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(57) ABSTRACT 

The invention provides a way to target RNA editing by 
adenosine deamination to a chosen adenosine within RNA. 
An antisense RNA oligonucleotide is used for targeting the 
entire complex to a specific address on the RNA molecule. 
A Box B RNA and a N-peptide are used as a linkage 
between the antisense RNA oligonucleotide and a deaminase 
domain of human ADAR2 used to catalyze the deamination 
of the specific adenosine residue. These elements make up 
two molecules: the antisense RNA Oligo Box B RNA 
hairpin forms a single unit, as does the W. N-peptide-deami 
nase domain of human ADAR2. 
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SITE-DIRECTED RNA EDITING 

FEDERAL GRANTS 

This research was supported, in part by the National 
Institute of Health (NIH) through their NS03.9405-06 grant. 
The Government has certain rights in this invention. 

SEQUENCE LISTING 

The sequence listing Submitted via EFS, in compliance 
with 37 CFRS1.52(e) (5), is incorporated herein by refer 
ence. The sequence listing text file submitted via EFS 
contains the file “UPR-11185 ST25.txt, created on Jul. 13, 
2016, which is 24,465 bytes in size. 

BACKGROUND OF THE INVENTION 

RNA editing by adenosine deamination is believed to 
occur in most metazoans. It is catalyzed by the ADAR 
(Adenosine Deaminases that Act on RNA) family of 
enzymes, which convert adenosine to inosine. During trans 
lation inosine is read as guanosine, and therefore this mecha 
nism can change codons in mRNAS. These changes can 
affect protein structure and function. Any codon change 
which requires the conversion of adenosine to guanosine is 
possible. ADARS are composed of a c-terminal catalytic 
domain that carries out the deamination reaction and two to 
three double-stranded RNA binding domains (dsRBDs) that 
bind to the substrate RNA. The dsRBDs are the natural 
targeting mechanism for ADARS. In natural systems, spe 
cific adenosines are selected for editing based on the 
dsRBDs ability to recognize secondary and tertiary struc 
ture within the surrounding RNA. Often the necessary 
higher order structures are complex. Our goal is to be able 
to target ADARs to a selected adenosine. The natural tar 
geting mechanism of ADARs, namely the dsRBDs, would 
not serve this purpose because they require a specific higher 
order RNA structure in cis. The probability that such a 
structure exists around a specific selected adenosine is very 
low. 

SUMMARY OF THE INVENTION 

The present invention replaces the natural targeting 
mechanism of ADARs, the dsRBDs, with an antisense RNA 
oligonucleotide. An antisense RNA oligonucleotide has the 
advantage that it can be synthesized to specifically bind to 
any region of RNA through Watson-Crick base-pairing. 
Thus by coupling different oligonucleotides to ADAR’s 
deaminase domain, we can guide the domain to different 
regions of RNAS for specific editing. The deaminase domain 
is couple to the antisense oligonucleotide by taking advan 
tage of a small RNA binding protein (1N peptide) and the 
RNA hairpin that it recognizes (boxB hairpin). The (1N 
peptide is fused to the N-terminus of the deaminase domain 
of ADAR and the boxB RNA hairpin is inserted into the 
antisense guide RNA. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further features and advantages of the invention will 
become apparent from the following detailed description 
taken in conjunction with the accompanying figures show 
ing illustrative embodiments of the invention, in which: 

FIG. 1 illustrates the site-directed RNA editase method 
according to the present invention. 
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2 
FIG. 2 shows the purified N-DD in panel A and the 

purified RNA Oligo-Box B in panel B according to the 
present invention. 

FIG. 3 illustrates the method using Oligo-Box B and 
WN-DD to specifically edit RNA encoding the squid K+ 
channel SqKv1.2A according to the present invention. 

FIG. 4 illustrates the method using the Oligo-Box B and 
WN-DD’s to correct a premature termination codon within 
CFTR according to the present invention. 

FIG. 5 illustrates the method for correcting CFTR W496X 
in Xenopus oocytes according to the present invention. 

Throughout the figures, the same reference numbers and 
characters, unless otherwise Stated, are used to denote like 
elements, components, portions or features of the illustrated 
embodiments. The subject invention will be described in 
detail in conjunction with the accompanying figures, in view 
of the illustrative embodiments. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention provides a site-directed RNA edi 
tase. It is composed of a protein to carry out the adenosine 
deamination and an antisense RNA oligo to guide the protein 
to the correct location. The method of the present invention 
is illustrated in FIG.1. A critical aspect of this novel method 
is how to attach the antisense RNA oligonucleotide, used as 
a guide, to the deaminase domain of ADAR, to be used to 
catalyze the editing reaction. For this purpose we used the 
bacteriophage N-peptide RNA binding protein (SEQID:3) 
and the Box B RNA hairpin loop (SEQ ID:2), its natural 
interaction partner (Chattopadhyay et al., 1995a. Tan & 
Frankel, 1995). Now the inventive method will be explained 
in relation to FIG. 1. The first element is an adenosine we 
wish to target 1 within a RNA molecule 2. This can be any 
adenosine within any RNA. The second element is an 
antisense RNA oligonucleotide 3. The 5' end of the oligo 
nucleotide should begin before (on the 3' side) of the target 
adenosine. The 3' end of the oligonucleotide should extend 
up to 21 nucleotides 5' from the target adenosine. On the 3' 
end of the oligo we have fused the Box B RNA sequence 4 
(SEQ ID:2). The bacteriophage N-peptide 5 (SEQ ID:3) 
binds to the Box B RNA sequence 4 (SEQ ID:2). Fused to 
the C-terminus of the bacteriophage W N-peptide 5 (SEQ 
ID:3) is the deaminase domain of human ADAR2 6 (SEQ 
ID: 1). Thus, the antisense RNA oligonucleotide is used for 
targeting the entire complex to a specific address on the 
RNA molecule. The Box B RNA (SEQ ID:2) and the . 
N-peptide (SEQ ID:3) are used as a linkage between the 
antisense RNA oligonucleotide and the deaminase domain 
of human ADAR2 (SEQ ID: 1). The deaminase domain of 
human ADAR2 is used to catalyze the deamination of the 
specific adenosine residue. These elements make up two 
molecules: the antisense RNA oligonucleotide-Box B RNA 
hairpin forms a single unit (referred to hereafter as Oligo 
Box B), as does the W N-peptide-deaminase domain of 
human ADAR2 (referred to hereafter as N-DD). 
Production of Oligo-Box B and N-DD 
The primary aim of the invention was to synthesize both 

Oligo-Box B and N-DD. Oligo-Box B was made by buying 
a DNA oligonucleotide encoding a T7 RNA polymerase 
promoter at the 5' end followed by the Oligo-Box B 
sequence. The "oligo” sequence corresponds to a variable 
length of antisense sequence, complementary to the RNA 
that is being targeted. The BoxB sequence (SEQ ID:2) is 
given in the previous section. An antisense version of the 
same DNA oligonucleotide was also synthesized. The two 
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were then hybridized together and used as a template to 
make RNA with T7 RNA polymerase. N-DD was made by 
cloning the encoding DNA sequence (all available on the 
public nucleotide database at www.ncbi.nih.gov) into the 
pPICZ. A vector purchased from Invitrogen (Carlsbad, 
Calif.) and including an N-Terminal FLAG epitope tag 
(DYKDDDDK) (SEQ ID:7) and six histidines at the C-ter 
minus. The protein was then expressed in the yeast Pichia 
pastoris (strain GS115 from Invitrogen, Carlsbad, Calif.) 
and purfied first over a Ni-Nitriloacetic Acid column fol 
lowed by an Anti-FLAG affinity column. FIG. 2 shows the 
purified N-DD in panel A and the purified RNA Oligo-Box 
B in panel B. In this case, the "oligo' part of the sequence 
is complimentary to nt 1454-1465 and 1469-1491 of CFTR 
(NCBI reference sequence NM 000492.3). 
Evidence that Oligo-Box B and N-DD are Active 
We first tested Oligo-Box B and N-DD’s ability to 

specifically edit RNA encoding the squid K channel 
SqKv1.2A as illustrated in FIG. 3. For this experiment, 
Oligo-Box B complex was slightly different than the one 
previously described. The sequence length of the entire 
oligonucleotide was: 131 bp. The antisense portion of the 
oligonucleotide (SEQ ID:4) was complimentary to nucleo 
tides 501-613 of SqKv1.2A. The Box Bloop was inserted in 
the middle of the oligo, between nucleotides that are com 
plimentary to positions 554 and 555 of SqKv1.2A. Note that 
this step is different than the one described previously, where 
the Box B loop was positioned at the 5' end of the oligo. In 
our experiments, we vary the position of the BoxB loop and 
still have a functional interaction. This Oligo-Box B, was 
combined with N-DD protein and SqKv1.2A RNA in vitro. 
After incubation, the SqKv1.2A RNA was converted into 
cDNA. Direct sequencing of RT-PCR products showed 
editing at nucleotides 530, 536, 537, 544, 547, 553, 568, 
573, 574, 575, 580, 581, 584, 585 and 607. All of these 
positions were under the antisense oligo and adjacent to the 
Box B loop. Control experiments that lacked either the 
Oligo-Box B or the N-DD protein showed no editing. In 
similar experiments, we showed that by adding excess of 
commercially synthesized Box B oligo sequence or WN 
peptide could block the reaction. Taken together, these data 
show the Box-B- N interaction is required to target the 
catalytic domain of ADAR to the edited positions. These 
experiments show that editing was particularly active at 
positions 573, 574 and 575. These positions are centered 19. 
20 and 21 nucleotides on the 5' side of the Box Battachment. 

Based on the above results, we tested whether we could 
use this system to correct a genetic mutation in vitro as 
illustrated in FIG. 4. We targeted nt 1487 in human cystic 
fibrosis transmembrane conductance regulator (CFTR) 
mRNAS, messages which encode a protein involved in the 
transport of chloride ions across cell membranes. In wild 
type CFTR, this position is encoded by a guanine. Some 
people carry a mutant CFTR where this position has been 
mutated to Adenosine (Balassopoulou et al., 1994). This 
mutation changes codon 496 from a tryptophan residue to a 
premature termination codon (PTC). Thus people with two 
copies of the W496X mutation make truncated, non-func 
tional CFTR proteins and often develop the disease Cystic 
Fibrosis. Using our approach, we have corrected the W496X 
mutation back to W (tryptophan) by editing Adenosine 1487 
to inosine. From the experiments previously described, we 
learned that when guided by an antisense oligo, the N-DD 
protein will edit at a position 20 nt 5' of the position of the 
Box B loop insertion. Accordingly, we made an Oligo-Box 
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4 
B RNA that contained sequence complimentary to CFTR nt 
1454-1465 and 1469-1491. The entire sequence of this 
COnStruct Was 

(SEQ ID: 8) 
(TAATCTAGGAAAACTGAGAACAGAGGCCCTGAAAAAGGGCCAAATTCTT 

CCACCC). 

The first two nucleotides were added to optimize the tran 
scriptional efficiency of the oligo. When this RNA was 
combined with N-DD protein and CFTR W496X (SEQ 
ID:5) in vitro, we were able to correct approximately 97% 
of the mutant CFTR RNA, changing nt 1487 to inosine and 
thus correcting codon 496 back to W. Editing was specific to 
this adenosine. 
We have also tested our strategy in living cells. When 

Xenopus oocytes are injected with mRNA for wild type 
CFTR (SEQ ID:6), they produce functional chloride chan 
nels whose currents can be monitored by standard Voltage 
clamp techniques. CFTR channels open in response to ATP 
and cyclic AMP ATP levels within an oocyte are sufficient 
to open the channels, but cyclic AMP levels must be 
increased by exposing the oocytes to Forskolin. After about 
1 day, Xenopus oocytes injected with wt CFTR produce 
large currents when activated with 40 uM external Forsko 
lin. Oocytes injected with CFTR carrying the W496X muta 
tion express no current over background for at least 7 days. 
FIG. 5 illustrates an experiment designed to correct CFTR 
W496X. We injected oocytes with RNA encoding N-DD. 
Three days later we injected them again with Oligo-BoxB 
RNA and RNA encoding CFTR W496X. After three more 
days total membrane conductance was measured under 
Voltage clamp. Experimental oocytes produced large con 
ductances (>80 mS) when exposed to 40 uM external 
Forskolin. Oocytes that lacked the Oligo Box B RNA or the 
N-DD RNA, or oocytes that were injected with only CFTR 
W496X, produced no current over background. These 
results indicated that we could successfully correct a genetic 
mutation and restore a portion of CFTR function within a 
living cell. In principle, this strategy should work equiva 
lently with other PTCs. 
The ability to change genetic information at the level of 

RNA has many practical applications. We envision that 
Oligo Box B and N-DD could be delivered to cells in order 
to correct genetic mutations that result in premature termi 
nation codons (UAG, UAA. UGA). In some cases, the wt 
codon is a tryptophan (UGG). In these cases, editing would 
restore function. Sometimes the wt codon is for a different 
amino acid. We anticipate that in some cases protein func 
tion would support a tryptophan at these positions and thus 
our strategy could restore a portion of protein function. The 
Oligo Box B could be delivered as DNA, which would be 
transcribed into RNA, or as RNA. The WN-DD could be 
delivered as DNA, RNA or protein. Oligo Box B and 
WN-DD could also be delivered to cells in order to correct 
stop codon mutations and missense mutations that can be 
corrected by changing A to G. Oligo Box B and N-DD 
could also be delivered to cells in order to introduce com 
pensatory mutations to counteract genetic mutations that 
cause a specific deficit in protein function. Oligo Box Band 
WN-DD could also be delivered to cells in order to improve 
protein function. In addition, it can be used to develop 
strains of model organisms, including but not limited to rats, 
mice or Drosophila melanogaster, that express Oligo Box B 
RNA and N-DD protein. These engineered organisms 
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could then serve as models for specific human diseases by 
introducing the correct mutations. 
The basic concept behind the present invention is to guide 

an RNA editing enzyme to a specific residue within a mRNA 
by coupling it to an antisense oligonucleotide. There are 5 
many alternative approaches that could be effective. Besides 
human ADAR2, different ADAR catalytic domains could be 
used. They may have different preferences for adenosines 
depending on the context of the Surrounding nucleotides and 

6 
could be modified in order to 1) regulate the distance that 
editing occurs away from the location of the BoxB loop or 
2) the flexibility of the linkage with the idea that a more rigid 
structure would increase the specificity of editing site selec 
tion. 

Different linkages between the catalytic domain of ADAR 
and the antisense oligo could be used. In a preferred embodi 
ment of the invention, BoxB RNA and N RNA binding 
peptide are used to create the linkage. Alternatively, a direct 
covalent linkage between the catalytic domain of ADAR and 10 

this could improve editing efficiency. Besides uS1ng the the antisense oligo could be used. In addition, different 
catalytic domain from an adenosine deaminase, the catalytic RNA-RNA binding protein could be used. Modifications to 
domain of a cytidine deaminase could be used to make C to the antisense oligonucleotide structure could be made in 
U conversions in RNA. In addition, the full-length cytidine order to stabilize it, prevent it from being degraded, to 
deaminase could be used. Besides using the catalytic domain is regulate its affinity for its target, to increase its catalytic 
from an adenosine deaminase, the catalytic domain of a efficiency, or to decrease the extent to which it blocks 
cytidine deaminase like Activation-induced cytidine deami- translation. Chemical modifications to the nucleosides could 
nase (AID) or APOBEC1 could be used to make C to U be introduced to either the bases or the sugars. Deoxynucle 
conversions in DNA. Further improvements to site-directed otides could be used instead of ribonucleosides. 
editors could be made by introducing mutations in the Although the invention has been described in conjunction 
catalytic domain of ADAR or a cytidine deaminase could be with specific embodiments, it is evident that many alterna 
added to alter selectivity, specificity or to modify catalytic tives and variations will be apparent to those skilled in the 
activity. Antisense oligonucleotides could be linked at loca- art in light of the foregoing description. Accordingly, the 
tions other than the N-terminus in order to alter selectivity invention is intended to embrace all of the alternatives and 
of specificity. The sequence or the length of the linkage variations that fall within the spirit and scope of the 
between the N peptide and the ADAR2 deaminase domain appended claims. 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 8 

<21 Os SEQ ID NO 1 
&211s LENGTH: 405 
212s. TYPE: PRT 

<213> ORGANISM: Homo Sapiens 

<4 OOs SEQUENCE: 1 

Lieu. His Lieu. Asp Glin Thr Pro Ser Arg Gln Pro Ile Pro Ser Glu Gly 
1. 5 1O 15 

Lieu. Glin Lieu. His Lieu Pro Glin Val Lieu Ala Asp Ala Val Ser Arg Lieu. 
2O 25 3 O 

Val Lieu. Gly Llys Phe Gly Asp Lieu. Thir Asp Asn. Phe Ser Ser Pro His 
35 4 O 45 

Ala Arg Arg Llys Val Lieu Ala Gly Val Val Met Thir Thr Gly Thr Asp 
SO 55 60 

Val Lys Asp Ala Lys Val Ile Ser Val Ser Thr Gly. Thir Lys Cys Ile 
65 70 7s 8O 

Asn Gly Glu Tyr Met Ser Asp Arg Gly Lieu Ala Lieu. Asn Asp Cys His 
85 90 95 

Ala Glu Ile Ile Ser Arg Arg Ser Lieu. Lieu. Arg Phe Lieu. Tyr Thr Glin 
1OO 105 110 

Lieu. Glu Lieu. Tyr Lieu. Asn. Asn Lys Asp Asp Gln Lys Arg Ser Ile Phe 
115 12O 125 

Gln Lys Ser Glu Arg Gly Gly Phe Arg Lieu Lys Glu Asn Val Glin Phe 
13 O 135 14 O 

His Lieu. Tyr Ile Ser Thr Ser Pro Cys Gly Asp Ala Arg Ile Phe Ser 
145 15 O 155 16 O 

Pro His Glu Pro Ile Lieu. Glu Glu Pro Ala Asp Arg His Pro Asn Arg 
1.65 17 O 17s 

Lys Ala Arg Gly Glin Lieu. Arg Thr Lys Ile Glu Ser Gly Glu Gly Thr 
18O 185 190 
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- Continued 

Ile Pro Val Arg Ser Asn Ala Ser Ile Glin Thir Trp Asp Gly Val Lieu. 
195 2OO 2O5 

Glin Gly Glu Arg Lieu. Lieu. Thir Met Ser Cys Ser Asp Llys Ile Ala Arg 
21 O 215 22O 

Trp Asn Val Val Gly Ile Glin Gly Ser Leu Lleu Ser Ile Phe Val Glu 
225 23 O 235 24 O 

Pro Ile Tyr Phe Ser Ser Ile Ile Leu Gly Ser Lieu. Tyr His Gly Asp 
245 250 255 

His Lieu. Ser Arg Ala Met Tyr Glin Arg Ile Ser Asn. Ile Glu Asp Lieu. 
26 O 265 27 O 

Pro Pro Leu Tyr Thr Lieu. Asn Llys Pro Leu Lleu Ser Gly Ile Ser Asn 
27s 28O 285 

Ala Glu Ala Arg Glin Pro Gly Lys Ala Pro Asn. Phe Ser Val Asn Trp 
29 O 295 3 OO 

Thr Val Gly Asp Ser Ala Ile Glu Val Ile Asn Ala Thir Thr Gly Lys 
3. OS 310 315 32O 

Asp Glu Lieu. Gly Arg Ala Ser Arg Lieu. Cys Llys His Ala Lieu. Tyr Cys 
3.25 330 335 

Arg Trp Met Arg Val His Gly Llys Val Pro Ser His Lieu. Lieu. Arg Ser 
34 O 345 35. O 

Lys Ile Thr Llys Pro Asn Val Tyr His Glu Ser Llys Lieu Ala Ala Lys 
355 360 365 

Glu Tyr Glin Ala Ala Lys Ala Arg Lieu. Phe Thr Ala Phe Ile Lys Ala 
37 O 375 38O 

Gly Lieu. Gly Ala Trp Val Glu Lys Pro Thr Glu Gln Asp Glin Phe Ser 
385 390 395 4 OO 

Lieu. Thir Pro Leu Wall 
4 OS 

<210s, SEQ ID NO 2 
&211s LENGTH: 17 
212. TYPE : RNA 

<213> ORGANISM: Homo Sapiens 

<4 OOs, SEQUENCE: 2 

ggcc clugaaa aagggcc 

<210s, SEQ ID NO 3 
&211s LENGTH: 21 
212. TYPE: PRT 

<213> ORGANISM: Homo Sapiens 

<4 OOs, SEQUENCE: 3 

Asn Ala Arg Thr Arg Arg Arg Glu Arg Arg Ala Glu Lys Glin Ala Glin 
1. 5 1O 15 

Trp Lys Ala Ala Asn 
2O 

<210s, SEQ ID NO 4 
&211s LENGTH: 1575 
&212s. TYPE: DNA 

<213> ORGANISM: doryteuthis opalescens 

<4 OOs, SEQUENCE: 4 

atggtggtgg gtaaaaaatc aaaaaaagaa aagctgatta tacaaatat aggaggaggt 

ggtggagatg agaaaggggc ccctgttgga gactgtacag accc.caiacca gacatgcgtt 

gttaacaatt ct cactgttga ttcta acctt gccaatticca gigt catttcc caaacacaca 

17 

6 O 

12 O 
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- Continued 

gcqtctgcct tctgtggact toggtttcc tigatagt ccttg ccc.tttitt.ca ggctgggcta 72 O 

gggagaatga tigatgaagta cagagat Cag agagctggga agat cagtga aagacittgttg 78O 

attacct cag aaatgattga aaatat coaa totgttalagg catactgct g g gaagaa.gca 84 O 

atggaaaaaa tattgaaaa cittaalgacaa acagaactga aactgacticg gaaggcagcc 9 OO 

tatgtgagat acttcaatag ct cagcct tc ttcttct cag gigttctttgt gigtgtttitta 96.O 

tctgtgctitc cctatocact aatcaaagga atcatcc toc ggaaaatatt caccaccatc O2O 

t cattctgcattgttctg.cg catggcggtc act cqgcaat titc cctdggc tigtacaaaca O8O 

tgg tatgact citcttggagc aataaacaaa atacaggatt tottacaaaa goaagaatat 14 O 

aaga cattgg aatata actt aacgactaca gaagtagta tigagaatgt alacagcctt C 2OO 

tgggaggagg gatttgggga attatttgag aaa.gcaaaac aaaacaataa caatagaaaa 26 O 

acttctaatg gtgatgacag cct cittctitc agtaatttct cacttcttgg tactic ct gtc 32O 

Ctgaaagata ttaatttcaa gatagaaaga gga cagttgt toggttgc tiggat.ccact 38O 

ggagcaggca agacitt cact tctaatggtg attatgggag alactggagcc titcagagggit 44 O 

aaaattaa.gc acagtggaag aattt cattctgttcticagt titt coltagat tatgcctggc SOO 

accattaaag aaaatat cat ctittggtgtt toc tatgatgaatatagata cagaag.cgt.c 560 

atcaaag.cat gccalactaga agaggacatc. tccaagtttg cagagaaaga caatatagitt 62O 

Cttggagaag gtggaatcac actgagtgga ggt caacgag caagaattt C tittagcaaga 68O 

gcagtataca aagatgctga tttgt attta ttagact ct c ctitttggata cctagatgtt 74 O 

ttalacagalaa aagaalatatt taaagctgt gtctgtaaac tatggctaa Caaaact agg 800 

attittggtca cittctaaaat ggaacattta aagaaagctg acaaaatatt aattittgcat 86 O 

gaagg tagca gctatttitta toggga cattt totagaacticc aaaatctaca gccagactitt 92 O 

agct caaaac toatgggatg tdatt ctitt c gaccalattta gtgcagaaag aagaaattica 98 O 

atcc taactg agacct taca ccgtttctica ttagaaggag atgct cotgt citcctggaca 2O4. O 

gaaacaaaaa aacaat Cttt taalacagact ggagagtttggggaaaaaag galaga attct 21OO 

attct caatic caatcaactic tatacgaaaa ttitt coattg togcaaaagac tocct tacaa 216 O 

atgaatggca t caagagga ttctgatgag cct ttagaga gaaggctgtc. Cttagtacca 222 O 

gattctgagc agggagaggc gat actgcct cqcat cagcg tdatcagcac tecCCC acg 228O 

Cttcaggcac gaaggaggca gtctgtcCtg aacct gatga cacacticagt taaccalaggt 234 O 

Cagaac attic accgaaagac alacagcatcc acacgaaaag tit cactggc cccticaggca 24 OO 

aacttgactgaactggatat at attcaaga aggttat citc aagaaactgg cittggaaata 246 O 

agtgaagaaa ttalacgaaga agacittaaag gagtgcttitt ttgatgatat ggaga.gcata 252O 

c cagcagtga ctacatggaa cacatacctt cqatatatta citgtc. cacaa gagcttaatt 2580 

tttgttgctaa tittggtgctt agtaatttitt Ctggcagagg totgctt C tittggttgtg 264 O 

ctgtggct cottggaaacac toctottcaa gacaaaggga at agtactica tagtagaaat 27 OO 

aacago tatg cagtgattat caccagolacc agttcg tatt atgtgttitta catttacgtg 276 O 

ggagtagc.cg acactittgct tctatggga ttctt cagag gtctaccact ggtgcatact 282O 

ctaatcacag tdtcqaaaat tttacaccac aaaatgttac attctgttct tcaag cacct 288O 

atgtcaac cc ticaacacgtt gaaag caggt giggattctta atagattctic caaagatata 294 O 

gcaattittgg atgacctt cit gcc tottacc at atttgact t catccagtt gtt attaatt 3 OOO 

gtgattggag ctatagcagt tdtcqcagtt ttacaac cot a catc.tttgt togcaa.ca.gtg 3 O 6 O 

12 
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- Continued 

ttaacaacag gagaaggaga aggaagagtt ggt attatcc tactittagc catgaat at C 786 O 

atgagtacat to agtgggc tigtaalactico agcatagatg tdgatagctt gatgcgatct 7920 

gtgagc.cgag totttaagtt cattgacatg cca acagaag gtaaacctac caagttcaacc 798 O 

aaac cataca agaatggcca act ct cqaaa gttatgatta ttgagaattic acacgtgaag 804 O 

aaagatgaca t ctggc cct c aggggggcaa atgactgtca aagat ct cac agcaaaatac 81OO 

acagaaggtg gaaatgcc at attagagaac atttic ctitct caataagttcc tdgccagagg 816 O 

gtgggcct ct togaagaac tigat Caggg aagagtactt tittatcagc titttittgaga 822 O 

Ctactgaaca Citgaaggaga aatcCagatc gatggtgttgt Cttgggattic aataactittg 828O 

Caac agtgga ggaaagcctt tagtgata C cacagaaag tattt attitt ttctggalaca 834 O 

tittagaaaaa acttggat.cc ctatgaacag tagtgatc aagaaatatg gaaagttgca 84 OO 

gatgaggttg ggct cagatc ttgatagaa cagtttic ctg ggaagcttga CtttgtcCtt 846 O 

gtggatgggg gctgttgtc.ct aagcc atggC Cacaa.gcagt tatgtgctt ggctagatct 852O 

gttcticagta aggcgaagat Cttgctgctt gatgaac cca gtgct cattt ggat.ccagta 858 O 

acataccalaa taattagaag aactictaaaa caa.gcatttg citgattgcac agtaattctic 864 O 

tgtgaacaca ggatagaa.gc aatgctggaa to caacaat ttittggt cat agaagagaac 87OO 

aaagtgcggc agtacgattic catcCagaala Ctgctgaacg agaggagcct Ctt Coggcaa. 876O 

gccatcagcc cct Cogacag ggtgaagctic titt CCCC acc ggaacticaag caagtgcaa.g 882O 

tctaagcc cc agattgctgc tictgaaagag gagacagaag aagaggtgca agataca agg 888 O 

ctittag 8886 

<210s, SEQ ID NO 7 
&211s LENGTH: 8 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: DOMAIN Amino Acids 1-8 (entire sequence) = 
antigenic epitope 
commonly known as FLAG tag 

<4 OO > SEQUENCE: 7 

Asp Tyr Lys Asp Asp Asp Asp Llys 
1. 5 

<210s, SEQ ID NO 8 
&211s LENGTH: 55 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Oligo-Box B RNA that contained sequence 
complimentary to CFTR nt 1454-1465 and 1469-1491. 

<4 OOs, SEQUENCE: 8 

taatctagga aaactgagaa cagaggcc ct gaaaaagggc caa attctt C Caccc 55 

We claim: 
1. A method of editing a nucleotide within a RNA 

molecule comprising: 
identifying an adenosine within said RNA molecule: 
binding an antisense RNA oligonucleotide to a region 

Surrounding said adenosine; and 

60 

providing a human ADAR2 deaminase domain (SEQ 
ID: 1) linked to said antisense RNA oligonucleotide. 65 

2. The method of claim 1, comprising a 5' end of the 
antisense RNA oligonucleotide beginning before said 

adenosine on a 3' end, wherein a 3' end of the antisense RNA 
oligonucleotide extends up to 21 nucleotides 5' from said 
adenosine. 

3. The method of claim 1, wherein a Box B RNA (SEQ 
ID:2) and a N-peptide (SEQ ID:3) are used as a linkage 
between said antisense RNA oligonucleotide and said 
deaminase domain of human ADAR2 (SEQ ID: 1). 

4. The method of claim 1, wherein said human ADAR2 
deaminase domain (SEQ ID: 1) is linked to said antisense 
RNA oligonucleotide by: fusing a Box B RNA sequence 
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(SEQ ID:2) on the 3' end of said antisense RNA oligonucle 
otide; binding a bacteriophage N-peptide (SEQ ID:3) to 
said Box B RNA sequence (SEQ ID:2); and fusing the 
deaminase domain of human ADAR2 (SEQ ID: 1) to a 
C-terminus of said bacteriophage w N-peptide (SEQ ID:3). 5 

5. The method of claim 1, wherein the deaminase domain 
of human ADAR2 (SEQ ID: 1) is used to catalyze the 
deamination of a specific adenosine residue. 

k k k k k 
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