WO 2021/041924 PCT/US2020/048561

SYSTEM FOR REGULATING GENE EXPRESSION
CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application No.
62/894.611, filed on August 30, 2019, U.S. Provisional Application No. 62/904,635, filed
on September 23, 2019, and U.S. Provisional Application No. 63/043,504, filed June 24,

2020, the contents of each of which are incorporated herein by reference in their entirety.
Government License Rights

[0002] This invention was made with government support under EBO13584 awarded

by the National Institutes of Health. The government has certain rights in the invention.
Background

[0003] Nucleic acid based constructs for modulating expression of genes can be

improved by increasing sensitivity and reducing leakiness.
Summary

[0004] The present disclosure recognizes a discovery of nucleic acid constructs
related to regulatable gene product expression. In some embodiments, the present disclosure
provides compositions and methods for the regulation of gene expression using nucleic acid
constructs. In some embodiments, the present disclosure recognizes the utility of alternative
splicing in regulation of gene expression in a nucleic acid construct. In some embodiments,
the present disclosure recognizes the utility of regulating gene expression utilizing ligand-

binding aptamers.

[0005] In some embodiments, the present disclosure provides a system for
modulating gene expression, comprising a poly A aptamer polynucleotide that comprises in a
5'to 3' direction: a 5” splice donor site; an engineered intron; a first 3” splice acceptor site; a
poly A switch comprising two or more ligand-binding aptamers with one or more ligand
binding pockets, and at least one poly A cleavage signal therein; a second 3” splice acceptor

site; and a nucleic acid sequence encoding an expressible polypeptide.

[0006] In some embodiments, a poly A aptamer polynucleotide of the present

disclosure comprises two ligand-binding aptamers. In some embodiments, a poly A aptamer



WO 2021/041924 PCT/US2020/048561

polynucleotide comprises three ligand-binding aptamers. In some embodiments, a polyA
aptamer polynucleotide comprises a poly A switch comprising a three way junction. In some
embodiments, a three way junction comprises a junction of one or more RNA double
stranded stems. In some embodiments, portions of a three way junction are single stranded.
In some embodiments, a RNA double stranded stem comprises a ligand-binding aptamer. In
some embodiments, a nucleic acid sequence encoding an expressible polypeptide comprises

a5’UTR.

[0007] In some embodiments, the present disclosure provides a method for
modulating expression of a gene product in a cell. The method comprises the steps of:
introducing into the cell a system comprising in a 5' to 3' direction: a 5° splice donor site; an
engineered intron; a first 3” splice acceptor site; a polyA switch comprising two or more
ligand-binding aptamers with one or more ligand binding pockets, and at least one polyA
cleavage signal therein; a second 3 splice acceptor site. In some embodiments a gene
product expressed by the methods described herein is exogenous to the cell. In some
embodiments, a gene product expressed by the methods described herein is endogenous to
the cell. In some embodiments, a method provided by the present disclosure occurs in one or
more cells of an individual, the ligand is glucose, the individual has diabetes, pre-diabetes,
or complications from diabetes, and/or the expressible polynucleotide is insulin. In some
embodiments, a method provided by the present disclosure occurs in one or more cells of an
individual, the expressible polynucleotide is a therapeutic gene product such as human
growth hormone, coagulation factor X, or dystrophin. In some embodiments, a method
provided by the present disclosure occurs in one or more cells of an individual, the ligand is
the gene product of a cancer biomarker, and the expressible polynucleotide is a suicide gene.
In some embodiments, a method provided by the present disclosure occurs in an individual,
the expressible polynucleotide is a reporter gene, and the location and/or intensity of the
expression of the reporter gene provides information about spatial distribution, temporal
fluctuation, or both, of aligand in one or more cells of the individual. In some embodiments,
a method provided by the present disclosure occurs in an individual, tissue, or cell, wherein
the expressible polynucleotide encodes a detectable gene product, and wherein the

respective individual, tissue, or cell is imaged.



WO 2021/041924 PCT/US2020/048561

Brief Description of the Drawing

[0008] Figures 1A-1C provide schematics of aspects of a poly A aptamer
polynucleotide described herein. Figure 1A depicts mechanism of the “hybrid” switch based
on ligand-inducible alternative splicing and poly A signal cleavage. Figure 1B depicts
configuration of Y-shape polyA switch. The name of different parts of Y-shape structure is
labeled. Figure C shows the configuration of a representative Y -shaped poly A switch
Y196CAA.

[0009] Figures 2A-2C demonstrate results of additional Y-shape structures that are
configured differently and with the poly A cleavage signal positioned differently. poly A
signal is indicated by a red line. 3-way junction is indicated by a box. Figure 2A and 2B
shows alternative Y-shape configurations with three aptamers (aptamer A, B, and C)
arranged differently around the 3-way junction. Figure 2C shows three aptamers stacked on

each other without 3-way junction.

[0010] Figures 3A-3C demonstrate results of modification of the number of polyA
cleavage signals in a poly A aptamer polynucleotide described herein. Figure 3A shows 2
polyA signal (red box) located on two different stems. Figure 3B shows only one poly A
signal partially buried in arm 1-2. Figure 3C shows 2 polyA signals (red box) are embedded

in arml-2.

[0011] Figures 4A- 4L demonstrate results of modification of a 3-way junction of a
poly A aptamer polynucleotide described herein. Figure 4L shows the best 3-way junction

sequences.

[0012] Figures 5 demonstrate results of modification of a poly A signal relative to the

location of a 3-way junction of a poly A aptamer polynucleotide described herein.

[0013] Figures 6A-6B demonstrate results of modification of the third double strand
stems (refer to as arm 3-1 and 3-2 in Figure 1B) of a poly A aptamer polynucleotide
described herein. Figures 6A demonstrates results of modification of arm 3-1. Figures 6B

demonstrates results of modification of arm 3-2.

[0014] Figures 7A-7B demonstrate results of modification of the second double
strand stems (refer to as arm2-1 and 2-2 in Figure 1B) of a poly A aptamer polynucleotide
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described herein. Figures 7A demonstrates results of modification of arm 2-2. Figures 7B

demonstrates results of modification of arm 2-1.

[0015] Figure 8 demonstrates results of modification of the upper part of the first
double strand stem (refer to as arm1-2 in Figure 1B) of a polyA aptamer polynucleotide

described herein.

[0016] Figure 9 demonstrates results of modification of the lower part of the first
double strand stem (refer to as arm 1-1 in Figure 1B) of a poly A aptamer polynucleotide

described herein.

[0017] Figures 10A-10B demonstrate results of modification of aptamer orientation
of a poly A aptamer polynucleotide described herein. Figure 10A shows the results with the
orientation of aptamer B reversed. Figure 10B shows the results with the orientation of

aptamer A orientation reversed.

[0018] Figures 11A-11B demonstrate the contribution of each aptamer in a polyA
aptamer polynucleotide described herein. Figures 11A shows the effect of inactivating each
aptamer by an A to C point mutation (indicated by the arrow). Figure 11B shows the effect

of deleting aptamer A on induction.

[0019] Figures 12A-12D demonstrate results of modification of a 5°UTR of the
expressible polynucleotide following a poly A aptamer polynucleotide described herein.
Figure 12A shows results of inserting CAA repeats (underlined) in the 5’UTR of the
expressible polynucleotide using different parental constructs. Figure 12B shows results of
testing new 5°UTR sequence with strong 3’ splice site using S56 as the parental construct.
Figure 12C shows the results of inserting unstructured spacer sequence into 5’UTR of Y305

and Y300. Figure 12D shows inserting CAA repeats before the 3” splice site in 5’UTR.

[0020] Figures 13A-13B show the importance of G quad sequences of a polyA
aptamer polynucleotide described herein. Figure 13A shows the effects of G-quad sequence
on induction using Y196CAA as the parental construct. Figure 13B shows results of testing

different G-quad sequences to replace 4AMAZ G-quad using S56 as the parental construct.

[0021] Figure 14 demonstrates confirmation of tetracycline-induced alternative
splicing of a poly A aptamer polynucleotide described herein. In the absence of Tc, IVS2-
spliced RNA is degraded by polyA cleavage (lane 1 and 3). The presence of Tc induces



WO 2021/041924 PCT/US2020/048561

alternative splicing in both Y196CAA-2MAZ and Y196CAA-4MAZ (lane 2 and 4). Ligand-

induced alternative splicing is much more pronounced with the presence of 4AMAZ.

[0022] Figures 15A- 15G demonstrate results of modification of a first 3 splice
acceptor site of a poly A aptamer polynucleotide described herein. Figure 15A shows results
of moving IVS2 3’ splice site into arm1-1 of Y196CAA-4MAZ. Figure 15B shows that the
first 3° splice site is strongly inhibited when completely embedded into the arm1-1 near
aptamer A (red arrow), resulting in very low induction. Diminishing the clamping effect of
aptamer A by deleting part of its sequence restores the induction. Figure 15C shows results
of moving the IVS 3’ splice site (blue box) along the arm 1 of S9m, and Figure 15D shows
results of placing the IVS 3’ splice site in the bulge of arm1-2. Figure 15E shows results of
changing the predicted strength of splicing by mutating the base after IVS2 3’ splice site.
Figure 15F shows results of moving mini-IVS2 3’ splice site further into or away from
aptamer A in arm 1-1. Figure 15G shows randomization of the three bases after the first 3
splice site (CAGNNN).

[0023] Figures 16A-16C demonstrate results of modification of a second 3’splice
acceptor site of a poly A aptamer polynucleotide described herein. Figure 16A shows results
of modifications of 5’UTR to alter the strength of the alternative 3 splice site. Figure 12B
shows results of randomization of the three bases after “TAG” in 5"UTR (TAGNNN) to
modulate the strength of the alternative 3” splice site in order to improve the induction.
Figure 12C shows the results of incorporating the best TAGNNN sequences selected from
randomization into Y329 5°UTR.

[0024] Figures 17A and B demonstrate results of modification of the size of an
engineered intron of a polyA aptamer polynucleotide described herein. Figure 17A shows
results of varying the size and splicing elements of the IVS2 intron. Figure 17B shows
results of removing CAA repeats from the constructs (S159, S164 and S169) with the

shorter engineered intron.

[0025] Figures 18 A-18C demonstrate results of inclusion of an upstream open
reading frame (WORF) in a poly A aptamer polynucleotide described herein. Figure 18A
shows the schematics of inclusion of an upstream open reading frame in a poly A aptamer.

The inserted upstream ATG start codon is boxed. Figure 18B shows results of fine-tuning
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the 5’UTR sequence of constructs with an upstream open reading frame. Figure 18C shows

one representative hybrid switch with the inclusion of an upstream open reading frame.

[0026] Figures 19A-19E demonstrate the ability of a polyA aptamer polynucleotide
described herein to control the gene expression of an expressible polypeptide in the presence
of aligand. Figurel9A show the performance of representative S series constructs vs.
Y196CAA-4AMAZ. Figure 19B shows dose response of representative S series constructs vs.
Y196CAA-4MAZ visualized by microscopy._Figure 19C shows the performance of Y300
and Y301. Figure 19D shows the dose response of Y362 and Y367 determined by luciferase
reporter assays. Figure 19E shows the response to 1ug/ml tetracycline of Y362 and Y367 as
determined by fluorescence activated cell sorting (FACS) using eGFP reporter signal.
‘Induction in fold’ in all results is calculated as the ratio of transgene expression in the

presence vs. absence of tetracycline.

[0027] Figure 20 demonstrates the ability of a poly A aptamer polynucleotide
described herein to function as an endogenous switch to control the expression of an

endogenous gene in the genome.

[0028] Figure 21 depicts configuration of a Y-shape polyA switch combining single
base changes at three locations. The Y387 construct shown here contains all the three
changes.

[0029] Figure 22 demonstrates that the combination of three single base changes

significantly increase the induced expression of an expressible polypeptide at low drug
concentration. Four different parental constructs (Y359, Y360, Y361, Y362C) were used to
demonstrate the effects of single base changes on induction. The effects on induction by
these single base changes are similar across all four different parental constructs. Upper
panel shows the induction in fold with standard variation. Lower panel plots the induction in

fold for each construct.

[0030] Figures 23A and 23B demonstrate a dose response analysis of induction of
expression from constructs Y362 and Y386 comprising a Y-shape polyA switch combining
single base changes at three locations. Figures 23A shows that the induction by tetracycline
reaches 50% of the maximal level (ECso) at as low as 0.5 to 1 ug/ml Tc using the maximum

induction in fold as the ECioo reference. Figures 23B shows a similar calculation using the
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maximum expression level of parental construct (HDM-Luc, which has similar sequence but
without the Y-shape structure) as the ECio reference. In this case, ECso is reached by

tetracycline as low as 0.5 to 1.2 pg/ml.

Detailed Description of Certain Embodiments

[0031] In some embodiments, the present disclosure provides compositions and
methods for regulatable gene product expression. In some embodiments, compositions and
methods for regulatable gene product expression comprise a poly A aptamer polynucleotide.
In some embodiments, a poly A aptamer polynucleotide comprises, amongst other things,
one or more splice donor sites, one or more splice acceptor sites, an engineered intron; a
polyA switch; and a nucleic acid sequence encoding an expressible polypeptide. In some
embodiments, a poly A switch comprises at least one ligand-binding aptamer. In some
embodiments, a poly A switch comprises at least one polyA cleavage signal. In some

embodiments, a poly A aptamer polynucleotide comprises RNA double strand stems.

Aptamer

[0032] Aptamers are short RNA sequences that fold like receptors and bind to
specific ligands. Efficient in vitro evolution methods for generating aptamers with high
affinity to specific ligands are well established. The binding affinity of aptamers can often
reach nanomolar range, comparable to that of antibodies. In this regard, aptamers can be
viewed as antibodies made of RNA. What distinguishes an aptamer from an antibody are its
small size (often smaller than 50 bases) and its modular nature. These features enable
aptamers to integrate with and control other RNA structures without losing its binding
function. It has been demonstrated that aptamers can transform the self-cleaving RNA
ribozymes to operate in a ligand-dependent manner, and function like a molecular switch in

test tubes and in cells.

[0033] In some embodiments, a polyA aptamer polynucleotide comprises one or

more RNA double stranded stems. In some embodiments, a RNA double stranded stem is a
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nucleic acid structure formed by intramolecular base pairing of complementary nucleic acids
contained within a single poly A aptamer polynucleotide. In some embodiments, a RNA
double stranded stem may also be referred to as an arm. In some embodiments, a polyA
aptamer polynucleotide comprises one or more RNA double strand stems. In some
embodiments, a poly A aptamer polynucleotide comprises two RNA double strand stems. In
some embodiments, a poly A aptamer polynucleotide comprises three RNA double strand
stems. In some embodiments, a RNA double stranded stem comprises ligand binding
aptamer. In some embodiments, a poly A aptamer polynucleotide comprises two ligand
binding aptamers. In some embodiments, a polyA aptamer polynucleotide comprises three

ligand binding aptamers.

[0034] In some embodiments, at least two RNA double stranded stems are joined to
form a junction. In some embodiments, a junction of RNA double stranded stems comprises
a single stranded region. In some embodiments, three RNA stems meet to form a three way

junction. In some embodiments, a three way junction comprises at least one single stranded

region. In some embodiments, a three way junction comprises one, two, or three single

stranded regions.

[0035] In some embodiments the sequence of a double stranded RNA stem is

selected from one of the following:

SEQID NO.: | SEQUENCE (5’ to 3°)
2 GGGUGUUUGUGGC
3 CACGAGAUCUGG
4 GCGUUUUAUACUU
5 CUCUGCAGAUGUU
[0036] In some embodiments, a single stranded region formed by a junction of RNA

double stranded stems comprises at least one nucleic acid. In some embodiments, a single

stranded region formed by a junction of RNA double stranded stems comprises one, two,
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three, four, five, six, seven, eight, nine, ten, eleven, twelve, or more nucleic acids. In some
embodiments, a three way junction comprises a first, second, and third single stranded
regions. In some embodiments, a first single stranded region comprises at least one base
selected from C and A. In some embodiments, a second single stranded region comprises at

least one base selected from C and A.

[0037] In some embodiments, a RNA double stranded stem is 30, 20, 10, or 5 base
pairs in length. In some embodiments, a RNA double stranded stem is 5 to 30, 10 to 30, 20
10 30, 5 to 10, 5 to 20, 5 to 30, or 10 to 20 base pairs in length. In some embodiments, a
RNA double stranded stem is up to 30 base pairs in length. In some embodiments, a RNA

double stranded stem is less than 30, 20, or 10 base pairs in length.

[0038] In some embodiments, a poly A aptamer polynucleotide comprises one or
more aptamers. In some embodiments, a poly A aptamer polynucleotide comprises two

aptamers. In some embodiments, a poly A aptamer polynucleotide comprises three aptamers.

In some embodiments, an aptamer included in a poly A aptamer polynucleotide described
herein comprises at least one single stranded region and at least one aptamer RNA double
stranded stem. In some embodiments, an aptamer RNA double stranded stem comprises a
single stranded region. In some embodiments, an aptamer RNA has an RN A double stranded
stem with a sequence of AATAAGATTACCGAAAGGCAATCTTATT (e.g., arm2-2). In
some embodiments, an aptamer RNA has an RNA double stranded stem with a sequence of
CCAGATCGAATTCGATCTGG (e.g., are 3-2). In some embodiments, an aptamer RNA
has an RNA double stranded stem with a length ranging from 6-10; 7-11; 8-12; 9-13; 10-14

base pairs in length.

PolyA cleavage signal

[0039] In accordance with various embodiments, any of a variety of poly A signals
(e.g., encoded by a polyA signal sequence) may be used. By way of non-limiting example, a
polyA signal sequences used in mammalian cells include: AAUAAA, AUUAAA,
AGUAAA, ACUAAA, UAUAAA, CAUAAA, GAUAAA, AAUAUA, AAUACA, and
AAUAGA. In some embodiments, a polyA switch may include two or more poly A signal

sequences (e.g.,3,4,5,6,7,8,9, 10 or more).
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[0040] Polyadenylation is a foundational mRNA processing mechanism that is
present in all mammalian cells. Typically, mammalian poly A signals are found in the 3’
untranslated region (UTR). In contrast, the present disclosure provides compositions and
methods that comprise a poly A cleavage signal present in an expression construct at a
location other than at the 3' untranslated region (UTR) of an expressible polynucleotide,
such as a gene. When a polyA signal is artificially created in the 5° UTR, where it is not
normally found in cells, efficient cleavage of the polyA signal leads to the addition of poly A
tail at the site. This results in the removal and degradation of the second half of the
associated mRNA with transgene sequence, and therefore a loss of gene expression. In some
embodiments, the poly A signal is present upstream of the translation start site of a nucleic
acid sequence encoding an expressible polynucleotide (MRNA) encoding an expressed
polypeptide. In some embodiments, the poly A signal is located in the 5' UTR of the mRNA.
In some embodiments, a single stranded region of a 3-way junction comprises all or a
portion of the poly A cleavage signal. In some embodiments, the third single stranded region
of a 3-way junction comprise all or a portion of the polyA cleavage signal. In some
embodiments, a RNA double stranded stem comprises all or a portion of the polyA cleavage
signal. In some embodiments, the third RNA double stranded stem comprises all or a portion
of the poly A cleavage signal. In some embodiments, a portion of the poly A cleavage signal,
as used herein, includes one, two, three, or four nucleotides. In some embodiments, a poly A
cleavage signal has a sequence of AAUAAA. In some embodiments, a poly A cleavage
signal has a sequence of AUUAAA, AGUAAA, ACUAAA, UAUAAA, CAUAAA,
GAUAAA, AAUAUA, AAUACA, AAUAGA, AAAAAG, or ACUAAA. In embodiments
wherein two or more polyA signals are utilized in the construct, the poly A signals may be
the same or may be different. In particular embodiments, the expressible polynucleotide is

able to be transcribed by RNA polymerase II.

[0041] In some embodiments, the presence of the poly A cleavage signal in the 5'
UTR targets the second half of mRNA after the poly A signal for degradation, and this
ability is exploited in the various compositions and methods of the present disclosure. In
some embodiments, the presence of the poly A cleavage signal in the 5' UTR results in
cleavage of a pre-mRNA/mRNA encoded by a poly A aptamer polynucleotide. In some
embodiments, cleavage of a pre-mRNA/mRNA encoded by a poly A aptamer polynucleotide

10
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results in degradation of the second half of pre-mRNA/mRNA. In some embodiments,
cleavage of a pre-mRNA/mRNA encoded by a poly A aptamer polynucleotide results in no

expression of a polypeptide.

[0042] In particular embodiments, the poly A cleavage signal is within a poly A
aptamer polynucleotide comprising at least one ligand-binding aptamer to which one or
more ligands can bind. In some embodiments, binding of the ligand to the ligand-binding
aptamer determines whether or not the poly A cleavage signal is present in the pre-
mRNA/mRNA after alternative splicing. In some embodiments, binding of the ligand to the
ligand-binding aptamer determines whether or not the pre-mRNA/mRNA is cleaved after
alternative splicing. In some embodiments, binding of the ligand to the ligand-binding
aptamer determines whether or not an expressible polypeptide is expressed after alternative

splicing.

Engineered Intron

[0043] In some embodiments, a poly A aptamer polynucleotide comprises an
engineered intron. In some embodiments, an engineered intron comprises one or more splice
sites. In some embodiments, a splice site is or comprises a splice donor site (e.g, comprising
a GU sequence). In some embodiments a splice site is or comprises a splice acceptor site
(e.g., comprising an AG sequence). In some embodiments, splice sites in an engineered
intron function (e.g., in conjunction with each other and/or in conjunction with one or more
endogenous splice site(s)) to excise an engineered intron from a poly A aptamer

polynucleotide.

[0044] In some embodiments, an engineered intron is preceded by a 5” splice donor
site. In some embodiments, a poly A aptamer polynucleotide comprises a 5” splice donor site
in the region 5° of an engineered intron. In some embodiments, a poly A aptamer
polynucleotide comprises a first 3 splice acceptor site 3” of an engineered intron. In some
embodiments, an engineered intron of a poly A aptamer polynucleotide described herein
comprises a 5” splice donor site and a first 3” splice acceptor site. In some embodiments, a
poly A aptamer polynucleotide comprises a nucleic acid sequence encoding an expressible

polypeptide. In some embodiments, a polyA aptamer polynucleotide comprises a second

11



WO 2021/041924 PCT/US2020/048561

3’splice acceptor site immediately 5° of a nucleic acid sequence encoding an expressible

polypeptide.

[0045] In some embodiments, a poly A aptamer polynucleotide comprises a promoter
5’ of the splice donor site. Exemplary promoters include, e.g., CMV, E1F, VAV, TCRvbeta,
MCSV, an SV40 promoter, an RSV promoter, and PGK promoter.

[0046] In some embodiments, in the absence of a ligand bound to a ligand-binding
aptamer, splicing of the pre-mRNA encoded by a polyA aptamer polynucleotide described
herein occurs between the 5° splice donor site and the first 3” splice acceptor site. In some
embodiments, splicing between the 5° splice donor site and the first 3 splice acceptor site of
a pre-mRNA encoded by a polyA aptamer polynucleotide described herein results in an
mRNA comprising a poly A cleavage signal preceding a 5’UTR of a nucleic acid sequence
encoding an expressible polypeptide. In some embodiments, presence of a polyA cleavage
signal preceding a S’UTR of a nucleic acid sequence encoding an expressible polypeptide
results in cleavage at the poly A cleavage site and degradation of the sequence encoding an

expressible polypeptide.

[0047] In some embodiments, in the presence of a ligand bound to a ligand-binding
aptamer, splicing of the pre-mRNA encoded by a poly A aptamer polynucleotide described
herein occurs between the 5° splice donor site and the second 3” splice acceptor site. In some
embodiments, splicing of the pre-mRNA encoded by a poly A aptamer polynucleotide
described herein between the 5° splice donor site and the second 3” splice acceptor site
results in an mRNA comprising a nucleic acid sequence encoding an expressible
polypeptide. In some embodiments, splicing of the pre-mRNA encoded by a poly A aptamer
polynucleotide described between the 5° splice donor site and the second 3° splice acceptor
site results in removal of polyA cleavage signal by splicing it out. In some embodiments,
splicing between the 5° splice donor site and the second 3’ splice acceptor site of the pre-
mRNA encoded by a poly A aptamer polynucleotide described herein results in the

expression of an expressible polypeptide.

[0048] In some embodiments, a poly A aptamer polynucleotide comprises two or
more ligand-binding aptamers. In some embodiments, each of two or more ligand binding

aptamers binds a different ligand. In some embodiments, a poly A aptamer polynucleotide

12
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comprises two or more separate poly A switches. In some embodiments, a first poly A switch
comprises a first aptamer that binds a first ligand, and a second poly A switch comprises a
second aptamer that binds a second ligand. In some embodiments the first and second
aptamers are non-identical and the first and second ligands are non-identical. In some
embodiments, the first and second aptamers are non-identical and the first and second

ligands are identical.

[0049] In some embodiments, an engineered intron is any sequence. In some
embodiments, an engineered intron is approximately 100, 200, 300, 400, or 500 nucleotides
in length. In some embodiments, an engineered intron is in the range of 100-200; 110-200;
120-200; 130-200; 140-200; 150-200; 160-200; 170-200; or 180-200 bases in length. In
some embodiments, an engineered intron is at most 100, 110, 120, 130, 140, 150, 160, 170,
180, 190, 200, 210, 220 bases in length. In some embodiments, an engineered intron has the

following sequence:

GTGAGTCTTAAGCCAGCTACCATTCTGCTTTTATTTTATCGTTGGGATAAGGCTG
GATTATTCTGAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCT
TCCTCTGCAG (SEQIDNO.: 1)

[0050] In some embodiments, an engineered intron has the following sequence:

GTGAGTCTATGGGACCCTTGATGTTTTCTTTCCCCTTCTTTTCTATGGTTAAGTTC
ATGTCATAGGAAGGGGAGAAGTAACAGGGTACACATATTGACCAAATCAGGGT
AATTTTGCATTTGTAATTTTAAAAAATGCTTTCTTCTTTTAATATACTTTTTTGTT
TATCTTATTTCTAATACTTTCCCTAATCTCTTTCTTTCAGGGCAATAATGATACAA
TGTATCATGCCTCTTTGCACCATTCTAAAGAATAACAGTGATAATTTCTGGGTTA
AGGCAATAGCAATATTTCTGCATATAAATATTTCTGCATATAAATTGTAACTGAT
GTAAGAGGTTTCATATTGCTAATAGCAGCTACAATCCAGCTACCATTCTGCTTTT
ATTTTATGGTTGGGATAAGGCTGGATTATTCTGAGTCCAAGCTAGGCCCTTTTGC
TAATCATGTTCATACCTCTTATCTTCCTCCCACAG (SEQ ID NO.: 49)

[0051] As used herein, an intron can refer to either a DNA sequence or its

corresponding RNA sequence.

[0052] In some embodiments a poly A aptamer polynucleotide comprises additional

sequences to facilitate, regulate or assist poly A signal cleavage within a poly A aptamer

13
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polynucleotide. In some embodiments, a poly A aptamer polynucleotide comprises a G-U
rich region 5” of the nucleic acid sequence encoding the expressible polypeptide and 3 of
the poly A cleavage signal. In some embodiments a poly A aptamer polynucleotide comprises
additional sequences to facilitate, regulate or assist splicing within a poly A aptamer
polynucleotide. In some embodiments, a poly A aptamer polynucleotide comprises a nucleic
acid triplet sequence capable of modulating the strength of alternative splicing. In some
embodiments, a nucleic acid triplet sequence is 3° relative to the second 3 acceptor site in
the 5’UTR. In some embodiments, anucleic acid triplet sequence is 3” of an engineered
intron. In some embodiments, a sequence of a nucleic acid triplet sequence comprises any
three nucleotides. In some embodiments, a sequence of a nucleic acid triplet sequence
comprises TAG, TCT, TTC, TTG, TGA, TGC, TCC, ACA, AAC, ACC, AGC, AGG, CCT,
CCC, TTT, TGA, TCT, TAC, CAC, or CAT.

[0053] In some embodiments, a poly A aptamer polynucleotide comprises a G-U rich
region 5’ of the nucleic acid sequence encoding the expressible polypeptide and 3° of the
polyA cleavage signal. In some embodiments, a poly A aptamer polynucleotide comprises a
G rich region 5° of the nucleic acid sequence encoding the expressible polypeptide and 3° of
the G-U rich region. In some embodiments, a G rich region is understood in the art to be a
MAZ sequence. In some embodiments, a polyA aptamer polynucleotide comprises one or
more G rich regions. In some embodiments, a poly A aptamer polynucleotide comprises one
or more consecutive G rich regions. In some embodiments, a polyA aptamer polynucleotide
comprises one or more MAZ sequences. In some embodiments, a poly A aptamer
polynucleotide comprises one or more consecutive MAZ sequences. In some embodiments,
a poly A aptamer polynucleotide comprises one, two, three, four, five, six MAZ sequences.
The consecutive MAZ may be separated by one or more spacer sequences. In some
embodiments the sequence of a G rich region is
AACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGG
AAAGGGGGAGGGGGA (SEQ ID NO.: 47).

[0054] In some embodiments, a poly A aptamer polynucleotide comprises one or
more start codons. In some embodiments, a poly A aptamer polynucleotide comprises one or
more out of frame start codons. In some embodiments, an out of frame start codon is out of

frame relative to the coding sequence of a nucleic acid sequence encoding an expressible

14
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polypeptide. In some embodiments, a poly A aptamer polynucleotide comprises at least one
out of frame start codon. In some embodiments, a poly A aptamer polynucleotide comprises
at least one out of frame start codon 3” of a first 3” splice acceptor site 3 of an engineered

intron.

Expressible polypeptide

[0055] In some embodiments, a poly A aptamer polynucleotide comprises a nucleic
acid sequence encoding an expressible polypeptide. In some embodiments, a nucleic acid
sequence encoding an expressible polypeptide comprises a 5’UTR. In some embodiments, a
5° UTR of anucleic acid sequence encoding an expressible polypeptide comprises a 3’splice
acceptor site. In some embodiments, a 5° UTR of a nucleic acid sequence encoding an
expressible polypeptide comprises a branch point and a 3’splice acceptor site. A branch
point is understood in the art to comprise a nucleotide or nucleotides involved in initiating a
nucleophilic attack on the 5’ donor splice site. In some embodiments, a 5° UTR of a nucleic
acid sequence encoding an expressible polypeptide does not comprise a branch point. In
some embodiments, a 5° UTR of a nucleic acid sequence encoding an expressible
polypeptide comprises a spacer sequence. In some embodiments, a spacer sequence
comprises at least one CAA repeat. In some embodiments a 5’UTR of a nucleic acid
sequence encoding an expressible polypeptide has a sequence of
GCGGCCGCCTTAATTAACAGTGTTCACTAGAGCCAACAACAACAACAACAACA
ACAACAACAACGACACC (SEQ ID NO.: 48)

[0056] In some embodiments, a nucleic acid sequence encoding an expressible
polypeptide contemplated in the present disclosure can be any nucleic acid sequence or any
gene encoding any polypeptide. In some embodiments, a nucleic acid sequence encoding a
non-coding RNA. In some embodiments, a nucleic acid sequence encoding an expressible
polypeptide contemplated in the present disclosure can be an exogenous nucleic acid. In
some embodiments, a nucleic acid sequence encoding an expressible polypeptide
contemplated in the present disclosure can be a gene endogenous to a subject to which a
polyA aptamer polynucleotide has been introduced. In some embodiments, a poly A aptamer
polynucleotide of the present disclosure is introduced into a region of an individual’s
genome that regulates expression of a gene of interest. Accordingly, in some embodiments,

a polyA aptamer polynucleotide of the present disclosure can be used to regulate expression
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of genes endogenous to an individual. In some embodiments, a nucleic acid sequence
encoding an expressible polypeptide of a polyA aptamer polynucleotide of the present

disclosure is an endogenous nucleic acid sequence.

[0057] In some embodiments, an expressible polypeptide is insulin. In some
embodiments, an expressible polypeptide is human growth hormone. In some embodiments,
an expressible polypeptide is coagulation factor X. In some embodiments, an expressible
polypeptide is dystrophin. In some embodiments, an expressible polypeptide is a suicide
protein. In some embodiments, a suicide protein is a protein that induces cell death.
Exemplary suicide proteins include Mixed Lineage Kinase Domain Like Pseudokinase
(MLKL), Receptor-interacting serine/threonine-protein kinase 3 (RIPK3), Receptor-
interacting serine/threonine-protein kinase 1 (RIPK1), Fas-associated protein with death
domain (FADD), or gasdermin D (GSDMD), cysteine-aspartic proteases, cysteine aspartases
or cysteine-dependent aspartate-directed proteases (CASPASE-1 or CASP-1), CASPASE-4,
CASPASE-5, CASPASE-12, PYCARD/ASC (PYD and CARD domain containing / Fas-

associated protein with death domain) or variants thereof.

[0058] In some embodiments, an expressible polypeptide is a detectable gene
product. In some embodiments a detectable gene product is a reporter. In some embodiments
a reporter is a protein capable of providing a detectable signal and/or comprise the ability to
generate a detectable signal (e.g. by catalyzing reaction converting a compound to a
detectable product). Detectable signals can comprise, for example, fluorescence or
luminescence. Detectable signals, methods of detecting them, and methods of incorporating
them into reagents (e.g. polypeptides comprising a reporter protein) are well known in the
art. In some embodiments of any of the aspects, detectable signals can include signals that
can be detected by spectroscopic, photochemical, biochemical, immunochemical,
electromagnetic, radiochemical, or chemical means, such as fluorescence, chemifluoresence,
or chemiluminescence, or any other appropriate means. In some embodiments of any of the
aspects, the reporter protein is selected from the group consisting of luciferase,
nanoluciferase, beta-lactamase, beta-galactosidase, horseradish peroxidase, alkaline
phosphatase, catalase, carbonic anhydrase, green fluorescent protein, red fluorescent protein,
cyan fluorescent protein, yellow fluorescent protein, trypsin, a protease, a peptide that

complements and activates a truncated reporter protein, a kinase.
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[0059] In some embodiments, activity or function of a poly A aptamer polynucleotide
of the present disclosure is measured by expression of an expressible polypeptide. In some
embodiments, activity or function of a poly A aptamer polynucleotide of the present
disclosure is measured by fold induction. In some embodiments, fold induction is calculated
as the ratio of expressible polypeptide in the presence of a ligand and expressible
polypeptide in the absence of a ligand. In some embodiments, fold induction is calculated as
the ratio of expressible polypeptide in the presence of an aptamer and expressible
polypeptide in the presence of a different aptamer. In some embodiments, fold induction is
calculated as the ratio of expressible polypeptide in the presence of an aptamer comprising
at least one splice acceptor site and one splice donor site and expressible polypeptide in the
presence of a different aptamer with no splice sites. In some embodiments, fold induction is
calculated as the ratio of expression of an endogenous gene before introduction of a poly A
aptamer polynucleotide and expression of an endogenous gene after introduction of a poly A

aptamer polynucleotide regulating expression of the same endogenous gene.

Ligand

[0060] In accordance with various embodiments, a ligand may be selected so as to
facilitate a desired end purpose of a provided system. Accordingly, a ligand may be or
comprise a polypeptide, nucleic acid, small molecule, drug, metabolite, or combination
thereof. In some embodiments, a ligand may be or comprise a cellular metabolite, aberrant
cellular protein, or a protein expressed by a pathogenic organisms (e.g., a virus, bacteria, or
fungus). For example, in some embodiments, a ligand may be an exogenously administered
small molecule so that dosing and function of the system can be modulated easily as desired
in a particular therapeutic context. For example, in some embodiments, a ligand is
tetracycline or its derivatives. In some embodiments, a ligand may be selected such that
expression of an expressible polypeptide occurs in response to a particular biological
condition (e.g., infection, tumorigenesis, high or low glucose), for example, as a biosensor
system that can detect one or more intracellular “signatures™ in a cell, tissue, or subject.
Accordingly, in some embodiments, a ligand is endogenous to a subject (e.g., an

endogenous protein) In some embodiments, a ligand is neomycin or its derivatives. In some
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embodiments, a ligand is theophylline or its derivatives. In some embodiments, a ligand is

glucose. In some embodiments a ligand is a cancer biomarker.

Vectors

[0061] In some embodiments, a poly A aptamer polynucleotide of the present
disclosure can be introduced by a vector. In some embodiments, a vector can be a viral
vector. Suitable viral vectors include, without limitation, lentiviral vectors, retroviral
vectors, alphaviral, picornal (e.g., polio) vaccinial, adenoviral, adeno-associated viral, herpes

viral, and fowl pox viral vectors.

Exemplary Uses Including Treatment

[0062] In accordance with the present disclosure, poly A aptamer polynucleotides
and/or systems including one or more poly A aptamer polynucleotides, may be used in any of
a variety of applications. For example, in some embodiments, a poly A aptamer
polynucleotide of the present disclosure is used for treatment of an individual suffering from
a disease, for example, by providing controllable expression of a therapeutic protein
encoded by an expressible polynucleotide. In some embodiments, a disease is the lack of
certain protein(s) caused by a genetic disorder. In some embodiments, a disease is diabetes,
pre-diabetes, or complications from diabetes. In some embodiments, a disease is cancer. In
some embodiments, a disease is muscular dystrophy. In some embodiments, a disease is
hereditary Factor X deficiency. In some embodiments, a poly A aptamer polynucleotide of
the present disclosure is provided in combination with other treatments for a disease. In
some embodiments, a poly A aptamer polynucleotide of the present disclosure is used for
inducing reprogramming of cells into pluripotent stem cells (induced pluripotent stem cells
or iPSCs). In some embodiments, a poly A aptamer polynucleotide of the present disclosure
is introduced or administered prior to, during, or subsequent to other treatments for a
disease. In some embodiments, a therapeutic protein maybe or comprise insulin, growth
hormones, dystrophin, albumin, factor IX, Oct4, Sox2, Klf4, cMyc, and any combination
thereof.
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[0063] In some embodiments, a system comprising a poly A aptamer polynucleotide
may be used to provide information regarding whether or not a therapy is effective in a
particular subject. In some embodiments wherein it is desirable to determine whether one or
more therapies are effective in a subject, a system may be employed in the subject before the
therapy is provided, such as to detect the presence or absence of a specific indicative
compound for the therapy, and then after the therapy is provided one or more times the
system may be employed in the subject to detect the presence or absence of the specific
indicative compound. In other embodiments, the system is not employed for monitoring
therapy until after the therapy is provided one or more times to the subject, such as to
identify the presence or absence of a specific compound that is indicative of the efficacy of

the therapy.

[0064] In some embodiments, poly A aptamer polynucleotides and/or systems
including one or more poly A aptamer polynucleotides may be used as a biosensor. In
accordance with various embodiments, provided systems may provide spatial and/or
temporal information regarding a particular environment (e.g., an intracellular, extracellular,
and/or environmental environment). For example, in some embodiments, a system
comprising at least one poly A aptamer polynucleotide may be used to detect one or more
specific molecular signatures in a subject and to allow for production of a desired
expressible polypeptide in order to achieve a desired biological state in response to the
presence of the molecular signature(s). In some embodiments, a molecular signature may be
or comprise: the presence of a particular endogenous gene product (e.g., a disease-associated
gene product/protein), the presence of a toxin, the presence of an exogenous gene product,
the presence of a metabolite (e.g., a metabolite from an environmental contaminant), and

any combination thereof.

[0065] In some embodiments, a polyA aptamer polynucleotide may comprise one or
more reporter moieties (e.g., a reporter gene product, for example, an imaging reporter). In
some embodiments, an expressible polynucleotide comprised in a poly A aptamer
polynucleotide encodes a reporter gene product (e.g., protein). In some embodiments, a
reporter gene product may be or comprise luciferase, green fluorescent protein, red
fluorescent protein, B-galactosidase, infrared fluorescent proteins, near-infrared fluorescent

proteins, opsin, and any combination thereof.
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[0066] In some embodiments, a system comprising a poly A aptamer polynucleotide
may encode both a reporter gene product and a therapeutic gene product. In some such
embodiments, expression of the reporter gene product and the therapeutic gene product may
be controlled by the same aptamer. In some embodiments, expression of the reporter gene

product and the therapeutic gene product may be controlled by different aptamers.

Exemplification

[0067] The present examples describe a highly responsive gene regulation
mechanism that harnesses the power of drug-inducible alternative splicing to control poly A
cleavage. Figure 1 provides a representation of some embodiments of the present disclosure.
As demonstrated in Figure 1A, when an engineered short intron (mini-IVS2) and a new
polyA signal (in red) are artificially created at the 5° UTR of a transgene, efficient splicing
of the intron and the cleavage of polyA signal lead to destruction of the second half of
mRNA and therefore loss of gene expression. Binding of a specific ligand to the aptamers
engineered as part of the Y-shape switch (in green) efficiently induces an alternative
splicing. The ligand-induced alternative splicing results in the removal of the Y-shape
structure and the artificial 5° UTR poly A signal. This in turn leads to the preservation of the
intact mRN A and therefore the induced gene expression. Note, a second 3” splice site (3°ss)
is built in the 5°UTR sequence. This 3 splice site is only activated after ligand (e.g.,
tetracycline, “Tc¢”) binding to the aptamers. The 4MAZ sequence next to the Y structure is to

reinforce the alternative splicing upon ligand binding.

[0068] Figure 1B provides a demonstration of a polyA switch comprising three
aptamers as described herein. Each aptamer is located on one arm of the Y shape RNA
structure. This Y-shape design has several important advantages: It incorporates 3 aptamers
to control the poly A signal (pA) which is strategically placed at the central 3-way junction.
By doing so, it harnesses the combined power of Tetracycline-binding effects generated
from three different aptamers; The Y -shape structure is compact and requires overall shorter
sequences to incorporate 3 aptamers; The Y-shape structure is designed to fold intrinsically
during RNA biosynthesis. The three aptamers are arranged in a forward-forward-reverse

orientation to minimize the chance of alternative folding between the aptamers. Further,
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double-stranded RNA stems longer than 35bp are known to evoke innate immune response
in cells. Therefore, all stems in the Y structure are made to be significantly shorter than 35pb

to eliminate innate immune response.

[0069] Figure 1C provides an example (Y196CAA) of the nucleic acid sequence of a
poly A switch as described herein. More than 370 constructs were designed and tested to
extensively probe the effect of every component of the Y shape structure. These include (1)
the length of each arm, (2) the sequence of each arm, (3) the loop of each arm, and (4) the
sequence and size of the central 3-way junction where polyA signal is placed. The effect of

modifications of those components are described further in these non-limiting examples.

Example 1: Modulation of PolyA Cleavage Signal
Location

[0070] Constructs were made to test additional Y-shape structures that are
configured differently and with the polyA cleavage signal positioned differently. Four
different constructs were made: B1-B4 where the polyA signal (in red) is placed near
aptamer C and clamped by the 3-way junction (Figure 2A; B1 construct is shown). These
showed no or minimal induction. An additional four constructs with poly A signal near the 3-
way junction were made: T1-T4 (Figure 2B). These also showed minimal or moderate
induction. Figure 2C exemplifies a poly A switch in which the 3 aptamers are stacked on
each other without 3-way junction. Minimal induction was observed for this configuration.
The particular Y-shape configuration shown in Figure 1B, in which poly A signal is placed
close to the three way junction, is used for additional testing. In this configuration the three
way junction bends with different orientation to provide a unique geometry for clamping the
polyA signal. The stability of each arm is determined by two factors: the number of base

pair and the composition of base pair (for example, G-C is more stable than A-U or G-U

pair).
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Number of PolyA Cleavage Signals

[0071] Tests were performed to evaluate the optimal number of poly A signal(s) in
Y-shape structure. Figure 3A demonstrates testing of three structures from the Y series with
2 polyA signals indicated by the red boxes. Y1 shows ~12 fold induction, the highest in
these three constructs. In this group, the majority of arm 3-1 is A-U or G-U pair, so it
requires a longer stem to reach certain stability. As demonstrated in the figures, arms of the
constructs exemplified herein comprise double stranded nucleic acid stems. Shorter arm 3-1
gives lower induction. Figure 3B further demonstrates effect of length of arms. Y5 to Y9
have only one poly A signal (red box) with variable length of arm3-1 (blue box) and arm2-1
(green box). The length of arm 3-1 and arm2-1 are shortened by 1 bp stepwise from Y5 to
Y9. This one polyA configuration leads to better induction. Figure 3C demonstrates that
when there are 2 polyA signals (Y6mut) in a row in arm1-2, the induction is reduced by
approximately half. Yémut: is identical to Y6 except that 2 poly A signals (red box) are
embedded in arm1-2. Based on these results, the optimal number and position of poly A
signal are determined: a single poly A signal partially embedded in arm1-2 and in 3-way

junction. The configuration is used as the basis for further optimization.

Example 2: Optimization of Three Way Junction

[0072] Modifying the environment of a 3-way junction directly affects the clamping
of poly A signal. Therefore, the performance of Y-shape switch is very sensitive to any
change in the 3-way junction. Extensive mutation/insertion/deletion studies around the 3-
way junction were performed to identify the best sequences. Figure 4A shows that an U to G
mutation in Y22 doubles the induction, presumably because this mutation generates a new
G-U base pair on arm3-1 that tightens the clamping of poly A signal. Figure 4B provides
examples showing the effects of different 3-way junction sequences on induction. Figure 4C
compares constructs having 3 bases vs. 1 base in box-1 of the three way junctions. Y107 to
Y110 are derivatives of Y79 which has 3 bases in box 1. Y107 to Y110 have only one base
in box1. Y107 performs similarly to Y79, indicating one unpaired base in box1 is sufficient.
Figure 4D shows results of inserting one base into box 2 of the 3-way junction, which leads

to subtle changes of folding in the 3-way junction. The results suggest that the best
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configuration is one unpaired base in box2. For the constructs in Figure 4E the single base in
box 1 and box2 were randomized. 16 combinations were tested and the results showed that
Y127, Y130 and Y134 are the best among them when compared to the parental Y79 tested
on the same day. Figure 4F shows further optimization of the constructs using Y130 as the
basis. None of the modifications tested lead to significant improvement. Figure 4G shows
additional modifications made relative to Y143 that resulted in little change in induction.
Figure 4H shows additional modifications made relative to Y147. Y163 slightly improves
induction while Y162 slightly decreases the induction as compared to Y147. Figure 41
shows additional modifications made relative to Y163. Y177 improves induction while
Y178 decreases the induction compared to Y163. Figure 4J shows modifications made
relative to Y152. These modifications lead to significant improvement compared to Y152. In
particular, Y166 nearly doubles the induction. Y166 serves as the new basis for further
optimization. Figure 4K shows additional modifications made relative to Y166. These
modifications lead to significant improvement as compared to Y 166. They also serve as the

new bases for optimization.

[0073] Y174,Y175,Y176, and Y177 (See Figure 4L) are among the best 3-way
junction sequences. All these constructs have a single base C or A in Box1 and Box2. In
these constructs, the first 3 bases of polyA signal AAUAAA (red box) are open in the pocket
of 3-way junction. The last 2 bases of poly A signal are embedded in arm 1-2.

[0074] Changing the poly A signal position relative to the pocket of the 3-way
Junction can alter induction capability (Figure 5). In Y135-Y 140, changes made relative to
Y101, the pocket of the 3-way junction is moved along the poly A signal. As aresult, the
polyA signal is embedded deeper in arm1-2. These modifications lead to lower induction.
Y101mut, a derivative of Y101, contains a flipped C-G pair in arm2-1 (indicated by the red
arrow) that removes a potential 3’ splice site. Constructs Y141-Y 159 are based on
Y101mut. The 3-way junction pocket is moved along the polyA signal. The induction results
of moving the 3-way junction pocket along the poly A signal are shown in the last part of
Figure 5.
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Example 3: Double Strand Stems

[0075] Poly A aptamer polynucleotide constructs as described herein comprise
nucleic acid (e.g., RNA) double strand stems. Such double stranded regions are also referred
to in the present disclosure as arms. Modifications of the length, stability, and nucleotide

composition can affect the strength and effectiveness of the poly A aptamer polynucleotide.

[0076] Earlier results (using constructs Y1 to Y9, Figure 3) indicated that the
stability of arm 3-1 needed to be within certain range. Arm3 is a very sensitive area because
itis very close to the polyA signal. Minor changes in stability of arm3 can result in
significant change in poly A signal clamping therefore the induction. Using Y35 as the basis,
we made many modifications to optimize arm3. Figures 6A to 6B demonstrate the induction
variation based on changes in arm 3. In these figures, the parental construct is on the right
side, and the results of modification shown on the left side. Figure 6A shows results of
modification of arm 3-1. Constructs Y43 to Y45 with decreasing strength of arm 3-2 are
based on Y35; constructs Y188C and Y189C with decreasing strength of arm 3-2 are based
on Y175; constructs Y188D and Y 189D with decreasing strength of arm 3-2 are based on
Y176. Constructs Y219A-224A with weaker strength of arm3-2 by changing a G-C pair to
G-U pair at various locations are based on Y 197. Figure 6B shows results of modification of
arm 3-2. Constructs Y201 —Y203 are based on Y175. Constructs Y216B-217B with weaker
arm 3-2 are based on Y208. The results demonstrate that increasing the length of arm3-2 and

changing the loop sequence greatly reduce induction.

[0077] The majority of these modifications significantly reduce induction, and none
surpasses Y35. Therefore, the arm3 of Y35 represents the optimal arm3 sequence for the Y
shape structure of those tested. Some other parental constructs used for arm3 modification,

such as Y175, Y197, and Y210, all share the same arm3 sequence of Y35.

[0078] Modifications to the double strand stems that are arm 2 (i.e., arm2-1 and
arm2-2) alter the stability of arm 2. The modifications include variations in length,

sequences, as well as point mutations that create mismatches in the stem (Figure 7).

Figure 7A shows the results of modification of arm2-2. Constructs Y48 to Y53 are based on
Y35. Figure 7B shows the results of arm2-1 modifications. The results of these

modifications indicate that induction is less sensitive to changes in the stability of arm2 as
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compared to that of arm3. Presumably this is because that arm2 is not directly connected to
polyA signal. Nonetheless, arm2 requires certain levels of stability to achieve good
induction. Unstable arm2 leads to very low induction. The sequences of arm2 shown in
these results are empirically determined. Some of the arm2 sequences are already within the
optimal range of stability, and represent near optimal sequences that lead to very efficient

induction. Further increase in stability either increases or decreases induction.

[0079] Figure 8 shows results of various modifications arm 1-2. Figure 9 shows

results of various modifications of arm 1-1.

Example 4: Orientation of Aptamers

[0080] Orientation of each of the aptamers relative to the other aptamers may have
an effect of the function of poly A aptamer polynucleotide. Figure 10A shows the results of
constructs Y54 to Y57 which are based on Y35, with aptamer B orientation reversed.
Reversing the orientation of aptamer B largely eliminates the induction. Figure 10B shows
induction results of constructs Y240 to Y252 which are based on Y196CAA, with aptamer
A orientation reversed. Reversing the orientation of aptamer A completely eliminates the

induction regardless of the length of arm1-2.

Example S: Contribution of each aptamer to induction

[0081] Figure 11A demonstrates the contribution of each aptamer of the Y-shape
structure to induction. Each aptamer of the Y-shape structure can be disabled by an A to C
mutation (arrows) in the binding pocket which eliminates the binding to its ligand
tetracycline. NA: Aptamer A is disabled; NB: Aptamer B is disabled; NC: Aptamer C is
disabled; NAB: Aptamers A and B are disabled; NBC: Aptamers B and C are disabled;
NAC: Aptamers A and C are disabled. These results indicate that aptamer C contributes

most significantly to the final induction. This is followed by aptamer B, then by aptamer A.

[0082] Figure 11B demonstrates the effect of removing aptamer A from the Y-shape

structure. The boxes indicate the sequence removed for each construct. Removing aptamer
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A retains moderate induction, although the level is significantly reduced compared to the

parental Y196CAA.

Example 6: Modifications of UTR

[0083] Figure 12A demonstrates that inserting CAA repeats (underlined) in the
5’UTR can alter induction levels. Here inserting CAA repeats in Y196, Y208, Y209, and
Y211 all lead to higher induction. Inserting spacer sequences that contain CAA repeats into
5’UTR of Y301 results in variable effect on induction. These spacer sequences are only
slightly different from each other, yet resulting in large difference in induction, indicating
that this area is very sensitive to changes. Figure 12B shows some examples of testing a new
5’UTR sequence with a strong 3’ splice site using S56 as parental construct. Figure 12C
shows the results of adding intrinsically unstructured RNA sequences to the 5°UTR near the
translational start ATG without using CAA repeats. These constructs are based on Y300 and
Y305. Of the Y300-based constructs, Y329 is the best. While it does not surpass the
performance of Y305, it has the advantage of not using the CAA repeats. Figure 12D shows

that the insertion location of CAA repeats also significantly affects induction.

Example 7: Importance of G Quad Sequence

[0084] We tested the effects of G-quad sequence on induction. Figure 13A shows
3MAZ or CD44 G-quad reaches a similar induction level as compared to 2MAZ using
Y196CAA as the parental. However, 4MAZ dramatically doubled the induction due to its
ability to effectively induce alternative splicing. Figure 13B shows induction results when
different G-quad sequences were tested to replace 4MAZ G-quad using the S56 construct as
the parental. In these constructs, 4MAZ is replaced by the following: one CD44 G-quad
‘TGGTGGTGGAATGGT’ (S177), two CD44 G-quad
‘TGGTGGTGGAATGGTAAATGGTGGTGGAATGGT (S178), or four CD44 G-quad
‘TGGTGGTGGAATGGTAAATGGTGGTGGAATGGTAAATGGTGGTGGAATGGTAA
ATGGTGGTGGAATGGT’ (S179). The results indicate that the effect of 4MAZ is unique
and cannot be replaced by other G-quad sequences. The 4AMAZ sequence possesses unique

properties and is a key element of the hybrid switch that requires both efficient poly A signal
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cleavage and Tc-induced alternative splicing. Figure 14 further demonstrates the importance
of the 4AMAZ sequence. RT-PCR revealed the mechanism of drug-induced alternative
splicing. In the absence of Tc, IVS2-spliced RNA is degraded by polyA cleavage (lane 1 and
3). The presence of Tc induces alternative splicing in both Y196CAA-2MAZ and
Y196CAA-4MAZ (lane 2 and 4). Sanger sequencing confirmed that the Tc-induced band
(lower band) contains the expected alternative splices RNA junction. Tc-induced alternative
splicing is far more pronounced in Y196CAA-4MAZ as compared to Y196CAA-2MAZ
(lane 4 vs. 2). With this induced alternative splicing, both the poly A signal and the Y-shape
structure are removed in the presence of Tc, and the induction of protein expression is

significantly increased.

Example 8: Modulating First 3’ Splice Acceptor Site

[0085] To further optimize the mechanism of Tc-induced alternative splicing, we
have extensively probed the effects of IVS2 3” splice site location and surrounding
sequence/structure. The modifications include: embed IVS23” splice site into the arm1;
move IVS2 3” splice site closer or further away from the aptamers binding site; put IVS2 3’
splice site in a loose bulge in the arml; change the length or stability of the arm1 that hosts
IVS2 3’ splice site; change splicing strength of IVS2 3’ splice site. Figure 15 A shows the
results of gradually moving IVS2 3” splice site into arm1-1 of Y196CAA-4MAZ (S1-S4). It
shows also that when the IVS2 3 splice site is mutated from CAG to CCC (S5), the
induction is nearly eliminated. Figure 15B demonstrates that when IVS 3’ splice site is
completely embedded into the arm1-1 near the Tc binding pocket of aptamer A (red arrow;
S9), this splice site is strongly inhibited, resulting in very low induction. This indicates that
clamping of IVS2 3 splice site by aptamer cannot be too strong. Further, diminishing the
clamping effect of aptamer A by deleting part of its sequence (S9m) restores the induction.
Moving the IVS 3’ splice site along the arm 1 of S9m leads to S19 which is shorter and has
similar induction levels compared to the parental S9m (Figure 15C). Figure 15D
demonstrate the effect on induction when the IVS2 3” splice site CAG is placed in the bulge
of arm1-2. S47 to S50 are based on S19. At 1 ug/mL Tc, most of them yield lower
induction. At 5 ug/mL Tc, they give similar or higher induction compared to S19 with the
exception of S50. Figure 15E shows results of changing the predicted strength of splicing by
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mutating the base after IVS2 3 splice site. Changing the strength of IVS2 3’ splice site does
not significantly alter the induction in the S9m-based and Y196CAA-4MAZ based
configurations. Figure 15F shows results of moving mini-IVS2 3’ splice site further into or
away from stem, which all lead to lower induction. Figure 15G shows effects of
randomization of the three bases after the cag of the 3’ splice site of mini-IVS2 to select the
sequences with the highest performance. This group of constructs (in particular Y362, Y366,
and Y367) exhibited superb switching efficiency, surpassing the performance of Y300 and
Y301. Best NNN sequences identified by testing: Y344-based: Y359 (CAT) ,Y360 (TTT),
Y361 (TGA), Y362 (TCT); Y358-based: Y363 (CAT), Y366 (TAC), Y367 (TTT)

Example 9: Modulating a Second 3’ Splice Acceptor Site in S’UTR

[0086] Assays were performed to test the effect of modulating the strength second 3’
splice acceptor site in the 5’UTR. The 5°UTR sequence of Y196CAA-4MAZ located after
4MAZ and before the start codon ATG has the following sequence:
geggecgecaacaacaacaacaacaacaacaacaacaacaacaacaacataacagtgticactagcaacctcaaacagacaccA
TG. Adding an additional branch point (S10), ppt (S11), or mutating CAG to CCC (S12) or
AAG (S13) all lead to reduced induction (Figure 16A). To activate the correct 3” splice site
(IVS2 3’ splice site) in the absence of Tc, and in the presence of Tc (the second alternative
3’ splice site), we used the constructs with short introns as the starting point and used a
randomization approach to select the best three bases after the TAG in 5’UTR (TAGNNN)
to improve the induction (Figure 16B). We also inserted these best three bases (NNN)
intothe 5’UTR of Y329 to assess the performance (Figure 16C). Among these, Y344

performed best.

Example 10: Intron Size

[0087] We tested the effect of shortening the overall size of the hybrid switch by
reducing the size of IVS2 intron. Figure 17 A shows exemplary intron sequences. Constructs
S164 to S168 are similar to S159-S163 but have a branch point TACTAAC inserted at the
same location before IVS2 3’ splice site. The intron sequence of S164 is shown as an

example:
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Gtgagtctatgccagctaccattctgcttttattttatgettgggataagectogattatictgagiccaagctaggcccttttgctaatcat
CttcaTACTA ACctcttatcttcctctgCAG. Constructs S169 to S173 are similar to S159-S163 but

have a branch point TACTAAC and one more 3° splice site CAG inserted at the same
location before IVS2 3” splice site. The intron sequence of S169 is shown as an example:
GTgagtctatgccagctaccattetgcttttatittatggtiggeataaggctggattatictgagtccaagc TACTAACttttcctg
tgcttcttcagacctcttatettcctctgCAG. Reducing the IVS2 intron size from 476 bases to 120 -200
bases reduced the induction significantly (Figure 16B). The results from Y164 to Y173,
which have different splicing elements added to enforce IVS2 intron splicing, lead to even
lower induction compared to the ones without those added elements. This indicates that
shortening or adding elements to IVS2 intron alter the choice of 3 splice site activation in
the presence of Tc. Previously we have shown that CAA repeats alter the splicing strength
of the 3 splice site in 5S’UTR. Here the CAA repeats (in red) are to be removed from S159,
S164, and S169. As compared to S56, S192 (with 120 bases intron) gave better induction at
1 ug/mL Tc, and similar induction at 5 ug/mL Tc. S192, which is more compact due to

shorter intron, is used as a new basis for further modification.

Example 11: Addition of an Upstream out-of-frame AUG (uORF)

[0088] An upstream out-of-frame AUG was introduce to construct S192 to test the
effect on reporter gene translation from IVS2-spliced transcript. The modifications include:
(1) changing TAC to ATG immediately after [IVS2 3” splice site to create a new start codon
(red box), (2) changing the corresponding base on the other side of arml to maintain the
base paring in the stem, and (3) mutating an in-frame stop codon tga into aga in arm2-1 (red
arrow), so the translation from this new ATG can produce fairly long protein. See Figure

18A.

[0089] The sequence after IVS2 3’ splice site CAG is shown. The new pORF is

underlined:

ctgCAGATGttcctegagatctgggoagoteaagaatacgaccacctaataagattaccgaaaggcaatcttattaaaacatac
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ATG. This approach significantly lowers the leakage expression from IVS2-spliced
transcript, therefore significantly increases the induction as demonstrated by the result of
S206.

[0090] This construct is further optimized by fine-tuning the 5’UTR sequence based
on S206 (Figure 18B). All of these constructs demonstrate very good induction. These
constructs are more compact due to shorter intron and partially deleted aptamer A. They
perform very well at Tc concentration as low as 1 ug/mL, and reach as high as ~700 fold

induction at 5 ug/mL.

[0091] In summary, in the process of optimizing Tc effects on splicing choice
between IVS2 3” splice site and the alternative 3” splice site, we found that the best location
for placing IVS2 3’ splice site is to embed it inside the arm1 of Y structure. In order to place
IVS2 3’ splice site in that location, the aptamer A is deleted from the Y structure. Creating
an upstream out-of-frame AUG (LORF) which eliminates reporter gene translation from
IVS2-spliced transcript decreases leakage expression. Compared to Y196CAA-4MAZ, S222
(Figure 17C) shows higher induction in fold at lower drug concentration, higher gene
expression levels, and perhaps more important, S222 is highly sensitive to Tc and performs

well at low Tc concentrations.

Construct Performance

[0092] Figure 19A demonstrates comparison of performance of representative S
series constructs relative to Y196CAA-4MAZ. Figure 18B shows a dose response of

expression from the hybrid switch constructs visualized by microscopy.

[0093] To avoid potential immunogenicity generated by the protein translation of
upstream open reading frames (WORF), we built another hybrid switch without the yORF
aimed at surpassing the performance of S222. To build this new hybrid switch, we returned
to the Y196CAA-4MAZ design as it has 3 aptamers as compared to 2 aptamers in S222. To
further improve Y196CAA-4MAZ, we (1) use the mini-IVS2 intron with 120 bases, (2)
optimizing the 3” splice site of mini-IVS2 sequence, (3) optimizing the 5’UTR sequence
containing the downstream alternative 3’ splice site. These efforts led to a group of

constructs surpassing S222 in performance. The induction by tetracycline is so efficient that
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they induce gene expression to 50% of the maximal level (ECso) at a drug concentration as
low as 0.5 to 1 pg/ml. This concentration of tetracycline can be routinely achieved in human
serum using FDA-approved dosage, and is an order of magnitude lower than what has been
previously achieved using any RNA-based gene regulation technology. Figure 19C
demonstrates a comparison of the performance of these new constructs to that of S222.
5’UTR sequence of Y300: geggeegeCataacagtgttcactagcaTcecCceaaacagacaccATG., Y301:
based on Y300 with modified 5’UTR gcggecTTaATtaacagtgttcactaggacaccATG.

Figure 19D demonstrates the performance of Y362 and Y367 determined by luciferase
assays. Figure 19E shows the response to 1ug/ml tetracycline of Y362 and Y367 as
determined by fluorescence activated cell sorting (FACS) using eGFP reporter signal.
‘Induction in fold’ in all results is calculated as the ratio of transgene expression in the

presence vs. absence of tetracycline.

Example 12: Insertion of Riboswitch at Endogenous Location

[0094] The Y-shape poly A switch, when combined with CRISPR, creates a powerful
technology platform to control the expression of any endogenous gene in mammalian
genome. Figure 20 provides a schematic of using CD133, a stem cell membrane protein, to
demonstrate the principle. The conditional gene expression of endogenous CD133 is
achieved by inserting Y196 riboswitch at the 5’UTR of CD133 using CRISPR-Cas9 and a
repair matrix. Figure 20A Top: three gRNAs (g1, g2, and g3) are used to specify the
locations for CRISPR-Cas9 cleavage near the translational start of CD133. Figure 20A
Bottom: repair matrix containing mini-CMV promoter, IVS2 intron, and Y196 riboswitch
flanked by upstream and downstream homologous sequences to CD133 is used for repair.
Figure 20B provides schematics of experimental procedures. Y196 riboswitch was first
inserted into parental CD133" cells by CRISPR-Cas9. The successfully engineered cells then
respond to Tc in a dose-dependent manner to turn on CD133 expression. FITC-conjugated
antibody against CD133 protein was used to label and isolate the cells responding to Tc.
Figure 19C shows that conditional expression of endogenous CD133 was regulated by Tc.
CD133 expression in engineered cell clone (293T cell in this case) showed little or no

background leakage. The CD133 expression is specifically induced by Tc, but not its analog
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Doxy. ND: no drug treatment, Tc: Tetracycline, Doxy: Doxycycline. Cell clone was treated
with or without drug for 2 days and then harvested for flow analysis. X-axis showed the
intensity of antibody staining of individual cells. Figure 20D shows as expected, the CD133
protein induced by Tc (as revealed by FITC-anti CD133 antibody) was localized to cell
membrane as normal endogenous CD133 protein would. The stable cell clone was treated
with or without drug at 2 pg/ ml for 2 days and then harvested for Image flow analysis
(Amnis). Again, the induction is clearly specific to Tc but not Doxy.

[0095] The data described represent a highly responsive gene regulation mechanism
that harnesses the power of drug-inducible alternative splicing to control poly A cleavage.
The combination engineered creates a sensitive RNA-based switch that can be controlled by
small molecule drugs and enables tight regulation of gene expression in mammalian cells. In
contrast to other reported methods, this hybrid switch technology described herein exhibits
very low leaky expression, and effectively turns on the transgene expression close to 700-
folds in human cells. Furthermore, the induction by tetracycline is so efficient that it induces
gene expression to 50% of the maximal level (ECso) at a drug concentration as low as 0.5 to
1 pg/ml. This concentration of tetracycline can be routinely achieved in human serum using
FDA-approved dosage, and is an order of magnitude lower than what has been previously

achieved using other RN A-based gene regulation technology.

[0096] This hybrid switch technology therefore is advantageously safe to use in
human patients for controlling the expression of a therapeutic gene or transgene. The present
disclosure thus satisfies a long-felt need in the art to provide a highly efficient and non-
immunogenic technology to regulate genes of interest in cells at a drug concentration that is

safe for human consumption.
Example 13: Combination of Single Base Changes at Three Locations

[0097] A combination of three base changes to the sequence of the Y-shape structure
was tested to determine the cumulative effects on induction performance of the poly A
aptamer. The three mutations, as noted in Figure 21, consist of an ‘A’ deletion in Arml1-1;
an ‘A’ to ‘G’ change to close the unpaired break in Arm2-2; and an “A” insertion in the 3-

way junction preceding the polyA signal. These mutations were implemented using four
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different parental constructs that have different bases posterior to mini-IVS2 intron. In all,

12 constructs, described in Table 1, were designed to probe the cumulative effects.

Table 1 Y359|Y392|Y395|Y360(Y393|Y396|Y361|Y394(Y397Y362C|Y362|Y387

‘A’ deletion in

Arm1-1 No | Yes | Yes | No | Yes | Yes | No | Yes | Yes | No | Yes | Yes
‘A’to ‘G’
change in
Arm2-2 No | No [ Yes| No | No | Yes | No | No | Yes | No No | Yes

“A” insertion
in 3 way
junction No | No | Yes | No | No | Yes | No | No | Yes | No | No | Yes

Bases after
mini-IVS2 CAT |CAT |CAT | TTT | TTT | TTT |TGA|TGA |TGA| TCT |TCT |TCT

[0098] Figure 22 demonstrates that the combination of the three single base changes
significantly increase induction at lower drug concentration. Additionally, Figures 23A and
23B demonstrate dose response analysis for constructs Y362 and Y387. Y362 and Y387
effectively turn on the transgene expression up to 650~700-folds in 293T cells using only
lug/ml of tetracycline. For both constructs, the induction by tetracycline reaches 50% of the
maximal level (ECso) at as low as 0.5 to 1 pg/ml Tc using the maximum induction in fold as
the ECi00 reference (Fig. 23A). Calculations using the maximum expression level of
parental construct (HDM-Luc, which has similar sequence but without the Y-shape
structure) as the ECio0 reference also show similar ECso values as low as 0.5 to 1.2 pg/ml
(Fig. 23B). Y387 is a particularly effective design as it exhibits an ECso value of 0.5 pug/ml

regardless of the ECioo references used.
Example 14: Methods

[0099] Assays described in the figures filed herewith were performed as follows:

Luciferase assay

[0100] Cells were seeded in 96-well plates at a density of 25000-30000 cells/well.

After 24 hours of incubation, each well was transfected with 50 ng of DNA vectors and were
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incubated with culture medium containing none or various concentration of tetracycline for
an additional 18 hours. Luciferase activity was measured in relative light units (RLU) with a
Polarstar Omega plate reader (BMG Labtech, USA). To make 36 mL of assay buffer, 144
uL IM DTT, 108 uL. 0.1 M ATP, 252 pL 0.1M luciferin and 360 ul 0.05M CoA were added
to 35 mL of basic buffer (25mM Tricine, 0.5mM EDTA-Naz, 0.54mM Na-triphosphate, 16.3
mM MgS04.7H20,and 0.8% Triton X-100). After the cell medium was removed, 40 uL of
assay buffer was added to each well, and luciferase activity was read twice with the
Polarstar Omega plate reader. Induction in fold is calculated as the ratio of transgene

expression in the presence vs absence of tetracycline.

RT-PCR

[0101] Cells transfected with the respective constructs were grown 18 hours at 37 °C
in medium in the absence or presence of tetracycline. Total RN A was isolated according to
the protocol supplied with RiboPure™ RNA Purification Kit (Ambion, Austin, TX). For
RT-PCR, RT was performed using SuperScript III (invitrogen, Carlsbad, CA) according to
manufacturer’s protocol and PCR was performed using the primers targeting the beginning

of the transcript and reporter gene.

Fluorescence Microscopy

[0102] Cells were seeded in 12-well plates at a density of 1.2x 10° cells/well. After
24 hours of incubation, each well was transfected with 500 ng of DNA vectors and were
incubated with culture medium containing none or various concentration of tetracycline for
an additional 18 hours. Images were taken on a fluorescence microscope (Zeiss Axiovert
40CFL) at a magnification of 200x.
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Example 15: Exemplary Construct Sequences

[0103] The following sequences are additional examples of embodiments of
components of the system described herein. The sequences are provided as DNA sequences

that when transcribed components of form RNA aptamers :

+1: Transcriptional start

Black: 5’ leading RNA sequence

Underline: IVS2 intron or mini-I'VS2 intron

Bold: Y-shape poly A switch (with 4MAZ underlined)
Italic: 5’UTR

ATG: Translational start in bold

Y196CAA-4MAZ

+ITCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
ATGGGACCCTTGATGTTTTCTTTCCCCTTCTTTTCTATGGTTAAGTTCATGTCATA
GGAAGGGGAGAAGTAACAGGGTACACATATTGACCAAATCAGGGTAATTTTGC
ATTTGTAATTTTAAAAAATGCTTTCTTCTTTTAATATACTTITITTGTTTATCTTATT
TCTAATACTTTCCCTAATCTCTTTCTTTCAGGGCAATAATGATACAATGTATCAT
GCCTCTTTGCACCATTCTAAAGAATAACAGTGATAATTTCTGGGTTAAGGCAAT
AGCAATATTTCTGCATATAAATATTTCTGCATATAAATTGTAACTGATGTAAGAG
GTTTCATATTGCTAATAGCAGCTACAATCCAGCTACCATTCTGCTTTTATTTITAT
GGTTGGGATAAGGCTGGATTATTCTGAGTCCAAGCTAGGCCCTTITTGCTAATCAT
GTTCATACCTCTTATCTTCCTCCCACAGCTCCTGGGCAACGTGCTGGTCTGTGTG
CTGGCCCATCACTTTGGCAAAGAATTGGCTAGCCACACACACAAATCTGGGG
AGGTGAAGAATACGACCACCTGCGTTTTATACTTCCACGAGATCTGGGGAG
GTGAAGAATACGACCACCTAATAAGATTACCGAAAGGCAATCTTATTAAAA
CATACCAGATCTTGTGAGGGTGTTTGTGGCAAAACATACCAGATCGAATTC
GATCTGGGGAGGTGAAGAATACGACCACCTGCTACAAGTACCTAATAAAGT
ATAAAGTGCAAAACATACCAGATCTGTGTGTTGGTTTTTTGTGTGTTAACG
GGGGAGGGGGAGGAAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGGA
AAGGGGGAGGGGGAGCGGCCGCCAACAACAACAACAACAACAACAACAACAACAA
CAACAACATAACAGTGTTCACTAGCAACCTCAAACAGACACCATG (SEQ ID NO.:6)

Y208

+1TGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGAT
CCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCTATGGGACCC
TTGATGTTTTCTTTCCCCTTCTTTTCTATGGTTAAGTTCATGTCATAGGAAGGGGA
GAAGTAACAGGGTACACATATTGACCAAATCAGGGTAATTTTGCATTTGTAATT
TTAAAAAATGCTTTCTTCTTTTAATATACTTTITITGTTTATCTTATTTCTAATACTT
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TCCCTAATCTCTTTCTTTCAGGGCAATAATGATACAATGTATCATGCCTCTTITGC
ACCATTCTAAAGAATAACAGTGATAATTTCTGGGTTAAGGCAATAGCAATATTT
CTGCATATAAATATTTCTGCATATAAATTGTAACTGATGTAAGAGGTTTCATATT
GCTAATAGCAGCTACAATCCAGCTACCATTCTGCTTTTATTTTATGGTTGGGATA
AGGCTGGATTATTCTGAGTCCAAGCTAGGCCCTTTTGCTAATCATGTTCATACCT
CTTATCTTCCTCCCACAGCTCCTGGGCAACGTGCTGGTCTGTGTGCTGGCCCATC
ACTTTGGCAAAGAATTGGCTAGCCACACACACAAATCTGGGGAGGTGAAGA
ATACGACCACCTGCGTTTTATAC TTCC@cGAGATCTGGGGAGGTGAAGAAT
ACGACCACCTAATAAGATTACCGAAAGGCAATCTTATTAAAACATACCAGA
TCTT GAGGGTGTTTGTGGCAAAACATAC CAGATCGAATTCGATCTGGGG
AGGTGAAGAATACGACCACCTGCTACAAGTACCTAATAAAGTATAAAGTGC
AAAACATACCAGATCTGTGTGTTGGTTTTTTGTGTGTTAACGGGGGAGGGG
GAGGAAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGGAAAGGGGGAG
GGGGAGCGGCCGCCAACAACAACAACAACAACAACAACAACAACAACAACAACATAA
CAGTGTTCACTAGCAACCTCAAACAGACACCATG (SEQ ID NO.:7)

Y209

+1TCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
ATGGGACCCTTGATGTTTTCTITCCCCTTCTTTTCTATGGTTAAGTTCATGTCATA
GGAAGGGGAGAAGTAACAGGGTACACATATTGACCAAATCAGGGTAATTTTGC
ATTTGTAATTTTAAAAAATGCTTTCTTCTTTTAATATACTTTTITGTTTATCTTATT
TCTAATACTTTCCCTAATCTCTTITCTTTCAGGGCAATAATGATACAATGTATCAT
GCCTCTTTGCACCATTCTAAAGAATAACAGTGATAATTTCTGGGTTAAGGCAAT
AGCAATATTTCTGCATATAAATATTTCTGCATATAAATTGTAACTGATGTAAGAG
GTTTCATATTGCTAATAGCAGCTACAATCCAGCTACCATTCTGCTTTTATTTTAT
GGTTGGGATAAGGCTGGATTATTCTGAGTCCAAGCTAGGCCCTTTTGCTAATCAT
GTTCATACCTCTTATCTTCCTCCCACAGCTCCTGGGCAACGTGCTGGTCTGTGTG
CTGGCCCATCACTTTGGCAAAGAATTGGCTAGCCACACACACAAATCTGGGG
AGGTGAAGAATACGACCACCTGCGTTTTATACTTCCIGGAGATCTGGGGAG
GTGAAGAATACGACCACCTAATAAGATTACCGAAAGGCAATCTTATTAAAA
CATACCAGATCTTGIJGAGGGTGTTTGTGGCAAAACATACCAGATCGAATTC
GATCTGGGGAGGTGAAGAATACGACCACCTGCTACAAGTACCTAAATAAAIG
TATAAAGTGCAAAACATACCAGATCTGTGTGTTGGTTTTTTGTGTGTTAACG
GGGGAGGGGGAGGAAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGGA
AAGGGGGAGGGGGAGCGGCCGCCAACAACAACAACAACAACAACAACAACAACAA
CAACAACATAACAGTGTTCACTAGCAACCTCAAACAGACACCATG (SEQ ID NO.:8)

Y211

+ITCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
ATGGGACCCTTGATGTTTTCTTITCCCCTTCTTTTCTATGGTTAAGTTCATGTCATA
GGAAGGGGAGAAGTAACAGGGTACACATATTGACCAAATCAGGGTAATTTTGC
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ATTTGTAATTTTAAAAAATGCTTTCTTCTTTTAATATACTTTTITGTTTATCTTATT
TCTAATACTTTCCCTAATCTCTTITCTTTCAGGGCAATAATGATACAATGTATCAT
GCCTCTTTGCACCATTCTAAAGAATAACAGTGATAATTTCTGGGTTAAGGCAAT
AGCAATATTTCTGCATATAAATATTTCTGCATATAAATTGTAACTGATGTAAGAG
GTTTCATATTGCTAATAGCAGCTACAATCCAGCTACCATTCTGCTTTTATTTTAT
GGTTGGGATAAGGCTGGATTATTCTGAGTCCAAGCTAGGCCCTTTTGCTAATCAT
GITCATACCTCTTATCTTCCTCCCACAGCTCCTGGGCAACGTGCTGGTCTGTGTG
CTGGCCCATCACTTTGGCAAAGAATTGGCTAGCCACACACACAAATCTGGGG
AGGTGAAGAATACGACCACCTGCGTTTTATACTTCCAcGAGATCTGGGGAG
GTGAAGAATACGACCACCTAATAAGATTACCGAAAGGCAATCTTATTAAAA
CATACCAGATCTTEgTGAGGGTGTTTGTGGCAAAACATACCAGATCGAATTC
GATCTGGGGAGGTGAAGAATACGACCACCTGCTACAAGTACCTAAATAAAIG
TATAAAGTGCAAAACATACCAGATCTGTGTGTTGGTTTTTTGTGTGTTAACG
GGGGAGGGGGAGGAAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGGA
AAGGGGGAGGGGGAGCGGCCGCCAACAACAACAACAACAACAACAACAACAACAA
CAACAACATAACAGTGTTCACTAGCAACCTCAAACAGACACCATG (SEQ ID NO.:9)

Y226

+ITCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
ATGGGACCCTTGATGTTTTCTTTCCCCTTCTTTTCTATGGTTAAGTTCATGTCATA
GGAAGGGGAGAAGTAACAGGGTACACATATTGACCAAATCAGGGTAATTTTGC
ATTTGTAATTTTAAAAAATGCTTTCTTCTTTTAATATACTTTTTTGTTTATCTTATT
TCTAATACTTTCCCTAATCTCTTTCTTTCAGGGCAATAATGATACAATGTATCAT
GCCTCTTTGCACCATTCTAAAGAATAACAGTGATAATTTCTGGGTTAAGGCAAT
AGCAATATTTCTGCATATAAATATTTCTGCATATAAATTGTAACTGATGTAAGAG
GTTTCATATTGCTAATAGCAGCTACAATCCAGCTACCATTCTGCTTTTATTTTAT
GGTTGGGATAAGGCTGGATTATTCTGAGTCCAAGCTAGGCCCTTTTGCTAATCAT
GTTCATACCTCTTATCTTCCTCCCACAGCTCCTGGGCAACGTGCTGGTCTGTGTG
CTGGCCCATCACTTTGGCAAAGAATTGGCT AGCCACACACACAAACTGGGG
AGGTGAAGAATACGACCACCTGCGTTTTATACTTCCACGAGATCTGGGGAG
GTGAAGAATACGACCACCTAATAAGATTACCGAAAGGCAATCTTATTAAAA
CATACCAGATCTTGTGAGGGTGTTTGTGGCAAAACATACCAGATCGAATTC
GATCTGGGGAGGTGAAGAATACGACCACCTGCTACAAGTACCTAATAAAGT
ATAAAGTGCAAAACATACCAG@TCTGTGTGTTGGTTTTTTGTGTGTTAACG
GGGGAGGGGGAGGAAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGGA
AAGGGGGAGGGGGAGCGGCCGCCAACAACAACAACAACAACAACAACAACAACAA
CAACAACATAACAGTGTTCACTAGCAACCTCAAACAGACACCATG (SEQ ID NO.:10)

Y227

+ITCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
ATGGGACCCTTGATGTTTTCTTTCCCCTTCTTTTCTATGGTTAAGTTCATGTCATA
GGAAGGGGAGAAGTAACAGGGTACACATATTGACCAAATCAGGGTAATTTTGC
ATTTGTAATTTTAAAAAATGCTTTCTTCTTTTAATATACTTTTTTGTTTATCTTATT
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TCTAATACTTTCCCTAATCTCTTTCTTTCAGGGCAATAATGATACAATGTATCAT
GCCTCTTTGCACCATTCTAAAGAATAACAGTGATAATTTCTGGGTTAAGGCAAT
AGCAATATTTCTGCATATAAATATTTCTGCATATAAATTGTAACTGATGTAAGAG
GTTTCATATTGCTAATAGCAGCTACAATCCAGCTACCATTCTGCTTTTATTTTAT
GGTTGGGATAAGGCTGGATTATTCTGAGTCCAAGCTAGGCCCTTTTGCTAATCAT
GTTCATACCTCTTATCTTCCTCCCACAGCTCCTGGGCAACGTGCTGGTCTGTGTG
CTGGCCCATCACTTTGGCAAAGAATTGGCTAGCCACACACACAAAICCTGGGG
AGGTGAAGAATACGACCACCTGCGTTTTATACTTCCAcGAGATCTGGGGAG
GTGAAGAATACGACCACCTAATAAGATTACCGAAAGGCAATCTTATTAAAA
CATACCAGATCTTgTGAGGGTGTTTGTGGCAAAACATACCAGATCGAATTC
GATCTGGGGAGGTGAAGAATACGACCACCTGCTACAAGTACCTIAAATAAAIG
TATAAAGTGCAAAACATACCAG/GTCTGTGTGTTGGTTTTTTGTGTGTTAAC
GGGGGAGGGGGAGGAAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGG
AAAGGGGGAGGGGGAGCGGCCGCCAACAACAACAACAACAACAACAACAACAACA
ACAACAACATAACAGTGTTCACTAGCAACCTCAAACAGACACCATG (SEQ ID NO.:11)

Y300

+ITCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
TAAGCCAGCTACCATTCTGCTTTTATTTTATCGTTGGGATAAGGCTGGATTATTC
TGAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGCACACACACAAATCTGGGGAGGTGAAGAATACGACCACCTGCGTTTTAT
ACTTCCACGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGATTAC
CGAAAGGCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTTGTGGC
AAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCT
GCTACAAGTACCTAATAAAGTATAAAGTGCAAAACATACCAGATCTGTGTG
TTGGTTTTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAG
GAAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCATAACAGTG
TTCACTAGCATCCCCAAACAGACACCATG (SEQ ID NO.:12)

Y329

+ITCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
TAAGCCAGCTACCATTCTGCTTTTATTTTATCGTTGGGATAAGGCTGGATTATTC
TGAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGCACACACACAAATCTGGGGAGGTGAAGAATACGACCACCTGCGTTTTAT
ACTTCCACGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGATTAC
CGAAAGGCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTTGTGGC
AAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCT
GCTACAAGTACCTAATAAAGTATAAAGTGCAAAACATACCAGATCTGTGTG
TTGGTTTTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAG
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GAAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCATAACAGTG
TTCACTAGCATCCCCCAGACCATCTACCACCGACACCATG (SEQ ID NO.:13)

Y305

+1TCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
TAAGCCAGCTACCATTCTGCTTTTATTTTATCGTTGGGATAAGGCTGGATTATTC
TGAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGCACACACACAAATCTGGGGAGGTGAAGAATACGACCACCTGCGTTTTAT
ACTTCCACGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGATTAC
CGAAAGGCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTTGTGGC
AAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCT
GCTACAAGTACCTAATAAAGTATAAAGTGCAAAACATACCAGATCTGTGTG
TTGGTTTTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAG
GAAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCTTAATTAAC
AGTGTTCACTAGCAINCAACAACAACAACAACAACAACAACAACAACGACACCATG
(SEQ ID NO.:14)

Y305D1

+1TCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
TAAGCCAGCTACCATTCTGCTTTTATTTTATCGTTGGGATAAGGCTGGATTATTC
TGAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGCACACACACAAATCTGGGGAGGTGAAGAATACGACCACCTGCGTTTTAT
ACTTCCACGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGATTAC
CGAAAGGCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTITGTGGC
AAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCT
GCTACAAGTACCTAATAAAGTATAAAGTGCAAAACATACCAGATCTGTGTG
TTGGTTTTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAG
GAAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCTTAATTAAC
AGTGTTCACTAGITAGICAACAACAACAACAACAACAACAACAACAACGACACCATG
(SEQ ID NO.:15)

Y305D2

+ITCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
TAAGCCAGCTACCATTCTGCTTTTATTTITATCGTTGGGATAAGGCTGGATTATTC
TGAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGCACACACACAAATCTGGGGAGGTGAAGAATACGACCACCTGCGTTTTAT
ACTTCCACGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGATTAC
CGAAAGGCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTTGTGGC
AAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCT
GCTACAAGTACCTAATAAAGTATAAAGTGCAAAACATACCAGATCTGTGTG
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TTGGTTTTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAG
GAAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCTTAATTAAC
AGTGTTCACTAGACACAACAACAACAACAACAACAACAACAACAACGACACCATG
(SEQ ID NO.:16)

Y305D3

+1TCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
TAAGCCAGCTACCATTCTGCTTTTATTTITATCGTTGGGATAAGGCTGGATTATTC
TGAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGCACACACACAAATCTGGGGAGGTGAAGAATACGACCACCTGCGTTTTAT
ACTTCCACGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGATTAC
CGAAAGGCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTTGTGGC
AAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCT
GCTACAAGTACCTAATAAAGTATAAAGTGCAAAACATACCAGATCTGTGTG
TTGGTTTTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAG
GAAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCTTAATTAAC
AGTGTTCACTAGAACCAACAACAACAACAACAACAACAACAACAACGACACCATG
(SEQ ID NO.:17)

Y305D4

+1TCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
TAAGCCAGCTACCATTCTGCTTTTATTTTATCGTTGGGATAAGGCTGGATTATTC
TGAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGCACACACACAAATCTGGGGAGGTGAAGAATACGACCACCTGCGTTTTAT
ACTTCCACGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGATTAC
CGAAAGGCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTTGTGGC
AAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCT
GCTACAAGTACCTAATAAAGTATAAAGTGCAAAACATACCAGATCTGTGTG
TTGGTTTTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAG
GAAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCTTAATTAAC
AGTGTTCACTAGIGUCAACAACAACAACAACAACAACAACAACAACGACACCATG
(SEQ ID NO.:18)

Y305D5

+ITCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
TAAGCCAGCTACCATTCTGCTTTTATTTTATCGTTGGGATAAGGCTGGATTATTC
TGAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGCACACACACAAATCTGGGGAGGTGAAGAATACGACCACCTGCGTTTTAT
ACTTCCACGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGATTAC
CGAAAGGCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTTGTGGC
AAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCT
GCTACAAGTACCTAATAAAGTATAAAGTGCAAAACATACCAGATCTGTGTG
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TTGGTTTTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAG
GAAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCTTAATTAAC
AGTGTTCACTAGITGICAACAACAACAACAACAACAACAACAACAACGACACCATG
(SEQ ID NO.:19)

Y305D6

+1TCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
TAAGCCAGCTACCATTCTGCTTTTATTTITATCGTTGGGATAAGGCTGGATTATTC
TGAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGCACACACACAAATCTGGGGAGGTGAAGAATACGACCACCTGCGTTTTAT
ACTTCCACGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGATTAC
CGAAAGGCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTTGTGGC
AAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCT
GCTACAAGTACCTAATAAAGTATAAAGTGCAAAACATACCAGATCTGTGTG
TTGGTTTTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAG
GAAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCTTAATTAAC
AGTGTTCACTAGACOCAACAACAACAACAACAACAACAACAACAACGACACCATG
(SEQ ID NO.:20)

Y305D7

+1TCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
TAAGCCAGCTACCATTCTGCTTTTATTTTATCGTTGGGATAAGGCTGGATTATTC
TGAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGCACACACACAAATCTGGGGAGGTGAAGAATACGACCACCTGCGTTTTAT
ACTTCCACGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGATTAC
CGAAAGGCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTTGTGGC
AAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCT
GCTACAAGTACCTAATAAAGTATAAAGTGCAAAACATACCAGATCTGTGTG
TTGGTITTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAG
GAAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCTTAATTAAC
AGTGTTCACTAGICCACAACAACAACAACAACAACAACAACAACAACGACACCATG
(SEQ ID NO.:21)

Y301

+ITCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
TAAGCCAGCTACCATTCTGCTTTTATTTTATCGTTGGGATAAGGCTGGATTATTC

TGAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGCACACACACAAATCTGGGGAGGTGAAGAATACGACCACCTGCGTTTTAT
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ACTTCCACGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGATTAC
CGAAAGGCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTTGTGGC

AAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCT
GCTACAAGTACCTAATAAAGTATAAAGTGCAAAACATACCAGATCTGTGTG

TTGGTTTITITGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAG
GAAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCTTAATTAACAGT

GTTCACTAGGACACCATG (SEQ ID NO.:22)

Y305D9

+1TCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
TAAGCCAGCTACCATTCTGCTTTTATTTTATCGTTGGGATAAGGCTGGATTATTC
TGAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGCACACACACAAATCTGGGGAGGTGAAGAATACGACCACCTGCGTTTTAT
ACTTCCACGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGATTAC
CGAAAGGCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTTGTGGC
AAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCT
GCTACAAGTACCTAATAAAGTATAAAGTGCAAAACATACCAGATCTGTGTG
TTGGTTTTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAG
GAAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCTTAATTAAC
AGTGTTCACTAGAGGCAACAACAACAACAACAACAACAACAACAACGACACCATG
(SEQ ID NO.:23)

Y305D10

+1TCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
TAAGCCAGCTACCATTCTGCTTTTATTTITATCGTTGGGATAAGGCTGGATTATTC
TGAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGCACACACACAAATCTGGGGAGGTGAAGAATACGACCACCTGCGTTTTAT
ACTTCCACGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGATTAC
CGAAAGGCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTITGTGGC
AAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCT
GCTACAAGTACCTAATAAAGTATAAAGTGCAAAACATACCAGATCTGTGTG
TTGGTTTTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAG
GAAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCTTAATTAAC
AGTGTTCACTAGTGACAACAACAACAACAACAACAACAACAACAACGACACCATG
(SEQ ID NO.:24)

Y305D11

+ITCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
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TAAGCCAGCTACCATTCTGCTTTTATTTTATCGTTGGGATAAGGCTGGATTATTC
TGAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGCACACACACAAATCTGGGGAGGTGAAGAATACGACCACCTGCGTTTTAT
ACTTCCACGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGATTAC
CGAAAGGCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTTGTGGC
AAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCT
GCTACAAGTACCTAATAAAGTATAAAGTGCAAAACATACCAGATCTGTGTG
TTGGTTTTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAG
GAAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCTTAATTAAC
AGTGTTCACTAGICOCAACAACAACAACAACAACAACAACAACAACGACACCATG
(SEQ ID NO.:25)

Y305D12

+1TCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
TAAGCCAGCTACCATTCTGCTTTTATTTTATCGTTGGGATAAGGCTGGATTATTC
TGAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGCACACACACAAATCTGGGGAGGTGAAGAATACGACCACCTGCGTTTTAT
ACTTCCACGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGATTAC
CGAAAGGCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTITGTGGC
AAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCT
GCTACAAGTACCTAATAAAGTATAAAGTGCAAAACATACCAGATCTGTGTG
TTGGTTTTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAG
GAAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCTTAATTAAC
AGTGTTCACTAGICCTICAACAACAACAACAACAACAACAACAACAACGACACCATG
(SEQ ID NO.:26)

Y305D13

+1TCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
TAAGCCAGCTACCATTCTGCTTTTATTTITATCGTTGGGATAAGGCTGGATTATTC
TGAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGCACACACACAAATCTGGGGAGGTGAAGAATACGACCACCTGCGTTTTAT
ACTTCCACGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGATTAC
CGAAAGGCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTTGTGGC
AAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCT
GCTACAAGTACCTAATAAAGTATAAAGTGCAAAACATACCAGATCTGTGTG
TTGGTTTTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAG
GAAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCTTAATTAAC
AGTGTTCACTAGICICAACAACAACAACAACAACAACAACAACAACGACACCATG
(SEQ ID NO.:27)
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Y344

+ITCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
TAAGCCAGCTACCATTCTGCTTTTATTTTATCGTTGGGATAAGGCTGGATTATTC
TGAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGICACACACACAAATCTGGGGAGGTGAAGAATACGACCACCTGCGTTTTAT
ACTTCCACGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGATTAC
CGAAAGGCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTTGTGGC
AAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCT
GCTACAAGTACCTAATAAAGTATAAAGTGCAAAACATACCAGATCTGTGTG
TTGGTTTTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAG
GAAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCATAACAGTG
TTCACTAGCCCCCCCCAGACCATCTACCACCGACACCATG (SEQ ID NO.:28)

Y359

+ITCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
TAAGCCAGCTACCATTCTGCTTTTATTTTATCGTTGGGATAAGGCTGGATTATTC
TGAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
A( QICAT ACACACAAATCTGGGGAGGTGAAGAATACGACCACCTGCGTTTTAT
ACTTCCACGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGATTAC
CGAAAGGCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTTGTGGC
AAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCT
GCTACAAGTACCTAATAAAGTATAAAGTGCAAAACATACCAGATCTGTGTG
TTGGTTTTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAG
GAAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCATAACAGTG
TTCACTAGCCCCCCCCAGACCATCTACCACCGACACCATG (SEQ ID NO.:29)

Y360

+1TCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
TAAGCCAGCTACCATTCTGCTTTTATTTTATCGTTGGGATAAGGCTGGATTATTC

TGAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGITTTACACACAAATCTGGGGAGGTGAAGAATACGACCACCTGCGTTTTAT
ACTTCCACGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGATTAC
CGAAAGGCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTITGTGGC

AAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCT
GCTACAAGTACCTAATAAAGTATAAAGTGCAAAACATACCAGATCTGTGTG

TTGGTTTTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAG
GAAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCATAACAGTG
TTCACTAGCCCCCCCCAGACCATCTACCACCGACACCATG (SEQ ID NO.:30)
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Y361

+ITCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
TAAGCCAGCTACCATTCTGCTTTTATTTTATCGTTGGGATAAGGCTGGATTATTC
TGAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGTGAACACACAAATCTGGGGAGGTGAAGAATACGACCACCTGCGTTTTAT
ACTTCCACGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGATTAC
CGAAAGGCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTTGTGGC
AAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCT
GCTACAAGTACCTAATAAAGTATAAAGTGCAAAACATACCAGATCTGTGTG
TTGGTTTTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAG
GAAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCATAACAGTG
TTCACTAGCCCCCCCCAGACCATCTACCACCGACACCATG (SEQ ID NO.:31)

Y362

+ITCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
TAAGCCAGCTACCATTCTGCTTTTATTTTATCGTTGGGATAAGGCTGGATTATTC
TGAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGTCTACACACAATCTGGGGAGGTGAAGAATACGACCACCTGCGTTTTATA
CTTCCACGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGATTACC
GAAAGGCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTTGTGGCA
AAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCTG
CTACAAGTACCTAATAAAGTATAAAGTGCAAAACATACCAGATCTGTGTGT
TGGTTTTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGG
AAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCATAACAGTGT
TCACTAGCCCCCCCCAGACCATCTACCACCGACACCATG (SEQ ID NO.:32)

Y358

+1TCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
TAAGCCAGCTACCATTCTGCTTTTATTTTATCGTTGGGATAAGGCTGGATTATTC
TGAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGCACJACACACAAATCTGGGGAGGTGAAGAATACGACCACCTGCGTTTTAT
ACTTCCACGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGATTAC
CGAAAGGCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTTGTGGC
AAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCT
GCTACAAGTACCTAATAAAGTATAAAGTGCAAAACATACCAGATCTGTGTG
TTGGTTTTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAG
GAAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCTTAATTAAC
AGTGTTCACTAGAGCCAACAACAACAACAACAACAACAACAACAACGACACCATG
(SEQ ID NO.:33)
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Y363

+1TCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
TAAGCCAGCTACCATTCTGCTTTTATTTITATCGTTGGGATAAGGCTGGATTATTC
TGAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGICATIACACACAAATCTGGGGAGGTGAAGAATACGACCACCTGCGTTTTAT
ACTTCCACGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGATTAC
CGAAAGGCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTITGTGGC
AAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCT
GCTACAAGTACCTAATAAAGTATAAAGTGCAAAACATACCAGATCTGTGTG
TTGGTTTTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAG
GAAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCTTAATTAAC
AGTGTTCACTAGAGCCAACAACAACAACAACAACAACAACAACAACGACACCATG
(SEQ ID NO.:34)

Y366

+1TCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
TAAGCCAGCTACCATTCTGCTTTTATTTTATCGTTGGGATAAGGCTGGATTATTC
TGAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGITAQACACACAAATCTGGGGAGGTGAAGAATACGACCACCTGCGTTTTAT
ACTTCCACGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGATTAC
CGAAAGGCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTTGTGGC
AAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCT
GCTACAAGTACCTAATAAAGTATAAAGTGCAAAACATACCAGATCTGTGTG
TTGGTTTTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAG
GAAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCTTAATTAAC
AGTGTTCACTAGAGCCAACAACAACAACAACAACAACAACAACAACGACACCATG
(SEQ ID NO.:35)

Y367

+1TCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
TAAGCCAGCTACCATTCTGCTTTTATTTTATCGTTGGGATAAGGCTGGATTATTC
TGAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGTTTACACACAAATCTGGGGAGGTGAAGAATACGACCACCTGCGTTTTAT
ACTTCCACGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGATTAC
CGAAAGGCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTTGTGGC
AAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCT
GCTACAAGTACCTAATAAAGTATAAAGTGCAAAACATACCAGATCTGTGTG
TTGGTTTTTITGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAG
GAAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCTTAATTAAC
AGTGTTCACTAGAGCCAACAACAACAACAACAACAACAACAACAACGACACCATG
(SEQ ID NO.:36)
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Y375

+1TCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
TAAGCCAGCTACCATTCTGCTTTTATTTTATCGTTGGGATAAGGCTGGATTATTC
TGAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGTCTACACACAAATCTGGGGAGGTGAAGAATACGACCACCTGCGTTTTAT
ACTTCCACGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGATTAC
CGAAAGGCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTTGTGGC
AAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCT
GCTACAAGTACCTAATAAAGTATAAAGTGCAAAACATACCAGATCTGTGTG
TTGGTTTTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAG
GAAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCATAACAGTG
TTCACTAGCCCCCCCCAGACCATCTACCACCGACACCATG

Y376

+1TCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
TAAGCCAGCTACCATTCTGCTTTTATTTTATCGTTGGGATAAGGCTGGATTATTC
TGAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGITTTIACACACAAITCTGGGGAGGTGAAGAATACGACCACCTGCGTTTTATA
CTTCCACGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGATTACC
GAAAGGCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTTGTGGCA
AAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCTG
CTACAAGTACCTAATAAAGTATAAAGTGCAAAACATACCAGATCTGTGTGT
TGGTTTTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGG
AAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCTTAATTAACA
GTGTTCACTAGAGCCAACAACAACAACAACAACAACAACAACAACGACACCATG

S206

+ITCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
ATGCCAGCTACCATTCTGCTTTTATTTTATGGTTGGGATAAGGCTGGATTATTCT
GAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGATGTTCCTCGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGAT
TACCGAAAGGCAATCTTATTAAAACATACCAGATCTTGAGAGGGTGTTTGT
GGCAAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCA
CCTGCTACAAGTACCTAATAAACATTAGCGGAGAAACATACCACTGTGTGT
TGGTTTTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGG
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AAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCATAACAGTGT
TCACTAGCAACCTCAAACAGACACCATG (SEQ ID NO.:37)

S210

+1ITCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
ATGCCAGCTACCATTCTGCTTTTATTTTATGGTTGGGATAAGGCTGGATTATTCT
GAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGATGTTCCTCGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGAT
TACCGAAAGGCAATCTTATTAAAACATACCAGATCTTGAGAGGGTGTTTGT
GGCAAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCA
CCTGCTACAAGTACCTAATAAACATTAGCGGAGAAACATACCACTGTGTGT
TGGTTTTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGG
AAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCATAACAGTGT
TCACTAGCAACCACAAACAGACACCATG (SEQ ID NO.:38)

S211

+1TCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
ATGCCAGCTACCATTCTGCTTTTATITTATGGTTGGGATAAGGCTGGATTATTCT
GAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGATGTTCCTCGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGAT
TACCGAAAGGCAATCTTATTAAAACATACCAGATCTTGAGAGGGTGTTTGT
GGCAAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCA
CCTGCTACAAGTACCTAATAAACATTAGCGGAGAAACATACCACTGTGTGT
TGGTTTITTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGG
AAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCG ATAACAG
TGTTCACTAGCAACCIOCAAACAGACACCATG (SEQ ID NO.:39)

S212

+1TCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
ATGCCAGCTACCATTCTGCTTTTATTTTATGGTTGGGATAAGGCTGGATTATTCT
GAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGATGTTCCTCGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGAT
TACCGAAAGGCAATCTTATTAAAACATACCAGATCTTGAGAGGGTGTTTGT
GGCAAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCA
CCTGCTACAAGTACCTAATAAACATTAGCGGAGAAACATACCACTGTGTGT
TGGTTTTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGG
AAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCG ATAA
CAGTGTTCACTAGCAACAACAAACAGACACCATG (SEQ ID NO.:40)
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S213

+1ITCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
ATGCCAGCTACCATTCTGCTTTTATTITTATGGTTGGGATAAGGCTGGATTATTCT
GAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGATGTTCCTCGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGAT
TACCGAAAGGCAATCTTATTAAAACATACCAGATCTTGAGAGGGTGTTTGT
GGCAAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCA
CCTGCTACAAGTACCTAATAAACATTAGCGGAGAAACATACCACTGTGTGT
TGGTTTITTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGG
AAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCC ATAA
CAGTGTTCACTAGCAACCOCAAACAGACACCATG (SEQ ID NO.:41)

S214

+1TCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
ATGCCAGCTACCATTCTGCTTTTATTTTATGGTTGGGATAAGGCTGGATTATTCT
GAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGATGTTCCTCGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGAT
TACCGAAAGGCAATCTTATTAAAACATACCAGATCTTGAGAGGGTGTTTGT
GGCAAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCA
CCTGCTACAAGTACCTAATAAACATTAGCGGAGAAACATACCACTGTGTGT
TGGTTTTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGG
AAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGACACCATAACAG
TGTTCACTAGCA[ICCCCAAACAGACACCATG (SEQ ID NO.:42)

S215

+1TCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
ATGCCAGCTACCATTCTGCTTTTATTTTATGGTTGGGATAAGGCTGGATTATTCT
GAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGATGTTCCTCGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGAT
TACCGAAAGGCAATCTTATTAAAACATACCAGATCTTGAGAGGGTGTTTGT
GGCAAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCA
CCTGCTACAAGTACCTAATAAACATTAGCGGAGAAACATACCACTGTGTGT
TGGTTTTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGG
AAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGUCACCATAACAG
TGTTCACAUGCAIICCCCAAACAGACACCATG (SEQ ID NO.:43)

S222

+ITCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
ATGCCAGCTACCATTCTGCTTTTATTTTATGGTTGGGATAAGGCTGGATTATTCT
GAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
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AGATGTTCCTCGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGAT
TACCGAAAGGCAATCTTATTAAAACATACCAGATCTTGAGAGGGTGTTTGT
GGCAAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCA
CCTGCTACAAGTACCTAATAAACATTAGCGGAGAAACATACCACTGTGTGT
TGGTTTTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGG
AAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCATAACAGTGT
TCACTAGCAIICCCCAAACAGACACCATG (SEQ ID NO.:44)

S223

+1TCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
ATGCCAGCTACCATTCTGCTTTTATTTTATGGTTGGGATAAGGCTGGATTATTCT
GAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGATGTTCCTCGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGAT
TACCGAAAGGCAATCTTATTAAAACATACCAGATCTTGAGAGGGTGTTTGT
GGCAAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCA
CCTGCTACAAGTACCTAATAAACATTAGCGGAGAAACATACCACTGTGTGT
TGGTTTTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGG
AAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCATAACAGTGT
TCAACUAGCAIICCCCAAACAGACACCATG (SEQ ID NO.:45)

S272

+ITCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCT
TAAGCCAGCTACCATTCTGCTTTTATTTTATCGTTGGGATAAGGCTGGATTATTC
TGAGTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGC
AGATTTTCCACGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGAT
TACCGAAAGGCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTTGT
GGCAAAACATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCA
CCTGCTACAAGTACCTAATAAAAATTAGCGGAGAAACATACCACTGTGTGT
TGGTTTTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGG
AAAGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCATAACAGTGT
TCACTAGCATCCCCAAACAGACACCATG (SEQ ID NO.:46)

Y387

+1TCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCTT
AAGCCAGCTACCATTCTGCTTTTATTTTATCGTTGGGATAAGGCTGGATTATTCTGA
GTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGCAGH]
[CTACACACAATCTGGGGAGGTGAAGAATACGACCACCTGCGTTTTATACTTC
CACGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGATTIGICCGAAA
GGCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTTGTGGCAAAACA
TACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCTGCTACA
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AGTACCT@AATAAAGTATAAAGTGCAAAACATACCAGATC TGTGTGTTGGTT
TTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGGAAAG

GGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCATAACAGTGTTCACT
AGCCCCCCCCAGACCATCTACCACCGACACCATG (SEQ ID NO.:50)

Y392

+1TCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCTT
AAGCCAGCTACCATTCTGCTTTTATTTTATCGTTGGGATAAGGCTGGATTATTCTGA
GTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGCAG(
ATA CACACAATCTGGGGAGGTGAAGAATACGACCACCTGCGTTTTATACTTC
CACGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGATTACCGAAA
GGCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTTGTGGCAAAACA
TACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCTGCTACA
AGTACCTAATAAAGTATAAAGTGCAAAACATACCAGATCTGTGTGTTGGTTTT
TTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGGAAAGGG
GGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCATAACAGTGTTCACTAGC
CCCCCCCAGACCATCTACCACCGACACCATG (SEQ ID NO.:51)

Y393

+1TCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCTT
AAGCCAGCTACCATTCTGCTTTTATTTTATCGTTGGGATAAGGCTGGATTATTCTGA
GTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGCAGT
MACACACAATCTGGGGAGGTGAAGAATACGACCACCTGCGTTTTATACTTCC
ACGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGATTACCGAAAG
GCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTTGTGGCAAAACAT
ACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCTGCTACAA
GTACCTAATAAAGTATAAAGTGCAAAACATACCAGATCTGTGTGTTGGTTTTT
TGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGGAAAGGGG
GAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCATAACAGTGTTCACTAGCC
CCCCCCAGACCATCTACCACCGACACCATG (SEQ ID NO.:52)

Y394

+ITCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCTT
AAGCCAGCTACCATTCTGCTTTTATTTTATCGTTGGGATAAGGCTGGATTATTCTGA
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GTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGCAGT]
IGAIACACACAATCTGGGGAGGTGAAGAATACGACCACCTGCGTTTTATACTT
CCACGAGATCTGGGGAGGTGAAGAATACGACCA CCTAATAAGATTACCGAA
AGGCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTTGTGGCAAAAC
ATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCTGCTACA
AGTACCTAATAAAGTATAAAGTGCAAAACATACCAGATCTGTGTGTTGGTTTT
TTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGGAAAGGG
GGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCATAACAGTGTTCACTAGC
CCCCCCCAGACCATCTACCACCGACACCATG (SEQ ID NO.:53)

Y395

+1TCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCTT
AAGCCAGCTACCATTCTGCTTTTATTTTATCGTTGGGATAAGGCTGGATTATTCTGA
GTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGCAGICA
MACACACAATCTGGGGAGGTGAAGAATACGACCACCTGCGTTTTATACTTCC
ACGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGATTIGICCGAAAG
GCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTTGTGGCAAAACAT
ACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCTGCTACAA
GTACCTAJAATAAAGTATAAAGTGCAAAACATACCAGATCTGTGTGTTGGTTT
TTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGGAAAGG
GGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCATAACAGTGTTCACTA
GCCCCCCCCAGACCATCTACCACCGACACCATG (SEQ ID NO.:54)

Y396

+1TCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCTT
AAGCCAGCTACCATTCTGCTTTTATTTTATCGTTGGGATAAGGCTGGATTATTCTGA
GTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGCAGHT
A CACACAATCTGGGGAGGTGAAGAATACGA CCACCTGCGTTTTATACTTCC
ACGAGATCTGGGGAGGTGAAGAATACGACCACCTAATAAGATTGICCGAAAG
GCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTTGTGGCAAAACAT
ACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCTGCTACAA
GTACCTAJAATAAAGTATAAAGTGCAAAACATACCAGATCTGTGTGTTGGTTT
TTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGGAAAGG
GGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCATAACAGTGTTCACTA
GCCCCCCCCAGACCATCTACCACCGACACCATG (SEQ ID NO.:55)
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Y397

+1TCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACC
GGGACCGATCCAGCCTCCCCTCGAAGCTGATCCTGAGAACTTCAGGGTGAGTCTT
AAGCCAGCTACCATTCTGCTTTTATTITATCGTTGGGATAAGGCTGGATTATTCTGA
GTCCAAGCTAGGCCCTTTTGCTAATCATCTTCATACCTCTTATCTTCCTCTGCAGH]
IGAIACACACAATCTGGGGAGGTGAAGAATACGACCACCTGCGTTTTATACTT
CCACGAGATCTGGGGAGGTGAAGAATACGACCA CCTAATAAGATTIGICCGAA
AGGCAATCTTATTAAAACATACCAGATCTTGTGAGGGTGTTTGTGGCAAAAC
ATACCAGATCGAATTCGATCTGGGGAGGTGAAGAATACGACCACCTGCTACA
AGTACCTAJAATAAAGTATAAAGTGCAAAACATACCAGATCTGTGTGTTGGTT
TTTTGTGTGTTAACGGGGGAGGGGGAGGAAAGGGGGAGGGGGAGGAAAG
GGGGAGGGGGAGGAAAGGGGGAGGGGGAGCGGCCGCCATAACAGTGTTCACT
AGCCCCCCCCAGACCATCTACCACCGACACCATG (SEQ ID NO.:56)

Equivalents

[0104] Those skilled in the art will recognize, or be able to ascertain using no more
than routine experimentation, many equivalents to the specific embodiments of the invention
described herein. The scope of the present invention is not intended to be limited to the

above Description, but rather is as set forth in the following claims:
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