 13

a

Asn Met Phe Phe Val Ser Ala Asn Pro Trp
AAUAUGUUUUUCGUC UCAGCCAAUCCCUGG

t & & & & * ® & & & ® & * & ® % &€ & & & % & & & ®

AUACAAAAAG|CA |AGUCGGUUAGGGA
3’ ' A C _ S5

b l
: |
Asn Met Phe Phe Val | Ser Ala Asa Pro Trp
AAUAMAUGUUUUUCGUC UCAGCCAAUCCCUGG

® & & & % & & & & & & & & & & & ® & ® & & & & & =

- R

[

3'5 UACAAAAAG|CA | AGUCGGUUAGGGA o

A

A

1)
-G

G
C*G G_A
A*U
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G*C
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3 proximal fragnents of 67 and 17 nucl eoti des, respectively. This shows
that the S-RNA acted as a 15 substrate for ribonucl eol ytic cl eavage by the
Rz- RNA, which acted in a catal ytic fashjeq. del of a ribozynme based on
the catalytic region of sTobRV RNA is s g%m"‘ igure 3. The ribozyne has
two arns or flanking sequences of single 20 stranded RNA shown at C

hybridi zing to conpl enentary sequences on a substrate RNA, i.e. RNA to be
cl eaved. Each flanki ng sequence shown at C, contains 8 ribonucl eotides. The
nunber of nucl eoti des

FIGURE 14
a
' y 3 meeer
GGACE TC CCA  TECACTCHTC. . RuBeame R~ A
&
31
/

b *Ea;’%ﬁ
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contained in region Cis not critical. Sufficient 25 nucl eotides nust,
however, be present to allow the ribozyne t | ze to a target RNA
Four nucl eotides in each region C appears t% m ni nrum nunber for
hybri di zati on. The catalytic region B contalns sequences which 30 are

hi ghly conserved in naturally-occurring cleavage domains (see Figure |1a).
From a conparison with cl eavage domai ns of the known sequences, the length
of the base pair stemll is uninportan IS, the presence of an

associ ated | oop at one end thereof. FIGéﬁh rs

Asn Met Phe Phe Val Ser Ala Asn Pro Trp -
AAUAUGUUUUUCGUC UCAGCCAAUCCCUGG
& ¥ & & & ® % ® & K & * * & & & ® & & & &% % * & &
AUACAAAAAG|CA lAGUCGGUUAGGGL
3 A C ] '
A U
G A G
C*GG A
A*'U U
G*C
G*C

5'

GA

]
{

Asn Met Phe Phe Val | Ser Ala Asa Pro Trp
AAVAUGUUUDUDUCGUC UCAGCCAA‘UCCCUGG\
® & & & & K X kK * ® * & * & & ® & * & * & & * * «
'AUACAAAAAGCA lAGUCGGUUAGGGA

. A c 5'
A U
G A G
C*GG A
A*'U U
G*C
G*C
CtG
AU
G*C
G*C
A G
GA
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21 The cleavage site within the target RNA is depicted at A (in Figure 3)
as GUC. On the basis of our experinents (not shown), and others by Koi zum
(FEBS LETT 288; 228-230 (1988); and FEBS LEE-Z\B_; 285-288 (1988)) the

identified cleavage sites in naturally occ ng , the sequences GUA,

GUC, CUC, AUC and UUC al so act as cl eavage sif\es within

FIGURE 16
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RNA. 10 EXAVPLE 2 Denonstration of the Design,
Ri bozynes with New and Hi ghly Specific Endori bo-

illustration of this invention,

whi ch are targeted agai nst the transcript

t hr

Synthesis and Activity of
nucl ease Activity: As an

[ ¥S\ have been desi gned,
WS

nly used indicator gene

ee 15

derived from bacteria, Tn9 Chl oranpheni col Acetyl Transferase (CAT), which
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RIBOZYMES
The present invention relates to a class of

synthetic RNA molecules and derivatives thereof,

hereinafter referred to as ribozymes, which possess

highly specific endoribonuclease activity.

A number of naturally occurring RNA molecules

such as avocardo sunblotch viroid (AsSBV), the

satellite RNAs of tobacco ringspot virus (sTobRV) and

jucerne transient streak virus (sLTSV), undergo

self-catalysed cleavage.

Such cleavage appears to be

an essential and unique part of the life cycle of
these and other RNAs. '
Self-catalysed RNA cleavage reactlons share a

common requirement for divalent metal ions and

neutral or higher pH, and result in the production of

RNA with termini
cyclic phosphate
1577-1580 (1986)
186-199 (1986)).
catalysed by the

possessirg 5' hydroxyl and 2',3
groups (Prody et al., Science 231:
and Buzayan et al., Virology 151:
The cleavage reactions are

RNAs theaselves, presumably as a .

This is {he 1Spiave

19 . 9

Date:

ent sheet




Pronmega, Madi son

CAT gene transcri

W, US A). This plasnmid was linearised with Hindlll and
pts were obtained using T7 RNA pol ynerase with 220uM

[e[r]UTP. Ri bozyme sequences were synthesised 22 as
ol §godeoxynucl eotides, Rz CAT-1, 2 and 3, respectively. They were kinased,
ligated with phosphatased treated, EcoRl-Pst? cut pGEM4 and
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result of conformation bringing reactive groups into
close proximity. The sites of self-catalysed
cleavage in naturally occurring RNAs are located
within highly conserved regions of RNA secondary
structure (Buzayan et al.,- Proc. Natl. Acad. Sci. USA
83: 8859-8862 (1986) and Forster, A.C. and Symons,
R.H. Cell 50: 9-16 (1987)).

Experiments we have carried out on the satellite
RNAs of tobacco ringspot virus (sTobRV) have led to
the design of novel endoribonucleases (hereinafter
referred to as "ribozymes"), that is, enzymes
comprised of RNA which catalysé specific cleavage of
RNA target molecules. _

The term ribozyme as used in the specification
refers to molecules comprised wholly of RNA or
derivatives thereof.

The ribozymes of the present invention are
distinct from the RNA endoribonuclease which occurs
naturally in Tetrahymena Fhermophila (known as the
IVS, or L-19 IVS RNA) and which has been extensively
described by Thomas Cech and collaborators (Zaug,
A.J. et al, Science (1984) 224: 574-578; Zaug, A.d.
and Cech, T.R., Science (1986) 231: 470-475; Zaug,
A.J., et al, Nature (1986) 324: 429-433; published
International batent application No. WO 88/04300 by
University Patents Inc.). The Cech endoribonuclease
has an eight base pair active site which hybridizes
to a target RNA sequence whereafter cleavage of the
target RNA takes place, with a requirement for free
guanosine or guanosine derivatives. The fragﬁents
which arise from cleavage contain terminal 5'
phosphéte and 3' hydroxyl groups. The limited number
of nucleotides available for hybridization to an RNA
substrate limits the effectiveness or efficiency of
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i ncubated with the Kl enow fragnment of DNA pol ynerase 5 1 before bacteri al
transormati on. EcoRl linearised plasmds were transcribed with T7 RNA

pol ymerase to produce ribozynme RNAs. Ri bozynmes were incubated with CAT
transcript in 50 MM Tris-HO pH 8.0, 20 nMJerr] at [err] for 60 mn, and
the products 10 fractionated by 5% pol yacrylam de 7M urea, 25% for mam de
gel electrophoresis prior to autoradiography. Wen the 840-nucl eoti de CAT

transcript was incubated wth anx}one of the thyree ribozynes,
. the Cech endoribonuclease as in general,

oligonucleotides comprising less than twelve
nucleotides hybridize poorly to target sequences. It
also appears that a number of nucleotides in the
5 active site of the Cech endoribonuclease may need to
be conserved for efficient endoribonuclease
activity. This restricts the number of permutations
of active site sequences which can be engineered to
effect hybridization to target sequences, thereby
10 restricting the range of RNA target sequences
cleavable by the Cech endoribonuclease. The Cech
endoribonuclease also modifies RNA by adding a free
guanosine nucleotide to the 5' end of cleaved RNA.
In contrast, the ribozymes of the present
15 invention hybridize efficiently to a wide range of
target RNA sequences, and do not modify the cleaved
target RNA. '
The ribozymes of the present invention comprise a
hybridizing region which is'complementary in
20 nucleotide sequence to at least part of a target RNA,
and a catalytic region which is adapted to cleave the
target RNA. The hybridizing region contains 9 or
more nucleotides.
In a preferred aspect the ribozymes of the
25 pfesent invention have a hybiidizing region -
comprising one or more arms formed of single stranded
RNA and having a sequence complementary to at least
. part of a target RNA, said one or more arms being
associated with a catalytic region capable of
30 cleaving said target RNA; and where the hybridizing
region comprises a single arm of RNA said arm
contains at least 9 nucleotides, and where the
hybridizing region comprises 2 or more arms of RNA,
the sum of nucleotides in said arms is greater than 9 -
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15 efficient and highly sequence-specific cleavage occurred (Figure 5)
producing 2 RNA fragnents in each reaction. The fragnent sizes were
consistent with the predicted. sites for cleavage (i.e. 139 and 696, 494
and. 341, 662 and 173 base fragnments were the 5 20 and 3' products from
RzCAT-1 to 3 catal ysed cl eavage respectively) The conditions required for
t hese ri bozynme-catal ysed cl eavages were simlar to those observed for
natural ly occuring cl eavage reactions (Foster, A C. and Synons, R H., Cel
49: 211-220 25 (1984r189¢i5aster, A C and Synons, R H Cell 50:

In one embodiment of the invention, there is
provided a ribozyme of the formula 1:

3 5
5 (D)X X(X)_,
(1) A c (1)
A U
¢ a ¢ (1II) (1)
C*GGA
10 | | X
X' Xx*
5. . 3l

wherein; X represents any ribonucleotide and each X

15 residue may be the same or different;

the sum of n and n*' is greater than 6 and n
and n' may be the same or different;

an (*) represents a base pair between
complementary ribonucleotides;

20 ' X* and X" represent oligoribonucleotides of
complementary sequence along at least part
of their length to allow base pairing
between the oligoribonucleotides, or X* and
X" together form a single RNA sequence

25 wherein at least part of said sequence
comprises a stem formed by base pairing
between complementary nucleotides; and

optionally, an additional nucleotide
selected from one of A, G, C or U may be

30 ‘inserted after YA in formula (1).

- Region (I) of formula (1) represents the arms or
flanking sequences of a ribozyme which hybridize to
respective portions of a target RNA sequence. The
arms may hybridize along the full length of the
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9-16 (1987)), with nore efficient cleavage occuring at el evated pH,

t efperature and dival ent cation concentrations (data not shown). When
present in nolar excess, the three ribozynmes catal ysed al nost 30 conpl ete
cl eavage of the CAT RNA substrate after 60 min. in 50 MM Tris HCO, pH 8.0,
20 MM [err] at 500C. Under simlar conditionsswith 0.1 pM substrate and 3
[err] ribozynes, the [err] of CAT nRNA substrate was 3.5, 3.5 and 2.5 mn.
in the

target RNA or part thereof. An RNA catalytid region
is depicted at region (II) of formula 1. The
catalytic region may contain one or more additionél
nucleotides which do not adversely effect catalytic

5 activity. Such additions’ could be readily tested for
ribozyme activity without undue experimentation
following the teachings of the specification. The
catalytic region may also form part of the
hybridizing region.

10 The oligoribonucleotides X' and X" may comprise
up to 5,000 or more nucleotides.

According to a further specific embodiment of the -

present invention there is provided a ribozyme of the
formula 2:

15
3 51
(X)nA x(x)n.
A c
A U
20 G o e

C *GG A (2)
X *X X
X *X
Xy * D

25 | X X

B

wherein; X represents any ribonucleotide and each X
residue may be the same or different;
30 | an (*) represents a base pair between
complementary ribonucleotides;
n and n' are as previously defined;
m and m*' are 1 or more and may be the same
or different;
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23 presence of RzCAT-1 to 3 respectively. The ribozyme sequences were

i nactive against the conplenent of the substrate RNA (i.e. the (+) strand),
and in the formof oligodeoxyribonucl eotides (data not shown). The 5 3'
term nal cleavage fragnments from each ribozyne catal ysed reaction were
,solated and 5 [err]-kinased (50 mMTrisgd pH 9, 10 MM [err], 10 nM DTT
with 50 uG [err] ATP and 5 units T4 pol ynucl eoti de kinase for 30 mn. at
[err]

B represents a bond, a base pair, a
ribonucleotide, or an oligoribonucleotide
containing at least 2 ribonucleotides;

and optionally, an additional nucleotide

5 selected from'ény one of A, G, C or U may be -
inserted after lA in formula (2).

The ribozymes of the present invention may be
prepared by methods known per se in the art for the
synthesis of RNA molecules. (For example, according

10 to recommended protocols of Promega, Madison, WI,
USA). In particular, the ribozymes of the invention
may be prepared from a corresponding DNA sequence
(DNA which on transcription yields a ribozyme, and
which may be synthesized according to methods known

15 per se in the art for the synthesis of DNA) operably
linked to an RNA polymerase promoter such as a
promoter for T7 RNA polymerase or SP6 RNA
polymerase. A DNA sequence corresponding to a
ribozyme of the present invention may be ligated into .

20 a DNA transfer vector, such as plasmid or
bacteriophage DNA. Where the transfer vector
contains an RNA polymerase promoter oée:ahly linked
to DNA corresponding to a ribozyme, the ribozymé may
be conééniently produced upon incubation with an RNA

25 polymerase. Ribozymes may, therefore, be produced in
vitro by incubation of RNA polymerase with an RNA
polymerase promoter operably linked to DNA
corresponding to a ribozyme, in the presence of
ribonucleotides. 1In vivo, prokaryotic or eukéiyotic

30 cells (including mammalian and plant cells) may be
transfected with an appropriate transfer vector
containing genetic material corresponding to a
ribozyme in accordance with the present invention,
operably linked to an RNA polymerase promoter such

This 18 the reptacament sheet
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10_Efficient kinasing of the fragnents indicated that they possessed 5
term nal hydroxy groups, simlar to those produced in naturally occuring

cl eavage reactions. The term nal nucleotide of the fragments produced 15 by
cl eavage of the CAT sequences by RzCAT-1 to 3 were determ ned. Briefly,
radi ol abel | ed fragments were purified on & 5% pol yacryl ani de gel and
digested with an equal volune of 500 units/m RNase T1, 25 units/m RNase
T2 and 0.125 ng/mM RNaseA in 50 nM amoni um 20 acetate pH 4.5 for 120 m n.

at [err]. The phe¥u¢he ribozyme is transcribed in the host cell.
Transfer vectors may be bacterial plasmids or viral
RNA or DNA. Nucleotide sequenceS'cqrresponding to
ribozymes are generally placed under the control of
5 strong promoters such as,’‘for example, the lac, SV40
late, SV40 early, metallothionin, or A promoters.
Ribozymes may be directly transcribed in-vivo from a
transfer vector, or alternatively, may be transcribed
as part of a larger RNA molecule. For example, DNA
10 corresponding to ribozyme sequences may be ligated
into the 3' end of a carrier gene, for example, after
a translation stop signal. Larger RNA molecules may
help to stabilize the ribozyme molecules against
nuclease digestion within cells. On translation the
15 carrier gene may give rise to a protein, whose
presence can be directly assayed, for example, by
enzymatic reaction. The carrier gene may, for
example, encode an enzyme.
In a furthér aspect of the invention, there is
20 provided a DNA transfer vector which contains a DNA
sequence corresponding to a ribozyme operably linked
to a promoter to provide transcription of the
ribozyme. :
In one preferred méethod of producing a ribozyme,
25 two synthetic oligonucleotides of complementary
sequence'are prépared by standard procedures {(for
example, using an Applied Biosystems Model 380A DNA
Synthesizer (Applied Biosystems Inc., Foster City,
California 94404)), and hybridized together. .One of
30 the oligonucleotides encodes a desired ribozyme. The
respective ends of the hybridized oligonucleotides
correspond to different restriction enzyme sites, say
EcoRl at one end and Pstl at the other end. After
cleavage with appropriate restriction enzymes (EcoRl
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were fractionated on a 20% pol yacryl am de gel containing 25 nM sodi um
citrate, pH 3.5 and 7 nolar urea. Figure 5b shows that the cleavage of the
CAT sequences by RzCAT-1 to 3 occurs precisely before 25 nucl eotides A U
and G respectively. The term nal sequence of the CAT gene fragnents were
determ ned directly using the partial enzymatic digestion techni que
(Donis-Keller et al., Nucleic Acids Res. 4. 2527-2538 (1980)), using
base-specific 30 partial ribonucleolytic cleavage. The sequence of the

fragments confir g gl GrtawmgaBsveiétshple) fethe double stranded
DNA fragment may be cloned into a transfer vector.
Where the plasmid vector contains an RNA polymerase
promoter upstream from the DNA sequence corresponding
5 to a ribozyme of the present invention, RNA
transcripts corresponding to the ribozyme can be
conveniently prepared either in-vitro or in-vivo.
Where the ribozyme is comprised of two halves held
' together by base-pairing between complementary
10 nucleotides, each half of the ribozyme may be
produced according to the above methods, and the
halves incubated together to form the ribozyme.'
The preferred ribozymes of the present invention
cleave target RNA which contains the sequence XOUY,
15 where x° is any ribonucleotide, U is uracil and Y
is adenine, cytosine or uracil. x°v forms part of
a base pair flanking region and Y is not base
paired. Preferably, but by no means exclusively,
x° is guanidine, and_xoUY is GUC or GUA. Any RNA
20 molecule containing these sequences can be cleaved
with the ribozymes of the present invention. Once
the sequence of an RNA transcript containing the
sequence x?uy has been determined, the arms of the
ribozyme sequence can be synthesised to be
25 complementary to, and thus hybridizable to, the RNA
on the target sequence flanking the x°uy sequence.
On hybridization of the arms of the ribozyme to the
target RNA sequence flanking the XOUY sequence, the
catalytic region of the ribozyme cleaves the target
30 RNA within the X°UY sequence. RNA cleavage is
facilitated in the presence of magnesium or other
‘divalent cation at a pH of approximately 8.0.
Accordingly, the preferred ribozymes of the
present invention can be engineered to cleave any RNA
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expected | ocations within CAT RNA (not shown). Enzymatic Catal ysis: To
denonstrate that ribozynes cause cl eavage of 24 the CAT nRNA substrate
in a catalytic nmanner, each was incubated with a nolar excess of-substrate,
under conditions which should favour both efsfici ent .cl eavage and product

di ssociation. Figure 6 shows

whose sequence is known. The high frequency of the
residues cleaved by the ribozymes in RNA (1:64 for
GUC in an RNA with random and equal frequency of base
distribution) means that a number of potential sites

5 for ribozyme cleavage can be confidently predicted in
any given target RNA, : '

According to another. aspect of the present
invention there is provided a method for the
inactivation of a target RNA sequence, which

10 comprises reacting said target RNA sequence with a
ribozyme of the present invention.

In-vivo, that is, within the cell or cells of an
_organism, a transfer vector such as a bacterial
plasmid or viral RNA or DNA, encoding one or more

15 ribozymes, may be transfected into cells e.q.
(Llewellyn et al., J. Mol. Biol. (1987) 195:

115-123; Hanahan et al. J. Mo. Biol (1983) 166).
Once inside the cell, the transfer vector may
replicate, and be transcribed by cellular polymerases

20 to produce ribozyme RNAs which then inactivate a
desired target RNA. Alternatively, a transfer vector
containing one or more ribozyme sequences may be
transfected into cells or introduced into cells by
way of micromanipulation techniques such as

25 microinjection, such that the transfer vector or a
part theréof becomes integrated into the genome of
the host cell. Transcription of the integrated
genetic material gives rise to ribozymes, which act
to inactivate a desired target RNA.

30 The ribozymes of the present invention-have
extensive therapeutic and biological applications.
For example, disease causing viruses in man and
animals may be inactivated by administering to a
subject infected with a virus, a tibozyme in
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5 the results of an experiment where after 75 min. at [err], pH 8.0 in 20
mMi[err], 10 pnoles of RzCAT-1 had catal ysed specific cleavage of 163
prnol es of a truncated CAT nRNA (173 bases) substrate to give 5 and 3
fragments of 139 and 34 bases, respectively. 10 On average, each ribozyne:
had participated in greater than ten cleavagegevents. After 75 m nutes at
[err] some non-specific cleavage of RNA was noticed due to the extrene
conditions, but 70% of the remaining intact RNAs (163 pnol es) had

accunul ated as theééggr&§nggsgiLﬁagﬂgnbre§bﬂklﬁhvgﬁiﬁbhsaWQBQeﬁbE%j”ed for
hybridize to and cleave RNA transcripts of the
virus. Such ribozymes may be delivered by parenteral
or other means of administration. Alternatively, a
S subjeét infected with ‘a disease causing virus may be
administered a non-virulent virus such as vaccinia or
adenovirus which has been genetically engineered to
contain DNA corresponding to a ribozyme operably
linked to an RNA promoter, such that the ribozyme is
10 transcribed in the cells of the host animal,
transfected with the engineered virus, to effect
cleavage and/or inactivation of the target RNA
transcript of the disease causing virus. The
ribozymes of the present invention have particular
15 application to viral diseases caused for example, by
the herpes simplex virus (HSV) or the AIDS virus
(HIV). |
The ribozymes of the present invention also have
particular application to the inactivation of RNA
20 transcripts in bacteria and other prokaryotic cells,
plants and animals. In bacteria, RNA transcripts of,
for example,bacteriophage, which cause bacterial cell
déath, may be inactivated by transfecting a cell with
a DNA transfer vector which is capable of producing a
25 ribozyme in accordance with the present invention
which inactivates the phage DNA. Alternatively, the
ribozyme itself may be added to and taken up by the
bacterial cell to effect cleavage of the phage RNA.
RNA transcripts in plants may be inactivated
30 using ribozymes encoded by a transfer vector such as
the Ti plasmid of Agrobacterium tumefaciens. When
such vectors are transfected into a plant cell, the
ribozymes are produced under the action of RNA
polymerase and may effect cleavage of a specific
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RzCAT-2 and 3 (data not shown), and thus each acts as an RNA enzyne.
EXAMPLE 3 20 The Effect of Tenperature on R bozyne Activity: The effect of
reaction tenperature on the in-vitro rate of ribozyne activity was

exam ned. A tine course of reactions for ribozynmes RzCAT-1 to 3 on CAT RNA
substrate at [err] and [err] was 25 carried but. In this experinent,
reactions for each rlbozyne were set up in duplicate, using reaction
condi ti ons

target RNA sequence. Accordingly, plant viruses
whose RNA sequence are known, or the RNA transcripts
" of plant genes, may be inactivated using ribozymes.
Endogenous gene transcripts in plants, animals or
5 other tell types may be inactivated using the
ribozymes of the present invention. Accordingly,
undesitable phenotypes or characteristics may be
modulated. It may, for.example, be possible using
the ribozymes of the present invention to remove
10 stones from fruit or treat hereditry diseases in
humans which are caused by the production of a
deleterious protein, or over production of a
particular protein.

The present invention will now be illustrated by

15 way of non-limiting example only, with reference to
the following non-limiting Examples, and Figures.

In the Figures:

FIGURE 1 shows RNA self cleavage sites of wild
type and mutated RNAs; and an electrophoretic profile

20 showing self-catalysed RNA clea?age products.

(a) Summarises the conserved structures
associated with naturally-occurring RNA cleavage
sites in ASBV, newt satellite DNA transcripts and the
satellite RNAs of sTobRV, LTSV, velvet tobacco mottle

25 virus, solanum nodiflorum mottle virus and
subterranean clover mottle virus. Nucleotide
sequences which are conserved between these
structures are shown, while others are represented as
X. Base-pairing is represented by “*" and the site

30 for RNA cleavage is arrowed.

(b) Shows the conserved nhcleotide sequence
associated with the cleavage of the (+) strand of
STobRV RNA. The cleévage site is arrowed.

(c) An in vitro mutant of sTobRV containing an
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for ribozyne cl eavage set out in Exanple 2. One reaction was incubated at
[err], the other at [err]. 30 Sanples were renoved at tine points to 90
m nutes and the extent of reaction was anal ysed by denaturing
polyacryl am de gel el ectrophoresis. Figure 7 shows the tine course of
reaction for each of the ribozynmes RzCAT-1 g0 3 at [err] and [err]. The
reaction rate of 25

insertion of eight nucleotides (shown boxed) together
with a flanking duplication of three nucleotides (UGU
residues 7 to 9) is shown.

(d) Sub-cloned HaeIIll fragments of wild type

5 sTobRV and the D-51 in ¥itro mutant were each
transcribed in both the (+) and (-) orientations and
radiolabelled transcripts fractionated by
polyacylamide gel electrophoresis. The positions of
uncleaved 159 and 170 base transcripts from the wild

10 type (WT) and mutant (D-51) sequences are arrowed;
sizes of cleavage products are shown.

FIGURE 2 shows the nucleotide sequence of a
ribozyme and the products of ribozyme cleavage
separated by gel electrophoresis.

15 (a) The inserted nucleotides in the D-51 mutant
(FIG. lc) contains a BamHI restriction endonuclease
site. BamHI was used to split the mutant DNA, and
the two sequences were sub-cloned and transcribed
separately in vitro. The RNA transcripts are shown

20 schematically, with potential baseépairings between
the RNAs indicated "**. The fragment containing the
arrowed site for cleavage is referred to as S-RNA,
the fragment containing the ribozyme is desiénated
Rz-RNA. B

25 (b) [32P]-Rz-RNA (101 bases) was incubated
alone (lane 1), and with unlabelled S-RNA (lane 2).
[ P]aS .RNA was incubated alone (lane 3), and with
unlabelled andy32P labelled Rz-RNAs (lanes 4 & 5
respectively).: .

30 FIGURE 3 shows a schematic model of a ribozyme
according to one embodiment of the present

invention. Region A represents the cleavage sequence
within the target RNA. Region B represents a
catalytic region, and regions C represent the arms of .

Thig & ©
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each ribozyne increases with increased reaction tenperature. The tine taken
for 50% [err] cleavage of CAT RNA is set out in Table 1. 5

TABLE 1 RzCAT-1 RzCAT-2 RzCAT-3 t1/2 (mns.) [err] 3.5
3.5 2.5 10 37C 55.0 70.0 65.0 As
shown in Table 1, the rate of reaction of rilSozynes at [err] is

approxi mately 20 times sl ower

the ribozyme.

FIGURE 4 shows the design of ribozymes targeted
against the CAT (chloramphenicol acetyl transferase)
gene transcript. Ribdzymes, termed RzCAT-1, 2 and 3,

S were targeted against three sites within an 835 base
in vitro transcript of the CAT gene. The relative
locations of the cleavage sites on the transcript are
shown schematically with the flanking bases numbered
(a). The three ribozyme sequences are shown ((b) to

10 (d)) with their target sequences. Amino-acid
sequences of the CAT gene are numbered and the
predicted sites for RNA cleavage arrowed. RzCAT-1
and 3 contain 24 base sequences derived from (+)
strand sTobRV (region B, FIG. 3), while RzCAT-2

15 contains a single U-A change in this region.

FIGURE S shows the results of CAT RNA cleavage
with ribozymes RzCAT-1 to 3. ,

(a) The [32P]-CAT RNAs were gel fractionated
after incubation alone (-) or with with one of the

20 three ribozymes, RzCAT-1l to 3 (lanes 1, 2 & 3
respectively). The location of full-length
transcript is shown arrowed.

(b) 5* Terminal base analysis. The 3' fragments
produced by ribozyme cleavage of CAT mRNA were

25 [S'—32P]-kinased, gel purified, subjected to
complete nuclease digestion and the released terminal
residues fractionated by pH 3.5 polyacrylamide gel
electrophoresis. The 5' terminal nucleotigdes,
determined by reference to markers (lane M), were A,

30 U and G for the fragments produced by RzCAT-1 to 3
(lanes 1,2 and 3 respectively).

FIGURE 6 shows a time course of ribozyme
(RzCAT-1) catalytic activity against CAT RNA. The
amounts of the 139 nucleotide cleavage product were
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than the rate of reaction at [err]. EXAMPLE 4 The Effects of Varying Arm
Lengt hs of Ri bozymes (or Fl anki ng Sequence) on Ri bozyme Catal ytic Activity:
20 The arns or flanking sequences of a ribozynme (region (1) of fornula
1) _hybridize the ribozyme to a target RNA wqereafter cl eavage of the RNA
takes place. In this experinment, the effect &n cl eavage rate of a target
sequence by altering the extent of 25 conplenentarity and subsequent |ength

of base pairing of the ribozyme arnms to_the target sequence was
quantified and plotted. The inset shows the

accumulation of the 139 base fragment with time,
after polyacrylamide gel electrophoresis.

FIGURE 7 shows the relative rates of cleavage of

5 CAT RNA under differentﬂtémperaturé conditions.
Substrate RNA is represented by a solid line. 1In
each case cleavage product is represented by a broken
line. |

FIGURE 8 depicts three ribozymes (corresponding

10 to RzCAT-2) having arms or flanking sequence of
varying length.

FIGURE 9 shows the scheme for production of a
ribozyme comprising catalytic anti-sense RNA
containing each of the cleavage domains RzCAT-1 to 3.

15 FIGURE 10 shows ribozymes hybridizing to a target
sequences containing the GUA (10a) and GUU (10b)
motifs in CAT mRNA.

FIGURE 11 shows sites for self catalysed RNA
cleavage in citrus exocortis viroid (CEV) RNA and its

20 complement. -

FIGURE 12 shows the ribozyme RzCEV25x(+)
hybridizgd to target CEV RNA(a), .and a gel
electtophoretic profile of (+)CEV RNA and .
complementary (-) CEV RNA incubated with RzCEV25x(+)

25 (b, lanes i'and 2 respectively. Cleavage product is
arrowed). :

FIGURE 13 shows the ribozyme RzCAT-2 hybridizing
to its target sequence (a) and ribozyme RzSCMoV(b).
The catalytic domain in each ribozyme is boxed.

30 pifferences in the catalytic region of RzSCMoV, when
compared with RzCAT-2 are marked.

FIGURE 14 shows the ribozyme RzCEV-2 hybridizing
to a target sequence in citrus exocortis viroid (CEV)
RNA. The cleavage site corresponds to nucleotide-336
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I nvestigated. Ri bozynes were produced with 4, 8 and 12 base conplenmentarity
to the target sequence RzCAT-2 on 30 each arm (Figure 8a). The ribozynes
were prepared according to the nethods of Exanple 2. Ri bozyne activity was
deteerm ned by incubating the rlbozyne RNA wi th CAT RNA as descri bed
previously. The ribozyme having a 4 base conﬁlenentarlty on

10

15

20

25

30

in the CEV RNA sequence. The alteration in
nucleotide sequence in the catalytic domain, when
compared with the catalytic domain of sTobRV, is
circled (a). Fig 14(b) shows an electrophoretic
profile of a control [(-) strand of CEV] RNA, lane 7
and the (+) strand of CEV RNA lane 8, after
incubation with RzCEV2.

FIGURE 15 shows the.ribozyme RzCAT-2 (a) compared
with r1bozyme RzCAT-2B (b). Catalytic domains are
boxed. Changes is the catalytic domain of RzCAT-2B
compared with RzCAT-2 are also boxed;

FIGURE 16 shows a map of plasmid pJ35SN; and

FIGURE 17 is a graphic presentation of the
average of four experiments on the inhibition of CAT
expression in plants (tobacco protoplasts).

The following Examples are given to illustrate
the present invention and are not to be construed as
limiting the present invention. _

Reactions and manipulations involving DNA, such
as 11gat1ons, restriction enzyme digestions,
bacterial transformatlon. DNA sequencing etc. were
carried out accord1ng to standard techniques, such as
those described by Maniatis et al (Molecular Cioning,
Cold Spring Harbour, 1982). Manipulatiohs involving
RNA weré also carried out according to standard
techniques, such as those described by Uhlenbeck
(Nature 328, 596-600 (1987)) and Haseloff and Gerlach
(Nature 334, 585-591 (1988)).

EXAMPLE 1
Self-Catalyzed Cleavage of Mutated STODRV RNA:

A concensus of the domains associated with
naturally-occurring RNA cleavage sites in ASBV, newt
satellite DNA transcripts and the satellite RNAs of
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26 each armdid not cleave the substrate RNA. The ribozyne with 8 base
conplenentarity on each armcl eaved the CAT substrate as did the ribozyne
having 12 base conplenentarity. R bozymes with 12 base 5 conplenentarity
cleaved target RNA nore efficiently, as judged by reaction rate in-vitro
than did ribozynes having a | esser nunber 1& base conplenentarities. Even
t hough it appears necessary to have nore than four base conplenentarity, 10
i ncreasing the length of the hybridizing region of

sTobRV, LTSV, velvet tobacco mottle virus (VMoV),

solanum nodiflorum mottle virus (SNMV) and
subterranean clover mottle virus (SCMoV) as shown in
Figure la. Nucleotide sequences which are conserved
-5 between these structures -are shown, while
non-conserved sequences are represented as X. An
extra U is positioned after residue lA in LTSV(+)
strand. .
The domain associated with the self-catalysed
10 cleavage of the (+) strand of sTobRV was studied to
ascertain the enzymic substrate activity within this
domain. First, cloned sTobRV cDNAs were mutagenised
using an oligonpcleotide linker (BamHl) insertion

protocol.
15 C I £ e Vect c . it E . c
STODbRV:

A 160 bp Tag 1 - Spe 1 fragment of sTObRV cDNA
was isolated from pSP653 (Gerlach et al. 1985,
Virology 151: 172-185) and ligated to Acc 1 - Spe 1
20 cut, phosphatase-treated pGEM 4 to reform the Acc 1
site. A resulting clone was linearized with Acc 1,
phosphatase-treated and a 359 bp Tagq 1 fragment of
the sTobRV cDNA was inserted. The resulting clones
were screened for the presence of a circularly
25 permuted 520 bp sTobRV cDNA sequence containing the
terminally redundant residues 277 to 81 (pTTS). The
sTobRV sequence is flanked by promoters for T7 and
SP6 RNA polymerases, and in vitro transcription gave
rise to RNAs of (+) or (~-) orientation which
30 contained two sites for self-cleavage. -
In vitro m&tag. enesis:
The plasmid pTTS (50 ug) was linearized with BamH
1, treated with S1 nuclease and religated, to remove
a unique BamH 1 site. The resulting construction,
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ri bozynmes increases their reaction rate. In a second experinent, the
redaction efficiency of a ribozyme having (a) conplenmentarity to the entire
| ength of the CAT transcript target RNA and 15 (b) nultiple catalytic

dopmi ns, was investigated. Four GUC target sites in CAT RNA sequences were
chosen. Ri bozyne catal ytic domai ns agai nst these sites were "inserted" into
a conplete anti-sense (-) sequence for thd7CAT transcript and catal ytic 20
activity tested. The four sites chosen were the three specified by

pTTS-B, was treated with 2 x 10_4 units DNase 1 in
20mM Tris-HC1 pH 7.0, 15 mM MnCl, for 10 mins. at
37°C. The resulting linear DNAs were trimmed and/or
end-filled using T4 DNA ?oiymerase, and purified by
5 0.7% LGT agarose gel eleétiophoresis and extraction.

Kinased BamH 1 linker sequences (CGGATCCG) were
ligated to the linearized plasmid overnight at room
temperature in the presence of 5% polyethylene
glycol. Subsequently, the reactions were BamH 1

10 digested, and the linear plasmid DNAs repurified by
0.7% LGT agarose gel electrophoresis (this was found
necessary to remove last traces of circular plasmid,
together with unligated linkers). Plasmids were
recircularized using T4 DNA ligase and transformed

15 into E. coli DH-1l. Colonies (greater than 1000) were
scraped from agar plates, grown in liquid culture to
saturation and a mixed population of plasmid DNAs
prepared. The mixed sTobRV cDNA inserts were excised
by restriction enzyme digestion at flanking EcoRl and

20 pstl sites, purified by 1% LGT agarose gel
electrophoresis, and sub-cloned into EcoRl - Pstl
cut, phosphates-treated pGEM 4. The resulting
transformants were again pooled, grown in liquid
culture and plasmid DNA prepared. The plasmid DNAs

25 were treated with BamHl, to cleave only those
plasmids containing a BamHl linker sequence, and the
linear forms'were again purified by two rounds of
0.7% LGT agarose gel electrophoresis, recircularized
with T4 DNA ligase, and transformed into E. coli

30 pH-1. 1Individual transformants were screened for the-
approximate position of the inserted BamHl linker
within the sTobRV sequence by restriction enzyme
digestion, sub-cloned into M13 mpl9 and sequenced via
the dideoxynucleotide chain termination technique.
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RzCAT-1 to 3 described previously, and a further site which may be
represented as follows: New CAT site 25 #192 H's Hs Ala Val Cys Asp
dy CAU CAU GCC GUC UAJ GAU GGC where "192" refers to amino acid 192
in the CAT pol ypeptide and an refers to the site of cleavage. 30

A i godeoxyri bonucl eoti des cont ai ni ng ribogxpe catal ytic domai ns and
spanni ng each of these cleavage sites werée used for ML3 nutagenesis
experinments to

A library of sTobRV mutants resulted, and
nucleotide sequence analysis showed that each mutant
contéined an inserted BamHl linker sequence
(CGGATCCG) together with fXanking duplicated or

5 deleted sToObRV sequences: The mutants were
transcribed in vitro and the RNAs aSsayed for their
ability to undergo cleavage. From these experiments,
a S52-nucleotide sequence was identified as containing
both the substrate and cleavage portions of sSTObRV

10 RNA. ~This 52-nucleotide sequence, depicted in Figure
1b, contained the domain of conserved sequence |
required for self-cleavage of other RNAs (Figure
la). One mutant, designated D-51, contained an eight
nucleotide BamHl linker sequence inserted between

15 three duplicated sTobRV nucleotides numbered 7 to 9.
This mutant underwent self-catalysed RNA cleavage.

- 97 and 108 base-pair HaelIII fragments containing
the S2-nucleotide cleavage sequence of the wild type
‘and D-51 RNAs (as shown in Figures 1lb and ic) were

20 excised from sequenced plasmid clones. The fragments
were ligated into the Smal site of pGEM4 and screened
to obtain both orientations of the insert. The
plasmids were linearised using EcoRl and (+) and (-) .
strand RNAs of lengthé 159 and 170 bases were

25 transcribed using 200 units/ml T7 RNA polymerase in
50 mM Tris-HCl, pH 7.5, 10 mM NaCl, 6 mM MgCl,, 2
mM spermidine, 1000 units/ml RNasin, 500 uM ATP,

CTP and GTP with 200 uM [a>2P] UTP. RNAs were
fractionated by electrophoresis on a 10%

30 polyacrylamide, 7 molar urea, 25% formamide gel, and
autoradiographed.

As shown in Figure 14, no cleavage of the (-)
strand RNA transcripts was observed. This was as
expected, as the (-) strand did not contain a
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produce a sequence containing the entire conpl enent of the CAT sequence but

with the four

ri bozyne 27 catalytic domains inserted within it. M3

nmut agenesi s was perfornmed by binding of oligoncul eotides containing
ri bozyme insertions to single stranded ML PONAs containing uracil, followed
5 by synthesis of conplenentary DNAs contal ning the ’

10

15

20

25

30

self-catalysed cleavage site. With the (+) strands
of both the wild type and D-51 sequences, cleavage
took place, with cleavage of the D-51 RNA being
somewhat less efficient than that of the wild type
(Figure 1d). This experiment indicates that the
single stranded loop region at the right-hand side of
the S2-nucleotide sequence involved in the
self-catalysed cleavage of RNA is non essential.
S €5 c E . i Substrate Activities:

Using the BamHl restriction endonuclease site
inserted into D-51, the flanking HaelII-BamHl and
BamHl-Haelll fragments were obtained and each was
sub-cloned into an E. coli plasmid suitable for
in-vitro transcription. This led to the elimination
of the mutated single-stranded loop froﬁ the
self-cleavage domain, splitting the region into two
RNA segments (Figure 2a). The smaller HaellII-BamHl
fragment contained nucleotides 321 to 9, including
the actual site of cleavage and was termed the S
fragment. The BamHl-HaeIlII fragment containing
SToObRV nucleotides 7 to 48 was termed the ribozyme or -
Rz fragment. The E. Coli élasmids used for in-vitro
tanscription were pGEM3 and pGEM4 (Promega, Madison,
WI, U.S.A.). These expression plasmids contain:
(a) an oridin of réplication:
(b) selectable drug resistance (Ampr) gene;
(c) a multiple cloning site flanked by RNA

polymerase promoters which can be used for
in vitro production of transcripts.

T7 DNA polymerase treated, Kpnl digested Rz-pGEM3
and Xbal digested S-pGEM4 were transcribed using SP6
RNA polymerase under the same conditions as set out
above.
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i nser'tion. The conpl enentary DNAs were recovered follow ng cloning in an
appropriate Escherichia coli strain, (T.A Kunkel 1985, Proc. Natl. Acad.
Sci. U S. A 82: 488-492). The resultant doubl e-stranded 10 cDNA was cl oned
in an in-vitro expression vector to produyge ribozynme RNA using 'the T7

pol ymerase transcription system Ri bozynme activity was determ ned by

I ncubation of ribozyme RNA with CAT transcript followed by gel

el ectrophoresis of fhe S reatt£om, phxsurgotf the @ wWy@RARRAEM™EN to
denat ure nucl ei ¢ aci ds. :
showed no significant degradation when incubated
alone (Figures 2b, lanes 1 and 3) under conditions
suitable for highly efficient self-cleavage (50°C,

S 20mM MgClz, pH 8.0). Thg labelled Rz-RNA also
appeared unaltered after incubation with the S-RNA
(Figure 2b, lanes 2 and 5). However, when the S-RNA
was mixed with the Rz-~ RNA, efficient cleavage of the
S~RNA occurred (Figure 2b, lanes 4 and 5) producing

10 two fragments. The product sizes were consistent
with cleavage of the S-RNA (84 bases) at the normal
site between nucleotides #359 and #1, to give 5' and
3' proximal fragments of 67 and 17 nucleotides,
respectively. This shows that the S-RNA acted as a

15 substrate for ribonucleolytic cleavage by the Rz-RNA,
which acted in a catalytic fashion,

A model of a ribozyme based on the catalytic
region of sTobRV RNA is shown in Figure 3. The
ribozyme has two arms or f£lanking seqﬁences of single

20 stranded RNA shown at C, hybridizing to complementary
sequences on a substrate RNA, i.e. RNA to be
cleaved. Each flanking sequence shown at C, contains
8 ribonucleotides. The number of nucleotides
contained in region C is not critical. Sufficient

25 nucleotides must, however, be present to allow the
ribozyme to hybridize to a target RNA. Four
nucleotides in each region C appears to be the
minimum number for hybridization.

The catalytic region B contains sequences which

30 are highly conserved in naturally-occurring cleavage
domains (see Figure la). From a comparison with
cleavage domains of the known sequences, the length
of the base pair stem II is unimportant, as is the
presence of an associated loop at one end thereof.
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Aut ol ytic cleavage occurred at all the expected sites on the CAT
transcript. Accordingly, the flanking sequences of arns or a ribozyne may
extend 20 along the full length of the RNA transcript which is to be

cl eaved. Figure 9 schematically shows the prgguction of catalytic
anti-sense RNA containing each of the four ribozynmes. The catal ytic
anti-sense RNA contains 25 approxi mately 900 bases. Under the above

&:ﬁ;hion condi tions, t{ﬁér&fggggg%egg%éa&g@ﬁiﬁe@%%ngg§gggrﬁhﬁigg nmol ecul ar
depicted at A (in Figure 3) as GUC. On the basis of
our experiments (not shown), and others by Koizumi

" (FEBS LETT 288; 228-230 (1988); and FEBS LETT 239;

5 285-288 (1988)) the identified cleavage sites in
naturally occﬁrring RNAE, the sequences GUA, GUC,
CUC, AUC and UUC also act as cleavage sites within

RNA.

10 EXAMPLE 2

Demonstration of the Design, Synthesis and Activity
of Ribozymes with New and Highly Specific Endoribo-
nuclease Activity: :

As an illustration of this invention, three

15 ribozymes have been designed, which are targeted
against the transcript of a commonly used indicator
gene derived from bacteria, Tn9 Chloramphenicol
Acetyl Transferase (CAT), which can provide
antibiotic resistance in bacteria, plants and animals

20 and can be easily assayed. These ribozymes,
designated RzCAT-1 to 3 correspond to potential GUC -
cleavage sites in CAT RNA at positions 139-140,
494-495 and 662-663 respectively. The sequences of
these ribozymes are depicted in Figure 4. 'In each

25 case, the Flanking sequences of the ribozyme which
hybridize to the target CAT RNA, were 8 nucleotides
in length. The catalytic region was chosen to
correspond to that of sTobV RNA, shown in Figure 3.

The CAT gene was obtained from pCM4 and

30 sub-cloned as a BamHl fragment into pGEM-32 (from
Promega, Madison, WI, U.S.A.). This plasmid was
linearised with HindIII and CAT gene transcripts were
obtained using T7 RNA polymerase with 220uM
[a—32P]UTP. Ribozyme sequences were synthesised
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conpl exes presumably by extensive base pairing. A strong denaturing
treatnment such as glyoxal treatnent 30 is required to resolve reaction
products during el ectrophoresis. 28 EXAMPLE 5 Target Sequences for
Ri bozynme C eavage: The GUA notif in nmRNA was tested to see whether a

10

15

20

25

30

22

as oligodeoxynucleotides, Rz CAT-1, 2 and 3,
respectively. They were kinased, ligated with
phosphatased treated, EcoRI-PstI cut pGEM4 and
incubated with the Klenow fragment of DNA polymerase
1 before bacterial transormation. EcoRI linearised
plasmids were transcribed with T7 RNA polymerase to
produée ribozyme RNAs. Ribozymes were incubated with
CAT transcript in 50 mM. Tris-HCl pH 8.0, 20 mM
MgCl2 at 50°C for 60 min, and the products
fractionated by 5% polyacrylamide 7M urea, 25%
formamide gel electrophoresis prior to
autoradiography.

When the 840-nucleotide CAT transcript was
incubated with any one of the three ribozymes,
efficient and highly sequence-;pecific cleavage
occurred (Figure S5) producing 2 RNA fragments in each
reaction. The fragment sizes were consistent with
the predicted. sites for cleavage (i.e. 139 and 696,
494 and 341, 662 and 173 base fragments were the 5°*
and 3* products from RzCAT-1 to 3 catalysed cleavage
respectively). The conditions required for these
ribozyme-catalysed cleavages were similar to those
observed for naturally occuring cleavage reactions
(Foster, A.C. and Symons, R.H., Cell 49: 211-220
(1987) and Foster, A.C. and Symons, R.H. Cell 50:
9-16 (1987)), with more efficient cleavage occuring
at elevated pH, temperature and divalent cation
concentrations (data not shown). When present in
molar excess, the three ribozymes catalysed almost
complete cleavage of the CAT RNA substrate after 60
min. in 50 mM Tris HCl, pH 8.0, 20 mM MgCl2 at
50°C. Under similar conditions with 0.1 uM
substrate and 3 #M ribozymes, the '1‘1/2 of CAT
mRNA substrate was 3.5, 3.5 and 2.5 min. in the
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ripozyne woul d effect RNA cl eavage at this sequence. 5 A specific site
in” CAT nRNA, including the GUA notif (Figure 10a) was chosen and an
appropriate ribozyme sequence was prepared and tested for activity. The
ri pozyme contained arms of .8 ribonucleotides. 10 Synt heti c

ol i gonucl eotides corresponding to the ri bozgme of Figure 10 were prepared
according to Exanple 2 and doubl e-stranded cDNA cloned into an in-vitro
expression vector (pGEM 4, see above) in E. coli in order to produce

ribozyme RNA usipgothe L/ of rRzCAT-1 to 3 respectively. The ribozyme
sequences were inactive against the complement of the
substrate RNA (i.e. the (+) strand), and in the form
of oligodeoxyribonucleotides (data not shown). The

5 3°' terminal cleavage fragments from each ribozyme

catalysed reaction were isolated and 5°
32p_kinased (50 mM TrisHCL pH 9, 10 mM MgCl,, 10
mM DTT with 50 uCi y->2P ATP and 5 units T4
polynucleotide kinase for 30 min. at 37°C.).

10 Efficient kinasing of the fragments indicated that
they possessed 5' terminal hydroxy groups, similar to
those produced in naturally occuring cleavage
reactions.

The terminal nucleotide of the fragments produced

15 by cleavage of the CAT sequences by RzCAT-1l to 3 were
determined. Briefly, radiolabelled fragments were
purified on a 5% polyacrylamide gel and digested with
an equal volume of 500 units/ml RNase T1, 25 units/ml
RNase T2 and 0.125 mg/ml RNaseA in 50 mM ammonium

20 acetate pH 4.5 for 120 min. at 37°C. The products
were fractionated on a 20% polyacrylamide gel
containing 25 mM sodium citrate, pH 3.5 and 7 molar
urea. Figure 5b shows that the cleavage: of the CAT
sequences by RzCAT-1 to 3 occurs precisely before

25 nucleotides A, U and G respectively.

The terminal sequence of the CAT gene fragments
were determined directly using the partial enzymatic
digestion technique (Donis-Keller et al., Nucleic
Acids Res. 4: 2527-2538 (1980)), using base-specific

30 partial ribonucleolytic cleavage. The sequence of
the fragments confirmed that cleavage occurred at the
expected locations within CAT RNA (not shown).
Enzymatic Catalysis:

To demonstrate that ribozymes cause cleavage of
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15 pol ynerase transcription system Ribozynme activity was determ ned by

I ncubation of ribozyme RNA with CAT nRNA, foll owed by gel electrophoresis
of the reaction m xture as previously described. The ribozyne effected

cl eavage at the GQUA target ‘20 site (not shd@#). Accordingly, the notif GUA
in RNA is a substrate for ribozynmes of the present .invention. This was not
conpl etely unexpected since one naturally occuring cleavage site in the
satellite RNA of theéeCAT mRRASs@bstshteaknvaroatatgbticemadhetgcagahti on of

a QUA site. was incubated with a molar excess of substrate, under
conditions'which should favour both efficient
cleavage and product dissociation. Figure 6 shows

5 the results of an expetiment where after 75 min. at
50°C, pH 8.0 in 20 mM Mgc12; 10 pmoles of RzCAT-1
had catalysed specific cleavage of 163 pmoles of a
truncated CAT mRNA (173 .bases) substrate to give 5°
and 3* fragments of 139 and 34-bases, respectively.

10 On average, each ribozyme had participated in greater
than ten cleavage events. After 75 minutes at 50°C
some non-specific cleavage of RNA was noticed due to
the extreme conditions, but 70% of the remaining
intact RNAs (163 pmoles) had accumulated as the 139

15 base fragment. Similar results were obtained for
RzCAT-2 and 3 (data not shown), and thus each acts as
an RNA enzyme.

EXAMPLE 3

20 The Effect of Temperature on Ribozyme Activity:

The effect of reaction temperature on the
in-vitro rate of ribozyme activity was examined.

A time course of reactions for ribozymes RzCAT-1
to 3 on CAT RNA substrate at 37°C and 50°C was

25 carried out. o

In this experiment, reactions for each ribozyme
were set up in duplicate, using reaction conditions
for ribozyme cleavage set out in Example 2. One
reaction was incubated at 37°C, the other at 50°C.

30 Samples were removed at time points to 90 minutes and
the extent of reaction was analysed by denaturing
polyacrylamide gel electrdphoresis. Figure 7 shows
the time course of reaction for each of the ribozymes
RzCAT-1 to 3 at 37°C and 50°C. The reaction rate of

L ueinent sheel
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Sinmlarly, a QU notif in the CAT RNA target sequence was tested with an
appropriate ribozyne (See Figure 10b), and cl eavage was effected. 30
EXAMPLE 6 Ri bozynme Cl eavage -of Viral RNA: Viroid RNA, in the formof citrus
exocortis viroid RNA, was cleaved using-a ribggyne of the present

I nventi on.

each ribozyme increases with increased reaction
temperature.

The time taken for 50% (tl/z) cleavage of
CAT RNA is set out in Table 1.

5 ‘ TABLE 1
RzCAT-1 RzCAT-2 RzCAT-3
' ' t1/2 (mins.)
50°C 3.5 3.5 2.5
10 37°C 55.0 70.0 65.0

As shown in Table 1, the rate of reaction of
ribozymes at 37°C is approximately 20 times slower
15 than the rate of reaction at 50°C.

EXAMPLE 4 ,
The Effects of Varying Arm Lengths of Ribozymes (or
Flanki S ) Ril Catalytic Activity:
20 The arms or flanking sequen&es of a ribozyme
(region (I) of formula 1) hybridize the ribozyme to a
target RNA whereafter cleavage of the RNA takes
place. 1In this experiment, the effect on cleavage
rate of a target sequence by altering the extent of
25 complementarity and subsequent length of base pairing
of the ribozyme arms to the target sequence was
investigated. ' _
Ribozymes were produced with 4, 8 and 12 base
complementarity to the target sequence RzCAT-2 on
30 €ach arm (Figure 8a). The ribozymes were prepared
according to the methods of Example 2. Ribozyme
activity was determined@ by incubating the ribozyme
RNA with CAT RNA as described previously.
The ribozyme having a 4 base complementarity on
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29 Two GUC target sites were chosen in citrus exocortis viroid (CEV) RNA
Oné site in the conplenentary strand sequence was al so chosen. R bozynes
were prepared against all of these sites 5 and tested for activity. The
ri pozymes -were designated CEVIX(+), CEVOx(-) and CEV25x(+). Figure 11
shows the three cleavage sites in CEV RNA26or each of these ribozynes.

Ri bozynes were prepared according to previous 10 methods. Ri bozyne
RzCEV25x(+) is shown in Figure

each arm did not cleave the substrate RNA. The
ribozyme with 8 base complementarity on each arm
cleaved the CAT substrate as did the ribozyme having
12 base complementarity. Ribozymes with 12 base

5 complementarity cleaved target RNA more efficiently,
as judged by reaction rate in-vitro than did
ribozymes having a lesser number of base
complementarities. Even though it appears necessary
to have more than four base complementarity,

10 increasing the length of the hybridizing region of

ribozymes increases their reaction rate.

In a second experiment, the reaction efficiency .
of a ribozyme having (a) complementarity to the
entire length of the CAT transcript target RNA and

15 (b) multiple catalytic doméins, was investigated.

Four GUC target sites in CAT RNA sequences were
chosen. Ribozyme catalytic domains against these
sites were "inserted" into a complete anti-sense (-)H
sequence for the CAT transcript and catalytic

20 activity tested. .

The four sites chosen were the three specified by
RzCAT-1 to 3 described previously, and a further site
which may be represented as follows:

New CAT ‘site
25 #192
His His Ala Val Cys Asp Gly-
CAU CAU GCC GUC UGU GAU GGC
where "192" refers to amino acid 192 in the CAT

5° 3
polypeptide and an refers to the site of cleavage.

30 Oligodeoxyribonucleotides containing ribozyme
catalytic domains and spanning each of these cleavage
sites were used for M13 mutagenesis experiments to
produce a sequence containing the entire complement
of the CAT sequence but with the four ribozyme
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12. This ribozyme cleaves the GUC notif at nucl eotide 116 of CEV RNA
Figure 12(b) shows cl eavage of CEV RNA with ribozyme RzCEVI9x(+). No

cl eavage is observed with 15 ribozyme RzCEVOx(-). This experinment indicates
that ribozynmes are active against target RNA sequences from diverse
sources. This is to be éxpected, as all RNAs are fornmed fromthe basic

ri bonucl eoti de buil ding bl ocks 20 of adeni ne, guani ne, cytosine and uracil,
regardl ess of their animal, plant or mcroblal origin.

catalytic domains inserted within it. M13
mutagenesis was performed by binding of
oligonculeotides containing ribozyme insertions to
single stranded M13 DNAs containing uracil, followed
5 by synthesis of complementary DNAs containing the
) ' insertion. The complementary DNAs were recovered
. following cloning in an appropriate Escherichia coli
strain, (T.A. Kunkel 1985, Proc. Natl. Acad. Sci.
U.S.A. 82: 488-492). The resultant double-stranded
10 cDNA was cloned in an in-vitro expression vector to
produce ribozyme RNA using the T7 polymerase
transcription system. Ribozyme activity was
determined by incubation of ribozyme RNA with CAT
transcript followed by gel electrophoresis of the
15 reaction mixture, after glyoxal treatment to denature
nucleic acids. '
Autolytic cleavage occurred at all the expected

'sites on the CAT transcript. Accordingly, the

flanking sequences of arms or a ribozyme may extend
20 along the full length of the RNA transcript which is
to be cleaved. |
Figure 9 schematically shows the production of
catalytic anti-sense RNA containing each of the four
ribozymes. The catalytic anti-sense RNA contains
25 approximately 900 bases.

' Under the above reaction conditions, the ribozyme
and target sequences form high molecular weight
complexes presumably by extensive base pairing. A
strong denaturing treatment such as glyoxal treatment

30 is required to resolve reaction products during
electrophoresis. ’
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EXAMPLE 7 Exanpl es of Ri bozynes Having Variable Catal yti c Donmai ns 25 A
ri bozyne targeted against a CAT-2 site was prepared using the catalytic
dormai n sequence fromthe satellite RNA of subterranean clover nottle virus
(SCvbV). Twel ve base conpl enentarity of ribozyme arm fl anki ng sequence was
incorporated into -the design of 30 the rib28yne RzSCWV. The ribozynes
RzCAT-2 and RzSCWbV are shown at Figures 13a and 13b respectively. The | oop
regi on of RzSCMbV contains 5 nucl eotides, having the sequence AAAUC. This

is to EXAMPLE 5
Target Sequences for Ribozyme Cleavage:
The GUA motif in mRNA was tested to see whether a
ribozyme would effect RNA cleavage at this sequence.
S A specific site in CAT ﬁRNA, including the GUA
motif (Figure 10a) was chosen and an appropriate
ribozyme éequence was prepared and tested for '
activity. The ribozyme .contained arms of 8
ribonucleotides.

10 - Synthetic oligonucleotides corresponding to the
ribozyme of Figure 10 were prepared according to
Example 2 and double-stranded cDNA cloned into an
in-vitro expression vector (pGEH 4, see.above) in E.
coli in order to produce ribozyme RNA using the T7

15 polymerase transcription system. Ribozyme activity
was determined by incubation of ribozyme RRA with CAT
mRNA, followed by gel electrophoresis of the reaction
mixture as previously described. ' '

The ribozyme effected cleavage at the GUA target

20 site (not shown). Accordingly, the motif GUA in RNA
is a substrate for ribozymes of the present
invention. This was not completely unexpected since
one naturally occuring cleavage site in the satellite
RNA of lucerne transient streak virus requires

25 recognition of a GUA site.

Similarly, a GUU motif in the CAT RNA target -
sequence was tested with an appropriate ribozyme (See
Figure 10b), and cleavage was effected.

30 EXAMPLE 6 _
Ribozyme Cleavage of Viral RNA:
Viroid RNA, in the form of citrus exocortis
viroid RNA, was cleaved using a ribozyme of the
present invention.

This is the replacement sheet
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be contrasted with the | oop region of RzCAT-2 which 30 contains 4

nucl eoti des having the sequence AGAG In addition, RzSCMoV contains a Cin
the catalytic region, in place of U* in RzCAT-2. The different sequences in
RzSCMoV when conpared with RzCAT-2 are 5 marked. The RzSCWbV was produced
according to Exanple 2. 29

Two GUC target sites were chosen in citrus
exocortis viroid (CEV) RNA. One site in the
complémentary strand sequence was also chosen.

- Ribozymes were prepared égainst all of these sites

5 and tested for activity. The ribozymes were
designated CEV9x(+), CEV9x(-) and CEV25x(+). Figure
11 shows the three cleavage sites in CEV RNA for each
of these ribozymes. '

Ribozymes were prepared according to previous

10 methods. Ribozyme RzCEV25x(+) is shown in Figure
12. This ribozyme cleaves the GUC motif at
nucleotide 116 of CEV RNA. _

Figure 12(b) shows cleavage of CEV RNA with
ribozyme RzCEV9x(+). No cleavage is observed with

15 ribozyme RzCEV9x(-).

This experiment indicates that ribozymes are
active against target RNA sequences from diverse
sources. This is to be expected, as all RNAs are
formed from the basic ribonucleotide building blocks

20 of adenine, guanine, cytosine and uracil, regardless
of their animal, plant or microbial origin.

EXAMPLE 7

€ D1eS 0O R1DOZYINE (28 Rele varrabl a a 1 1

25 A ribozyme targeted against a CAT-2 site was
prepared using the catalytic domain sequénce from the
satellite RNA of subterranean clover mottle virus
(SCMoV). Twelve base complementarity of ribozyme arm
flanking seqdence was incorporated into the design of

30 the ribozyme RzSCMoV. The ribozymes RzCAT-2 and
RzSCMoV are shown at Figures 13a and 13b
respectively. The loop region of RzSCMoV contains 5
nucleotides, having the sequence AAAUC. This is to
be contrasted with the loop region of RzCAT-2 which

This is the replacement sheet
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Rz%CNbV was active, yielding two cl eavage products as expected. |n another
experinment, the citrus exocortis 10 viroid (CEV) target site at nucl eotide
-336 inits conplenmentary RNA was cl eaved using a ribozyne (RzCEV2) having
t he sequence set out in Figure 14a. The | oop region designated with the
letter "L" in Figure 14 conprises siX nu%Ieotides havi ng the 15 sequence
3'-CCTATA-5'. This is distinct fromthe Ié%p regi on of sTobRV which
conprises four nucl eotides having the sequence 3'-AGAG 5. This

contains 4 nucleotides having the sequence AGAG. 1In

addition, RzSCMoV contains a C in the catalytic

region, in place of U* in RzCAT-2. The different

sequences'in RzSCMoV when compared with RzCAT-2 are
5 marked. ’ .

The RzSCMoV was produced according to Example 2.
RzSCMoV was active, yielding two cleavage products as
expected. Ce

In another experiment, the citrus exocortis

10 viroid (CEV) target site at nucleotide -336 in its
complementary RNA was cleaved using a ribozyme
(RzCEV2) having the sequence set out in Figure 1l4a.
The loop region designated with the letter "L" in
Figure 14 comprises six nucleotides having the

15 sequence 3'-CCTATA-5'. This is distinct from the
loop region of sTobRV which comprises four
nucleotides having the sequence 3'-AGAG-5°'. This
ribozyme cleaves target CEV complementary RNA at
position -336 as shown in the electrophoretic profile

20 of Figure 1l4b. '

This experiment indicates that the number of

. nucleotides, and nucleotide sequence of the loop
region is unimportant in ribozyme activity. 1In these
experiments, the fibozyme was produced according to

25 methods previously described in the specification.

In another experiment, the effect of base pairing
in the catalytic domain (stem region) on ribozyme
activity was investigated.

A modified ribozyme corresponding to ‘RzCAT-2 but

30 containing four extra base pairs was prepared and .
tested. In Figure 15a, the sequence of the ribozyme
Rz CAT-2 is shown hybridized to target CAT RNA. The
test ribozyme is shown at 15b, with the additional
base pairs boxed. The test ribozyme had comparable

This is the repacement sheet
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ri bozyme cl eaves target CEV conplenentary RNA at position -336 as shown in

the el ectrophoretic profile 20 of Figure 14b. This experi nent

that the nunber
I's uni nport ant

I n anot her experinent,

i ndi cat es

of nucl eoti des, and nucl eoti de sequence of the | oop region
in ribozyme activity. In these experinents, the ribozyme was
produced according to 25 net hods previ ousi3g described in the specification.

(stemregion) on ribozyne activity was investigated.

10

15

20

25

30

activity to that of RzCAT-2. This indicates that the
base paired region of the ribozyme catalytic domain
may be of variant length, without effectiné catalytic
activity. .

We have observed (data not shown).that the stable
in vivo form of sTobRV RNA transcripts expressed in
transgenic plants is primarily circular, presumabiy
due tb ligation of S*' and 3* termini. Therefore, the
use of two autolytic cleavage sites flanking a
sequence of interest in an in vivo RNA transcript ié
likely to lead to a circularized product which may
have greater stability than linear transcripts. This
approach appears to provide a novel method for in
vivo stabilization of ribozyme sequences. This is

termed circularization.
EXAMPLE 8
- Iv nv. L ] :

The in-vivo activity of ribozymes in plant cells
is investigated in this Example. '
Experimental Protocol: '

Plasmids containing anti-CAT (CAT=chloramphenicol
acetyl transferase) or combined anti-CAT/ribozyme
gene constructions (see below) were introduced into
tobacco protoplasts in the same amount and proportion
relative to each other, along with another plasmid
which contained a functional CAT gene construction.
CAT activities were measured and compared with the
base level of gene activity. '
Materials and Methods:

(a) Electroporations and CAT assays.

These were performed as described in Llewellyn et

al. J. Mol. Biol. (1987) 195:115-123. Briefly,

protoplasts of Nicotiana plumbaginifolia line TS5 were

This ig the 8placem
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A nodified ribozynme corresponding to RzCAT-2 but 30 containing four extra
base pairs was prepared and tested. In Figure 15a, the sequence of the

ri bozyme Rz CAT-2 is shown hybridized to target CAT RNA. The test ribozyne
is shown at 15b, with the additional base pairs boxed. The test ribozyne
had conpar abl e 31 activity to that of £gCAT-2. This indicates that the

prepared from a suspension two days after subculture,
suspended in l10mM HEPES, pH 7.2, 150mM NaCl, 0.2M
mannitol and adjusted to a density of 3 x 106/m1.

_ Electroporation was carried out using a single 50ms

5 pulse at 250V. Protoplasts were diluted 10-fold and .

cultured and for 20 hr. at 26°C in the dark. They
were disrupted by sonication and extracts obtained.
The extracts were normaliZed for protein content and
assayed for CAT activity in vitro using

10 14C—chlotamphenicol and acetyl CoA. Reaction
products were separated by thin layer chromatography
and visualized by autoradiography. Extent of
reactions were calculated by the production of
radioactive product derivatives from the

15 14C-—chloramphenicol template.
(b) Gene Constructions.

Gene constructions were introduced into 0.1 ml
protoplast suspensions as plasmid DNAs which had been
purified from bacteria by extraction and two cycles

20 of csCl equilibrium density gradient centrifugation.
They were resuspended in 10 mM Tris/l1 mM EDTA/pH=7.5
for use.

The active CAT gene construction was borne on the
plasmid designated pCAT7+. It was derived by fusion

25 of a CAT gene sequence (from plasmid pCM4, see T.d.
Close and R. Rodriguez, 1982, Gene 20:305-316) into
the plasmid pJ35SN (derived from p35SN, W.L. Gerlach
et al., 1987, Nature 328:802-805) so that the active
gene construction was:

30 5¢ 3

358 —ear NOS

35S refers to the 358 CaMV (cauliflower mosiac virus)
promoter, NOS to nopaline synthetase polyadenylation

signal, T/C to transcription.
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base paired region of the ribozyne catal ytic domain may be of variant

| ength, w thout effecting catalytic activity. 5 We have observed (data

not shown) that the stable in vivo formof sTobRV RNA transcripts expressed

in transgenic plants is primarily circular, presumably due to ligation of-
"5  and 3' termni. Therefore, the use of t autol ytic cl eavage sites

flanking a 10 sequence of interest in an i vivo RNA transcript is likely

to lead to a circularized product which may have greater stability than

|l i near transcripts. This

Along with 0.2 ug of pCAT7+ there were added

various gene constructions in excess as described
below. The gene constructions were contained within
plasmids with the following pééignations:

5 pJ35SN - This vector plasmid, a map of which is
shown in Figure 16, contains a 358 CaMV
promoter and plant nopaline synthase 3°*
polyadenylation signal, which may be
depicted as follows:

10 5¢ 3
| 358 NOS
pCAT7-~ - This contains the CAT gene sequence
" inserted into pJ35SN such that transcription
will result in the production of the

15 antisense CAT RNA, which may be depicted as
follows:
5 3
358 CAT NOS
pCAT19- - This contains the CAT gene with four
20 : catalytic ribozyme domains included within

it, (see Example 4 and Figure 9), inserted
into pJ35SN such that transcription will

result in the production of antisense CAT

RNA containing four catalytic ribozyme

25 domains, which may be depicted as follows:
5 3
358 : CAT . NOS
catalytic domain insertions
Results: '
30 The following table shows the relative CAT

‘activities in cells 20 hours after electroporation.
Activity is expressed as per cent conversion of
chloramphenicol substrate in a 1 hour assay. '

‘ heetl
5 1w ute rep\aoement sh

19 JuL 1997

Thi

Pate:



approach appears to provide a novel nethod for in vivo stabilization of

ri Bozynme sequences. This is 15 ternmed circul arization. EXAMPLE 8 In-vivo
Activity of Ribozymes: The in-vivo activity of ribozymes in plant cells 20
is.investigated in this Exanple. Experinmental Protocol: Plasm ds containing
anti - CAT (CAT=chl or anpheni col acetyl trangherase) or conbi ned _
anti-CAT/ri bozyne gene constructions (see below) were introduced into

ug Plasmid Electroporated
Treatment pCAT7+ pJd3S5SN pCAT7- pCAT19- % Conversion

1A . 0

1B : _ 0

5 2Aa 0.2 8 .21
2B 0.2 18 . 46

3A 0.2 9 9 28

3B 0.2 9 9 32

4A 0.2 18 26

10 4B 0.2 18 19
SA 0.2 9 9 19

SB 0.2 9 22

6A 0.2 18 ' 14

6B 0.2 18 16

15 (for each treatment "A" and "B* are duplicates)

The following conclusion can be drawn from these

results:
(a) The introduction of the CAT gene construction
20 results in significant CAT activity - compére

2A,B with 1A,B. There is variability between
duplicates. From the trends seen in the other
samples (see "b" and "c" below) it is likely that
2A shows an abnormally low activity.

25 (b) Concomitant introduction of an antisense gene
construction results in a decrease in the level
of activity - compare 3A,B and 4A,B with 2B. The
extent of the decrease is related directly to the
level of the antisense gene added as plasmid -

30 compare 3A,B and 4A,B.

(c) Concomitant introduction of the combined
antisense/ribozyme gene construction results in a
decrease in gene activity - compare 5A,B and 6A,B
with 2B. Furthermore, the decrease is more

This is toe replacement shee:
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25 {obacco protoplasts in the sane anount and proportion relative to each
al ong with another plasm d which contained-a functional CAT gene
ction. CAT activities were neasured and conpared with the base | evel
of gene activity. 30 Materials and Methods: (a) Electroporations and
These were perforned as described in Llewellyn et al. J. Ml.
(1987) 195:115-123. Briefly, protoplasts oP>Ni coti ana pl unbagi nifolia Iine

ot her,
constru

assays.

T5 were

10

1S

marked than for the corresponding levels of
antisense gene constructions - compare 5a,B with
3a,B, and 6A,B with 4A,B.
The average results for fopr'in-vivo experiments are
shown in Figure 17. In this Figure, "control”
represents treatment 2. “Antisense"” represents
treatment 4. “Catalytic" represents treatment 6 and

“Background” represents treatment 1.

The catalytic ribozyme inhibits CAT activity an
average of 47%, compared to an averagé of 34% for an
antisense ribozyme. '

The introduction of ribozyme-bearing genes into
plant cells inhibits the activity of genes against
which they are Eargeted. Furthermore, the inhibition
is greater than for corresponding antisense RNA
molecules.

These results show that ribozymes will be active
in animal, plant or microbial cells against a range
of target RNA molecules.

The mechanisms of action of the ribozymes in this
Example is unclear. For example, the antisense
ribozyme may irreversibly hybridize to a target RNA
and catalyse phosphodiester bond cleave at one or
more selected target sites along the target RNA.

25 Alternatively, cellular enzymes may unwind the

30

antisense RNA from its target sequence, such that the
target RNA is cleaved into two or more fragments.

CAT
Bi ol .
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32 prepared froma suspension two days after subcul ture,

suspended in 10mM

HEPES, pH 7.2, 150nM NaCl, 0.2M mannitol and adjusted to a density of 3 x
106/ M . El ectroporation was carried out using a single 50ns 5 pul se at

250V. Protoplasts were diluted 10-fold and cul tured and

for 20 hr. at [err]

in the dark. They were disrupted by soni cat #8n and extracts obtained. The

extracts were nornalized for protein content and

EXAMPLE 9

=V

The activity of ribozymes in inactivating a

target RNA in mammalian cells is demonstrated in this

5 Example.
Materials and Methods:

The active gene constructions encoding ribozymes”

were transfected into the widely available monkey

kidney cell line COS1l by electroporation. In this

10 method, 3 x 10°

/ml COS1l cells suspended in a

buffered saline with 10% FCS (foetal calf serum),
were contacted with various gene constructs and an
electric discharge applied to effect electroporation
of DNA into the cells. The transfected cells were

15 incubated at 37°C for 48 hours in culture medium
before assay for CAT and luciferase activity.

CAT gene constructs were borne on the plasmid
designated pTK CAT (Miksicek et al., Cell 46:
283-290, 1986). This plasmid was derived by the

20 introduction of a CAT gene sequence into the plasmid

pSV2 such that it is under the control

of the

thymidine kinase promoter of the herpes simplex virus.

Gene constructs encoding ribozymes

were borne on

the plasmid pSvV232A (De Wet et al., Molecular and

25 Cellular Bioldgy 7: 725-737, 1987) containing the
luciferase gene fused to the SV40 early promoter.
DNA encoding ribozymes was ligated into the XbaI site
at the 3' end of the luciferase gene according to the
standard methods of Maniatis et al. (Molecular

30 Cloning, A Laboratory Manual, Cold Spring Harbour,

1982).

The following constructs were prepared using
standard techniques of Maniatis et al. (Supra):
pFCS8 - This plasmid vector contains DNA encoding

' neet
This is e rep\aoemem L)
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assayed for CAT activity in vitro using 10 [err]-chl oranphenicol and acetyl
CoA. Reaction products were separated by thin |ayer chromatography and

vi sual i zed by aut oradi ography. Extent of reactions were cal cul ated by the
production of radioactive product derivatives fromthe 15

14C- chl or anpheni col tenplate. (b) Gene_Constructions. Gene constructions
were introduced into 0.1 ml protoplast3§hspensions as plasm d DNAs which
had been purified frombacteria by extraction and two cycl es

fibozyme RzCAT-1 fused to the 3' end of the
luciferase gene in a non-functional
orientation.

This may be depicted as fQIIows:

| svao0 . ribozyme | |[small + '
232a earl} 1uc1ferase} 4 RzZCAT-1 p Poly™ [ 232Aa '

where 232A refers to pSv232A sequences; SV40 early
refers to the early promoter of SV40 and small T is

10 DNA encoding the small T intervening sequence of

SV40. This construct results in production of an RNA
molecule-encoding luciferase and the ribozyme
RzCAT-1, the latter being in an orientation such that
it would not be expected to be catalytic.

15 pFC4 - This plasmid is the same as pFC58 except
that RzCAT-1 is replaced with RzCAT-3.

pFCl-6 - This plasmid is the same as pFC58 except
that RzCAT-1 is replaced with RzCAT-3 in the
sense orientation (5'-3').

20 pFC20 - This plasmid is the same as pFCl-6 except
that RzCAT-3 is replaced with RzCAT-2 having
eight nucleotide flanking sequences. -

PFC12 -~ This plasmid is the same as pFC20 except
that the ribozyme RzCAT-2 contains twelve

25 nucledtide flanking sequences. .

pFC50 - This plasmid contains the CAT gene with.
four catalytic ribozyme domains included
within it (see Example 4 and Figure 9) in
the sense orientation (5'-3'), which on

30 transcription gives rise to an inactive
ribozyme. This plasmid may be depicted as
follows:

SV40 CAT gene containing Poly
late ribozyme domains A+

non-catalytic RNA
. This is ti . macement sheet
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20 of CsC equilibriumdensity gradient centrifugation. They were
resuspended in 10 nM Tris/1 nmM EDTA/ pH=7.5 for use. The active CAT gene
construction was borne on the plasm d designated pCAT7+. It was derived by
fusion 25 of a CAT gene sequence (fromplasmd pCW, see T.J. Close and R
Rodri guez, 1982, Gene 20: 305-316) into thggplasm d pJ35SN (derived from
p35SN, WL. Gerlach et al., 1987, Nature 328:802-805) so that the active
gene construction was: [err]

pFC54 - This plasmid is the same as pFCS50, éxcept
that the CAT gene and the ribozyme domains
are in the antisense (3*'-5"') active
orientation.
5 pFC64 - This plasmid shares the SV40 promoter and
' polyadenylation signals with pFCS50 and
contains the wild type CAT gene with no
inserted ribozyme domains. This gene is in
an antisense orientation, and thus does not
10 produce CAT protein.
pFC65 ~ This plasmid is the same as pFC64 except
' that the wild type CAT gene is in the sense
(5'~3') orientation and is thus productive
of CAT protein.
15 Assays: .

Luciferase activity was assayed according to the
methods of De Wet et al. (Supra). Briefly, COS cells
were lysed 48 .hours after transfection, and the cell
lysate incubated with luciferin, the substrate of

20 luciferase, and luminesence detected using a
scintillation counter.

CAT activity was also measured using COS cell
lysates (cell lysates were divided into two, and each
portion assayed either for luciferase or CAT

25 activity), according to the method of Sleigh, M.J.,
Anal. Biochem. 156: 251-256, (1986). |

In the in-vivo assays, pFC58 and pFC4 did not
effect CAT activity in transfected cells. This
activity was designated 100% CAT activity and 0% CAT

30 suppression. CAT activity in cells transfected with
other plasmids wés measured relative to pFC58.
The % of CAT suppression was measured as

o



P

35S refers to the 35S CaW (cauliflower nosiac virus) pronoter, NOS to
nopal i ne synt het ase pol yadenyl ati on signal,. T/C to transcription. 33
Along with 0.2 ug of pCAT7+ there were added various gene constructions in
excess as described bel ow. The gene constructions were contained wthin
plasmids with the follow ng designatiogg:

CAT '
100 - test ) x 100
CATcontrol
normalised to luciferase production. CATtest = CAT

assay result for test constructs. CAT control = CAT
assay for control constructs (pFC4 and pFC58).
Luciferase'production is an internal control for
electroporation, and gives a measure of ribozjme
production within each individually electroporated

tissue culture plate.
10

E *> ! [.}
#g plasmid electroporated/l. 5x106 cells
Treatment pTKCAT pFC58  pFC20 pFCl-6 pFCl2 % CAT

Suppression
1l S 2 56
15 2 S 1 1 : 53
3 5 2 40
4 5 2 0

All treatments were carried out in duplicate and an average
value given.

20 E iment (ii)
Hg plasmid electroporated/l.leO6 cells
Treatment pTKCAT pFC-1-6 PpFC20 pFCl2 pFC4 % CAT
Suppression

2 .75
75

62

. 70

4 . 51
2 0

b BN

25

VWO

10

R RS N NS NS T

Treatments S to 10 were carried out in duplicate and an
average value given.

30 E iment (iii)
ng plasmid electroporatedsl.5x106 cells

Treatment PTKCAT pFCl-6 pFC4 % CAT
Suppression
11 5 2 66
12 5 | 2 0

Thic iz h2 replacement sheel
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5 pJ35SN - This vector plasmd, a map of which is shown in Figure 16,
contains a 35S CaW pronoter and plant nopaline synthase 3' pol yadenyl ati on
signal, which nay be depicted as follows: [err] pCAT7- - This contains the
CAT gene sequence inserted into pJ35SN such that transcription will result .
i 7 the production of the 15 anti sense CAT RNA, which may be
depicted as foll ows:

40

Treatments were carried out in quintuplicate and an average
value given.

E . £ (iv)
#g plasmid electrophorated
Treatment pTKCAT PpFCS0 pFC54 pFC64 pFC65S % CaAT

5 C. e Suppression
13 5 2 0
14 S 2 26
15 S 2 2
16 0 -t 2 NA

10 Each of treatments 13 to 16 were carried out in quadruplicate.

The sense CAT construction (treatment 16) was productive of high
levels of CAT activity in its own right. Therefore %
suppression is not applicant (NA).

A number of experiments were also conducted with

15 the TK promoter of pTKCAT replaced with the human
metallothionein promoter. When this CAT construct
was co-transfected into COS1l cells with plasmids
encoding one or more ribozymes, a marked decrease in
CAT activity was observed.

20 The above results clearly demonstrate the in-vivo
inactivating activity of ribozymes in animal cells.

Whilst the effectiveness of the ribozymes in

vivo, is believed to be caused by one or more
catalytic regions which are capable of cleavage of a

25 target RNA, the presence of such regions in -
*Antisense" RNA type ribozymes may not actually lead
to cleavage in vivo if the entire RNA/antisense RNA
molecule does not fall apart. However, regardless of
whether the molecule falls apart or not, the

30 foregoing Examples demonstrate the effectiveness of
the ribozyme in inactivating the target RNA. Thus,
the invention is applicable to all ribozymes having a

" catalytic region capable of causing cleavage and a

hybridizing region, regardless as to whether cleavage

This is tris replacement shet
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[err] pCATI9- - This contains the CAT gene with four 20 catal ytic
ri bozyme domains included within it, (see Exanple 4 and Figure 9), inserted
i nto pJ35SN such that transcription will result in the production of

ant.i sense CAT RNA containing four catalytic ribozyne 25 . domai ns,
whi ch may be depicted as follows: [err] cmuf{ytic domai n insertions

Resul t s:

actually occurs in the target RNA. i.e. The
hybridizing region may be so large as to cause the
combined RNA/ribozyme to stay together and prevent
the target RNA being cleayed into separated

5 components even though the catalytic region is itself

capable of causing cleavage.

10

This is the replacement sheet
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30, The follewing tahle shows the relative CAT activities in cells 20
hours after electromoration[:fctivity I S expressed as per cent conversion

of chl orarrphen" lmn a 1 hour assay. 34 ug Plasmd .
El ect ropor at ed ekl 1l + pJ35SN eﬁ?T?- pCAT19- % Conversion 1A
0 ' *

CLAIMS:

1. A ribozyme comprising a hybridizing region
which is complementary in nucléotide sequence to at
least part of a target RNA,-and a catalytic region-
which is adapted to cleave said target RNA wherein
the hybridizing region contains 9 or mdre nucleotides.

2. A ribozyme comprising one or more arms formed
of single stranded RNA and having a sequence
complementary to at least part of a target RNA, said
one or more arms being associated with a catalytic
region, capable of cleaving said target RNA; and
where the hybridizing region comprises a single arm
of RNA said arm contains at least 9 nucleotides, and
where the hybridizing region comprises 2 or more arms
of RNA, the sum of nucleotides in said arms is
greater than 9 nucleotides.

3. A ribozyme acéording to claim 2, having two
single stranded arms of RNA, associated with one
another through said catalytic region. '

4. A ribozyme according to any preceding claim
which does not modify cleaved target RNA.

\

This Sheet Be,

Wi

This is the raplacement sheet

Date: 19 JUL 48/



ig‘ ' m 2B 0.2 0 is oA 0
46 3A ///I//”I////I/I///IE 28 3B 0.2
© 26 10 4B . 1 02 ig 5A
0.2 9 9 1443 0.2
9 22 6A 0.2 18 14 6B
0.2 5. ~A]§;bozyme of théGformula: '
3 _ 5¢
(X)X X (X)),
A o
A u
¢ a ¢
C*GGaA
BE
X' x
5 3¢

wherein; X represents any ribonucleotide and each X
residue may be the same or different;

the sum of n and n' is greater than 6 and n
and n* may be the same or different;

an (*) represents a base pair between
complementary ribonucleotides;

X' and X" reptesent ribonucleotides of
complementary sequence along at least part
of their length to allow base pairing
between the oligoribonucleotides, or X' and
X" together form a single RNA sequence
wherein at least part of said sequence
comprises a stem formed by base pairing
between complementary nucleotides;

and optionally, an additional nucleotide
selected from any one of A, G, Cor U is

inserted after lA.

6. A ribozyme as claimed in any preceding claim
“having the formula:

ThlS Sheet Has Been Reﬁ
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15 (for each triﬁmﬂenL__A__and__B_.are duplicates) The follow ng concl usion

can be drawn fromthese results: (a) The introduction of the CAT gene
construction 20 ”I!IIIJ!IH lIHHIl' InLgnlflcant CAT activity - conpare 2A B _
wi th 1A B. There tween dupl iggates. Fromthe trends seen in
t he ot her sanpl es (see Fp " and e below) it is likely that 2A shows an

abnormally low activity. 25 (b) Cbncon1tant i ntroduction of an antisense
gene construction results ig.a decrease in the gevel -

(x)_A X(X)_

A c

A U

¢ 'a e |
- - C *GG A (2)

X *X X

X *X

X * Xy

X X

B

wherein; X represents any ribonucleotide and each X
| residue may be the same or different;

an (*) represents a base pair between
complementary ribonucleotides;

n and n' are as previously defined;

B represents a bond, a base pair, a _
ribonucleotide, or an oligoribonucleotide
containing at least 2 ribonucleotides;

m and m* are 1 or more and may be the same
or different; and

optionally, an additional nucleotide
selected from any one of A, G, C or Uis

inserted after 1a.

7. A ribozyme according to any one of claims 5
or 6, where the sum of n and n' is 16 or greater.

8. A ribozyme according to any preceding claim
wherein the catalytic region is capable of cleaving a
target RNA after the sequence x°uy where x° is
any ribonucleotide, U is uracil and Y is adenine,

cytosine or uracil.

-—
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of activity - compare 3A B and 4A, B with 2B. The extent of the decrease is
related di rectlHl ,mmuﬂ’mum the anti sense gene added as plasmd - 30
conpare 3A, B and; L ) i mtant introduction of the conbined

anti sense/ ri bozyme gene constrlction resul 4 in a decrease in gene activity
- conpare 5A, B and 6AB with 2B. Furthernore, the decrease is nore

9. A ribozyme containing multiple catalytic
domains connected through flanking sequences, each
said flanking sequence including sequences
complementary to the target RNA which is desired to
be inéctivated. o '

10. A ribozyme accérdihg to any preceding claim
which has been stabilized by circularization. '

11. A ribozyme comprised of catalytic antisense
sequences according to any preceding claim.

12. A method for the inactivation or cleavage of
a target RNA which comprises reacting said target RNA
- with a ribozyme as claimed in any one of claims 1 to
11. '

13. A method according to claim 12, wherein said
inactivation occurs in-vivo in prokaryotic or
eukaryotic cells, as a result of transcription of
said ribozyme from a DNA or RNA transfer vector
transfected into said cells or precursors thereof, or
expression of a gene encoding said ribozyme which-is
integrated into the host genome, such that said
ribozyme hyﬁfidizes to and inactivates a desired
cellular target RNA.

14. A method according to claim 13, wherein said-
cells are plant or animal cells.

15. A method according to claim 13 or 14,
wherein the target RNA is endogenous to the cells, or
is exogenous, such as viral RNA.

_—
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35 marked than for the corresponding he corresponding | evel s of antisense gene constructions
- corrpare 5A, B with 3A B, a‘rﬁm\ th 4A, B. The average results for four

i n-vivo experinment sHmmm igure 17. In this Figure, "control"
represents treatnmen » represents treatnent 4. "Catal ytic"

represents treatnment *6 énd "Background" re@esents treatnment 1. The
~catalytic ribozyne inhibits CAT activity an 10 average of 47% conpared to
an average of 34% for an

16. A method according to claim 15, wherein

target viral RNA is selected from RNA of the
HIV(AIDS), hepatitis or other virus causing disease
in mammals.

17. A method according to claim 15, wherein “the .
viral RNA is bacteriophage RNA.

18. Use of a ribozyme according to any one of
claims 1l to 11 1in the manufacture of a medicament
for the treatment of viral disease in man or
animals, said ribozyme being Capable of hybridizing
to and inactivating transcripts of said viral RNA.

19. A method for treating viral or viroid
disease in plants which comprises administering to a
plant a ribozyme according to any one of claims 1 to
11, said ribozyme hybridizing to and inactivating
transcripts of said viral RNA.

20. A composition which comprises a ribozyme as
claimed in any one of claims 1 to 11 in association
with pharmaceutically, veterinarially, or
agriculturally acceptable carrier or excipient.

21. A method for producing a ribozyme according
to any one of claims 1 to 1l which domprises the
steps of:

(a) ligating into a transfer vector comprised of DNA,
RNA or a combination thereof a nucleotide
sequence corresponding to said ribozyme;

(b) transcribing the nucleotide sequence of step (a)
with RNA polymerase; and

. \
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ant i sense r|bezyﬁe——¢he—+ﬁ%%ﬁdue{|on of ribozyme-bearing genes into plant
cells |nh|b|ts Lvit enes agai nst which they are targeted.
Furt her nore, E a ! 1“! Es greater than for correspondi ng anti sense

RNA nnlecules M/that ri bozynes will be active in aninal

pl ant or n1crob|al ceIIs agai nst a range target RNA nol ecul es. 20 The
mechani sms of action of the ribozymes in I's Exanple is unclear. For
exanpl e, the antisense

(c) optionally purifying the ribozyme.

22. A transfer vector comprised of RNA or DNA or
a combination thereof containing a nucleotide
sequence which on transcription gives rise to a
—  ribozyme as claimed in any one of claims~1 to 11.

23. A transfer vector according to claim 22,
which is a bacterial plasmid or phage DNA.

24. A prokaryotic or eukaryotic cell containing
nucleotide sequences which on transcription thereof
give rise to a ribozyme as claimed in any one of
claims 1 to 11. '

[
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ri bozyme may irreversibly hybridize to a target RNA and catal yse
phosphodlester bond cl eave at one or nore selected target sites along the
target RNA. 25 Alternatively, cellular enzymes may unwi nd the antisense RNA
framits target sequence, such that the targeg RNA is cleaved into two or
nmore fragments. 30 36

RIBOZYMES

ABSTRACT
Synthetic RNA molecules having highly specific
endoribonuclease activity (hereinafter referred to as
*ribozymes*) are described. The ribozymes comprise a
5 hybridizing region which is complementary in
nucleotide sequence to at least part of a target RNA,
and a catalytic region which is adapted to cleave the -
target RNA. ' '
Methods for inactivating RNA, and compositions
10 containing ribozymes are also described.

FIG. 1
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EXAMPLE 9 In-vivo Activity of Ri bozynmes in Animal Cells: The activity of

ri bozymes in inactivating a target RNA in manmalian cells is denonstrated
inthis 5 Exanple. Materials and Methods: The active gene constructions
encodi ng ri bozynmes were transfected i r]{2 the wi dely avail abl e nonkey ki dney
cell line COS1 by el ectroporation. Ps 10 method, 3 x [err] COS1 cells
suspended in a buffered saline vm'th 10% FCS (foetal calf serum,
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were contacted with various gene constructs and an el ectric discharge
applied to effect electroporation-of DNA into the cells. The transfected
cells were 15 incubated at [err] for 48 hours in culture medium before
assay for CAT gnd luciferase activity. 2¢8J gene constructs were borne on
the plasm d deSignated pTK CAT (M ksicek et al 2 Cell 46: 283-290, 1986).
This plasm d was derived by the 20 intrhoduction of a CAT gene seguence into
the plasm d pSV2 such that it is under Jthe control of thes ﬂvﬁid e ki nase

promoter of the herpes sinplex viruggggl #4 GUCG--~
5°¢ U
-——-CCUGUC ACCGGA
X % % % % * k Kk Kk % *%
:3-;-—GGACA UGGCCU
A c - - .0
A g UUGUGUGCCUAG—~~~
G A G Rz-RNA S’
C*G G A
A*U U
G*C
G*C
A G -
GU FIGURE 2
b
1 2 3 4 $
Rz~ .
| W o - a |-
S-
- Gy -84
an @ |-v
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Cene constructs encoding ribozymes were borne on the plasm d pSV232A (De
Wet et al., Mdlecular and 25 Cellular Biology 7: 725-737, 1987) containing
the luciferase gene fused to the SV40 early pronoter. DNA encodi ng

ri hozynmes was |igated into the Xbal sigg?@t the 3' end of the luciferase
gene according to the stang?rd met hods Maniatis et al. (Ml ecular 30

Cl oni ng, ‘A Laboratory Manual', Cold Spring Harbour, 1982). The follow ng
constructs were prepared usihﬁ standard techni ques of Maniatis et al.
(Supra):

5!

FIGURE 3
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pFC58 - This plasm d vector contains DNA encodi ng © 37 ri bozyme RzCAT-I
fused to the 3' end of the luci-ferase gene in a non-functional orientation.
This may be depicted as follows: [err] where 232A refers to pSV232A

sequences, SV40 early

4/20
FPIGURE 4
a -
5' CAT RNA transcript | 3
i @ T
1 139414C 494,495 835
Rz 71 Rz <2 Rz, -3

CAT - CAT CAT
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refers to the early pronoter of SV40 and small T is 10 DNA encoding the
small T intervening sequence of SV40. This construct results in production
of an RNA nol ecul e encodi ng luciferase and the ribozyne RzCAT-1, the latter
beisng in an orientation such that it wgpp d not be expected to be catalytic.
15 pFCG4 - This plasmd is the sane %gﬁl 8 except that RzCAT-1 is

repl aced with RzCAT-3. pFCl-6 - This ﬁ 2y I's the sane as pFC58 except

that RzCAT-1 is replaced with RiCAT 31in the sense orientation (5 -3").
b RzCAT-

1
S Ala Phe Gln Ser val Ala Gln 3
GCAUUUCAGUC AGUUGCUCAA

..'.It.. ¢ & 2 & ¢ & 4 &
UAAAGUCA ucaaccacs
- 3' A c
A U
6 AN G
C*GG A
AU U
G+*C
G*C
A G
GU
c RzCAT-2 site:
£143 1 _
g¢ Phe Phe Val Ser Ala Asn 3¢
UGUUUUUCGUC vscaGgeccaauc
tt!.tttt .ttttttt
AAAAAGCA AGUCGGUU
3 A C
' A U
G A G
C*GG A
AU U
G*C
G*C
A G
G A
d RzCAT-3 site:
4199 1
5 Phe His Val Gly Arg Het 37
GcyuuccauGguUcC GGCAGAAUGC
Ctti..“ a ¢ & & & & & e
AAGGUACA CCGUCUUA ,
3 A c 5
' A u
G A G
C*GG A
- : AU U
®
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20 pFC20 - This plasmd is the sane as pFCl-6 except that RzCAT-3 is
repl aced with RzCAT-2 having ei ght nucl eotide flanking sequences. pFCl2 -
This plasmid is the same as pFC20 except that the ribozyme RzCAT-2 contains
twetve 25 nucl eoti de fl anki ng %?%uences. pFC50 - This plasm d
contains the CAT gene with four catalyt@c? ri bozyme domains included within

It (see Exanple 4 and Figure 9) i”ﬁﬁ?ﬁuﬁf@§e orientation (5 -3"), which on
30 transcription gives riseto

an q nact ive

‘ -173-

-_——— -139
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ri bgzyme. This plasm d may be depicted as follows: [err] 38 pFC54 - This
plasmd is the sane as pFC50, except that the CAT gene and the ribozyne
dormains are in the antisense (3 -5") active orientation.

3

7/20
FPIGURE Sb
b
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5 pFCB4*7“TﬁT§”ET§§ﬁTH-§ﬁa}es the SV40 pronoter and pol yadenyl ati on signal s
wi th pFC5Q. apds GRmeaiRepladethie wi | d type CAT gene with no inserted ribozyne

donmi ns. ' ' an anti sense orientation, and-thus does not 10
produce CA E‘\ 5 - This plasm g/é(?g the sane as pFC64 except that
e = 1

the wild t I's in the sense ( ) orientation and is thus
productive of CAT protein. 15 Assays:
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Luci ferase activity was assayed according to the nethods of De Wt et al.

( Supra).
cell lysate incubated with luciferin,
| uni nesence detected using a scintillati
measured using COS cell lysates (cell
EUREi% her for luciferase or

- each portion asd%
to the method of Sleigh; MJ.

po count er .

37oC. pH 8.0, 20mM Mg++

Briefly, COS cells were |ysed 48 hours after transfection,
t he substrate of 20 | uciferase,
CAT activity was al so
| ysates were divided into two, and
CAT 25 activity),

. Roat—di ochemvage 251-256, (1986).

X ecteaved
l“ > :
-3 R I iy
= 1 J | 1 1 j 1 1 . 1
0 10 20 30 40 50 €0 70 80 0
milnutes
= subetrole -+ 3 preduct

Rcat—2 cleavage
370C, pH 8.0, 20mM Mg++

X" eleaved

minufles

- substrale ~* $° product

‘Rcat—3 cleavage
© 370C, pH 8.0, 20mM Mg++

X claaved
100 < . -
1. ETTPO: e . ........:..................:.................:........E ........
[ SRR SO SO -voor- - S e
R ==
: T A= :
: P :
e : :
20 -.....-).....---3...--...:.- .
s - :
° 1 L 1 3 A 1 1 3
° 1 20 30 @ % 6 2 e s
minules

= substratle =+ $° praduct

is Sheet Has Been Replaced

T

and t

This is the repiacem

Date:

he

and

accordi ng

erﬁ sheet

19 Jut 1997



In;the in-vivo assays, pFC58 and pFC4 did not effect CAT activity in
transfected cells. This activity was designated 100% CAT activity and 0%

CAT 30 suppression. CAT activity in cells transfected with other plasm ds
wasg neasured relative to pFC58. The % of %5 suppressi on was nmeasured as

39 [err]
FIGURE 7 (cont)
Rcat—1 cleavage
SOOC._pH 8.0, 20mM Mg++
IOO‘ clnud .
] ;: E 1 ¢
L 2 4 ¢ s 10 12 7]
mlnulos_
= substrate =+ 3 preduct
Rcat—-2 cleavage
500C, pH 8.0, 20mM Mg++
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Rcat—-3 cleavage
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norpualised to luciferase production. [err] = CAT assay result for test
constructs. CAT control - CAT assay for control constructs (pFC4 and
pFE58) . Luciferase production is an internal control for electroporation,
| and gi ves a measure of ribozyme producllf® within each individually

e ]S oK T O R 2 S AT LOMAEEENTAR

pFA -6 PpFCl2 % CAT

€139 {

-Ile. Glu Aan Het Phe Phe Val lSOt Ala Aen Pro Trp Val Ser
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AGCA AGUC
3 . A ‘c & -~
- - A o

¢ A G
C*'CC A
AU [+
G*C
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A G
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2x4

4139 t .
Ile Glu Asn Met Phe Phe Val ‘Ser Ala Asn Pro Trp Val Ser
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: Gec
G*C
A G-
GA
{
1139 {

Ile Glu Asn MHet Phe Phe Val iSet Ala Asn Pro Trp Val  Ser
AUUGAGAAUAUGUUUUUCGQGUC UCAGCCAAUCCCUECGGUGAGYU
tes et ecsasnnece t‘ittllttttgl
AUACAAAAAGCA IGUCGGUUACGAA

3 A ¢ s
) A g
G A €
(S X- 2 U 2x12
. AU U
—_— G*C
et Has Been Reilaced e-e FIGURE 8a

ML °

>

G A

This is the replacement sheet

Date: 19 JUL 1997



Suppression 1 5 2 : 56 15 2

5° 1 1 53 3 5
2 40 4 5 ) 0 Al
treatments were carried out in dUpllﬁZ gﬁand an average val.ue given. 20
Experiment (ii) pg plasm d el ectroporéated/ 1.5x[err] cells Treatment pTKCAT
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5 5 2 - 75 6 5

L3

2 75 7 5 4
62 25 8 5 1 1 70 9
' 5 % 4 51 10 ' 5
2 ' 0O Treatments 5 to 10 were c3 )’i(Fd out in duplicate and an
average value given. 30 Experinment (iili ? pPg plasm d el ectroporated/ 1.5[err]
cell s Treat ment pTKCAT pFC -6 pFC4 % CAT
FIGURE 10
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66 12 5
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Treat ment pTKCAT pFC50 pFC54 pFC64 pFC65 % CAT 5

Suppression 13 5 2 0 14 5
2 26 15 5 2
2 16 0 : 2 NA 10 Each of treatnents

13 to 16 were carried out in quadruplitsf20. The sense CAT construction
(treatnment 16) was productive of high levels of CAT activity inits own

right. Therefore % suppression is not applicant (NA). A nunber of
experinments were al so conducted with '

' FIGURE 12
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15 the TK pronoter of pTKCAT replaced with the hurman netal |l ot hi onein
pronoter. Wen this CAT construct was co-transfected into COS1 cells with
pl asm ds encodi ng one or nore ribozynes, a marked decrease in CAT activity
was. observed. 20 The above results clearly denpnstrate the in-vivo

i nactivating activity of ribozymes in gyg pmal cells. Wilst the

ef fectiveness of the ribozynmes in vivo, I's believed to be caused by one or
nore catal ytic regions which are capable of cleavage of a 25 target RNA,

t he presence of such regions in

FIGURE 13
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"Antisense" RNA type ribozymes may not actually lead to cleavage in vivo if
the entire RNA/anti sense RNA nol ecul e does not fall apart. However,

regardl ess of whether the nolecule falls apart or not, the 30 foregoing
Exa¥pl es denonstrate the effectiveness of the ribozynme i'-n inactivating the
target RNA. Thus, the invention is applA/egable to all ribozynmes having a
catal ytic region capable of causing cleavage and a hybridi zi ng region,

regardl ess as to whet her cl eavage

FIGURE 14
a
s! ' J/ ! 31
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41 gctually occurs in the target RNA. i.e. The hybridizing region my be so
| arge as to cause the conbined RNA/ri bozyne to stay together and prevent
the target RNA being cleaved into separated 5 conmponents even though the
cat"al ytic region is-itself capable of cau/S| ng cl eavage. 10

PIGURE 15

Asn  Met Phe Phe Val Ser Ala Asn  Pro Trp -
AAUVUAUGUUUUUCGUC UCAGCCAAUCCCUGG
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-42- THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOWG: 1. An

ol #gori bonucl eoti de conpound capabl e of cleaving a target RNA nolecule at a
sel[ected cl eavage site, said oligoribonucleotide conprising (i) the
cglalytic region of a ribozyme, the catal)/tic activity of said region being
i ndependent of the sequence of the targd¥2@NA and cl eaving the target RNA
at the selected cleavage site, and (ii) a hybridizing region containing 9
or nore nucl eotides and conprising a hybridizing armextending fromthe 5

end of the catalytic region and a
FIGURE 16
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hybridi zing armextending fromthe 3 end of the catalytic region, said
arms being of sufficient length to enable stable hybridization to regions
offCoanenentary sequence in the target RNA flanking the sel ected cl eavage
sefe. 2. A compound having the formula: [err] wherein each X
represents a ribonucl eotide which may 2020 he sane or different; wherein
each of [err] and [err] represents an oligo-ribonucleotide having a
predet er mi ned sequence which is capable of interacting through base-pairing
with an RNA target sequence to be cl eaved

FIGURE 17
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stably interact

10
N
15
20
N

25

30

3- - and does not naturally occur coval ently bound | REPEAE
- U- G A-, respectively; wherein each of n and n’' o
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with the RNA target sequenge through

each arm did not cleave the substrate RNA. The
r1bozyme w1th 8 base complementarity on each arm
cleaved the CAT substrate as did the ribozyme hav1ng
12 base complementarlty. Rlbozymes with 12 base
complementarity cleaved target RNA more efficiently,
as judged by reaction rate in-vitro than did
ribozymes having a lesser number of base
complementarities. Even though it appears necessary
to have more than four base complementarity,
increasing the length of the hybridizing region of
ribozymes increases their reaction rate.

In a second experiment, the reaction efficiency
of a ribozyme having (a) complementaritylto the
entire length of the CAT transcript target RNA and
(b) multiple catalytic domains, was_invesfigated.

' Four GUC target sites in CAT RNA sequences were

chosen. Ribozyme catalytic domains against these

sites were "inserted" into a complete anti-sense (-)
sequence for the CAT transcript and catalytic
activity tested.

The four sites chosen were the three specified by
RzCAT-1 to 3 described previously, and a further site
which may be represented as follows:

New CAT site
#192
His His Ala Val]Cys Asp Gly
5' cau cau ‘éec GucYueu GAU GGe 3
where "192* refers to amino acid 192 in the CAT
polypeptide and an"'refers to the site of cleavage.

Oligodeoxyribonucleotides containing ribozyme
catalytic domains and spanning each of these cleavage
sites were used for M13 mutagenesis experiments to
produce a sequence containing the entire complement
of the CAT sequence but with the four ribozyme
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An ollgorlbonucleotlde compound capable of cleaving a

target RNA molecule at a selected cleavage site, said
oligoribonﬁcleotide comprising (i) the catalytic region of a
ribozyme, the catalytic activity of said region being independent -
of the sequence of the target RNA and cleaving the target RNA at
the selected cleavage site, and (ii) a hybridizing region
.containing 9 or more nucleotides and comprising a hybridizing arm
extending from the 5§’ end of the catalytic region and a
hybridizing arm extending from the 3’ end of the catalytic

region, said arms being of sufficient léngth to enable stable
hybridization to regions of complementary sequence in the target

RNA flanking the selected cleavage site.

2. A compound having the formula:

3 (x)n--x x—(x)n. 5’

e

U
\G :
3 . \T
LN
(o] * G
X * X G\\i
X o+ X
(g)m * (;)m.
XY,

wherein each X represents a ribonucleotide which may be the same

or different;

wherein each of (X), and (X), represents an oligo;ribonucleotide
' having a predetermined sequence which is capable of interacting

through base-pairing with an RNA target sequence to be cleaved
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and wherein (X)t‘ H | i gori bonucl eoti de whilclf may be prese 't or
absent with the “mﬂ ﬂﬂmﬂﬂm l epresents an integer |ch0iqsggce1993r t han
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and does not naturally occur covalently boundjto the

X-A-A-G-C- and X-C-U-G-A-, respectively;

wherein each of n and n’ represents an integer which defines the
number of ribonucleotides in the oligonucleotide with the provise
that the sum of n + n’is sufficient to el}gﬁrthe'ribozyme to
stably interact with the RNA target sequence through base

pairing;

wherein each * represents base pairing between the

ribonucleotides located on either side thereof;

wherein each solid line represents a chemical linkage providing
covalent bonds between the ribonucleotides located on either side
thereof;

wherein a represents an integer which defines a number of
ribonucleotides with the proviso that a may be 0 or 1 and if 0,

the A located 5’ of (X), is bonded to the G located 3’ of (X),;

wherein each of m and m’ represents an integer which is greater
than or equal to 1;

wherein each of the dashed lines independently represents either
a chemical linkage providing covalent bonds between the
ribonucleotides located on either side thereof or the absence of

any such chemical linkage; and

wherein (X), represents an oligoribonucleotide which may be
present or absent with the proviso that b represents an 1nteger

which is greater than or equal to 2 if (X), is present.
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G (X) C\A
l 1%
c * G G
X * X Nx
X * X
Kig * Xy
‘(x);,

wherein each X represents a ribonucleotide which may be the same

or different;

wherein each of (X), and (X),» represents an oligoribonucleotide

having a predetermined sequence which is capable of interacting

- through base-pairing with an RNA target sequence to be cleaved

and does not naturally occur covalently bound to the sequences

A-A-A-G-C- and X-C-U-G-A-, respectively;

wherein each of n and n’ represents an integer which defines the
number of ribonucleotides in the oligonucleotide with the proviso
that the sum of n + n’ is sufficient to allow the ribozyme to
stably interact with the RNA target sequence:through base

pairing;

wherein each * represents base pairing between the

ribonucleotides located on either side thereof;

wherein each solid line represents a chemical linkage providing

covalent bonds between the ribonucleotides located on either side

thereof;

wherein a represents an iﬁteger which defines a number of
ribonucleotides with the proviso that a may be 0 or 1 and if 0,

the A located 5’ of (X), is bonded to the G located 3’ of (X),;
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bonded to the G located 3' of (X a;
than or equal to 1; -

wherein each of the dashed lines independently represents either

a chemical linkage providing covalent bonds between the

ribonucleotides located on either side thereof or the absence of

any such chemical linkage; and

wherein (X), represents an oligoribonucleotide which may be

present or absent with the proviso that b represents an integer

which is greater than or equal to 2 if (X), is present.

—
4. A compound having the formula:
3 (x)n_l—a'\ T—(X)n._ | 5
3 A C\
I
A U
N\
G,
G (x) \A
] | ®a
C * 2
X * X “X
X : X
(X) (X)_,
2 o am
\/ “‘ 'o’_
g

wherein each X represents a ribonucleotide which may be the same

or different;

wherein each of (X),.; and (X)), represents an

oligoribonucleotide

having a predetermined sequence which is capable of interacting

through base-pairing with an RNA target sequence to be cleaved

and does not naturally occur covalently bound to the seQuences

C-A-A-A-G-C- and X-C-U-G-A-, respectively;
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wherein each of n and n’ represents an int
number of rlbonucleotldes in the oligonuclgotide wi
that the sum of n + n’ is sufficient to éllow the ribozyme to
stably interact With the RNA target sequence through base

pairing;

wherein each * represents base pairing between the

ribonucleotides located on either side théreof;

wherein each solid line represents a chemical linkage providing
covalent bonds betwéen the ribonucleotides located on either side

thereof;

wherein a represents an integer which defines a number of
ribonucleotides with the proviso that a may be 0 or 1 and if O,

the A located 5’ of (X), is bonded to the G located 3’ of (X),;

wherein each of m and m’ represents an integer which is greater

than or equal to 1;

wherein each of the dashed lines independently represents either
a chemical linkage providing covalent bonds between the
ribonucleotides located on either side thereof or the absence of

any such chemical linkage; and

wherein (X), represents an oligoribonucleotide which may be
present or absent with the proviso that b represents an integer

which is greater than or equal to 2 if (X)), is present.

represents an intege which is greater t han
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wherein each X represents a ribonucleotide which may be the same

or different;

wherein each of (X),, and (X), represents an oligoribonucleotide
having a predetermined sequence which is capable of interacting
through base-pairing with an RNA target sequence to be cleaved
and does not naturally occur covalently bound to the sequences

C-A-A-A-G-C- and X-C-U-G-A-, respectiveiy;

wherein each of n and n’ represents an integer which defines the

\/ number of ribonucleotides in the oligonucleotide wich the proviso
that the sum of n + n’ is sufficient to allow the ribozyme to
stably interadt.with the RNA target sequence through base

pairing;

wherein each * represents base pairing between the

ribonucleotides located on either side thereof;

wherein each solid line represents a chemical linkage providing
covalent bonds between the ribonucleotides located on either side

thereof;
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the RNA t rough base pairing; wherej

base pairing

| N eqoh ko ggvegernts
i t her si de t hgr dof
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eger which is

wherein each of m and m' represents an i

greater
than or equal to 1;

wherein each of the dashed lines independently represents either
a chemical linkage providing covalent bonds between the

ribonucleotides located on either side- thereof or the absence of

-any such chemical linkage; and

wherein (X), represents an oligoribonucleotide which may be
present or absent with the proviso that b represents an integer

which is greater than or equal to 2 if (X), is present.

6. The compound of any one of claims 2 to 5, wherein the sum

of n + n’ is greater than or equal to 14.

7. The compound of any one of claims 2 to 6, wherein each of n

and n’ is greater than 6.
8. A compound having the formula:
T IR T Y
3 [ (Y)r——Q——(Y)s lz 5

wherein Q represents a compound of any one of claims 2 to 6;

wherein each Y represents a ribonucleotide which may be the same

or different;

wherein each of r and s represents an integer which may be

greater than or equal to 0; and
wherein z represents an integer greater than or equal to 1.

9. The compound of any one of claims 1 to 8, wherein the RNA

. target sequence to be cleaved is a viral RNA sequence.
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bet ween the ribonucl eotides |ocated on either side thereol orthe—absence
claims 1 to 9, in association with a pharmaceutically,

of
~veterinarially, or agriculturally acceptable carrier.
11. A method for producing the compound of any one of claims 1
to 9, which comprises the steps of:

(a) ligating into a transfer vector comprised of DNA, RNA
or a combination thereof a nucleotide sequence
corresponding to said compound;

(b) transcribing the nucleotide sequence of step (a) with

_ an RNA polymerase; and
e (¢) recovering the compound.
12. A transfer vector comprised of RNA or DNA or a combination
thereof containing a nucleotide sequence which on transcription
gives rise to the compound of any one of claims 1 to 9.
13. A composition which comprises the transfer vector of claim
12 in association with a pharmaceutically, veterinarially or
agriculturally acceptable carrier.
14. A prokaryotic or eukaryotic cell comprising a nucleotide
U sequence which is, or on transcription gives rise to, the

compound of any one of claims 1 to 9.

15. A eukaryotic-cell of claim 14:

16. A plant or animal cell of claim 15.

17. A_plant which comprises the plant cell of claim 16.

18. A method for inaétivating a target RNA in a cell which
éomprises contacting the target RNA within the cell with the

compound of any one of claims 1 to 9, wherein the compound is

capable of interacting through base-pairing with the sequence of
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the target RNA under conditions such tha tabl
interacts through base-pairing with the target RNA and the target
RNA is cleaved.

19. A method of claim 18, wherein the target RNA is a transcript

"of a gene which is endogenous to the cell.

20. The method of claim 18, wherein the target RNA is a transcript

of a gene which is exogenous to the cell.

21. The method of any one of claims 18 to 20, wherein the cell is

a prokaryotic or eukaryotic cell.

22. The method of claim 21, wherein the cell is a plant or animal

cell.

23. The method of claim 22, wherein the plant cell is a component

-of a plant.

24. A method for the treatment of a condition associated with a
target RNA in man or animals, which comprises the use of the
compound of any one of claims 1 to 9 or of the transfer vector of

claim 12.

25. A method for the inactivation of a target RNA in plants, which
comprises the use of the compound of any one of claims 1 to 9 or of

the transfer vector of claim 12.

26. A method for the treatment of a viral disease in man or
animals, which comprises the use of the compound of any one of

claims 1 to 9 or of the transfer vector of claim 12.
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nucleic acid sequence which is, or on transcription gives rise to
an oligoribonucleotide compound of any one of claims 1 to 9 capable
of cleaving said target RNA at a selected cleavage site so ‘as to
cause the inactivation of said target RNA under condltlons such

e T

that the target RNA is cleaved and inactivated.

28. The method of claim 27 wherein the oligonucleotide compound

is formed in the eukaryotic cell.

29. The method of claim 27, wherein the oligonucleotide compound

is formed outside the eukaryotic cell.

30. A  eukaryotic host cell comprising an exogenous
oligoribohucleotide compound of any one of claims 1 to 9 capable of
cleaving a chosen endogenous or exogenous target RNA at a selected

cleavage site so as to cause cleavage and inactivation of said

target RNA.
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RIBOZYMES

ABSTRACT.
Synthetic RNA molecules having highly specific
endoribonuclease activity (hereinafter referred to as
*ribozymes*) are described. The ribozymes comprise a

S hybridizing region which is complementary in
. nncleotide sequence to at least part of a target RRA,

10

and a catalytic region which is adapted to cleave the -

target RNA. : o
Methods for inactivating RNA, and compositions

containing ribozymes are also describhed.
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8. A conpound having the fornmula: [err] wherein Q repregerts—a—econrpound
of any one of clains 2 to 6; wherein each Y represents a rREBhA@MN’FISHEET
whi ch may be the sane or different; wherein each of r and|s [Tepresents—=a
i nt eger which may be greater than or equal to 0; and whereir re S

an) SoREC

an integer greater than or equal to 2 // The conpound d
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e to be clea e&t—i-—s—a_xLL.LaJ.__R\lA

clains 1 to 8, wherein the RNA target
sequence. | S-RNA 3!
R UG-
---CCUGUC ACCGGA
R EE * % ¥ ¥ X %
---0GACA UGGCCU
3 A C U
A U UUGUGUGCCUAG -—
G A G '
C*G G A  Rz-RNA
AU U
G+C
AG*CG
F16.2a. cu
U
1 2 3 & 5
Rz~
S—
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F16.2b.




10" A conposition which conprises the conpound of any on
9, in association with a pharmaceutically, veterinariallyR AK@%HWWT%HFET

agriculturally acceptable carrier. 11. A nethod for proddycijng the conpound
. of any one of clainms 1 to 9, which conprises the steps off: (a9 NDFgai9pg
into a transfer vector conprised of DNA, RNA or a conbi ngtijon thereof a

- nucl eotide sequence correspondi ng tzzigcﬂgfonpound; (b) tjranscri br ng THE

~ nucl eotide sequence of step (a) wit
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an RNA pol ynerase; and (c) recovering the conpouhd. 12. A transfer

.vector
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seguence which on transcription gives rise to the
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claims 1 to 9. 13. A conposition which conprises the [transfer vect
claim12 in association with a pharmaceutically, ve eri@%' d}ggqr

r jof

cdl |

agriculturally acceptable carrier. 14. okaryot i r eukaryotic
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S CAT RNA TRANSCRIPT
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1 1391140 494 495 6621663

| Rzc Rz Rz 73
\./’ .
Fic.4a.
RzCAT-1 SITE:
#24 -
5|Alu Phe Gln Ser Val Ala Gln 3!
GCAUUUCAGUC AGUUGCUCAA
UAAAGUCA LCJCAACGAGl
\ ' -3l . A 5
% 3 A !
G A G
*G G A
AU U
G*C
G+C
G
GU



15. A eukaryotic cell of claimi14. 16. A plant or animal cell of claim 15.
17. A plant which conprises the plant cell of claim16. 18. A nethod for

i nactivating a target RNA in a cell which conprises contacting the target
RNA within the cell with the conpound of any one of -cl BB slwh rer-gi N
t he conpound is capable of interacting through base- paitiof ’gﬁﬁ? [}

sequence of the target RNA under gopdjpjy ons such tHa |
ab y ' 5 /D

t
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RzCAT-2 SITE:

#143
g/ Phe Phe Val lSer Ala Asn 3!
UGUUUUUCGUC UCAGCCAAUC

AAAAAGCA AGUCGGUU
3! A C gl
A U
| . G A G
N C«G G A
- AU U
G+C
- G=C
A G
GA

Fi16.4c.

RzCAT-3 SITE:
#199 -
5l Phe His Val Gly Arg Met 3!
GCUUCCAUGUC 'GGCAGAAUGC
s - AAGGUACA CCGUCUUA
- . 3! A C 5!
A U
G A G
*6 G A
AU U
G*C
G*C
A G
GU

Fi16.4d.



i nteracts through base-pairing with the target RNA and the target RNA is
.cleaved. 19. A nethod of claim 18, wherein the target. RNA is a transcript

. . ; [
of _a gene which is endogenous to the cell. 20. The ”‘:ﬁﬂ?ﬂAﬁhﬁzﬁW" ot

wherein the target RNA is a transcript of a gene whi

Q0e1oY ;]‘- ‘E t he

cell. 21. The nethod of any one of clains 18 to 20, [wherein the cel S a
prokaryotic or eukaryotic cell. 22, The_nethod of clpim ﬂﬂ DEcigm
cell is a plant or animal cell. 26 79 met hod of c m 22, wherein tihe

plant cell is a conponent

F16.5a.




of “a plant. 24. A nethod for the treatnent of a condition associated with a
target RNA in man or animals, which conprises the use of the conpound of

any one of clains 1 to 9 or of the transfer vector

gf—etai-m12—25 A
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-51 - 27. A nethod for inactivating a target RNA in a eukaryotic cel
whi ch conprises introducing into the nucleic acid sequence which is, or on

claims 1 to 9 capable of cleaving said target RNA at
site so as to cause the inactivation of said target
such that the target RNA is cleav€;>947 ynact i vat ed.
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I n the eukaryotic cell. 29.

eukaryotic
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conpound of any one of clains 1 to 9 capable of cleavin
endogenous or exogenous target RNA a

cause cl eavage and inactivation of s

an
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The nethod of claim 27 wherein the oligonucleotide

The nethod of claim 27, whe
ol i.gonucl eoti de conpound is fornmed outside the eukaryoti
exogenous of i

RNA.

PORCRMERT Sies

cel | . 30.

chosen

gorg PHRHECHRY Atqde

ected cl eavage Site soas—to-

RzCAT-1 CLEAVAGE
370C,pH 8.0,20mM Mg++

100 %CLEAVED
80 -
60— =11 =1
40 ;,v“%"‘"'"
20 ,vL
ol
0 10 20 30 40 50 60 70 80 9N
MINUTES
~~SUBSTRATE ~~3' PRODUCT
RzCAT-2 CLEAVAGE
370C, pH 8.0,20mM Mg++
% CLEAVED
100
80
60- =~ — ==
40 rene e =
20—7“
c.

0 10 20 30 40 50 60 70 80 90
MINUTES
--SUBSTRATE

% CLEAVED

~5' PRODUCT

RzCAT -3 CLEAVAGE
370C,pH 8.0,20mM Mg++

100
80 -
" \\ﬁ =t
40— —— = —
20—
o
04—
0 10 20 30 40 50 60 70 80 %
MINUTES
Fi16.7 ~SUBSTRATE  ~+5' PRODUCT




| REPLACEMENT SHEET

C9 DEC 1997

/19

 RzCAT-1 CLEAVAGE
500C, pH 8.0, 20mM Mg++

1002 CLEAVED
' 80\ /-—-"'"W-_EJ
60~ —T
40 1‘/7’. <
20 7
0 — ' |
Y 3 L & 8 1 D 1
MINUTES '

g = SUBSTRATE == 3! PRODUCT
Rz CAT -2 OLEAAGE
500C, pH 8.0,20mM Mg++

% C(LEAVED
100
80
N =1 =
60— -
40
“ T
.20 //
0-L
0 2 4L 6 8 1 2 %
MINUTES
v ~-SUBSTRATE =~ 5' PRODUCT
Rz CAT -3 CLEAVAGE
500C,pH 8.0 ,20mM Mg++
% CLEAVED
100 + —___-#—.—q——--
Bc \ /v“ﬂ’
01N~
M
0 V
1 .
0 2 4L 6 8 1 2 %
' . MINUTES
f'-IG.Z (cont.) -5

~—e~-SUBSTRATE



=
=2
mm
Lo
H &
18] o
B
m
N

V9 3 0DQ9/

9 Vv
Bl
)+
N N«v
N v
1S J Vv €
nNnNooviInoyv ViovvVvVvy
. EEE R EE RN * XK ENNER
m3u<usoou:uuun<<uuu<u:— uDouD::DDaD<:<<u<DDD<m
1= J8g oA di] oid usy D ._mm“ JOA . ®d B8Yyd 4B usy NY me#_
: I
Vo
9 Vv
Bl
)0
N Ny
n \/
19 ) v i€
Jnoyv <u_u
Du<uzuuusuuu3<<uuw<u3. u:&u:::::un<3<<u<u:3<m
DA 3yd 3yd 48W usy Mo I !

€ Jas jop diy oid usy vy JIS !
6ELs



6ELH#

=
= o .
S w . . .
= (1) ' DQ*9/of
Z 3
.D.
£ VD
g v
3+0)
J#D)
v o g
O\ axe 0V 9
o N v
/ _m ) Y _m
N VOOOVANDDINODY VIOVVVVVIVAVY
N9VONOD9oNIIINVVYIIOV)D , IN9INANNNDAVAVYOVONNY ¢
351 OA 3d 3yd 4eW Uy mp 3L !

€ Jas “IpA dif old usy DY 43S

./
s




6 9

5

=

S5

£l VN 3ISN3IS-ILNV JILXIVIV] . :
] nm (& XX XX XX XX

= Ly X X X x x x L

(D) T ON Az XeX X AeX X XX X XeX

<g o <oo<o.w <¢u<o.w «oo<o.w ¢oc<c.w

rae PR nov nov oy

WJ .::.”:@E_«:u:: TTTTEITS B3TrEiyE TR B )

ISVIIWAI0Od VNY LL HLIM 381DSNVL
4W30d  QINI INOTI4NS

&
N

w ]

YNOSS ELW ONVYLS (+)

JON3ND3S INIY LVI

\J



14/19

|

‘5!, . AAGACCGUAAAGAAAAA. .3

3'. .UUCUGGCA UUCUUUUU., 5

A C

G

U
GUA

»nO>>
ﬁr'\CC\]>

aP oo
o

F16./00a.

9..GAUAGUGUUQACCCUUG..§
I T T O I I | O O O

3, ,CUAUCACA GUGGGAAC. .S
A cUG

Fie. /Ob.

MﬂMEMW$ﬂH

09 DEF 199

JARGET SEQUENCE
RIBOZYME

TARGET SEQUENCE
RIBOZYME




i : I
RIBOZYME CEV9x(+) > GAAGUCCUUCAG 3

| |
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5! Asn Met Phe Phe Val !Ser‘ Ala Asn Pro Trp 3!
AAUAUGUUUUUCGUC UCAGCCAAUCCCUGAG

LK BK B 3 BE BN B R K 3 B # % K% E N N E RN NN

AUACAAAAAG%C'A L AGUCGGUUAGGGA
31 _ _ 5l

Fie./3a.
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BoxII  TEXT OF THE ABSTRACT (Continuation of item 5 of the first sheet)

ABSTRACT

Synthetic single stranded RNA molecules and derivatives thereof, having a highly specific endoribonuclease
activity, are defined as ribozymes. The ribozyme cleaves target RNA sequence by hybridizing partially to the
target RNA. It comprises a hybridizing region and a catalytic region. The hybridizing region contains one or
more arms of single stranded RNA. The preferred ribozyme has a catalytic region consisting of the sequence

AA-G-C * G-AGXAGUC
Nl*Nz

in a loop structure; where * represents base pairing between complementary nucleotides, X is any ribonucleotide
and N; and N, represent ribonucleotides of complementary sequences along at least part of the length.

The ribozyme cleaves target RNA after the triplet XUY, where X is any ribomucleotide, U is uracil and Y is
adenine, cytosine or uracil.
Methods for inactivating RNA (in vitro or in vivo), and of preparing the ribozymes, and compositions
containing the ribozymes, are also described.
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