{\rtfl\ansi\ansi cpgl252\ucl\ deffO\defl angl033\ defl angfel033{\fonttbl {\fO\fr
oman\ f charset O\ f prg2{\ *\ panose 02020603050405020304} Ti mres New Roman;
F{\f1\froman\fcharset 161\ fprq2 Ti mes New Ronan;
H{\ f 2\ f r omeNORUGAPSEY 162\ f prg2 Ti mes New Ronan: }{\ f 3\ f r BEHERA2005/000423
\fcharset 186\ fprg2 Ti mes New Roman; }{\f4\frorran\fcharset 238\ fprqg2 Tinmes New
Roman; }{\ f 5\ f roman\ f char set 204\fprq2 Ti mes New Roman;
}{\f6\froman\fchar w&ym;{nmmmspaqa@mgammﬁp.?egﬁ%},@ nbol ;
F{\f7\fnil\fcharset2\fprqg2{ \*\panose 05000000000000000000} W ngdi ngs;
H{\ f 8\ r oman\¥ichp oy eNTIoR{ \ *\ panose 05020102010507070707} W ngdi ngs 2;
F{\fO\froman\fcharset 2\ f prqg2{\*\ panose 05040102010807070707} W ngdi ngs 3;
H{\f 10\ f swi ss\fchﬁtesﬁsaitﬁmmﬂ{n‘réﬁtaanasel Dﬁﬂbﬁﬁ&\f 493?5ﬁmmh RQ?L&)}Ge'ZEaIbQﬁﬁ H
\f11\fsw ss\ e fpr 2 wi ss\ f char.set
Tahoma: } {\ f 1%&2&\/&?’5 tsf\}‘g‘ eﬁ‘?%e SO"%?‘&%}F ThéreSent GNEBE b fhldd'sd
F{\ f 14\ f s\ s hefustefiseid PREGY e fotheadatmmm; t}f{Jhﬁam&‘eﬁmlahha‘. char set 204\ f pr g2
Tahoma; } {\ f 16\ f roman\ f char set O\fpr%ﬂg‘p *\ panose
0202040403038 FKSRAVRRANR ERIQ I{WR CE&har set 161\fﬁr q2 Gar g\rr]?nd ,

\f18\froman\fc rset 162\ .02. nmond; \f;LQ\froman\fc arset 186\ f prq
}Ggr anmond; }{\ f 20\ f Fmﬁﬁ‘i\%ﬁﬁgﬁﬁ %t“f'sﬁs@%} 52 %Eé brgne tlavivirus responsible for
H{\ f 21\ f r onafreduetitaphienhidf 4i efnpdfpﬂéhtlﬁ’o}d’raiaiﬁﬁldnﬂg{ ﬁlfocﬂﬂ’drfan2 énZnolZSt parts of SouthO-eaé*'t Syl
\froman\ f char, etO 405 yl e;

\ f 23\ f r oman lfl é%ardgngﬁ%?\?g%@ ‘@6’ %@’ﬁg pRgncse en eﬁu%ng?ﬂ) oceur

f 24\ f A8 maekers vear st WEEH RyomgD 1 BOWK neawli G @tﬁttylaad rest end up with serious

H

H)

Ut prgo. Bookmin- e idey. Y SeopRAtE ek, ShXUE o aB IS TR 5'G' &) 12,
H

}

\ f 28\ f swi sa¥eflehiathatdiap limyatipng wtvwrﬁgwlbmbﬁowmommmm} Meweskana;

{\f29\fswi sg) %ﬁﬁ@ﬁ&%%ﬁéﬂéﬂ&w}?a&am@ﬁ@;ﬁ ffkd f swi ss\ fcharset 162\ f prq2

Ver dana; }{\ f31\fsw ss\ fchar set
H The IE viral (JEV) genome is a single stranded RNA of ~11 kb (Accession No:
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coding region (NCR) and a 585-nucleotides 3°-NCR?. The 3’-NCR is crucial for the virus
replication as it binds the RNA-dependent RNA polymerase and other proteins that initiate
the process of viral genomic RNA synthesis™®. Thus to interfere with JEV replication,

- RNA sequence within the 3-NCR could be targeted as a cleavage site that may lead to the

20 inhibition of virus replication.

JEV is transmitted to human host by an infected mosquito bite. The virus initially
replicates locally in the skin before being transported to the regional lymph nodes. A brief
viremia allows the virus to move to other sites within the body and enter central nervous
system after breaching the blood-brain barrier. The virus then replicates in brain leading to

25  encephalitis. In brain, JEV grows to various extents in neurons, microglia, astrocytes and =~
macrophagess" !. Scavenger receptors are known to be present on microglia, astrocytes and
macrophages.”'® Microglia are known to take up the fragmented DNA via different
scavenger receptors”. On the other hénd, neuronal cells are known to take up
oligodeoxynucleotide (ODNs) in a very rapid and potent manner using an unknown

30  mechanism'’. It has been known that G-rich ODNs are involved in the formation of G-
tetrads that can be recognized by the scavenger receptors
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Another object of the present invention is to add a contiguous stretch of 10

deoxyguanosine residues [poly-(G)io] at the 3’-end of a DNAzyme to deliver it efficiently
to cells bearing scavenger receptor without affecting its enzymatic activity.

20 Yet another object of the presént invention is to provide a process for the
preparation of an oligodeoxynucleotide sequence for the DNAzymes which is targeted to
cleave the RNA sequence in JE virus infection in.an animal model.

Another object of the invention is to provide a DNAzyme comprising at least one
chemical modification wherein the chemical modification is selected from sugar

25  modification, nucleic acid base modification and /or phosphate backbone modification.

Another object of the invention is to providle DNAzymes comprising of
phosphorothioate linkages.

Another object of the invention is to provide & method of ireatment of Japanese
Encephalitis infection comprising the steps of infroducing said catalytic DNA molecule or

30 DNAzyme into the infected cells under conditions suitable for cleavage and reduction of
JE viral titres.
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fcd Figure 4: DNAzyme mediated inhibition of JEV replication in mouse brain.
a Mice received 500 p moles of the ODNs
b Mice received 100-1000 p moles of the ODNs
20 Figure 5: Survival of the JEV-infected mice following imtra-cerebral injection of
DNAzyme.

DESCRIPTION OF TABLES
Table 1: Nucleotide sequence of DNAzymés
Table: 2 List of SEQUENCE IDs

25 SUMMARY OF THE INVENTION

The invention relates to chemically synthesized novel DNAzymes or catalytic

DNA molecules which are targeted to cleave the RNA of Japanese Encephalitis Virus
(JEV). JEV is a neurotropic virus that replicates actively in human or animal brain cells,
which are targeted by the DNAzymes.

30 Another aspect of the present invention is to provide a process of synthesizing the
catalytic DNA molecule which specifically cleaves the JE viral RNA genome. The present

invention particularly relates to a process where the catalytic DNA molecules or
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and 3DzG (SEQ ID NO: 2), that cleave the genomic RNA of JEV. The DNAzyme 3Dz is
complementary to two locations in the JEV RNA genome, namely at RNA positions
10749-10763 and 10827-10841. The chemically modified DNAzymes 3Dz and 3DzG are

20 more stable and efficient in animal applications.
Another aspect of the present invention is to provide more DNAzymes having SEQ
ID NO: 3-20. The DNAzymes may be modified by the addition of a confinnous stretch of
10 deoxyguanosine residues [poly-{(G) ] at the 3'-end.

Other aspects of the invention will become apparent to the skilled artisan by the

25  following description of the invention.

DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to DNAzymes o; catalytic DNA molecules that are
used to cleave RNA genome of Japanese encephalitis virus (JEV). DNAzymes or
catalytic DNA molecules are single-stranded oligodeoxynucieotides (ODNs) with
30 enzymatic activity capable of cleaving single-stranded RNA at specific sites under
simulated physiological conditions. JEV is a neurotropic virus that replicates actively in
human brain. Use of DNAzymes described in the present invention to treat Japanese
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ecount O\1lss 6 kdckitiaP tiBY @lealdd6 of the nucleic acid substrate. The hybridizing arms are
complementary to, and therefore hybridize with, the two regions of the nucleic acid
substrate (RNA of JEV). The DNAzymes are synthetic oligodeoxynucleotides (ODNs)
sequences which are chemically modified to increase the stability in animal cells.
In the present invention, the catalytic DNA molecules or DNAzymes were
20  designed (See Table ! and Table 2} to cleave the RNA of JEV. In the DNAzyme, 3Dz
(CCT CTA AGG CTA GCT ACA ACG ACT CTA GT having SEQ ID NO: 1), the
binding domains are sufficiently complementary to two regions imme-diately flanking a
purine:pyrimidine cleavage site within the region of the JEV RNA  genome
corresponding to nucleotides 10749-10763 and 10827-10841 as shown in Fig.1a such that
25  the DNAzyme , 3Dz, cleaves the RNA of JEV. The DNAzyme, 3Dz (SEQ ID NO: 1), is
complementary to two locations in the JEV RNA sequence, namely at RNA positions
10749-10763 and 10827-10841, Thus, this DNAzyme has added advantage as compared
to others of having two targets in JEV genomic RNA.
The DNAzymes described were synthesized commercially and were purified by '
30  High Performance Liquid Chromatography (HPLC). The details are given in Example 2.
An embodiment of the present invention provides synthetic DNAzymes 3Dz or
3DzG that are targeted to cleave a 29-nucleotide RNA sequence which is repeated twice
within the 3’-NCR of JEV genome between nucleotides 10745-10771 and 10823-10849
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applications. The underlined sequences are chemically modified DNAzymes as described
above. The DNAzyme 3Dz (SEQ ID NO: 1) is not a chemically modified DNAzyme,
15  whereas 3Dz (Table 1) is chemically modified DNAzyme having the same sequence
information. The DNAzyme 3DzG (SEQ ID NO: 2) is not a chemically modified
DNAzyme, whereas 3DzG (Table 1) is chemically modified DNAzyme. The
modifications may be in the form of sugar modification, nucleic acid base modification,
and/or phosphate backbone modification. The modified DNAzymes worked slower but are
20 found to be more stable.

Another embodiment of the present invention provides the addition of a contiguous
stretch of 10 deoxyguanosine residues [poly-(G)io] at the 3’-end of a DNAzyme 3Dz
(SEQ ID NO:1) to obtain 3DzG (SEQ ID NO:2). The poly - ()i is shown to deliver the
DNAzyme 3DzG efficiently to cells bearing scavenger receptor without affecting its

25  enzymatic activity. The poly-(G)i0-bearing DNAzyme 3DzG (SEQ ID NO:2) is however,
found to be 25-30% slower compared to the unmodified DNAzyme®3Dz (Table 1). Tt was
also found that while 3DzG (SEQ ID NO: 2) containing the poly-(G);g sequence at its 3°-
end cleaved the synthetic RNA substrate efficiently, it worked slower compﬁed io 3Dz
(SEQ ID NO:1) (Fig. 1b). In addition, control DNAzymes (Table 1) where the nucleotide

30 sequence of the hybridizing arms of the 3Dz (3DzG-AR) (SEQ ID NO: 21) or the catalytic
domain of the 3Dz (3DzG-CR) (SEQ ID NO: 22) has been randomized, failed to cleave
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100 pmoles of **P-labelled in vitro transcribed 597-nucleotides RNA substrate

containing the 582-nucloetides JEV 3'-NCR sequence at its 3’-end was incubated with 1 p _

mole of DNAzyme (indicated at the top of the panel Fig 1 b) for various intervals
(indicated at the top of the panel in minutes) at 37°C. The control reaction was carried out
for 30 minutes where no DNAzyme was added. The reaction was quenched with
formamide and product separated on a 7% denaturing polyacrylamide gel and
autoradiographed. Two cleavage sites for DNAzyme 3Dz (SEQ ID NO: 1) are present in
JEV 3-NCR RNA. At the completion of the reaction cleaved RNA products of 377, 142
and 78 nucleotides are expected (Fig 1c). Besides these, small amounts of the partial
cleavage products of 455 and 220 nucleotides are also seen. The product size in
mucleotides has been indicated at the right (Fig 1¢).

Another embodiment of the presemt invention provides phosphorothioated
DNAzymes or chemically modified DNAzymes , which were shown to have remarkable
stability in human serum (1,,>90 hr) but are up to 100-folds less efficient than their
phosphodiestered counterparts’. Consistent with this DNAzyme 3Dz (Table 1) containing
the phosphorothioate-linked nucleotides cleaved the synthetic RNA substrate much less
efficiently and much more slowly than 3Dz (Fig. 1b). Here also, poly-(Gig-bearing 3DzG

worked slower than 3Dz ,

Another embodiment of the present invention provides a number of DNAzymes as
shown in Table 2 (SEQ ID NO: 3 to 20). The sequence information of the various
DNAzymes is shown in Table 2. The DNAzymes are useful for cleavage of JEV RNA
thereby reducing the infection of JEV. The binding domain for the various DNAzymes
including Dz262 (SEQ ID NO: 3) and Dz262G (SEQ ID NO: 4) bind at nucleotides 57-84

in

f
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i nhibition of virus replication.

DNAzymes Dz265 (SEQ ID NO: 9) and D2265G (SEQ ID NO: 10) bind at

10 nucleotides 89-103 of the RNA of the JEV genome. DNAzyme Dz265G was found to be

more efficient in animal applications.

DNAzymes Dz266 (SEQ ID NO: 11) and Dz266G (SEQ ID NO: 12) bind at
nucleotides 1052-1059 of the RNA of the JEV genome. DNAzyme Dz266G was found to

be more efficient in animal applications.

15 DNAzymes Dz267 (SEQ ID NO: 13) and Dz267G (SEQ ID NO: 14) bind at
nucleotides 10876-10890 of the RNA of the JEV genome. DNAzyme Dz267G was found

to be more efficient in animal applications.

DNAzymes Dz268 (SEQ ID NO: 15) and Dz268G (SEQ ID NO: 16) bind at
nucleotides 10935-10949 of the RNA. of the JEV genome. DNAzyme Dz268G was found

20 to be more efficient in animal applications.

DNAzymes Dz269 (SEQ ID NO: 17) and Dz269G (SEQ ID NO: 18) bind at
nucleotides 1050-10619 of the RNA of the JEV genome. DNAzyme Dz269G was found to

be more efficient in animal applications.

DNAzymes Dz270 (SEQ ID NO: 19) and Dz270G (SEQ ID NO: 20) bind at
25 nucleotides 10749-1065 of the RNA of the JEV genome. DNAzyme Dz270G was found to

be more efficient in animal applications.
" The DNAzymes with SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20 having a [poly-

(G)o] attached at the 3’ end worked more efficiently than DNAzyme without poly G tail at
the 3’ in animal applications.
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The present invention relates fo novel DNAzymes (3Dz or 3DzG) that cleaved

efficiently the 597-nucleotides in vitro transcribed RNA. containing at its 3’-end the 582-
nucleotides 3"-NCR sequence of JEV (Fig. 1¢c). The target for 3Dz (SEQ ID NO: 1) is

15  present twice within this sequence and the DNAzyme is able to cleave efficiently at both
the positions. DNAzyme 3DzG (SEQ ID NO: 2) containing poly-(G);o sequence at its 3'-
end also cleaved in vitro transcribed JEV 3-NCR RNA efficiently (Fig. 1c).

In another aspect of the invention the applicant studied transport of DNAzyme 3Dz

(SEQ ID NO: 1) in cultured murine macrophage cells, J774E; murine microghia cells,

20 EOC 2; and murine neuroblastoma cells, Neuro-2e. Fig. 2a shows that J774E cells take up

3Dz (SEQ ID NO: 1) very slowly and in only small amounts. However, DNAzyme 3DzG

(SEQ ID NO: 2) with poly-(Gh¢ sequence at its 3’-end is taken up efficiently by J774E

cells; the uptake of 3DzG (SEQ ID NO:2) is ~10-folds higher than that of 3Dz (SEQ ID
NO:1). EOC 2 cells took up DNAzyme efficiently; the uptake of 3Dz (SEQ ID NO: 1) is -

25  ~5-folds higher than in J774E cells (Fig. 2b). This is consistent with the earlier finding that

microglial cells take up fragmented DNA efficiently through multiple scavenger receptor

types”. The addition of poly-{(G)o sequence to the DNAzyme 3Dz (SEQ ID NO:l)

enhanced its uptake by EOC 2 cells marginally but c(::nsistently at all time points siudied

(Fig. 2b). This additional uptake of 3DzG (SEQ ID NO: 2) may be related to the

30  involvement of the poly-(G)io-specific scavenger receptors. In these cells, addition of the

poly-(G)1o sequence did not result in enhanced uptake of the DNAzyme. The mechanism

of the efficient ODN or DNAzymes uptake by neurons is not clear; it may be noted that
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extra cellular virus titers. Fig. 3a shows that at 24 hr post infection (pi) DNAzyme 3Dz
used at 1 uM concentration had no effect on JEV titers compared to the no DNAzyme

O

control whereas these are ~5-folds reduced when 3Dz is used at 5 uM concentration
(p=0.001). Addition of the poly-(G)io sequence to 3Dz significantly enhanced its efficacy.
15 Thus JEV titers are 9~ (p=0.0008) and 19-folds (p=0.0006) lower in presence of 1 and 5
MM 3DzG, respectively. Phosphorothioated DNAzyme is most effective in inhibiting JEV
replication. Thus 3DzG (SEQ ID NO: 2) reduced JEV titers by 28- (p=0.0006) and 108-
folds (p=0.0005) when used at 1 and 5 pM concentrations, respectively. This pronounced
reduction in JEV titers in presence of 3DzG (SEQ ID NO: 2) may be due to the enhanced
20  uptake of the phosphorothioated DNAzyme as well as its known resistance to nuclease

degradation. The inhibition of virus replication reflected in the lowering of virus titers
seen here is due to the DNAzyme activity of the ODNs and not due to the antisense effect
of the RNA hybridizing arms of the DNAzyme as 3DzG-CR (SEQ ID NO: 22) , where the
catalytic domain of 3DzG (SEQ ID NO: 2) has been randomized, and 3DzG-AR (SEQ ID
25  NO: 21), where the antisense arms’ sequence had been randomized (Table 1) failed to
show inhibition of JEV replication. Compared to J774E, JEV replication is slower in
Neuro-2a cells (Fig. 3b). In these cells too at 10 uM concentration 3Dz had little effect on
JEV fiters (p=0.06) whereas at 5 pM concentration JEV titers are ~5-folds lower than
those in the no DNAzyme control (p=0.03). Addition of the poly-(G);o sequence to 3Dz
30 did not add to its ability to inhibit JEV replication. Phosphorothioated DNAzyme is
marginally more efficient than the phosphodiestered DNAzyme in inhibiting JEV

10
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ucl eoti des O?G)eu? S%Que%cec,i (9 S’EQ% I&g S) t?sr cl:onllpzareggo t%e conirol, JEV titers are 873-
folds lower in mice that received 3DzG (p=0.005). Compared to the 3Dz-treated mice,
15 JEV titers in 3DzG-treated mice are ~100-folds lower (p=0.013). The addition of poly-
{(G)io sequence to the DNAzyme is necessary for this massive reduction in JEV titers since
3DzC (SEQ ID NO: 23) containing poly-(C)yo residues at the 3’-end of the DNAzyme
lowered JEV titers only by 3-folds. Furthermore, 3DzG containing phosphodiestered poly-
(Gho sequence inhibited JEV replication ~100-folds less efficiently than 3DzG (p=0.03)

20  sugpesting an important role of the nuclease-resistant poly-(G)ig sequence in 3DzG-

mediated inhibition of JEV replication in mouse brain (Fig.5). It may be noted that in
presence of 3DzG-CR ( SEQ ID NO: 22) where the nucleotide sequence of the catalytic
domain had been randomized or 3DzG-AR (SEQ ID NO: 21) where the hybridizing arms’
sequence had been randomized; only about 10-folds lower JEV titers are recorded in
25  comparison with the controls. In addition R29G (SEQ ID NO: 24) a 3%-nucleotide
phosphorothioated ODN containing the random sequence of 29 bases with 10 G residues
at its 3’-end, did not inhibit JEV replication in mouse brain. Thus, inhibition of JEV
replication by 3DzG is largely due to its DNAzyme activity and not simply an interferon-

mediated response. The lowering of JEV titers seen above is not due to the in vitro
30  inactivation of JEV by the DNAzymes during the plaque assays as the brain lysates from
mice injected with 3DzG when mixed with JEV did not cause inhibition of JEV plaque
formation. H has been subsequently found that 3DzG-mediated inhibition of JEV
replication in mouse brain is dose dependerit (Fig. 4b). Thus, a very high level of JEV
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In a further aspect of the invention, JEV replication in mouse brain leads to clinical

15 symptoms of paralysis that is followed by death. Thus, DNAzyme-mediated reduction of
JEV load in mouse brain may extend the life span of the infected animal. To test this, one-

week old mice infected by intra-cerebral injection of 1000 PFU of JEV are given 1000 p
moles of DNAzymes at 0 and 2 days pi. Fig. 5 shows ‘that 50% of the JEV-infected mice
without any treatment survived for 4.51 days (average survival time; AST) and all mice

20  died by day 6 pi. JEV-infected mice that received a single dose of 1000 p moles of 3DzG
(Table 1) at the time of the virus inoculation showed extended life span with an AST of

7.71 days; all mice in this group died by day 10 pi. Infected mice that received two doses

of 1000 p moles each of 3DzG (Table 1) at 0 and 2 days pi showed a further extended life

span with an AST of 8.57 days. Interestingly, 2 out of 12 mice completely overcame the

25  infection and were alive on day 21 pi when experiment is terminated. On the other hand,
two injections of R29G given on days 0 and 2 pi did not extend the life span of JEV-
infected mice (AST=4.92 days) and all mice are dead by day 7 pi. It may be noted that
R29G contains a random 29 nucleotide sequence along with the poly-(G); sequernce at its
3’-end. These results thus demonstrate a sequence-specific, DNAzyme activity-mediated

30  inhibition of JEV replication by 3DzG in mouse brain.

The ability of the DNAzymes fo specifically cleave RNA with high efficiency

under simulated physiological conditions makes them potential agents to block gene
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\ expnd- 10\ expndt w52\ 15\t ab 0\ ndtV\,O t ab
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ol G 10] at the 3'-end
[poly- (G 10] astrocyte cells besides neurons was most potent in inhibiting JEV replication in mouse

brain.
In another aspect of the present invention, the DNAzyme-mediated inhibition of
JEV replication led to a significant reduction in virus load in mouse brain leading to an

15  extended life span of the infected animals as shown in the examples below. Importantly,
repeated intra-cerebral injections of the DNAzyme 3DzG (SEQ ID NO: 2) led to the
recovery and the survival of mice (see examples) used in the experiment indicating that a
sustained availability of the DNAzyme may be desirable for complete clearance of JEV'
from brain.

20 Similarly, the other DNAzymes having SEQ ID NOs: 3 to 20 (Table-2) are also
useful for the cleavage of RNA of JEV. These DNAzymes are responsible for the
inhibition of JEV replication, which leads to significant reduction in the virus load in
animal applications. This has led to an extended life span of the infected animal.

Although the foregoing invention has been‘ described in detail by way of

25  illustration and example for purposes of clarity of understanding, it will be readily
apparent to those of ordinary skill in the art in light of the teachings of this invention that
certain changes and modifications may be made thereto without departing from the spirit
or scope of the appended claims.

EXAMPLES

30 The following examples are put forth so as fo provide those of ordinary skill in the
art with a complete disclosure and the description of how to make and use the present
invention, and are not intended to limit the scope of what the inventors regard as there

invention nor are they intended to represent that the experiments below are all and only

13
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00d0c9ea79f 9baeahh8@8B800aa004ba90b0200000003000000e0c9ea79f 9bace118c8200aal
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PP {\fldrslt{in.an expn expndt w
brain and titrated by plaque formation on porcine kidney (PS) cells (NCCS, Pune) as

described before'®. The murine macrophage cell line, J774E, was kindly provided by Dr.

P. Stahl, Washington University, St. Louis, Mo (USA). The murine neuronal cell line,

Neuro-2a, was obtained from NCCS, Pune (India) while murine microglial cell line, BOC
10 2, was obtained from the ATCC, USA.

EXAMPLE 2
DNAzyme synthesis )
DNAzymes are synthesized commercially and purified by HPLC (Biobasic Inc.,
Canada and Sigma-Genosys, UK). Their nucleotide sequences are shown in Table 1. An
15  underlined DNAzyme (3Dz) indicates ODN with phosphorothioate linkages. 3Dz as
shown in Table 1 is without any modification, whereas 3Dz (SEQ ID NO: 1} is with
modification. The modification could be in the form of sugar modification, nucleic acid
base modification, and phosphate backbone modification. All 25 nucleotide sequences of
DNAzymes which are shown in Table-2 were synthesized in a similar way. The

20 DNAzyme sequences mentioned in table 2 are with modifications as mentioned above.

EXAMPLE 3
DNAzyme uptake assay
DNAzyme ODNs are radiolabeled with y32P-ATP using T4 polynucleotide kinase.
10° cells are cultured per well in a 24-well tissue culture plate. Next day, radiolabelled
25 DNAzymes (10,000 cpm) are added to cells in 200 pl culture medium, which are then
incubated at 37 °C. At different intervals, cells and the culfure superatants are harvested.
The cells are washed twice with PBS and counted for cell-associated radioactivity using a

gamma counter. The 3DzG (Fig.2 a, b) was taken up efficiently.

EXAMPLE 4
30  RNA synthesis
A 25-mer oligoribonucieotide (UAAGGACUAGAGGUUAGAGGAGACC
having SEQ ID No: 25 ) whose sequence is represented between nucleotides 10744-10768

14
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\ adj ustri ght \expn \expndt w8\ cgrid {An obj ect e invention is to
provi de DNAzﬁ%Béah?th@pRNéu lhgf&@ﬁpﬂl}efl\féfa@p%@)\le%ﬂieﬁ mlamlégﬂﬂq%e% feseritsd hi oat e
l'i nkages. 3 paefad*splid Gogd %ﬂl’i_’chﬁém ftél-\E»anW Q%ﬁétﬂﬁﬁf 36t Wadek icGfdsponding to

\ expndO\ expndt w 3\ cgri d LAnot er of the invention is to provide a
met hod of t r XEiRRiifes PP A074RatiEw I{I\I %ﬁﬁ%’%#wsf Jgrid Encephalitis
i nfection COWEESt he steps of introducing,said catalytic DNA nolecule

or \par }\pa
\'s2\ fi-504\ | RS04 cleavagk adsa32\ s| 331\ sl nul t 1\ now dct | par\ aspal pha\ aspnum nocw a

p\ adj ustright \pl %d‘ \hsid) $§?ﬁ’\1§%ﬂwwm}9&éf@¥&%&ﬂaé§%MYMe iggto the
i nfected cel | s_under condltlons suitabl e for cl eavage and reduction of
H\ ex pndO\Oe MWHQ in areaction mix containing 50 mM Tns—HCl pH 7.5, and 2 mM MgCI2 at 37

°C for various time intervals (Fig 1b). The reaction is ‘quenched’ by transfer of aliquots to
tubes containing formamide dye. Samples are separated by electrophoresis on a denatured
polyacrylamide gel containing 7M urea and autoradiographed. These experimenis were
carried out for the different DNAzymes as shown in Table 2.

15 EXAMPLE 6
Mice Model
Groups of one-week old BALB/c mice (n=6) were injected infra-cerebral with
1000 PFU of JEV along with the indicated amounts of ODNs in 30 ul volumes into the
left front lobe with 26G needle. Mice are sacrificed 72 hr later and their brain tissues
20  removed. These are homogenized in minimal essential medium (MEM) to prepare a 10%
suspension that is centrifuged to remove debris, and thé supernatant containing the virus is

stored at —70 °C. The virus titers are assayed by plaque formation on PS cells.
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cells 5. | 02263 ARA ACT GGG CTA GCT ACA ACG ATT AAA CT
6. | D636 | AMA ACT GGG CTA GCT ACA ACG ATT AbA CTG GGG GGG GGG
7. | Dues ATG GTT AGG CTA GCT ACA ACG ACT TCC GT
8. |Dm64G | ATG GTT AGG CTA GCT ACA ACG ACT TCC GTG GGG GGG GGG

9, D265 TTA GTC AGG CTA GCT ACA ACG AGG TTATC

10, Dz265G TTA GTC AGG CTA GCT ACA ACG AGG TTA TCG GGG GGG GGG

1L Dz266 CTC TCC TCT AAG GCT AGC TAC AAC GAC TCT AGT CCT

12 Dz266G CTC TCC TCT AAG GCT AGC TAC AAC GAC TCT AGT CCT GGG
GGG GGG G

13, Dz267 CAG TCT AGG CTA GCT ACA ACG ATC CCA GG

14, D2267G CAG TCT AGG CTA GCT ACA ACG ATC CCA GGG GGG GGG GGG

15, Dz268 CCA CAT AGG CTA GCT ACA ACG ATT CGG CG

16, Dz2686 CCA CAT AGG CTA GCT ACA ACG ATT CGG CGG GGG GGG GGG

i7. Dz268 CTC CTC TAA GGC TAG CTA CAA CGA CTC TAGTC

18, Dz265G CTC CTC TAA GGC TAG CTA CAA CGA CTC TAG TCG GGG GGG
GGG

19, D270 CTCCTC TAAGGC TAG CTACAA CGACTCTAGT

20, D2270G CTC CTC TAA GGC TAG CTA CAA CGA CTC TAG TGG GGG GGG GG
ACC TTA CGG CTA GCT ACA ACG ATC TGA TCG GGG GGG GGG

21, 3D2G-AR

7. IDE-CR CCT CTA AGA GAC CAG TAG TCA CCT CTA G1G GGG GGG GGG -
23 D20 CCT CTA AGG CTA GCT ACA ACG ACT CTA GTC CCC CCC €CC
24, R296 GAT ACC TGA GAC CAG TAG TCA CAC CTT ACG GGG GGG GGG
23, Dz271 UAA GGA CUA GAG GUU AGA GGA GACC
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two hybridizing arms,
wherein the 3' end of said catalytic DNA molecule is tailed with 1-20 guanosine residues,
wherein in addition to the chemical modification of the catalytic DNA molecule, at least
one of the guanosine residues is modified and the modification consists of

phosphorothioate linkages.

2. The catalytic DNA molecule of claim 1, wherein the 3' end of the catalytic DNA

molecule is tailed with 10 guanosine residues.

3. The catalytic DNA molecule of claim 2, wherein 3' end of said catalytic DNA
molecule is tailed with 10 modified guanosine residue, and the modification consists of

phosphorothioate linkages.

4. The catalytic DNA molecule of claim 1, wherein said catalytic DNA molecule is
chemically synthesized.

5. A method of cleaving RNA of Japanese Encephalitis Virus comprising the step of
contacting the catalytic DNA molecule with said RNA under conditions suitable for
cleavage, wherein said catalytic DNA molecule comprises:

SEQ ID NO: 2;

a chemical modification;

a catalytic domain; and

two hybridizing arms,
wherein the 3' end of said catalytic DNA molecule is tailed with 1-20 modified guanosine
residues, wherein in addition to the chemical modification of the catalytic DNA molecule,

at least one of the guanosine residues is modified and the modification
20
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mol ecul es d&ﬁéi&?o?ﬁlﬁmsﬁlﬂﬁ&ﬁfo%ﬁlm%@\ fs25\ expnd-1 \expndtw 6\b0O\cgrid to

cl eave the RNA of” Japanese Encephalitis Virus

F{\f16\fs25\ expnd- 1\ expndtw 9\ bO\cgrid (JEV). JEV is a neurotropic virus

that repligcates [ vely. . r Ll praj ells,..
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right \exppgadsexpndtw9\cgrid {catalytic DNA nol ecul e which specifically
cl eaves the viral RNA genone. The present\line }{\expndO\expndtwl\cgrid
invention particula rly relates to a process where the catal yti c DNA

nol ecul es gor

The method of claim 5, wherein said contacting is brought about by injecting the
catalytic DNA molecule into infected brain cells in an amount sufficient for cleavage and

reduction of Japanese Encephalitis viral micro-organism.

9. The method of any one of claims 6 to 8, wherein said catalytic DNA molecule is
chemically synthesized.
10. A pharmaceutical composition, comprising a pharmaceutically acceptable carrier

and a catalytic DNA molecule comprising;

SEQ ID NO: 2;

a chemical modification;

a catalytic domain; and

two hybridizing arms,
wherein the 3' end of said catalytic DNA molecule is tailed with 1-20 guanosine residues,
wherein in addition to the chemical modification of the catalytic DNA molecule, at least
one of the guanosine residues is modified and the modification consists of

phosphorothioate linkages.

11, A pharmaceutical composition according to claim 10, wherein the 3' end of the

catalytic DNA molecule is tailed with 10 guanosine residues.

12. A pharmaceutical composition according to claim 11, wherein the 3' end of the
catalytic DNA molecule is tailed with 10 modified guanosine residues and the
modification consists of phosphorothioate linkages.
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15. Use according to claim 14, wherein the 3' end of the catalytic DNA molecule is
tailed with 10 modified guanosine residues and the modification consists of

phosphorothioate linkages.

16. A catalytic DNA molecule according to claim 1 substantially as hereinbefore
described.

17. A method according to claim 5 substantially as hereinbefore described.
18. The catalytic DNA molecule of claim 1, the method of claim 5, the
pharmaceutical composition of claim 10 or the use according to claim 13, wherein the

chemical modification is in the form of one or more of a sugar modification, a nucleic

acid modification and a phosphate backbone modification.
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ustright \cs3\f16\fs25\ expnd-2\expndtw 11\cgrid {DNAzynes are used for

i nhi bi<tidg \t}ﬁgﬁﬁpg oz ﬁ'WnOf)fIm@lHEg‘m’se encephalitis virus in both

F{\fs24\i \cglgﬁaqlggdﬁr.g?{”ﬁ fs24expndO\ expndt w-3\i\cgrid vitro

}{\ expndO\ expndt w 3\ cgrid and }%\f524\ expndO\ expndtw3\i\cgrid in vivo
H\ exFheH eR%w%%%gftgP‘i”d“é‘cﬂﬂd? Pappnese gagephalitis virus

1\ fi864\1i360\sHL08\ sl -331\'sl mul t O\ nowi dct | par\ adj ust ri ght

\ expnalitexpré@rnEL/R@ i d { The invention also relates to the use of the
DNAzngfmf ofs the treatnent of }{\expndO\expndtw 1\cgrid Japanese
Encephalitis infection, responsible for frequent epidemics of
enceplalQ>t | Rateptinexemsdon @xpndt wO\ cgrid 5 predominantly in children. \par
PVaj \ LEfRA8\{i 576\ sl - 350\ sl nul t O\ nowi dct | par\ adj ustri ght .

\ expndz22bexpndt w- 10\ cgrid {The present invention al so discloses the

addi t Fefe>of DNA Ig}onti guous stretch of 10 }{\expnd-2\expndtw 11\cgrid
deoxyglaRosTNE"dSi dues [ pol y- (G }{\f 22\ expnd- 2\ expndt w- 11

<400> 1
cctctaagge tagctacaac gactctagt 29

<210> 2

<21l> 39

<212> DNA
~«213» Synthetic

<400> 2
cctctaagge tagctacaac gactctagtg 9gggggggg 39

<210> 3

<211> 29

<212> DNA
<213> synthetic

<400> 3
Jtttaaagge tagctacaac gatgcacta 29

<210> 4

<211> 39

<212> DNA
<213> Synthetic

<400> 4
gtttaaaggc tagctacaac gatgcactag 9gggggagg 39

<210> 5

<21ll>= 29

<212> DNA
<213> synthetic

<400> 5
aaaactgggc tagctacaac gattaaact 29

<210> 6
211> 39
<212> DNA
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\'sub\ charscal ex70\cgrid 1}{\expnd-2\expndtw 11\cgrid O] at the 3 -end of a

DNAzynme and these are nore }{\expnd-1l\expndtw9\cgrid efficient in

inhibiting JEV replication in cells and the ani mal nodel of IE. \par
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provi de a process for the preparation \par
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\ expndyA.expndhyg0\cgrid {10 of DNAzymes which is targeted to cleave the

RNA |n JE V|rus |nfect|on in animals. The }{\expnd-2\expndtw 12\ cgrid
followng the intra-cerebral ipjection and

fuse ve ui ckly
are tgﬁ%%t%gc@ag}cﬁ‘e%ﬁ tﬁ“@fﬁ?\@ﬁﬁ?‘@@ %n d many cells around the injection
site. \ \gl\fi864\I1i288\sb108\sl-331\slnultO\now dctl par\adjustright
\expncf-%> p$%;gdtvwlS\cgn d {Anot her aspect of the present invention is to
provi dg1R

<213> synthetic

<400> 7
atggttaggc tagctacaac gacttocgt 29

«210> 8§

<21l> 39

<212> DNA
<213> synthetic

<400>
atggttaggc tagctacaac gacttccgtg aggaggagg 39

<210> 9

<211l> 29

<212> DNA
<213> synthetic

<400> 9
ttagtcaggc tagctacaac gaggttatce 29

<210> 10

<211> 39

<212> DNA
~ml3> synthetic

<400> 10
ttagtcagge tagctacaac gaggttatcg ggggggaga 39

<210> 11

<211> 29

<212> DNA
<213> synthetic

<400> 11
cctctaagge tagctacaac gactctagt 29

<210> 12

<211> 39

<212> DNA
<213> synthetic

<400> 12
ggtctaaggc tagctacaac gactctagtg ggggggaac 39

<210> 13
<211> 29
<212> DNA
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<213> Synthetic

<400> 13
cagtctagge tagctacaac

<210> 14

<211> 39

<Z212> DNA
<213> synthetic

<400> 14
cagtctaggc tagctacaac

<230> 15

<21%> 29

«212> DNA

‘213> synthetic

<400> 15
cCacataggc tagctacaac

<210> 16

<211> 39

<212> DNA
<213> Synthetic

<400> 16
ccacataggc tagctacaac

<210> 17

<211> 32

<212> DNA
<213> synthetic

<400= 17
rtcctctaag gotagetaca

<210> 18 .
<211> 42

<212> DNA
<213> Ssynthetic

<400> 18
ctcctctaag goctagetaca

<210> 19

<211> 31

<212> DNA
<213> Synthetic

<400> 19
ctcctctaag gctagctaca

<210> 20
211> 41
<Z12> DNA

gatcccagg

gatcccaggg 999994999

gattcggeg

gattcggcgg 999999999

acgactctag tc

acgactctag tcgggogagg gg

acgactctag t
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<213> synthetic

<400- 20
‘ctcctetaag gctagetaca acgactctag tggggggagg g 41

~ 210> 21

<211> 39

<212> DNA

<213> synthetic

<400> 21
accttacggc tagctacaac gatctgatcy ggggoggdg 39

<210= 22

<Z211> 39

<212> DRNA

<2135 synthetic

<400> 22 _
cctctaagag accagtagtce acctctagtg ggggggggg 39

<210> 23
<211> 39
<212> DNA
213> synthetic

<400> 23
¢cictaagge tagctacaac gactctagtc cccccecec .39

<210> 24

<211> 39

<212> DNA
<213> Synthetic

<400> 24
gatacctgag accagtagtc acaccttacg ggggggugy 39

<210> 25

<211> 25

<212> RNA
<213> synthetic

<400> 25
laaggacuag agguuagagg agacc 25
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