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COMPOSITIONS AND METHODS FOR TREATING
HEREDITARY ANGIOEDEMA

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Provisional Patent Application No. 63/142,121
filed January 27, 2021, U.S. Provisional Patent Application No. 63/201,466 filed April 30,
2021, and U.S. Provisional Patent Application No. 63/261,603 filed September 24, 2021.
The entire contents of the foregoing applications are incorporated herein by reference,

including all text, tables, sequence listings, and drawings.

FIELD OF THE INVENTION
[0002] The instant invention relates to the field of gene therapy. In particular, the instant
invention relates to optimized cassettes for expression of human C1 inhibitor and methods of

using the same for treating complement-mediated disorders, in particular hereditary angioedema.

REFERENCE TO SEQUENCE LISTING SUBMITTED ELECTRONICALLY
[0003] This application contains a sequence listing that is submitted electronically via EFS-Web
as an ASCII formatted sequence listing with a file name “SequenceListingSWO1” and a creation
date of January 27, 2022, and having a size of 727 kb. The sequence listing submitted via EFS-

Web is part of the specification and is herein incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION
[0004] Hereditary angioedema (HAE), also referred to as C1 esterase inhibitor deficiency, C1
inhibitor deficiency, HANE, Quincke edema, and secondary angioneurotic edema, is a rare
and potentially life-threatening autosomal dominant genetic disease that occurs in about 1 in
50,000 people. HAE is characterized by recurrent episodes of swelling that most often affect
the skin or mucosal tissues of the upper respiratory and gastrointestinal tracts (Banerji, Ann
Allergy Asthma Immunol, 111: 329-336 (2013); Aygoren-Pursun et al., Orphanet J Rare Dis.,
9: 99 (2014)).
[0005] HAE occurs when plasma leaks through the blood vessels into tissues as a result of
the overproduction of bradykinin. It is thought that the disease mechanism involves cleavage
of prekallikrein (PKK) by activated factor XII (F12), and releasing active plasma kallikrein,
which activates more F12. Plasma kallikrein then cleaves kininogen, releasing bradykinin,
which binds to the B2 bradykinin receptor on endothelial cells, increasing the permeability of

the endothelium. Normally, the C1 esterase inhibitor (encoded by the SERPING I gene)
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controls bradykinin production by inhibiting plasma kallikrein and the activation of F12.
(Busse et al., N Engl J Med., 382(12): 1136-1148 (2020)).

[0006] There are two types of HAE: HAE-C1-INH and HAE-nl-C1-INH. HAE-C1-INH
results from mutations in the SERPINGI gene (encoding C1 inhibitor), resulting in low levels
of active C1 inhibitor in the blood. Two subtypes of HAE-C1-INH exist: Type 1| HAE
accounts for 85% of cases and is caused by the inability of the mutated C1 inhibitor protein to
be secreted into the blood, and Type IT HAE accounts for the remaining 15% of cases and is
caused by a secreted but dysfunctional mutated C1 inhibitor. HAE-nl-C1-INH was first
described in 2000 and is not yet fully understood. Some patients with HAE-nlC1-INH have a
mutation in coagulation factor XII, but most patients do not have a known mutation, and the
C1 inhibitor gene is normal. (website: www.angioedemacenter.com/patient-
resources/angioedema-types/).

[0007] Currently, therapeutic agents are indicated for long-term prophylaxis, therapy for
acute attacks and short-term prophylaxis (e.g., prior to dental surgery), and include agents
such as danazol, which has a high adverse effect profile, plasma-derived or recombinant C1
inhibitor replacement protein, bradykinin receptor antagonists (such as icatibant), kallikrein
inhibitors (such as ecallantide), fresh frozen plasma, and purified C1 inhibitor. These
therapies can alleviate symptoms and maximize quality of life; however, disease recurrence
and the need for long-term continued administration remains a major obstacle to therapy
(Aberer, Ann Med, 44: 523-529 (2012); Charignon et al., Expert Opin Pharmacother, 13:
2233-2247 (2012); Papadopoulou-Alataki, Curr Opin Allergy Clin Immunol, 10: 20-25
(2010); Parikh et al., Curr Allergy Asthma Rep, 11: 300-308 (2011); Tourangeau et al., Curr
Allergy Asthma Rep, 11: 345-351 (2011); Bowen et al., Ann Allergy Asthma Immunol, 100:
S30-S40 (2008); Frank, Immunol Allergy Clin North Am, 26: 653-668 (2006); Cicardi et al., J
Allergy Clin Immunol, 99: 194-196 (1997); Kreuz et al., Transfusion 49: 1987-1995 (2009);
Bork et al., Ann Allergy Asthma Immunol, 100: 153-161 (2008); and Cicardi et al., J Allergy
Clin Immunol, 87: 768-773 (1991)).

[0008] There is a need for effective and long-lasting therapeutic approaches to treat

angioedema associated with C1 inhibitor and F12 deficiency.

BRIEF SUMMARY OF THE INVENTION
[0009] Disclosed herein are optimized cassettes for liver-directed expression of a secretable
version of human C1 inhibitor. These optimizations to the cassettes lead to an increase in C1

inhibitor secretion from liver and enable hepatic gene transfer to achieve circulating levels of
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C1 inhibitor sufficient to cross-correct C1 inhibitor deficiency systemically in subjects. These
cassettes are useful as a gene therapy treatment of subjects with hereditary angioedema
(HAE) and other diseases and disorders treatable with C1 inhibitor.

[0010] In one general aspect, the instant invention relates to a polynucleotide comprising a
nucleic acid encoding a C1 inhibitor, wherein the nucleic acid is selected from the group
consisting of: (1) a polynucleotide having at least 83% sequence identity to the sequence of
SEQ ID NO: 105; (2) a polynucleotide having at least 83% sequence identity to the sequence
of SEQ ID NO: 106; (3) a polynucleotide having at least 80% sequence identity to the
sequence of SEQ ID NO: 107; (4) a polynucleotide having at least 80% sequence identity to
the sequence of SEQ ID NO: 108; (5) a polynucleotide having at least 83% sequence identity
to the sequence of SEQ ID NO: 109; (6) a polynucleotide having at least 84% sequence
identity to the sequence of SEQ ID NO: 110; (7) a polynucleotide having at least 80%
sequence identity to the sequence of SEQ ID NO: 111; (8) a polynucleotide having at least
83% sequence identity to the sequence of SEQ ID NO: 112; (9) a polynucleotide having at
least 82% sequence identity to the sequence of SEQ ID NO: 113; (10) a polynucleotide
having at least 82% sequence identity to the sequence of SEQ ID NO: 114; (11) a
polynucleotide having at least 82% sequence identity to the sequence of SEQ ID NO: 115;
(12) a polynucleotide having at least 80% sequence identity to the sequence of SEQ ID NO:
116; (13) a polynucleotide having at least 80% sequence identity to the sequence of SEQ ID
NO: 117; (14) a polynucleotide having at least 83% sequence identity to the sequence of SEQ
ID NO: 118; (15) a polynucleotide having at least 80% sequence identity to the sequence of
SEQ ID NO: 119; (16) a polynucleotide having at least 80% sequence identity to the
sequence of SEQ ID NO: 120; (17) a polynucleotide having at least 80% sequence identity to
the sequence of SEQ ID NO: 121; (18) a polynucleotide having at least 83% sequence
identity to the sequence of SEQ ID NO: 122; (19) a polynucleotide having at least 93%
sequence identity to the sequence of SEQ ID NO: 123; (20) a polynucleotide having at least
92% sequence identity to the sequence of SEQ ID NO: 124; (21) a polynucleotide having at
least 89% sequence identity to the sequence of SEQ ID NO: 125; (22) a polynucleotide
having at least 86% sequence identity to the sequence of SEQ ID NO: 126; (23) a
polynucleotide having at least 92% sequence identity to the sequence of SEQ ID NO: 127,
(24) a polynucleotide having at least 89% sequence identity to the sequence of SEQ ID NO:
128; (25) a polynucleotide having at least 89% sequence identity to the sequence of SEQ ID
NO: 129; (26) a polynucleotide having at least 91% sequence identity to the sequence of SEQ
ID NO: 130; (27) a polynucleotide having at least 92% sequence identity to the sequence of
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SEQ ID NO: 131; (28) a polynucleotide having at least 93% sequence identity to the
sequence of SEQ ID NO: 132; (29) a polynucleotide having at least 93% sequence identity to
the sequence of SEQ ID NO: 133; (30) a polynucleotide having at least 87% sequence
identity to the sequence of SEQ ID NO: 134; (31) a polynucleotide having at least 89%
sequence identity to the sequence of SEQ ID NO: 135; (32) a polynucleotide having at least
93% sequence identity to the sequence of SEQ ID NO: 136; (33) a polynucleotide having at
least 93% sequence identity to the sequence of SEQ ID NO: 137; (34) a polynucleotide
having at least 87% sequence identity to the sequence of SEQ ID NO: 138; (35) a
polynucleotide having at least 86% sequence identity to the sequence of SEQ ID NO: 139;
(36) a polynucleotide having at least 86% sequence identity to the sequence of SEQ ID NO:
140; and (37) a polynucleotide having at least 86% sequence identity to the sequence of SEQ
ID NO: 141, optionally, the C1 inhibitor comprises the amino acid sequence of SEQ ID NO:
181 (mature C1 inhibitor; no signal peptide) or 192 (nascent C1 inhibitor; includes signal
peptide).

[0011] In certain embodiments, the nucleic acid contains fewer than 24 CpG dinucleotides,
optionally 0 CpG dinucleotides.

[0012] In certain embodiments, the nucleic acid encoding the C1 inhibitor has a sequence at
least 85%, at least 90%, at least 95% or 100% to any one of SEQ ID NOs: 105-142, 145-147,
156,171, 172, 230 and 231.

[0013] In certain embodiments, the instant invention relates to a nucleic acid encoding a
variant C1 inhibitor, wherein the variant C1 inhibitor comprises a truncated C1 inhibitor, a
fusion of two or more C1 inhibitors, or a fusion of a C1 inhibitor with an Fc region or
domain.

[0014] In certain embodiments, the nucleic acid has a sequence of any one of SEQ ID NOs:
143-144, 158, and 165-170, optionally the variant C1 inhibitor comprises an amino acid
sequence of any one of SEQ ID NOs: 193-201, or a variant thereof.

[0015] In certain embodiments, the polynucleotide comprises a signal peptide sequence
positioned at the 5° end of the nucleic acid encoding the C1 inhibitor.

[0016] In certain embodiments, the signal peptide sequence is a heterologous signal peptide
sequence.

[0017] In certain embodiments, the signal peptide sequence is an endogenous or native C1
inhibitor signal peptide sequence.

[0018] In certain embodiments, the signal peptide is selected from the group consisting of C1

inhibitor signal peptide, human chymotrypsinogen B2 signal peptide, ALB signal peptide,
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ORMI signal peptide, TF signal peptide, AMBP signal peptide, LAMP1 signal peptide,
BTN2AZ2 signal peptide, CD300 signal peptide, NOTCH2 signal peptide, STRC signal
peptide, AHSG signal peptide, SYN1 signal peptide, SYN2 signal peptide, SYN3 signal
peptide, and SYN4 signal peptide, or a variant thereof.

[0019] In certain embodiments, the signal peptide has a coding sequence of one of SEQ ID
NOs: 84-103, optionally the signal peptide comprises an amino acid sequence of any one of
SEQ ID NOs: 203-218, or a variant thereof.

[0020] In certain embodiments, the instant invention relates to a signal peptide comprising a
sequence of any one of SEQ ID NOs: 215-218.

[0021] In certain embodiments, the instant invention relates to a nucleic acid encoding a
signal peptide, wherein the nucleic acid comprises a sequence of any one of SEQ ID NOs:
100-103.

[0022] In certain embodiments, a signal peptide of the instant invention follows any one, two,
three, or all four of the following rules: (1) an amino-terminal N-region of 2-5 amino acids
with a net positive charge, (2) a hydrophobic H-region of 6-15 amino acids, (3) a carboxyl-
terminal C-region of 5-10 amino acids, with the amino acid in the -3 position from the C-
terminus of the signal peptide having no charge, and the amino acid in the -1 position from
the C-terminus of the signal peptide containing a short side chain, and (4) a leucine residue at
the -10 position from the C-terminus of the signal peptide.

[0023] In certain embodiments, the instant invention relates to an expression cassette
comprising the polynucleotide comprising the nucleic acid encoding C1 inhibitor, operably
linked to an expression control element.

[0024] In certain embodiments, the expression control element is a liver-specific expression
control element.

[0025] In certain embodiments, the expression cassette further comprises one or more tissue
specificity elements, wherein a tissue specificity element is a promoter, and wherein the
promoter is optionally an hAAT promoter sequence.

[0026] In certain embodiments, the expression cassette further comprises one or more
potency elements, wherein a potency element is an enhancer or a poly A sequence, and
wherein the enhancer is selected from the group consisting of ApoE, 2xApoE, 4xApoE,
hAAT enhancer, WPRE, WPRES3, and an intron that is optionally a human hemoglobin
(HBB)-derived intron, and wherein the poly A sequence is optionally a bovine growth
hormone (bGH) polyadenylation (polyA) sequence.
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[0027] In certain embodiments, the expression control element of the expression cassette is
positioned 5° of the polynucleotide, wherein the expression control element optionally
comprises an ApoE/hAAT enhancer/promoter sequence.
[0028] In certain embodiments, the expression cassette further comprises one or more
response elements, wherein a response element is a miRNA binding site, a regulated Irel-
dependent decay (RIDD) sequence that drives degradation of mRNA, an acute phase
response element (APRE), or another 5° or 3° UTR sequence, and wherein the miRNA
binding site is optionally miR-142-3p, the RIDD sequence is selected from the group
consisting of 1xRIDD, 3xRIDD, and RIDD1xBlos, the APRE is selected from the group
consisting of SERPINGI 5° UTR, APRE 5° UTR, and SAA2 5° UTR, and the other 5° or 3’
UTR sequence is optionally a SAA2 3° UTR sequence.
[0029] In certain embodiments, the tissue specificity element(s), potency element(s), and/or
response element(s) are CpG-reduced compared to the wild-type tissue specificity element(s),
potency element(s), and/or response element(s).
[0030] In certain embodiments, the instant invention relates to an adeno-associated virus
(AAYV) vector comprising the polynucleotide or expression cassette.
[0031] In certain embodiments, the AAV vector comprises: (a) one or more of an AAV
capsid, and (b) one or more AAV inverted terminal repeats (ITRs), wherein the AAV ITR(s)
flanks the 5 and/or 3” terminus of the polynucleotide or the expression cassette.
[0032] In certain embodiments, at least one or more of the ITRs of the AAV vector is
modified to have reduced CpGs.
[0033] In certain embodiments, the AAV vector has a capsid serotype comprising a modified
or variant AAV VP1, VP2 and/or VP3 capsid having 90% or more, 95% or more, or 100%
sequence identity to AAV1, AAV2, AAV3, AAV4, AAVS, AAV6, AAVT, AAVSE, AAVY,
AAV10, AAV11, AAV12, Rh10, Rh74 (SEQ ID NO: 188), AAV3B, AAV-2i8, SEQ ID NO:
226, SEQ ID NO: 189, SEQ ID NO: 190, and/or LK03 (SEQ ID NO: 191)
[0034] In certain embodiments, the AAV vector comprises one or more ITRs of any of
AAV1, AAV2, AAV3, AAV4, AAVS, AAV6, AAVT, AAVE, AAV9, AAVI10, AAV1I,
AAV12, Rh10, Rh74, AAV3B, AAV serotypes, or a combination thereof.
[0035] In certain embodiments, the instant invention relates to an AAV vector comprising,
(1) a5” AAV ITR, optionally a 5° ITR of AAV2, optionally a 5° ITR comprising the
polynucleotide sequence of SEQ ID NO: 70 or 72;
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(2) one or more tissue specificity elements, wherein the tissue specificity element is a
promoter, optionally the promoter comprises the polynucleotide sequence of SEQ
ID NO: 79 or 80;

(3) one or more potency elements, wherein the one or more potency elements are
enhancers or poly A sequences, optionally wherein the one or more potency
elements have a polynucleotide sequence selected from the group consisting of
SEQ ID NOs: 225, 74-76, 81-83, and 173-178;

(4) one or more response elements, wherein the one or more response elements are
miRNA binding sites, regulated Irel-dependent decay (RIDD) sequences, acute
phase response elements (APREs), or a 5 or 3° UTR sequence, optionally
wherein the one or more response elements have a polynucleotide sequence
selected from the group consisting of SEQ ID NOs: 77-78, and 179, 180, and
182-187,

(5) anucleic acid encoding a signal peptide, optionally the signal peptide comprising
an amino acid sequence selected from the group consisting of SEQ ID NOs: 203-
218, optionally a polynucleotide sequence selected from the group consisting of
SEQ ID NOs: 84-103;

(6) anucleic acid encoding at least one of a C1 inhibitor, a variant C1 inhibitor, and a
fusion or combination thereof,

a. optionally, a C1 inhibitor having the amino acid sequence of SEQ ID NO: 181
or 192, optionally a polynucleotide sequence selected from the group
consisting of SEQ ID NOs: 104-142, 145-147, 156, and 171-172;

b. optionally, a variant C1 inhibitor having an amino acid sequence selected from
the group consisting of SEQ ID NOs: 193-201, optionally a polynucleotide
selected from the group consisting of SEQ ID NOs: 143-144, 158, and 165-
170; and

(7) a3” AAV ITR, optionally a 3° ITR of AAV2, optionally a 3° ITR comprising the
polynucleotide sequence of SEQ ID NO: 71 or 73.

[0036] In certain embodiments, the AAV vector comprises the polynucleotide sequence of
one of SEQ ID NOs: 1-69 and 227-229.
[0037] In certain embodiments, the instant invention relates to a non-viral vector comprising

the polynucleotide or expression cassette.
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[0038] In certain embodiments, the instant invention relates to a pharmaceutical composition
comprising a plurality of the AAV vectors or non-viral vectors in a biologically compatible
carrier or excipient.

[0039] In certain embodiments, the pharmaceutical composition further comprises empty
AAYV capsids.

[0040] In certain embodiments, the pharmaceutical composition further comprises a
surfactant.

[0041] In certain embodiments, the instant invention relates to a method of treating a subject
in need of C1 inhibitor, comprising administering to the subject a therapeutically effective
amount of the polynucleotide, the expression cassette, the AAV vector, the non-viral vector,
or the pharmaceutical composition, wherein the C1 inhibitor is expressed in the subject.
[0042] In certain embodiments, the subject is human.

[0043] In certain embodiments, the subject has hereditary angioedema (HAE).

[0044] In certain embodiments, the polynucleotide, expression cassette, AAV vector, non-
viral vector, or pharmaceutical composition is administered to the subject intravenously,
intra-arterially, intra-cavity, intra-mucosally, or via catheter.

[0045] In certain embodiments, the AAV vector is administered to the subject in a range from
about 1x10® to about 1x10™* vector genomes per kilogram (vg/kg) of the weight of the
subject.

[0046] In certain embodiments, the method reduces, decreases or inhibits one or more
symptoms of the need for C1 inhibitor or of HAE; or prevents or reduces progression or
worsening of one or more symptoms of the need for C1 inhibitor or of HAE; or stabilizes one
or more symptoms of the need for C1 inhibitor or of HAE; or improves one or more
symptoms of the need for C1 inhibitor or of HAE.

[0047] In certain embodiments, the instant invention relates to a cell comprising a
polynucleotide or expression cassette of the instant invention.

[0048] In certain embodiments, the instant invention relates to a cell that produces an AAV
vector of the instant invention.

[0049] In certain embodiments, the instant invention relates to a method of producing an
AAYV vector of the instant invention, comprising (a) introducing an AAV vector genome
comprising the polynucleotide or expression cassette of the instant invention into a packaging

helper cell; and (b) culturing the helper cell under conditions to produce the AAV vector.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0050] The foregoing summary, as well as the following detailed description of the instant
invention, will be better understood when read in conjunction with the appended drawings. It
should be understood that the instant invention is not limited to the precise embodiments
shown in the drawings.
[0051] FIG. 1 shows a schematic of an exemplary expression vector described herein.
[0052] FIG. 2 shows graphs depicting the mean + SD C1-INH antigen levels in mouse
plasma for the low dose (1.0x10'? vg/kg, Groups 7-11) (FIG. 2A) and high dose (4.0x10"?
vg/kg, Groups 1-5) (FIG. 2B) vector cohorts of Example 2 as measured by ELISA; the gray
shaded region signifies the mean + SD of all PNP measurements (low dose: 170.30 + 20.36
pug/mL; high dose: 181.0 + 35.62 ug/mL); values considered above and below the limits of
quantitation were excluded from calculations of mean = SD; SERPINGI1 = SEQ ID NO: 1,
Synl = SEQ ID NO: 13, Syn4 = SEQ ID NO: 16, AHSG = SEQ ID NO: 12, sp7 = SEQ ID
NO: 2.
[0053] FIG. 3 shows graphs depicting the steady-state C1-INH antigen levels in mouse
plasma for the low dose (1.0x10'? vg/kg, Groups 7-11) (FIG. 3A) and high dose (4.0x10"?
vg/kg, Groups 1-5) (FIG. 3B) vector cohorts of Example 2, presented as mean = SD; steady-
state was defined as no statistically significant difference in mean antigen levels across
assessed timepoints (linear regression analysis not shown); statistical comparison relative to
native SERPINGI signal peptide was performed by Kruskal-Wallis test with post-hoc Dunn’s
multiple comparisons test (ns, not significant; *, p<0.05; ** p<0.01; *** p<0.001; ****,
»<0.0001); SERPING1 =SEQ ID NO: 1, Synl = SEQ ID NO: 13, Syn4 = SEQ ID NO: 16,
AHSG = SEQ ID NO: 12, sp7 = SEQ ID NO: 2.
[0054] FIG. 4 shows a graph depicting C1-INH activity in mouse plasma from the high dose
cohort of Example 2, specifically, individual C1-INH activity values are shown for the high
dose cohort, with data from Weeks 22, 25, and 27 included (circles, triangles, and squares,
respectively), with values presented as mean + SD; statistical comparison relative to native
SERPINGI signal peptide was performed by one-way ANOV A with post-hoc Dunnett’s
multiple comparisons test (**** p<0.0001); SERPING1 = SEQ ID NO: 1, Synl = SEQ ID
NO: 13, Syn4 = SEQ ID NO: 16, AHSG = SEQ ID NO: 12, sp7 = SEQ ID NO: 2.
[0055] FIG. 5 shows a graph depicting correlation of C1-INH antigen with C1-INH activity
in mouse plasma from the high dose cohort of Example 2, specifically, individual values for
CI1-INH activity are plotted relative to each animal’s respective C1-INH antigen level, with

the C1-INH activity and antigen measured by a chromogenic assay and ELISA, respectively,
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with data from Weeks 22, 25, and 27; values were logl0 transformed, and a linear fit was
generated using regression analysis (R?=0.771), a two-tailed Pearson correlation indicated
significance (Pearson r=0.8778; p<0.0001); SERPING1 = SEQ ID NO: 1, Synl = SEQ ID
NO: 13, Syn4 = SEQ ID NO: 16, AHSG = SEQ ID NO: 12, sp7 =SEQ ID NO: 2.

[0056] FIG. 6 shows graphs depicting vector genome concentration from terminal liver tissue
of Example 2, with the vector genome copy numbers normalized to mouse Foxp1 in the low
dose (FIG. 6A) and high dose (FIG. 6B) cohorts, with values are reported as BGHpA copies
per Foxpl copies and presented as mean + SD; statistical comparison relative to native
SERPINGI signal peptide was performed by Kruskal-Wallis test with post-hoc Dunn’s
multiple comparisons test (**, p<0.01; ***_ p<0.001), terminus was defined as Week 18 for
the low dose cohort (Groups 7-11) and Week 28 for the high dose cohort (Groups 1-5);
SERPING1 = SEQ ID NO: 1, Synl = SEQ ID NO: 13, Syn4 = SEQ ID NO: 16, AHSG =
SEQ ID NO: 12, sp7 =SEQ ID NO: 2.

[0057] FIG. 7 shows a graph depicting correlation of C1-INH antigen with vector genome
concentration at terminus of Example 2, with terminal C1-INH antigen values versus vector
genome concentration (normalized to Foxp/) at terminus in individual mice; terminus was
defined as Week 18 for the lower dose cohort (Groups 7-11) and Week 28 for the higher dose
cohort (Groups 1-5); values were log10 transformed and a linear fit was generated using
regression analysis (R’=0.866); a two-tailed Pearson correlation indicated significance
(Pearson =0.9306; p<0.0001); SERPING1 = SEQ ID NO: 1, Synl = SEQ ID NO: 13, Syn4
=SEQ ID NO: 16, AHSG = SEQ ID NO: 12, sp7 = SEQ ID NO: 2.

[0058] FIG. 8 shows a graph depicting steady state C1-INH antigen levels relative to vector
genome concentration at terminus of Example 2, with steady state C1-INH antigen levels
plotted with respect to terminal liver vector genome (VG) concentration (normalized to
Foxpl) in the low dose (FIG. 8A) and high dose (FIG. 8B) cohorts; steady-state C1-INH
antigen was defined as no statistically significant difference in levels across the timepoints
tested (statistical analysis not shown, Weeks 3-18 and Weeks 3-28 for low and high dose
cohorts, respectively); values are presented as mean + SD; statistical comparison relative to
native SERPINGI signal peptide was performed by Kruskal-Wallis test with post-hoc Dunn’s
multiple comparisons test (*, p<0.05); terminus was defined as Week 18 for the lower dose
cohort (Groups 7-11) and Week 28 for the higher dose cohort (Groups 1-5); SERPINGI =
SEQ ID NO: 1, Synl = SEQ ID NO: 13, Syn4 = SEQ ID NO: 16, AHSG =SEQ ID NO: 12,
sp7 =SEQID NO: 2.

10
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[0059] FIG. 9 shows graphs depicting the C1-INH antigen levels in mouse plasma for Studies
A (FIG. 9A) and B (FIG. 9B) of Example 3 as measured by ELISA; groups were followed for
7 weeks (Study A) or 6 weeks (Study B) following vector administration; the gray shaded
region signifies the mean = SD of all PNP measurements (Study A, 179.2 + 20.88 ug/mL;
Study B, 165.9 + 20.70 pg/mL):; SERPING1 = SEQ ID NO: 1, I3 = SEQ ID NO: 18, 14 =
SEQID NO: 19, 17 = SEQ ID NO: 20, 120 = SEQ ID NO: 21, 121 = SEQ ID NO: 22,124 =
SEQID NO: 23;12=SEQ ID NO: 17, H9 = SEQ ID NO: 24, H13 =SEQ ID NO: 25, BC2 =
SEQ ID NO: 26.

[0060] FIG. 10 shows graphs depicting the steady-state C1-INH antigen levels in mouse
plasma for Studies A (FIG. 10A) and B (FIG. 10B) as measured by ELISA; groups were
followed for 7 weeks (Study A) or 6 weeks (Study B) following vector administration; values
are presented as mean + SD; statistical comparison relative to AAV-encapsidated SEQ ID
NO: 1 was performed by one-way ANOV A with post-hoc Dunnett’s multiple comparisons
test (*, p<0.05; **, p<0.01; *** p<0.001); SERPING1 = SEQ ID NO: 1, I3 = SEQ ID NO:
18,14 =SEQ ID NO: 19, 17 = SEQ ID NO: 20, 120 = SEQ ID NO: 21, 121 = SEQ ID NO: 22,
124 =SEQ ID NO: 23, 12 =SEQ ID NO: 17, H9 = SEQ ID NO: 24, H13 = SEQ ID NO: 25,
BC2 =SEQ ID NO: 26.

[0061] FIG. 11 shows graphs depicting plasma bradykinin antigen levels in mice at Week 7
as assessed by ELISA; bradykinin was assessed in mice that received AAV-encapsidated
SEQ ID NO: 20 (Group 4) and SEQ ID NO: 22 (Group 6) codon optimized variants, which
were associated with higher levels of C1-INH antigen expression; FIG. 11A shows summary
bradykinin values in the excipient, SEQ ID NO: 20 variant, and SEQ ID NO: 22 variant
groups of Study A; the gray shaded region signifies mean + SD of all pooled normal plasma
(PNP) measurements (35010.16 + 8093.98 pg/mL); values are presented as mean = SD;
statistical comparison relative to SEQ ID NO: 1 was performed by one-way ANOV A with
post-hoc Dunnett’s multiple comparisons test (**, p<0.01); FIG. 11B shows individual C1-
INH antigen values in AAV-encapsidated SEQ ID NO: 20- and 22-treated mice at Week 7
plotted relative to their respective plasma bradykinin antigen level (n=9 total samples), and a
two-tailed Pearson correlation indicated significance for the SEQ ID NO: 22 group (Pearson
r=-0.9417, p<0.0168, R?=0.8867); one animal from the excipient group was euthanized prior
to study end following presentation of a necrotic tail and head tilt. One animal that received
AAV-encapsidated SEQ ID NO: 20 was removed from analysis following use of the ROUT
method for outlier identification; 17 = SEQ ID NO: 20, 121 = SEQ ID NO: 22.

11
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[0062] FIG. 12 shows graphs depicting vector genome concentration in terminal liver tissue
for Studies A (FIG. 12A) and B (FIG. 12B) of Example 3, with the vector genome copy
numbers normalized to mouse Foxp/ and values presented as mean = SD; study terminus is
defined as Week 7 and Week 6 for Studies A and B, respectively; statistical comparison
relative to the native SERPING transgene was performed by Kruskal-Wallis test with post-
hoc Dunn’s multiple comparisons test (ns, p>0.05); SERPING1 = SEQ ID NO: 1, I3 = SEQ
ID NO: 18, 14 = SEQ ID NO: 19, 17 = SEQ ID NO: 20, 120 = SEQ ID NO: 21, 121 = SEQ ID
NO: 22,124 = SEQ ID NO: 23,12 =SEQ ID NO: 17, H9 = SEQ ID NO: 24, H13 = SEQ ID
NO: 25, BC2=SEQ ID NO: 26.

[0063] FIG. 13 shows a graph depicting correlation of C1-INH antigen with vector genome
concentration at terminus in individual mice; correlation was performed on codon optimized
variants from Study A with the highest C1-INH expression; values were logio transformed
and a linear fit was generated using regression analysis (R?>=0.7243); a two-tailed Pearson
correlation indicated significance (Pearson =0.8510, p<0.0001); SERPING1 = SEQ ID NO:
1, 17=SEQ ID NO: 20, 121 = SEQ ID NO: 22, 124 = SEQ ID NO: 23.

[0064] FIG. 14 shows a graph depicting steady state C1-INH antigen levels relative to vector
genome concentration (normalized to Foxp!) at terminus (Week 7) for Study A of Example
3; steady-state C1-INH antigen was defined as no statistically significant difference in levels
across the timepoints tested (statistical analysis not shown, Weeks 3-7); values are presented
as mean + SD; statistical comparison relative to native SERPING I signal peptide was
performed by Kruskal-Wallis test with post-hoc Dunn’s multiple comparisons test (*,
»<0.05); SERPING1 = SEQ ID NO: 1, 13 =SEQ ID NO: 18, 14 = SEQ ID NO: 19, 17 = SEQ
ID NO: 20, 120 = SEQ ID NO: 21, 121 = SEQ ID NO: 22, 124 = SEQ ID NO: 23.

[0065] FIG. 15 shows graphs depicting C1-INH antigen levels in mouse plasma for the study
of Example 4; specifically, C1-INH antigen levels are plotted as a function of time (FIG.
15A) and at week 8 (FIG. 15B) for all groups as measured by ELISA; pooled normal human
plasma (PNP) was included as a control to monitor inter-assay variability; gray shaded region
signifies the mean + SD of all measurements of PNP (175.4 + 41.3 ug/mL); values are
presented as mean = SD; values below the limit of detection were excluded from calculations
of mean £ SD; 1 male and 3 females (all low dose) exhibited no detectable C1-INH antigen
over the course of the study; 17 = SEQ ID NO: 20.

[0066] FIG. 16 shows a graph depicting a correlation of C1-INH antigen with C1-INH
activity in mouse plasma for the study of Example 4, specifically, individual values for C1-

INH activity are plotted relative to each animal’s respective C1-INH antigen level, with data
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from Weeks 5 and 8; values were logio transformed, and a linear fit was generated using
regression analysis; below quantitation level (BQL) values are excluded while above
quantitation level (AQL) values are included for visualization; I7 = SEQ ID NO: 20.

[0067] FIG. 17 shows a graph depicting vector genome concentrations from terminal liver
tissue for the study of Example 4, specifically, vector genome copy numbers normalized to
mouse Foxpl following administration of one of three doses of AAV-encapsidated SEQ ID
NO: 20; values are presented as mean = SD; 17 = SEQ ID NO: 20.

[0068] FIG. 18 shows a graph depicting normalized SERPINGI mRNA expression from
terminal liver tissue, specifically, mRNA expression levels of SERPING normalized to
mouse Ppie in mice that received one of three doses of AAV-encapsidated SEQ ID NO: 20;
terminus is defined as Week 8; values are presented as mean + SD; 17 = SEQ ID NO: 20.
[0069] FIG. 19 shows graphs depicting comparison of vector dose, normalized vector
genome concentration, normalized mRNA expression levels, and terminal C1-INH antigen
levels for the study of Example 4, specifically, values are plotted for male (FIG. 19A) and
female (FIG. 19B) Serping 7~ mice administered varying doses of AAV-encapsidated SEQ
ID NO: 20; terminus was defined as Week 8; VG copy numbers were normalized to mouse
Foxpl; SERPINGI mRNA expression levels were normalized to mouse Ppie; C1-INH
antigen levels were measured by ELISA; individual values were log10 transformed and fit to
anonlinear 4PL sigmoidal curve; I7 = SEQ ID NO: 20.

[0070] FIG. 20 shows data characterizing Serping! deficiency in a B6.SJL mouse
background. FIG. 20A illustrates paw volume differences. FIG. 20B illustrates plasma C1-
INH differences. FIG. 20C illustrates bradykinin differences. FIG. 20D illustrates
complement C4a (C4a) differences. FIG. 20E illustrates tissue plasminogen activator (tPA)
differences.

[0071] FIG. 21 illustrates the ability of 121 (SEQ ID NO: 22) to drive dose-dependent,
durable hC1-INH antigen levels in plasma using an HAE model mice. Plasma hC1-INH
levels in B6/SIL Pl */* (FIG. 21A), B6/SJLSPe!*/-(FIG. 21B), and B6/SJLSPg!"- (FIG.
21C) male mice were measured after injecting one of three doses of AAV-encapsidated 121,
ranging from 1.0x10" to 3.16x10'2 vg/kg in quarter-log increments.

[0072] FIG. 22 illustrates C1-INH expression and pharmacodynamics of 121 (SEQ ID NO:
22). FIG. 22A provides data comparing hC1-INH expression in different Serping/
genotypes. FIG. 22B shows hC1-INH dose response. FIG. 22C shows bradykinin dose
response. FIG. 22D shows tPA activity dose response.
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[0073] FIG. 23 shows 121 (SEQ ID NO: 22) dose-dependent, durable hC1-INH antigen levels
in plasma of an HAE model mice. B6/SJL7"!”- male mice were injected with one of five
doses of 121, ranging from 9.5x10'! to 3.0x10" vg/kg. FIG. 23A shows plasma C1-INH
levels as measured by ELISA as a function of time. Values are in units of IU/mL and
presented as mean = SD. FIG. 23B shows steady-state C1-INH antigen levels in
B6/SJLSeP"217- male mice as a function of vector dose. All values were logio transformed and
a linear fit was generated using regression analysis (R°=0.88).

[0074] FIG. 24 show 121 (SEQ ID NO: 22) mediated reduction in bradykinin using an HAE
disease model mice. FIG. 24A shows individual and mean + SD plasma bradykinin levels in
different dose cohorts. Statistical comparison relative to excipient was performed by one-way
ANOVA with post-hoc Dunnett’s multiple comparisons test (**, p<0.01; *** p<0.001). FIG.
24B shows plasma C1-INH levels.

[0075] FIG. 25 show 121 (SEQ ID NO: 22) mediated C1-INH rescues C4 levels in an HAE
mouse model. Plasma C4 was analyzed at study terminus by an automated capillary-based
immunoassay system (Wes™, ProteinSimple). FIG. 25A shows individual and mean = SD
relative C4 expression in each dose cohort. FIG. 25B shows individual relative plasma C4
values plotted relative to each animal’s respective C1-INH antigen level at week 31. All
values were logio transformed and a linear fit was generated using regression analysis
(R?=0.87). FIG. 25C shows the level of C4 as a function of plasma C1-INH. BQL refers
below the quantitation level. AQL refers to above to quantitation level.

[0076] FIG. 26 shows C1-INH levels produced in mice dosed with AAV-encapsidated 121
(SEQ ID NO: 22), to evaluate toxicology. Male mice were dosed with AAV-encapsidated
121 at 2.5 x 102 vg/kg, 5.0 x 10'? vg/kg, or 1.0 x 10" (FIG. 26A). Female mice were dosed
with AAV-encapsidated 121 at 1.0 x 108 vg/kg, 5.0 x 101 vg/kg, or 9.9 x 108 (FIG. 26 B).
[0077] FIG. 27 shows a 121 (SEQ ID NO: 22) dosing study in male cynomolgus macaque
(FIG. 27A) and female cynomolgus macaque (FIG. 27B), where percent normal C1-INH
activity was determined at different time points after AAV-encapsidated 121 administration.
Cynomolgus macaque were dosed with AAV-encapsidated 121 at 1.0 x 10** vg/kg (Low), 3.2
x 10" vg/kg (Mid) or 1.0 x 10" vg/kg (High).

[0078] FIG. 28 illustrates hC1-INH antigen level (FIG. 28 A) and peak percent normal C1-
INH activity (FIG. 28B) produced with different doses of AAV-encapsidated I21. Male and
female cynomolgus macaque were dosed with AAV-encapsidated 121 at 1.0 x 10" vg/kg
(Low), 3.2 x 10" vg/kg (Mid) or 1.0 x 10'* vg/kg (High).
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[0079] Figure 29 illustrates hC1-INH antigen levels in supernatants of transfected Huh7 cells.
Huh?7 cells were transfected in vitro with different SERPING1 expression plasmids and hC1-
INH antigen levels were measured. Results are the average of biological replicates n=3.
Error bars represent standard deviation.

[0080] Figure 30 illustrates the effect of adding a miR-142-3p target into an expression
plasmid. Huh7 cells were transfected in vitro with plasmid containing a nucleic acid of SEQ
ID NO: 28 (pSwap-SERPING1 _121) or SEQ ID NO: 55 (mir 142-3p), or pCAG_GFP; and
hCI1-INH antigen was assayed. Results are the average of biological replicates n=3. Error

bars represent standard deviation.

DETAILED DESCRIPTION OF THE INVENTION
[0081] Various publications, articles and patents are cited or described in the background and
throughout the specification; each of these references is herein incorporated by reference in
its entirety. Discussion of documents, acts, materials, devices, articles or the like which has
been included in the present specification is for the purpose of providing context for the
instant invention. Such discussion is not an admission that any or all of these matters form
part of the prior art with respect to any inventions disclosed or claimed.
[0082] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning commonly understood to one of ordinary skill in the art to which this invention
pertains. Otherwise, certain terms cited herein have the meanings as set in the specification.
[0083] It must be noted that as used herein and in the appended claims, the singular forms
“a,” “an,” and “the” include plural reference unless the context clearly dictates otherwise.
[0084] Throughout this specification and the claims which follow, unless the context requires
otherwise, the word “comprise”, and variations such as “comprises” and “comprising”, will
be understood to imply the inclusion of a stated integer or step or group of integers or steps
but not the exclusion of any other integer or step or group of integer or step. When used
herein the term “comprising” can be substituted with the term “containing™ or “including™ or
sometimes when used herein with the term “having™.
[0085] When used herein “consisting of”” excludes any element, step, or ingredient not
specified in the claim element, where such element, step or ingredient is related to the
claimed invention. When used herein, “consisting essentially of” does not exclude materials
or steps that do not materially affect the basic and novel characteristics of the claim. Any of
the aforementioned terms of “comprising”, “containing”, “including”, and “having”,

whenever used herein in the context of an aspect or embodiment of the instant invention can
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be replaced with the term “consisting of” or “consisting essentially of” to vary scopes of the
disclosure.

[0086] As used herein, the conjunctive term “and/or” between multiple recited elements is
understood as encompassing both individual and combined options. For instance, where two
elements are conjoined by “and/or”, a first option refers to the applicability of the first
element without the second. A second option refers to the applicability of the second element
without the first. A third option refers to the applicability of the first and second elements
together. Any one of these options is understood to fall within the meaning, and therefore
satisfy the requirement of the term “and/or” as used herein. Concurrent applicability of more
than one of the options is also understood to fall within the meaning, and therefore satisfy the
requirement of the term “and/or.”

[0087] All of the features disclosed herein can be combined in any combination. Each feature
disclosed in the specification can be replaced by an alternative feature serving a same,
equivalent, or similar purpose. Thus, unless expressly stated otherwise, disclosed features are
an example of a genus of equivalent or similar features.

[0088] The term “about” as used herein refers to a value within 10% of the underlying
parameter (i.e., plus or minus 10%). For example, “about 1:10” means 1.1:10.1 or 0.9:9.9,
and about 5 hours means 4.5 hours or 5.5 hours, etc. The term “about™ at the beginning of a
string of values modifies each of the values by 10%.

[0089] All numerical values or numerical ranges include integers within such ranges and
fractions of the values or the integers within ranges unless the context clearly indicates
otherwise. Thus, to illustrate, reference to reduction of 95% or more includes 95%, 96%,
97%, 98%, 99%, 100% etc., as well as 95.1%, 95.2%, 95.3%, 95.4%, 95.5%, etc., 96.1%,
96.2%, 96.3%, 96.4%, 96.5%, etc., and so forth. Thus, to also illustrate, reference to a
numerical range, such as “1-4” includes 2, 3, as well as 1.1, 1.2, 1.3, 1.4, etc., and so forth.
For example, “1 to 4 weeks™ includes 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, or 28 days.

[0090] Further, reference to a numerical range, such as “0.01 to 10” includes 0.011, 0.012,
0.013, etc., as well as 9.5, 9.6, 9.7, 9.8, 9.9, etc., and so forth. For example, a dosage of about
“0.01 mg/kg to about 10 mg/kg™ body weight of a subject includes 0.011 mg/kg, 0.012
mg/kg, 0.013 mg/kg, 0.014 mg/kg, 0.015 mg/kg etc., as well as 9.5 mg/kg, 9.6 mg/kg, 9.7
mg/kg, 9.8 mg/kg, 9.9 mg/kg etc., and so forth.

[0091] Reference to an integer with more (greater) or less than includes any number greater

or less than the reference number, respectively. Thus, for example, reference to more than 2
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includes 3,4, 5,6,7, 8,9, 10, 11, 12, 13, 14, 15, etc., and so forth. For example,
administration of a non-viral vector and/or immune cell modulator “two or more™ times
includes 3, 4,5,6,7,8,9,10, 11, 12, 13, 14, 15, or more times.

[0092] Further, reference to a numerical range, such as “1 to 90” includes 1.1, 1.2, 1.3, 1.4,
1.5, etc., as well as 81, 82, 83, 84, 85, etc., and so forth. For example, “between about 1
minute to about 90 days” includes 1.1 minutes, 1.2 minutes, 1.3 minutes, 1.4 minutes, 1.5
minutes, etc., as well as one day, 2 days, 3 days, 4 days, 5 days .... 81 days, 82 days, 83 days,
84 days, 85 days, etc., and so forth.

[0093] In an attempt to help the reader of the application, the description has been separated
into various paragraphs or sections, or is directed to various embodiments of the instant
invention. These separations should not be considered as disconnecting the substance of a
paragraph or section or embodiments from the substance of another paragraph or section or
embodiments. To the contrary, one skilled in the art will understand that the description has
broad application and encompasses all the combinations of the various sections, paragraphs
and sentences that can be contemplated. The discussion of any embodiment is meant only to
be exemplary and is not intended to suggest that the scope of the disclosure, including the
claims, is limited to these examples.

[0094] Provided herein are modified nucleic acids encoding C1 inhibitor, expression
cassettes comprising the modified nucleic acids encoding C1 inhibitor, viral vectors
comprising the modified nucleic acids encoding C1 inhibitor, and non-viral vectors
comprising the modified nucleic acids encoding C1 inhibitor. The instant invention also
provides recombinant AAV particles comprising the modified nucleic acids encoding C1
inhibitor, non-viral particles comprising the modified nucleic acids encoding C1 inhibitor,
pharmaceutical compositions comprising the modified nucleic acids encoding C1 inhibitor,
and methods of treating Hereditary angioedema (HAE).

Nucleic Acids

[0095] The terms “nucleic acid™ and “polynucleotide”™ are used interchangeably herein to
refer to all forms of nucleic acid, oligonucleotides, including deoxyribonucleic acid (DNA)
and ribonucleic acid (RNA). Nucleic acids include genomic DNA, cDNA, antisense
DNA/RNA, plasmid DNA, linear DNA, (poly- and oligo-nucleotide), chromosomal DNA,
spliced or unspliced mRNA, rRNA, tRNA inhibitory DNA or RNA (RNAj, e.g., small or
short hairpin (sh)RNA, microRNA (miRNA), small or short interfering (si)RNA, trans-
splicing RNA, or antisense RNA), locked nucleic acid analogue (LNA), oligonucleotide
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DNA (ODN) single and double stranded, immunostimulating sequence (ISS), riboswitches
and ribozymes.

[0096] Nucleic acids include naturally occurring, synthetic, and intentionally modified or
altered polynucleotides. Nucleic acids can be single, double, or triplex, linear or circular, and
can be of any length. In discussing nucleic acids, a sequence or structure of a particular
polynucleotide can be described herein according to the convention of providing the sequence
in the 5° to 3” direction.

[0097] According to certain embodiments, the polynucleotide is a single-stranded (ssDNA)
or a double-stranded DNA (dsDNA) molecule. According to certain embodiments, the
polynucleotide is for therapeutic use, e.g., an ssDNA or dsDNA encoding a therapeutic
transgene. According to certain embodiments, the dsSDNA molecule is a minicircle, a
nanoplasmid, open linear duplex DNA or a closed-ended linear duplex DNA
(CELiD/ceDNA/doggybone DNA). According to certain embodiments, the ssDNA molecule
is a closed circular or an open linear DNA.

[0098] A “transgene” is used herein to conveniently refer to a nucleic acid that is intended or
has been introduced into a cell or organism. Transgenes include any nucleic acid, such as a
heterologous polynucleotide sequence, such as a modified nucleic acid encoding C1 inhibitor,
or a heterologous nucleic acid encoding a protein or peptide or a nucleic acid (e.g., miRNA,
etc.). The term transgene and heterologous nucleic acid/polynucleotide sequences are used
interchangeably herein.

[0099] As used herein, the term “C1-inhibitor” or “C1 esterase inhibitor” or “C1-INH” or
“C1EI” or “SERPING1” are all used interchangeably and refer to any nucleic acid or protein
of SERPING] or C1 inhibitor. In certain embodiments, a nucleic acid encoding a C1 inhibitor
encodes a human C1 inhibitor protein. A full DNA sequence of SERPING, including introns
and exons, is available in GenBank Accession No. NG 009625.1. A human C1 inhibitor
consists of 500 amino acids and is available in GenBank Accession No. NP_000053.2.
Examples of C1 inhibitor include any naturally occurring C1 inhibitor, and variants thereof.
As used herein, “a nucleic acid encoding a C1 inhibitor” refers to a recombinant nucleic acid
molecule that encodes a protein having at least part of a function or activity of wild-type C1
inhibitor protein. Examples of such nucleic acid include modified nucleic acid encoding C1
inhibitor.

[0100] As used herein, the term “variant protein” refers to any protein that contains one or

more changes in the amino acid sequence compared to that of the wild-type. The term
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“variant protein” includes, e.g., amino acid insertions, additions, substitutions and deletions.
The term “variant™ also encompasses, e.g., fusion proteins.

[0101] According to certain embodiments, a variant C1 inhibitor exhibits the function of the
native protein. In certain embodiments, the variant C1 inhibitor exhibits at least 50%,
optionally at least 55%, optionally at least 60%, optionally at least 65%, optionally at least
70%, optionally at least 75%, optionally at least 80%, optionally at least 85%, optionally at
least 90%, optionally at least 95% of the function of the native protein. Determination of
functional activity of a variant C1 inhibitor protein can be conducted, for example, by
assessing inhibition of the esterase activity of complement component C1. Any suitable
method known to those skilled in the art in view of the present disclosure can be used in the
instant invention. Examples of methods that can be used to determine the functional activity
of a variant C1 inhibitor protein include, e.g., spectrophotometric assays, such as that
described in Drouet et al., Clin Chim Acta, 1988, 174(2):121-130, enzyme immunoassays,
such as that described by the Mayo Clinic (website: www.mayocliniclabs.com/test-
catalog/Performance/81493), chromogenic assays, such as that described in Munkvad et al.,
Clin Chem., 1990, 36(5):737-41, each of the references hereby incorporated by reference in
its entirety, and commercially available methods such as those described in the Examples
herein.

[0102] As used herein, the term “fusion protein™ or “chimeric protein™ refers to a protein
created through the joining of two or more originally separate proteins, or portions thereof. In
certain embodiments, a linker or spacer is present between each protein.

[0103] As used herein, the terms “modify” and grammatical variations thereof, mean that a
nucleic acid or protein deviates from a reference or parental sequence. A modified nucleic
acid encoding C1 inhibitor has been altered compared to reference (e.g., wild-type) or
parental nucleic acid. Modified nucleic acids can therefore have substantially the same,
greater or less activity or function than a reference or parental nucleic acid, but at least retain
partial activity, function and or sequence identity to the reference or parental nucleic acid.
The modified nucleic acid can be genetically modified to encode a modified or variant C1
inhibitor.

[0104] A “‘modified nucleic acid encoding C1 inhibitor” means that the C1 inhibitor nucleic
acid has alteration compared the parental unmodified nucleic acid encoding C1 inhibitor. A
particular example of a modification is a nucleotide substitution. Nucleotide substitutions can
be silent mutations that code for the same amino acid, or missense mutations that code for a

different amino acid. Missense mutations can be conservative or non-conservative mutations.
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Other examples of modifications include, e.g., truncations and insertions. The modified
nucleic acid can also include a codon optimized nucleic acid that encodes the same protein as
that of the wild-type protein or of the nucleic acid that has not been codon optimized. Codon
optimization can be used in a broader sense, e.g., including removing the CpGs. The terms
“modification” herein need not appear in each instance of a reference made to a nucleic acid
encoding C1 inhibitor.

[0105] In certain embodiments, for a modified nucleic acid encoding C1 inhibitor, the C1
inhibitor protein retains at least part of a function or activity of wild-type C1 inhibitor.

[0106] As set forth herein, modified nucleic acids encoding C1 inhibitor can exhibit different
features or characteristics compared to a reference or parental nucleic acid. For example,
modified nucleic acids include sequences with 100% identity to a reference nucleic acid
encoding C1 inhibitor as set forth herein, as well as sequences with less than 100% identity to
a reference nucleic acid encoding C1 inhibitor.

[0107] The terms “identity,” “homology,” and grammatical variations thereof, mean that two
or more referenced entities are the same, when they are “aligned” sequences. Thus, by way of
example, when two nucleic acids are identical, they have the same sequence, at least within
the referenced region or portion. The identity can be over a defined area (region or domain)
of the sequence.

[0108] An ““area” or “region” of identity refers to a portion of two or more referenced entities
that are the same. Thus, where two protein or nucleic acid sequences are identical over one or
more sequence areas or regions they share identity within that region. An “aligned” sequence
refers to multiple protein (amino acid) or nucleic acid sequences, often containing corrections
for missing or additional bases or amino acids (gaps) as compared to a reference sequence.
[0109] The identity can extend over the entire length or a portion of the sequence. In certain
embodiments, the length of the sequence sharing the percent identity is 2, 3, 4, 5 or more
contiguous amino acids or nucleic acids, e.g., 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, etc. contiguous nucleic acids or amino acids. In certain embodiments, the length of the
sequence sharing identity is 21 or more contiguous amino acids or nucleic acids, e.g., 21, 22,
23,24, 25,26,27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, etc. contiguous amino
acids or nucleic acids. In certain embodiments, the length of the sequence sharing identity is
41 or more contiguous amino acids or nucleic acids, e.g., 42, 43, 44, 45, 45, 47, 48, 49, 50,
etc., contiguous amino acids or nucleic acids. In certain embodiments, the length of the

sequence sharing identity is 50 or more contiguous amino acids or nucleic acids, e.g., 50-55,
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55-60, 60-65, 65-70, 70-75, 75-80, 80-85, 85-90, 90-95, 95-100, 100-150, 150-200, 200-250,
250-300, 300-500, 500-1,000, etc. contiguous amino acids or nucleic acids.

[0110] As set-forth herein, modified nucleic acids encoding C1 inhibitor can be distinct from
or exhibit 100% identity or less than 100% identity to a reference nucleic acid encoding C1
inhibitor.

[0111] According to certain embodiments, a nucleic acid encoding a C1 inhibitor is selected
from the group consisting of: (1) a polynucleotide having at least 83% sequence identity to
the sequence of SEQ ID NO: 105, such as 83% or greater sequence identity, 84% or greater
sequence identity, 85% or greater sequence identity, 86% or greater sequence identity, 87%
or greater sequence identity, 88% or greater sequence identity, 89% or greater sequence
identity, 90% or greater sequence identity, 91% or greater sequence identity, 92% or greater
sequence identity, 93% or greater sequence identity, 94% or greater sequence identity, 95%
or greater sequence identity, 96% or greater sequence identity, 97% or greater sequence
identity, 98% or greater sequence identity, 99% or greater sequence identity, 99.5% or greater
sequence identity to the sequence of SEQ ID NO: 105; (2) a polynucleotide having at least
83% sequence identity to the sequence of SEQ ID NO: 106, such as 83% or greater sequence
identity, 84% or greater sequence identity, 85% or greater sequence identity, 86% or greater
sequence identity, 87% or greater sequence identity, 88% or greater sequence identity, 89%
or greater sequence identity, 90% or greater sequence identity, 91% or greater sequence
identity, 92% or greater sequence identity, 93% or greater sequence identity, 94% or greater
sequence identity, 95% or greater sequence identity, 96% or greater sequence identity, 97%
or greater sequence identity, 98% or greater sequence identity, 99% or greater sequence
identity, 99.5% or greater sequence identity to the sequence of SEQ ID NO: 106; (3) a
polynucleotide having at least 80% sequence identity to the sequence of SEQ ID NO: 107,
such as 80% or greater sequence identity, 81% or greater sequence identity, 82% or greater
sequence identity, 83% or greater sequence identity, 84% or greater sequence identity, 85%
or greater sequence identity, 86% or greater sequence identity, 87% or greater sequence
identity, 88% or greater sequence identity, 89% or greater sequence identity, 90% or greater
sequence identity, 91% or greater sequence identity, 92% or greater sequence identity, 93%
or greater sequence identity, 94% or greater sequence identity, 95% or greater sequence
identity, 96% or greater sequence identity, 97% or greater sequence identity, 98% or greater
sequence identity, 99% or greater sequence identity, 99.5% or greater sequence identity to the
sequence of SEQ ID NO: 107; (4) a polynucleotide having at least 80% sequence identity to
the sequence of SEQ ID NO: 108, such as 80% or greater sequence identity, 81% or greater
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sequence identity, 82% or greater sequence identity, 83% or greater sequence identity, 84%
or greater sequence identity, 85% or greater sequence identity, 86% or greater sequence
identity, 87% or greater sequence identity, 88% or greater sequence identity, 89% or greater
sequence identity, 90% or greater sequence identity, 91% or greater sequence identity, 92%
or greater sequence identity, 93% or greater sequence identity, 94% or greater sequence
identity, 95% or greater sequence identity, 96% or greater sequence identity, 97% or greater
sequence identity, 98% or greater sequence identity, 99% or greater sequence identity, 99.5%
or greater sequence identity to the sequence of SEQ ID NO: 108; (5) a polynucleotide having
at least 83% sequence identity to the sequence of SEQ ID NO: 109, such as 83% or greater
sequence identity, 84% or greater sequence identity, 85% or greater sequence identity, 86%
or greater sequence identity, 87% or greater sequence identity, 88% or greater sequence
identity, 89% or greater sequence identity, 90% or greater sequence identity, 91% or greater
sequence identity, 92% or greater sequence identity, 93% or greater sequence identity, 94%
or greater sequence identity, 95% or greater sequence identity, 96% or greater sequence
identity, 97% or greater sequence identity, 98% or greater sequence identity, 99% or greater
sequence identity, 99.5% or greater sequence identity to the sequence of SEQ ID NO: 109;
(6) a polynucleotide having at least 84% sequence identity to the sequence of SEQ ID NO:
110, such as 84% or greater sequence identity, 85% or greater sequence identity, 86% or
greater sequence identity, 87% or greater sequence identity, 88% or greater sequence identity,
89% or greater sequence identity, 90% or greater sequence identity, 91% or greater sequence
identity, 92% or greater sequence identity, 93% or greater sequence identity, 94% or greater
sequence identity, 95% or greater sequence identity, 96% or greater sequence identity, 97%
or greater sequence identity, 98% or greater sequence identity, 99% or greater sequence
identity, 99.5% or greater sequence identity to the sequence of SEQ ID NO: 110; (7) a
polynucleotide having at least 80% sequence identity to the sequence of SEQ ID NO: 111,
such as 80% or greater sequence identity, 81% or greater sequence identity, 82% or greater
sequence identity, 83% or greater sequence identity, 84% or greater sequence identity, 85%
or greater sequence identity, 86% or greater sequence identity, 87% or greater sequence
identity, 88% or greater sequence identity, 89% or greater sequence identity, 90% or greater
sequence identity, 91% or greater sequence identity, 92% or greater sequence identity, 93%
or greater sequence identity, 94% or greater sequence identity, 95% or greater sequence
identity, 96% or greater sequence identity, 97% or greater sequence identity, 98% or greater
sequence identity, 99% or greater sequence identity, 99.5% or greater sequence identity to the

sequence of SEQ ID NO: 111; (8) a polynucleotide having at least 83% sequence identity to
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the sequence of SEQ ID NO: 112, such as 83% or greater sequence identity, 84% or greater
sequence identity, 85% or greater sequence identity, 86% or greater sequence identity, 87%
or greater sequence identity, 88% or greater sequence identity, 89% or greater sequence
identity, 90% or greater sequence identity, 91% or greater sequence identity, 92% or greater
sequence identity, 93% or greater sequence identity, 94% or greater sequence identity, 95%
or greater sequence identity, 96% or greater sequence identity, 97% or greater sequence
identity, 98% or greater sequence identity, 99% or greater sequence identity, 99.5% or greater
sequence identity to the sequence of SEQ ID NO: 112; (9) a polynucleotide having at least
82% sequence identity to the sequence of SEQ ID NO: 113, such as 82% or greater sequence
identity, 83% or greater sequence identity, 84% or greater sequence identity, 85% or greater
sequence identity, 86% or greater sequence identity, 87% or greater sequence identity, 88%
or greater sequence identity, 89% or greater sequence identity, 90% or greater sequence
identity, 91% or greater sequence identity, 92% or greater sequence identity, 93% or greater
sequence identity, 94% or greater sequence identity, 95% or greater sequence identity, 96%
or greater sequence identity, 97% or greater sequence identity, 98% or greater sequence
identity, 99% or greater sequence identity, 99.5% or greater sequence identity to the sequence
of SEQ ID NO: 113; (10) a polynucleotide having at least 82% sequence identity to the
sequence of SEQ ID NO: 114, such as 82% or greater sequence identity, 83% or greater
sequence identity, 84% or greater sequence identity, 85% or greater sequence identity, 86%
or greater sequence identity, 87% or greater sequence identity, 88% or greater sequence
identity, 89% or greater sequence identity, 90% or greater sequence identity, 91% or greater
sequence identity, 92% or greater sequence identity, 93% or greater sequence identity, 94%
or greater sequence identity, 95% or greater sequence identity, 96% or greater sequence
identity, 97% or greater sequence identity, 98% or greater sequence identity, 99% or greater
sequence identity, 99.5% or greater sequence identity to the sequence of SEQ ID NO: 114;
(11) a polynucleotide having at least 82% sequence identity to the sequence of SEQ ID NO:
115, such as 82% or greater sequence identity, 83% or greater sequence identity, 84% or
greater sequence identity, 85% or greater sequence identity, 86% or greater sequence identity,
87% or greater sequence identity, 88% or greater sequence identity, 89% or greater sequence
identity, 90% or greater sequence identity, 91% or greater sequence identity, 92% or greater
sequence identity, 93% or greater sequence identity, 94% or greater sequence identity, 95%
or greater sequence identity, 96% or greater sequence identity, 97% or greater sequence
identity, 98% or greater sequence identity, 99% or greater sequence identity, 99.5% or greater

sequence identity to the sequence of SEQ ID NO: 115; (12) a polynucleotide having at least
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80% sequence identity to the sequence of SEQ ID NO: 116, such as 80% or greater sequence
identity, 81% or greater sequence identity, 82% or greater sequence identity, 83% or greater
sequence identity, 84% or greater sequence identity, 85% or greater sequence identity, 86%
or greater sequence identity, 87% or greater sequence identity, 88% or greater sequence
identity, 89% or greater sequence identity, 90% or greater sequence identity, 91% or greater
sequence identity, 92% or greater sequence identity, 93% or greater sequence identity, 94%
or greater sequence identity, 95% or greater sequence identity, 96% or greater sequence
identity, 97% or greater sequence identity, 98% or greater sequence identity, 99% or greater
sequence identity, 99.5% or greater sequence identity to the sequence of SEQ ID NO: 116;
(13) a polynucleotide having at least 80% sequence identity to the sequence of SEQ ID NO:
117, such as 80% or greater sequence identity, 81% or greater sequence identity, 82% or
greater sequence identity, 83% or greater sequence identity, 84% or greater sequence identity,
85% or greater sequence identity, 86% or greater sequence identity, 87% or greater sequence
identity, 88% or greater sequence identity, 89% or greater sequence identity, 90% or greater
sequence identity, 91% or greater sequence identity, 92% or greater sequence identity, 93%
or greater sequence identity, 94% or greater sequence identity, 95% or greater sequence
identity, 96% or greater sequence identity, 97% or greater sequence identity, 98% or greater
sequence identity, 99% or greater sequence identity, 99.5% or greater sequence identity to the
sequence of SEQ ID NO: 117; (14) a polynucleotide having at least 83% sequence identity to
the sequence of SEQ ID NO: 118, such as 83% or greater sequence identity, 84% or greater
sequence identity, 85% or greater sequence identity, 86% or greater sequence identity, 87%
or greater sequence identity, 88% or greater sequence identity, 89% or greater sequence
identity, 90% or greater sequence identity, 91% or greater sequence identity, 92% or greater
sequence identity, 93% or greater sequence identity, 94% or greater sequence identity, 95%
or greater sequence identity, 96% or greater sequence identity, 97% or greater sequence
identity, 98% or greater sequence identity, 99% or greater sequence identity, 99.5% or greater
sequence identity to the sequence of SEQ ID NO: 118; (15) a polynucleotide having at least
80% sequence identity to the sequence of SEQ ID NO: 119, such as 80% or greater sequence
identity, 81% or greater sequence identity, 82% or greater sequence identity, 83% or greater
sequence identity, 84% or greater sequence identity, 85% or greater sequence identity, 86%
or greater sequence identity, 87% or greater sequence identity, 88% or greater sequence
identity, 89% or greater sequence identity, 90% or greater sequence identity, 91% or greater
sequence identity, 92% or greater sequence identity, 93% or greater sequence identity, 94%

or greater sequence identity, 95% or greater sequence identity, 96% or greater sequence
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identity, 97% or greater sequence identity, 98% or greater sequence identity, 99% or greater
sequence identity, 99.5% or greater sequence identity to the sequence of SEQ ID NO: 119;
(16) a polynucleotide having at least 80% sequence identity to the sequence of SEQ ID NO:
120, such as 80% or greater sequence identity, 81% or greater sequence identity, 82% or
greater sequence identity, 83% or greater sequence identity, 84% or greater sequence identity,
85% or greater sequence identity, 86% or greater sequence identity, 87% or greater sequence
identity, 88% or greater sequence identity, 89% or greater sequence identity, 90% or greater
sequence identity, 91% or greater sequence identity, 92% or greater sequence identity, 93%
or greater sequence identity, 94% or greater sequence identity, 95% or greater sequence
identity, 96% or greater sequence identity, 97% or greater sequence identity, 98% or greater
sequence identity, 99% or greater sequence identity, 99.5% or greater sequence identity to the
sequence of SEQ ID NO: 120; (17) a polynucleotide having at least 80% sequence identity to
the sequence of SEQ ID NO: 121, such as 80% or greater sequence identity, 81% or greater
sequence identity, 82% or greater sequence identity, 83% or greater sequence identity, 84%
or greater sequence identity, 85% or greater sequence identity, 86% or greater sequence
identity, 87% or greater sequence identity, 88% or greater sequence identity, 89% or greater
sequence identity, 90% or greater sequence identity, 91% or greater sequence identity, 92%
or greater sequence identity, 93% or greater sequence identity, 94% or greater sequence
identity, 95% or greater sequence identity, 96% or greater sequence identity, 97% or greater
sequence identity, 98% or greater sequence identity, 99% or greater sequence identity, 99.5%
or greater sequence identity to the sequence of SEQ ID NO: 121; (18) a polynucleotide
having at least 83% sequence identity to the sequence of SEQ ID NO: 122, such as 83% or
greater sequence identity, 84% or greater sequence identity, 85% or greater sequence identity,
86% or greater sequence identity, 87% or greater sequence identity, 88% or greater sequence
identity, 89% or greater sequence identity, 90% or greater sequence identity, 91% or greater
sequence identity, 92% or greater sequence identity, 93% or greater sequence identity, 94%
or greater sequence identity, 95% or greater sequence identity, 96% or greater sequence
identity, 97% or greater sequence identity, 98% or greater sequence identity, 99% or greater
sequence identity, 99.5% or greater sequence identity to the sequence of SEQ ID NO: 122;
(19) a polynucleotide having 93% or greater sequence identity, 94% or greater sequence
identity, 95% or greater sequence identity, 96% or greater sequence identity, 97% or greater
sequence identity, 98% or greater sequence identity, 99% or greater sequence identity, 99.5%
or greater sequence identity to the sequence of SEQ ID NO: 123; (20) a polynucleotide

having 92% or greater sequence identity, 93% or greater sequence identity, 94% or greater
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sequence identity, 95% or greater sequence identity, 96% or greater sequence identity, 97%
or greater sequence identity, 98% or greater sequence identity, 99% or greater sequence
identity, 99.5% or greater sequence identity to the sequence of SEQ ID NO: 124; (21) a
polynucleotide having at least 89% sequence identity to the sequence of SEQ ID NO: 125,
such as 89% or greater sequence identity, 90% or greater sequence identity, 91% or greater
sequence identity, 92% or greater sequence identity, 93% or greater sequence identity, 94%
or greater sequence identity, 95% or greater sequence identity, 96% or greater sequence
identity, 97% or greater sequence identity, 98% or greater sequence identity, 99% or greater
sequence identity, 99.5% or greater sequence identity to the sequence of SEQ ID NO: 125;
(22) a polynucleotide having at least 86% sequence identity to the sequence of SEQ ID NO:
126, such as 86% or greater sequence identity, 87% or greater sequence identity, 88% or
greater sequence identity, 89% or greater sequence identity, 90% or greater sequence identity,
91% or greater sequence identity, 92% or greater sequence identity, 93% or greater sequence
identity, 94% or greater sequence identity, 95% or greater sequence identity, 96% or greater
sequence identity, 97% or greater sequence identity, 98% or greater sequence identity, 99%
or greater sequence identity, 99.5% or greater sequence identity to the sequence of SEQ ID
NO: 126; (23) a polynucleotide having 92% or greater sequence identity, 93% or greater
sequence identity, 94% or greater sequence identity, 95% or greater sequence identity, 96%
or greater sequence identity, 97% or greater sequence identity, 98% or greater sequence
identity, 99% or greater sequence identity, 99.5% or greater sequence identity to the sequence
of SEQ ID NO: 127; (24) a polynucleotide having at least 89% sequence identity to the
sequence of SEQ ID NO: 128, such as 89% or greater sequence identity, 90% or greater
sequence identity, 91% or greater sequence identity, 92% or greater sequence identity, 93%
or greater sequence identity, 94% or greater sequence identity, 95% or greater sequence
identity, 96% or greater sequence identity, 97% or greater sequence identity, 98% or greater
sequence identity, 99% or greater sequence identity, 99.5% or greater sequence identity to the
sequence of SEQ ID NO: 128; (25) a polynucleotide having at least 89% sequence identity to
the sequence of SEQ ID NO: 129, such as 89% or greater sequence identity, 90% or greater
sequence identity, 91% or greater sequence identity, 92% or greater sequence identity, 93%
or greater sequence identity, 94% or greater sequence identity, 95% or greater sequence
identity, 96% or greater sequence identity, 97% or greater sequence identity, 98% or greater
sequence identity, 99% or greater sequence identity, 99.5% or greater sequence identity to the
sequence of SEQ ID NO: 129; (26) a polynucleotide having at least 91% sequence identity to
the sequence of SEQ ID NO: 130, such as 91% or greater sequence identity, 92% or greater
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sequence identity, 93% or greater sequence identity, 94% or greater sequence identity, 95%
or greater sequence identity, 96% or greater sequence identity, 97% or greater sequence
identity, 98% or greater sequence identity, 99% or greater sequence identity, 99.5% or greater
sequence identity to the sequence of SEQ ID NO: 130; (27) a polynucleotide having at least
92% sequence identity to the sequence of SEQ ID NO: 131, such as 92% or greater sequence
identity, 93% or greater sequence identity, 94% or greater sequence identity, 95% or greater
sequence identity, 96% or greater sequence identity, 97% or greater sequence identity, 98%
or greater sequence identity, 99% or greater sequence identity, 99.5% or greater sequence
identity to the sequence of SEQ ID NO: 131; (28) a polynucleotide having at least 93%
sequence identity to the sequence of SEQ ID NO: 132, such as 93% or greater sequence
identity, 94% or greater sequence identity, 95% or greater sequence identity, 96% or greater
sequence identity, 97% or greater sequence identity, 98% or greater sequence identity, 99%
or greater sequence identity, 99.5% or greater sequence identity to the sequence of SEQ ID
NO: 132; (29) a polynucleotide having at least 93% sequence identity to the sequence of SEQ
ID NO: 133, such as 93% or greater sequence identity, 94% or greater sequence identity, 95%
or greater sequence identity, 96% or greater sequence identity, 97% or greater sequence
identity, 98% or greater sequence identity, 99% or greater sequence identity, 99.5% or greater
sequence identity to the sequence of SEQ ID NO: 133; (30) a polynucleotide having at least
87% sequence identity to the sequence of SEQ ID NO: 134, such as 87% or greater sequence
identity, 88% or greater sequence identity, 89% or greater sequence identity, 90% or greater
sequence identity, 91% or greater sequence identity, 92% or greater sequence identity, 93%
or greater sequence identity, 94% or greater sequence identity, 95% or greater sequence
identity, 96% or greater sequence identity, 97% or greater sequence identity, 98% or greater
sequence identity, 99% or greater sequence identity, 99.5% or greater sequence identity to the
sequence of SEQ ID NO: 134; (31) a polynucleotide having at least 89% sequence identity to
the sequence of SEQ ID NO: 135, such as 89% or greater sequence identity, 90% or greater
sequence identity, 91% or greater sequence identity, 92% or greater sequence identity, 93%
or greater sequence identity, 94% or greater sequence identity, 95% or greater sequence
identity, 96% or greater sequence identity, 97% or greater sequence identity, 98% or greater
sequence identity, 99% or greater sequence identity, 99.5% or greater sequence identity to the
sequence of SEQ ID NO: 135; (32) a polynucleotide having at least 93% sequence identity to
the sequence of SEQ ID NO: 136, such as 93% or greater sequence identity, 94% or greater
sequence identity, 95% or greater sequence identity, 96% or greater sequence identity, 97%

or greater sequence identity, 98% or greater sequence identity, 99% or greater sequence
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identity, 99.5% or greater sequence identity to the sequence of SEQ ID NO: 136; (33) a
polynucleotide having at least 93% sequence identity to the sequence of SEQ ID NO: 137,
such as 93% or greater sequence identity, 94% or greater sequence identity, 95% or greater
sequence identity, 96% or greater sequence identity, 97% or greater sequence identity, 98%
or greater sequence identity, 99% or greater sequence identity, 99.5% or greater sequence
identity to the sequence of SEQ ID NO: 137; (34) a polynucleotide having at least 87%
sequence identity to the sequence of SEQ ID NO: 138, such as 87% or greater sequence
identity, 88% or greater sequence identity, 89% or greater sequence identity, 90% or greater
sequence identity, 91% or greater sequence identity, 92% or greater sequence identity, 93%
or greater sequence identity, 94% or greater sequence identity, 95% or greater sequence
identity, 96% or greater sequence identity, 97% or greater sequence identity, 98% or greater
sequence identity, 99% or greater sequence identity, 99.5% or greater sequence identity to the
sequence of SEQ ID NO: 138; (35) a polynucleotide having at least 86% sequence identity to
the sequence of SEQ ID NO: 139, such as 86% or greater sequence identity, 87% or greater
sequence identity, 88% or greater sequence identity, 89% or greater sequence identity, 90%
or greater sequence identity, 91% or greater sequence identity, 92% or greater sequence
identity, 93% or greater sequence identity, 94% or greater sequence identity, 95% or greater
sequence identity, 96% or greater sequence identity, 97% or greater sequence identity, 98%
or greater sequence identity, 99% or greater sequence identity, 99.5% or greater sequence
identity to the sequence of SEQ ID NO: 139; (36) a polynucleotide having at least 86%
sequence identity to the sequence of SEQ ID NO: 140, such as 86% or greater sequence
identity, 87% or greater sequence identity, 88% or greater sequence identity, 89% or greater
sequence identity, 90% or greater sequence identity, 91% or greater sequence identity, 92%
or greater sequence identity, 93% or greater sequence identity, 94% or greater sequence
identity, 95% or greater sequence identity, 96% or greater sequence identity, 97% or greater
sequence identity, 98% or greater sequence identity, 99% or greater sequence identity, 99.5%
or greater sequence identity to the sequence of SEQ ID NO: 140; and (37) a polynucleotide
having at least 86% sequence identity to the sequence of SEQ ID NO: 141, such as 86% or
greater sequence identity, 87% or greater sequence identity, 88% or greater sequence identity,
89% or greater sequence identity, 90% or greater sequence identity, 91% or greater sequence
identity, 92% or greater sequence identity, 93% or greater sequence identity, 94% or greater
sequence identity, 95% or greater sequence identity, 96% or greater sequence identity, 97%
or greater sequence identity, 98% or greater sequence identity, 99% or greater sequence

identity, 99.5% or greater sequence identity to the sequence of SEQ ID NO: 141.
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[0112] According to certain embodiments, a nucleic acid of the instant invention encodes a
C1 inhibitor having the amino acid sequence of SEQ ID NO: 181 or 192.

[0113] According to certain embodiments, the polynucleotide comprises a nucleic acid that
encodes a variant C1 inhibitor. Examples of the variant C1 inhibitor include, but are not
limited to, a truncated C1 inhibitor, a fusion of two or more C1 inhibitors, or a fusion of a C1
inhibitor with a stabilizing moiety, such as an Fc¢ region or domain.

[0114] As used herein, the term “Fc region™ or “Fc¢ domain™ means the carboxyl-terminal
portion of an immunoglobulin heavy chain constant region, or an analog or portion thereof.
That is, e.g., an immunoglobulin Fc region of Ig, preferably IgG, which can comprise at least
a portion of a hinge region, a CH2 domain, and a CH3 domain. The Fc region can be a native
sequence Fc region or a variant Fc region. A native sequence Fc region comprises an amino
acid sequence identical to the amino acid sequence of an Fc¢ region found in nature. A variant
Fc region as appreciated by one of ordinary skill in the art comprises an amino acid sequence
which differs from that of a native sequence Fc region by virtue of at least one amino acid
modification. According to certain embodiments, an Fc region is one of those described in
Dall'Acquaet al., J Biol Chem., 281(33): 23514-24 (2006), Ishino et al., J Biol Chem.,
288(23): 16529-37 (2013), Ying et al., J Biol Chem., 287(23): 19399-19408 (2012), or
Zalevsky et al., Nat Biotechnol., 28(2): 157-159 (2010), incorporated herein by reference in
their entirety.

[0115] According to certain embodiments, an Fc region of the instant invention has an amino
acid sequence of any one of SEQ ID NOs: 219-224. According to certain embodiments, a
nucleic acid encoding an Fc region of the instant invention has a sequence of any one of SEQ
ID NOs: 159-164.

[0116] In certain embodiments, a nucleic acid encoding a variant C1 inhibitor has a sequence
of any one of SEQ ID NOs: 143-144, 158, and 165-170.

[0117] According to certain embodiments, a nucleic acid of the instant invention encodes a
variant C1 inhibitor having the amino acid sequence of any one of SEQ ID NOs: 193-201.
[0118] According to certain embodiments, the polynucleotide comprises a nucleic acid that
encodes a fusion of two or more C1 inhibitor proteins. In certain embodiments, first C1
inhibitor protein or variant thereof is fused to a second C1 inhibitor protein or variant thereof
via an autoprotease peptide, such as the peptide sequence of porcine teschovirus -1 2A (P2A).
In certain embodiments, the nucleic acid has a sequence of SEQ ID NO: 158. According to
certain embodiments, the polynucleotide comprises a nucleic acid that encodes a fusion of a

first and second C1 inhibitor protein having the amino acid sequence of SEQ ID NO: 195.
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[0119] Modified nucleic acids encoding C1 inhibitor that exhibit different features or
characteristics compared to a reference or parental nucleic acid include substitutions of
nucleotides. For example, modified nucleic acids encoding C1 inhibitor include nucleic acids
with a reduced number of CpG dinucleotides compared to a reference nucleic acid encoding
C1 inhibitor, referred to as CpG-reduced nucleic acids.

[0120] As used herein, the phrase “CpG-reduced” or “CpG-depleted” refers to a nucleic acid
sequence which is generated, either synthetically or by mutation of a nucleic acid sequence,
such that one or more of the CpG dinucleotides are removed from the nucleic acid sequence.
In certain embodiments, all CpG motifs are removed to provide what is termed herein as a
modified CpG-free sequence. The CpG motifs are suitably reduced or eliminated not just in a
coding sequence (e.g., a transgene), but also in the non-coding sequences, including, e.g., 5’
and 3’ untranslated regions (UTRs), promoter, enhancer, signal peptides, polyA, ITRs,
introns, and any other sequences present in the polynucleotide molecule.

[0121] According to certain embodiments, a nucleic acid encoding a C1 inhibitor contains
less than 24 CpG dinucleotides, such as 24, 23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13, 12, 11,
10,9,8,7,6,5,4,3,2, 1, or 0 CpG dinucleotides.

[0122] The phrase “consisting essentially of”” when referring to a particular nucleotide
sequence or amino acid sequence means a sequence having the properties of a given SEQ ID
NO. For example, when used in reference to an amino acid sequence, the phrase includes the
sequence per se and molecular modifications that would not affect the basic and novel
characteristics of the sequence.

[0123] Nucleic acids, expression vectors, AAV vector genomes, non-viral vectors, plasmids,
including modified nucleic acids encoding C1 inhibitor of the instant invention can be
prepared by using recombinant DNA technology methods. The availability of nucleotide
sequence information enables preparation of isolated nucleic acid molecules of the instant
invention by a variety of means. Nucleic acids encoding C1 inhibitor can be made using
various standard cloning, recombinant DNA technology, via cell expression or in vitro
translation and chemical synthesis techniques. Purity of polynucleotides can be determined
through sequencing, gel electrophoresis and the like. For example, nucleic acids can be
isolated using hybridization or computer-based database screening techniques. Such
techniques include, but are not limited to: (1) hybridization of genomic DNA or cDNA
libraries with probes to detect homologous nucleotide sequences; (2) antibody screening to
detect polypeptides having shared structural features, for example, using an expression

library; (3) polymerase chain reaction (PCR) on genomic DNA or cDNA using primers
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capable of annealing to a nucleic acid sequence of interest; (4) computer searches of sequence
databases for related sequences; and (5) differential screening of a subtracted nucleic acid
library.

[0124] Nucleic acids can be maintained as DNA in any convenient cloning vector. In certain
embodiments, clones are maintained in a plasmid cloning/expression vector, such as
pBluescript (Stratagene, La Jolla, CA), which is propagated in a suitable E. coli host cell.
Alternatively, nucleic acids can be maintained in vector suitable for expression in mammalian
cells, for example, an AAV vector. In cases where post-translational modification affects
protein function, nucleic acid molecule can be expressed in mammalian cells.

Expression Cassettes

[0125] The instant invention also provides expression cassettes comprising the
polynucleotides comprising the nucleic acids encoding C1 inhibitor as described herein,
operably linked to an expression control element.

[0126] In certain embodiments, the expression cassette comprises a polynucleotide
comprising a nucleic acid encoding a C1 inhibitor, wherein the nucleic acid is selected from
the group consisting of: (1) a polynucleotide having at least 83% sequence identity (e.g., 83-
100% identity) to the sequence of SEQ ID NO: 105; (2) a polynucleotide having at least 83%
sequence identity (e.g., 83-100% identity) to the sequence of SEQ ID NO: 106; (3) a
polynucleotide having at least 80% sequence identity (e.g., 80-100% identity) to the sequence
of SEQ ID NO: 107; (4) a polynucleotide having at least 80% sequence identity (e.g., 80-
100% identity) to the sequence of SEQ ID NO: 108; (5) a polynucleotide having at least 83%
sequence identity (e.g., 83-100% identity) to the sequence of SEQ ID NO: 109; (6) a
polynucleotide having at least 84% sequence identity (e.g., 84-100% identity) to the sequence
of SEQ ID NO: 110; (7) a polynucleotide having at least 80% sequence identity (e.g., 80-
100% identity) to the sequence of SEQ ID NO: 111; (8) a polynucleotide having at least 83%
sequence identity (e.g., 83-100% identity) to the sequence of SEQ ID NO: 112; (9) a
polynucleotide having at least 82% sequence identity (e.g., 82-100% identity) to the sequence
of SEQ ID NO: 113; (10) a polynucleotide having at least 82% sequence identity (e.g., 82-
100% identity) to the sequence of SEQ ID NO: 114; (11) a polynucleotide having at least
82% sequence identity (e.g., 82-100% identity) to the sequence of SEQ ID NO: 115; (12) a
polynucleotide having at least 80% sequence identity (e.g., 80-100% identity) to the sequence
of SEQ ID NO: 116; (13) a polynucleotide having at least 80% sequence identity (e.g., 80-
100% identity) to the sequence of SEQ ID NO: 117; (14) a polynucleotide having at least
83% sequence identity (e.g., 83-100% identity) to the sequence of SEQ ID NO: 118; (15) a
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polynucleotide having at least 80% sequence identity (e.g., 80-100% identity) to the sequence
of SEQ ID NO: 119; (16) a polynucleotide having at least 80% sequence identity (e.g., 80-
100% identity) to the sequence of SEQ ID NO: 120; (17) a polynucleotide having at least
80% sequence identity (e.g., 80-100% identity) to the sequence of SEQ ID NO: 121; (18) a
polynucleotide having at least 83% sequence identity (e.g., 83-100% identity) to the sequence
of SEQ ID NO: 122; (19) a polynucleotide having at least 93% sequence identity (e.g., 93-
100% identity) to the sequence of SEQ ID NO: 123; (20) a polynucleotide having at least
92% sequence identity (e.g., 92-100% identity) to the sequence of SEQ ID NO: 124; (21) a
polynucleotide having at least 89% sequence identity (e.g., 89-100% identity) to the sequence
of SEQ ID NO: 125; (22) a polynucleotide having at least 86% sequence identity (e.g., 86-
100% identity) to the sequence of SEQ ID NO: 126; (23) a polynucleotide having at least
92% sequence identity (e.g., 92-100% identity) to the sequence of SEQ ID NO: 127; (24) a
polynucleotide having at least 89% sequence identity (e.g., 89-100% identity) to the sequence
of SEQ ID NO: 128; (25) a polynucleotide having at least 89% sequence identity (e.g., 89-
100% identity) to the sequence of SEQ ID NO: 129; (26) a polynucleotide having at least
91% sequence identity (e.g., 91-100% identity) to the sequence of SEQ ID NO: 130; (27) a
polynucleotide having at least 92% sequence identity (e.g., 92-100% identity) to the sequence
of SEQ ID NO: 131; (28) a polynucleotide having at least 93% sequence identity (e.g., 93-
100% identity) to the sequence of SEQ ID NO: 132; (29) a polynucleotide having at least
93% sequence identity (e.g., 93-100% identity) to the sequence of SEQ ID NO: 133; (30) a
polynucleotide having at least 87% sequence identity (e.g., 87-100% identity) to the sequence
of SEQ ID NO: 134; (31) a polynucleotide having at least 89% sequence identity (e.g., 89-
100% identity) to the sequence of SEQ ID NO: 135; (32) a polynucleotide having at least
93% sequence identity (e.g., 93-100% identity) to the sequence of SEQ ID NO: 136; (33) a
polynucleotide having at least 93% sequence identity (e.g., 93-100% identity) to the sequence
of SEQ ID NO: 137; (34) a polynucleotide having at least 87% sequence identity (e.g., 87-
100% identity) to the sequence of SEQ ID NO: 138; (35) a polynucleotide having at least
86% sequence identity (e.g., 86-100% identity) to the sequence of SEQ ID NO: 139; (36) a
polynucleotide having at least 86% sequence identity (e.g., 86-100% identity) to the sequence
of SEQ ID NO: 140; and (37) a polynucleotide having at least 86% sequence identity (e.g.,
86-100% identity) to the sequence of SEQ ID NO: 141.

[0127] In certain embodiments, the C1 inhibitor comprises the amino acid sequence of SEQ
ID NO: 181 or 192.
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[0128] According to certain embodiments, the expression cassette comprises a polynucleotide
comprising a nucleic acid encoding a variant C1 inhibitor, wherein the variant C1 inhibitor
comprises a truncated C1 inhibitor, a fusion of two or more C1 inhibitors, or a fusion of a C1
inhibitor with an Fc region or domain. According to certain embodiments, the nucleic acid
has a sequence of any one of SEQ ID NOs: 143-144, 158, and 165-170.

[0129] According to certain embodiments, a nucleic acid of the instant invention encodes a
variant C1 inhibitor having the amino acid sequence of any one of SEQ ID NOs: 193-201.
[0130] In certain embodiments, the expression cassette comprises a coding sequence for an
appropriate secretory signal sequence or signal peptide that will allow the secretion of the
polypeptide encoded by the polynucleotide molecule of the instant invention. As used herein,
the term “secretory signal sequence” or “signal peptide” or variations thereof are intended to
refer to amino acid sequences that can function to drive secretion of an operably linked
polypeptide from the cell. In certain embodiments, a secretory signal sequence or signal
peptide can function to enhance secretion of an operably linked polypeptide from the cell as
compared with the level of secretion seen with the native polypeptide having its native or
naturally occurring signal peptide. Signal peptides are short peptides (typically 25 to 30
amino acids in length) located in the N-terminus of proteins, carrying information for protein
secretion. Signal peptides direct proteins to or through the endoplasmic reticulum secretory
pathway. By “enhanced” secretion, it is meant that the relative proportion of the polypeptide
synthesized by the cell that is secreted from the cell is increased; it is not necessary that the
absolute amount of secreted protein is also increased. In certain embodiments, essentially all
(i.e., at least 95%, 97%, 98%, 99% or more) of the polypeptide is secreted. It is not necessary,
however, that essentially all or even most of the polypeptide is secreted, as long as the level
of secretion is enhanced as compared with the native polypeptide having no signal peptide.
Generally, secretory signal sequences are cleaved within the endoplasmic reticulum and, in
certain embodiments, the secretory signal sequence is cleaved prior to secretion. It is not
necessary, however, that the secretory signal sequence is cleaved as long as secretion of the
polypeptide from the cell is enhanced and the polypeptide is functional. Thus, in certain
embodiments, the secretory signal sequence is partially or entirely retained. The secretory
signal sequence can be derived in whole or in part from the secretory signal of a secreted
polypeptide (i.e., from the precursor) and/or can be in whole or in part synthetic. The length
of the secretory signal sequence is not critical; generally, known secretory signal sequences
are from about 10-15 to 50-60 amino acids in length. Further, known secretory signals from

secreted polypeptides can be altered or modified (e.g., by substitution, deletion, truncation or
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insertion of amino acids) as long as the resulting secretory signal sequence functions to
enhance secretion of an operably linked polypeptide. The secretory signal sequences of the
instant invention can comprise, consist essentially of, or consist of a naturally occurring
secretory signal sequence or a modification thereof. Numerous secreted proteins and
sequences that direct secretion from the cell are known in the art, including those described in
Owji et al., Eur. J. Cell Biol. 97:422-441 (2018). The secretory signal sequence of the instant
invention can further be in whole or in part synthetic or artificial. Synthetic or artificial
secretory signal peptides are known in the art, see, e.g., Barash et al., Biochem. Biophys. Res.
Comm. 294:835-42 (2002).

[0131] Any suitable signal peptide known to those skilled in the art in view of the present
disclosure can be used in the instant invention. Examples of signal peptides include, but are
not limited to, those found from the Signal Peptide Database (website:
www.signalpeptide.de/). Examples of signal peptides suitable for the present invention
include, but are not limited to, wild-type C1 inhibitor signal peptide, a human
chymotrypsinogen B2 signal peptide (“Sp7”; 18 amino acid signal peptide of NCBI reference
sequence NP _001020371), albumin (ALB) signal peptide, orosomucoid 1 (ORM1) signal
peptide, transferrin (TF) signal peptide, al-microglobulin/bikunin precursor (AMBP) signal
peptide, lysosome-associated membrane glycoprotein 1 (LAMP1) signal peptide,
butyrophilin subfamily 2 member A2 (BTN2AZ2) signal peptide, CD300 signal peptide,
Notch2 signal peptide, stereocilin (STRC) signal peptide, alpha 2-HS-glycoprotein (AHSG)
signal peptide, SYNI signal peptide (SEQ ID NO: 215), SYN2 signal peptide (SEQ ID NO:
216), SYN3 signal peptide (SEQ ID NO: 217), SYN4 signal peptide (SEQ ID NO: 218),
secrecon (artificial signal sequence described in Barash et al., Biochem Biophys Res
Commun., 294: 835-842 (2002)), mouse IgKVIIIL, human IgKVIII, CD33, tPA, a-1
antitrypsin signal peptide, native secreted alkaline phosphatase (SEAP). Any conventional
signal sequence that directs proteins through the endoplasmic reticulum secretory pathway,
including variants of the above-mentioned signal peptides, can be used in the present
invention.

[0132] In certain embodiments, the instant invention relates to a signal peptide following any
one, two, three, or all four of the following rules: (1) an amino-terminal N-region of 2-5
amino acids with a net positive charge, (2) a hydrophobic H-region of 6-15 amino acids, (3) a
carboxyl-terminal C-region of 5-10 amino acids, with the amino acid in the -3 position from

the C-terminus of the signal peptide having no charge, and the amino acid in the -1 position
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from the C-terminus of the signal peptide containing a short side chain, and (4) a leucine
residue at the -10 position from the C-terminus of the signal peptide.

[0133] In certain embodiments, the instant invention relates to a signal peptide comprising a
sequence with a sequence identity of at least 90%, at least 95%, or 100% to SEQ ID NO: 215.
In certain embodiments, the instant invention relates to a signal peptide comprising a
sequence with a sequence identity of at least 90%, at least 95% or 100% to SEQ ID NO: 216.
In certain embodiments, the instant invention relates to a signal peptide comprising a
sequence with a sequence identity of at least 90%, at least 95% or 100% to SEQ ID NO: 217.
In certain embodiments, the instant invention relates to a signal peptide comprising a
sequence with a sequence identity of at least 90%, at least 95% or 100% to SEQ ID NO: 218.
[0134] In certain embodiments, the instant invention relates to a nucleic acid encoding a
signal peptide, wherein the nucleic acid comprises a sequence with a sequence identity of at
least 90%, at least 95% or 100% to SEQ ID NO: 100. In certain embodiments, the instant
invention relates to a nucleic acid encoding a signal peptide, wherein the nucleic acid
comprises a sequence with a sequence identity of at least 90%, at least 95% or 100% to SEQ
ID NO: 101. In certain embodiments, the instant invention relates to a nucleic acid encoding
a signal peptide, wherein the nucleic acid comprises a sequence with a sequence identity of at
least 90%, at least 95% or 100% to SEQ ID NO: 102. In certain embodiments, the instant
invention relates to a nucleic acid encoding a signal peptide, wherein the nucleic acid
comprises a sequence with a sequence identity of at least 90%, at least 95% or 100% to SEQ
ID NO: 103. In further embodiments, the encoded signal peptide has a sequence identity of
at least 95% or 100% to any one of SEQ ID NOs: 215-218.

[0135] In certain embodiments, signal peptides of the instant invention are useful for causing
or driving secretion of any therapeutic protein expressed from any therapeutic transgene
known in the art. In certain embodiments, signal peptides of the instant invention are useful
for causing or driving secretion from the liver of any therapeutic protein expressed from any
therapeutic transgene known in the art.

[0136] In certain embodiments, signal peptides comprising a sequence of one of SEQ ID
NOs: 215-218 are useful for causing or driving secretion of any therapeutic protein expressed
from any therapeutic transgene known in the art. In certain embodiments, signal peptides
comprising a sequence of one of SEQ ID NOs: 215-218 are useful for causing or driving
secretion of any therapeutic protein expressed from any therapeutic transgene known in the

art.
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[0137] Certain embodiments are directed to a polypeptide comprising a sequence at least
95%, or 100% identical to any one of SEQ ID NOs: 215, 216, 217, and 218; and a nucleic
acid comprising a sequence encoding for a polypeptide comprising a sequence at least 95%,
or 100% identical to any one of SEQ ID NOs: 215, 216, 217, and 218.

[0138] Examples of therapeutic transgenes include, but are not limited to, myelin
oligodendrocyte glycoprotein (MOG), proteolipid protein 1 (PLP1), or myelin basic protein
(MBP) for treatment of multiple sclerosis, such as, e.g., those disclosed in
PCT/US2020/061356, filed November 19, 2020, incorporated herein by reference in its
entirety; GAA (acid alpha-glucosidase) for treatment of Pompe, such as, e.g., those disclosed
in W02019/222411, incorporated herein by reference in its entirety, disease or another
glycogen storage disease; ATP7B (copper transporting ATPase2) for treatment of Wilson’s
disease; GLA (alpha galactosidase A) for treatment of Fabry disease; ASS1 (arginosuccinate
synthase) for treatment of Citrullinemia Type 1; beta-glucocerebrosidase for treatment of
Gaucher disease Type 1; beta-hexosaminidase A for treatment of Tay Sachs disease;
SERPING] (C1 protease inhibitor or C1 esterase inhibitor) for treatment of hereditary
angioedema (HAE), also known as C1 inhibitor deficiency type I and type II); glucose-6-
phosphatase for treatment of glycogen storage disease type I (GSDI); insulin, glucagon,
growth hormone (GH), parathyroid hormone (PTH), growth hormone releasing factor (GRF),
follicle stimulating hormone (FSH), luteinizing hormone (LH), human chorionic
gonadotropin (hCG), vascular endothelial growth factor (VEGF), angiopoietins, angiostatin,
granulocyte colony stimulating factor (GCSF), erythropoietin (EPO), connective tissue
growth factor (CTGF), basic fibroblast growth factor (bFGF), acidic fibroblast growth factor
(aFGF), epidermal growth factor (EGF), transforming growth factor a (TGFa), platelet-
derived growth factor (PDGF), insulin growth factors I or II (IGF-I or IGF-II), TGFj,
activins, inhibins, bone morphogenic protein (BMP), nerve growth factor (NGF), brain-
derived neurotrophic factor (BDNF), neurotrophins NT-3 or NT4/5, ciliary neurotrophic
factor (CNTF), glial cell line derived neurotrophic factor (GDNF), neurturin, agrin, netrin-1
or netrin-2, hepatocyte growth factor (HGF), ephrins, noggin, sonic hedgehog or tyrosine
hydroxylase; thrombopoietin (TPO), an interleukin (IL-1 through IL-36, etc.), monocyte
chemoattractant protein, leukemia inhibitory factor, granulocyte-macrophage colony
stimulating factor, Fas ligand, tumor necrosis factors o, or B, interferons a, B, or v, stem cell
factor, flk-2/f1t3 ligand, IgG, IgM, IgA, IgD or IgE, chimeric immunoglobulins, humanized
antibodies, single chain antibodies, T cell receptors, chimeric T cell receptors, single chain T

cell receptors, class I or class II MHC molecules; CFTR (cystic fibrosis transmembrane
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regulator protein), a blood coagulation (clotting) factor (Factor XIII, Factor IX (FIX), Factor
VIII (FVII), Factor X, Factor VII, Factor VIIa, protein C, etc.) a gain of function blood
coagulation factor, an antibody, retinal pigment epithelium-specific 65 kDa protein (RPE65),
erythropoietin, LDL receptor, lipoprotein lipase, ornithine transcarbamylase, 3-globin, o-
globin, spectrin, a-antitrypsin, adenosine deaminase (ADA), a metal transporter (ATP7A or
ATP7), sulfamidase, an enzyme involved in lysosomal storage disease (ARSA),
hypoxanthine guanine phosphoribosyl transferase, f-25 glucocerebrosidase,
sphingomyelinase, lysosomal hexosaminidase, branched-chain keto acid dehydrogenase, a
hormone, a growth factor, insulin-like growth factor 1 or 2, platelet derived growth factor,
epidermal growth factor, nerve growth factor, neurotrophic factor -3 and -4, brain-derived
neurotrophic factor, glial derived growth factor, transforming growth factor o and f, a
cytokine, a-interferon, B-interferon, interferon-y, interleukin-2, interleukin-4, interleukin 12,
granulocyte-macrophage colony stimulating factor, lymphotoxin, a suicide gene product,
herpes simplex virus thymidine kinase, cytosine deaminase, diphtheria toxin, cytochrome
P450, deoxycytidine kinase, tumor necrosis factor, a drug resistance protein, a tumor
suppressor protein (e.g., pS3, Rb, Wt-1, NF1, Von Hippel-Lindau (VHL), adenomatous
polyposis coli (APC)), a peptide with immunomodulatory properties, a tolerogenic or
immunogenic peptide or protein Tregitope or hCDR1, insulin, glucokinase, guanylate cyclase
2D (LCA-GUCY2D), Rab escort protein 1 (Choroideremia), LCA 5 (LCA-Lebercilin),
ornithine ketoacid aminotransferase (Gyrate Atrophy), Retinoschisin 1 (X-linked
Retinoschisis), USH1C (Usher’s Syndrome 1C), X-linked retinitis pigmentosa GTPase
(XLRP), MERTK (AR forms of RP: retinitis pigmentosa), DFNB1 (Connexin 26 deafness),
ACHM 2, 3 and 4 (Achromatopsia), PKD-1 or PKD-2 (Polycystic kidney disease), TPP1,
CLN2, a sulfatase, N-acetylglucosamine-1-phosphate transferase, cathepsin A, GM2-AP,
NPC1, VPC2, a sphingolipid activator protein; erythropoietin (EPO) for treatment of anemia;
interferon-alpha, interferon-beta, and interferon-gamma for treatment of various immune
disorders, viral infections and cancer; an interleukin (IL), including any one of IL-1 through
IL-36, and corresponding receptors, for treatment of various inflammatory diseases or
immuno-deficiencies; a chemokine, including chemokine (C-X-C motif) ligand 5 (CXCLS5)
for treatment of immune disorders; granulocyte-colony stimulating factor (G-CSF) for
treatment of immune disorders such as Crohn’s disease; granulocyte-macrophage colony
stimulating factor (GM-CSF) for treatment of various human inflammatory diseases;
macrophage colony stimulating factor (M-CSF) for treatment of various human inflammatory

diseases; keratinocyte growth factor (KGF) for treatment of epithelial tissue damage;
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chemokines such as monocyte chemoattractant protein-1 (MCP-1) for treatment of recurrent
miscarriage, HIV-related complications, and insulin resistance; tumor necrosis factor (TNF)
and receptors for treatment of various immune disorders; alphal-antitrypsin for treatment of
emphysema or chronic obstructive pulmonary disease (COPD); alpha-L-iduronidase for
treatment of mucopolysaccharidosis I (MPS I); ornithine transcarbamoylase (OTC) for
treatment of OTC deficiency; phenylalanine hydroxylase (PAH) or phenylalanine ammonia-
lyase (PAL) for treatment of phenylketonuria (PKU); lipoprotein lipase for treatment of
lipoprotein lipase deficiency; apolipoproteins for treatment of apolipoprotein (Apo) A-I
deficiency; low-density lipoprotein receptor (LDL-R) for treatment of familial
hypercholesterolemia (FH); albumin for treatment of hypoalbuminemia; lecithin cholesterol
acyltransferase (LCAT), carbamoyl synthetase I; argininosuccinate synthetase;
argininosuccinate lyase; arginase; fumarylacetoacetate hydrolase; porphobilinogen
deaminase; cystathionine beta-synthase for treatment of homocystinuria; branched chain
ketoacid decarboxylase; isovaleryl-CoA dehydrogenase; propionyl CoA carboxylase;
methylmalonyl-CoA mutase; glutaryl CoA dehydrogenase; insulin; pyruvate carboxylase;
hepatic phosphorylase; phosphorylase kinase; glycine decarboxylase; H-protein; T-protein;
cystic fibrosis transmembrane regulator (CFTR); ATP-binding cassette, sub-family A
(ABC1), member 4 (ABCA4) for the treatment of Stargardt disease; dystrophin; a gene
editing nuclease, e.g., a zinc finger nuclease (ZFN), a transcription activator-like effector
nuclease (TALEN), a functional Type IT CRISPR-Cas9.

[0139] In certain embodiments, the signal peptide is an endogenous or native C1 inhibitor
signal peptide or a variant thereof.

[0140] In certain embodiments, the signal peptide is a heterologous signal peptide or a variant
thereof.

[0141] In certain embodiments, the expression cassette comprises a nucleic acid encoding a
signal peptide sequence positioned at the 5° end of the nucleic acid encoding the C1 inhibitor.
In certain embodiments, the signal peptide has a sequence of any one of SEQ ID NOs: 84-
103. In certain embodiments, the signal peptide has an amino acid sequence of any one of
SEQ ID NOs: 203-224.

[0142] In certain embodiments, an expression control element is positioned 5° of a nucleic
acid encoding a C1 inhibitor.

[0143] The term “expression cassette”, as used herein, refers to a nucleic acid construct

comprising nucleic acid elements sufficient for the expression of the polynucleotide molecule
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of the instant invention. Typically, an expression cassette comprises the polynucleotide
molecule of the instant invention operably linked to a promoter sequence.

[0144] An “expression control element” refers to nucleic acid sequence(s) that influence
expression of an operably linked nucleic acid. Expression control elements as set forth herein
include promoters and enhancers. Vector sequences including AAV vectors and non-viral
vectors can include one or more “expression control elements.” Typically, such elements are
included to facilitate proper heterologous polynucleotide transcription and as appropriate
translation (e.g., a promoter, enhancer, splicing signal for introns, maintenance of the correct
reading frame of the gene to permit in-frame translation of mRNA and, stop codons etc.).
Such elements typically act in cis, referred to as a “cis acting” element, but can also act in
trans.

[0145] Expression control can be affected at the level of transcription, translation, splicing,
message stability, etc. Typically, an expression control element that modulates transcription
is juxtaposed near the 5” end (i.e., “upstream”) of a transcribed nucleic acid. Expression
control elements can also be located at the 3° end (i.e., “downstream™) of the transcribed
sequence or within the transcript (e.g., in an intron). Expression control elements can be
located adjacent to or at a distance away from the transcribed sequence (e.g., 1-10, 10-25, 25-
50, 50-100, 100-500, or more nucleotides from the polynucleotide), even at considerable
distances. Nevertheless, owing to the length limitations of AAV vectors, expression control
elements in AAV vectors will typically be within 1 to 1000 nucleotides from the transcription
start site of the heterologous nucleic acid.

[0146] Functionally, expression of an operably linked nucleic acid is at least in part
controllable by the element (e.g., promoter) such that the element modulates transcription of
the nucleic acid and, as appropriate, translation of the transcript. A specific example of an
expression control element is a promoter, which is usually located 5° of the transcribed
nucleic acid sequence. A promoter typically increases an amount expressed from operably
linked nucleic acid as compared to an amount expressed when no promoter exists.

[0147] The term “operably linked” means that the regulatory sequences necessary for
expression of a nucleic acid sequence are placed in the appropriate positions relative to the
sequence so as to affect expression of the nucleic acid sequence. This same definition is
sometimes applied to the arrangement of nucleic acid sequences and transcription control
elements (e.g., promoters, enhancers, and termination elements) in an expression vector, e.g.,

recombinant AAV (rAAV) vector or non-viral vector. Encoding sequences can be operably

39



WO 2022/165027 PCT/US2022/014091

linked to regulatory sequences in sense or antisense orientation. In certain embodiments, the
promoter is a heterologous promoter.

[0148] The term “heterologous promoter”, as used herein, refers to a promoter that is not
found to be operably linked to a given encoding sequence in nature. In certain embodiments,
an expression cassette can comprise additional elements, for example, an intron, an enhancer,
a polyadenylation site, a woodchuck response element (WRE), and/or other elements known
to affect expression levels of the encoding sequence.

[0149] As used herein, the term “promoter” refers to a nucleotide sequence capable of
controlling the expression of a coding sequence or functional RNA. In general, nucleic acid
molecules of the instant invention are located 3” of a promoter sequence. In certain
embodiments, a promoter sequence consists of proximal and more distal upstream elements
and can comprise an enhancer element.

[0150] An “enhancer” as used herein can refer to a sequence that is located adjacent to the
heterologous nucleic acid. Enhancer elements are typically located upstream of a promoter
element but also function and can be located downstream of or within a sequence. Hence, an
enhancer element can be located 10-50 base pairs, 50-100 base pairs, 100-200 base pairs, or
200-300 base pairs, or more base pairs upstream or downstream of a heterologous nucleic
acid sequence. Enhancer elements typically increase expression of an operably linked nucleic
acid above expression afforded by a promoter element.

[0151] An expression construct can comprise regulatory elements which serve to drive
expression in a particular cell or tissue type. Expression control elements (e.g., promoters)
include those active in a particular tissue or cell type, referred to herein as a “tissue-specific
expression control element/promoter.” Tissue-specific expression control elements are
typically active in a specific cell or tissue type (e.g., liver). Expression control elements are
typically active in particular cells, tissues, or organs because they are recognized by
transcriptional activator proteins, or other regulators of transcription, that are unique to a
specific cell, tissue or organ type. Such regulatory elements are known to those of skill in the
art (see, e.g., Sambrook et al. (1989) and Ausubel et al. (1992)).

[0152] The incorporation of tissue specific regulatory elements in the expression constructs
provides for at least partial tissue tropism for the expression of a heterologous nucleic acid
encoding a protein or inhibitory RNA. Examples of promoters that are active in liver are the
transthyretin (TTR) gene promoter; human alpha 1-antitrypsin (hAAT) promoter; the
lipoprotein A-I promoter; albumin, Miyatake, et al., J. Virol., 71:5124-32 (1997); hepatitis B
virus core promoter, Sandig, et al., Gene Ther. 3: 1002-9 (1996); alpha-fetoprotein (AFP),
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Arbuthnot, et al., Hum. Gene. Ther., 7:1503-14 (1996); human Factor IX promoter; thyroxin
binding globulin (TBG) promoter; TTR minimal enhancer/promoter, alpha-antitrypsin
promoter, LSP (845 nt) (requires intronless scAAV); LSP1 promoter, among others. An
example of an enhancer active in liver is apolipoprotein E (ApoE) hepatic control region 1
(HCR-1) and 2 (HCR-2) (Allan et al, J. Biol. Chem., 272:29113-19 (1997)).

[0153] Expression control elements also include ubiquitous or promiscuous
promoters/enhancers which are capable of driving expression of a polynucleotide in many
different cell types. Such elements include, but are not limited to the cytomegalovirus (CMV)
immediate early promoter/enhancer sequences, the Rous sarcoma virus (RSV)
promoter/enhancer sequences and the other viral promoters/enhancers active in a variety of
mammalian cell types, or synthetic elements that are not present in nature (see, e.g., Boshart
etal., Cell, 41:521-530 (1985)), the SV40 promoter, the dihydrofolate reductase promoter,
the cytoplasmic beta-actin promoter and the phosphoglycerate kinase (PGK) promoter.
[0154] Expression control elements also can confer expression in a manner that is
regulatable, that is, a signal or stimuli increases or decreases expression of the operably
linked heterologous polynucleotide. A regulatable element that increases expression of the
operably linked polynucleotide in response to a signal or stimuli is also referred to as an
“inducible element” (i.e., is induced by a signal). Particular examples include, but are not
limited to, a hormone (e.g., steroid) inducible promoter. Typically, the amount of increase or
decrease conferred by such elements is proportional to the amount of signal or stimuli
present; the greater the amount of signal or stimuli, the greater the increase or decrease in
expression. Particular non-limiting examples include zinc-inducible sheep metallothionine
(MT) promoter; the steroid hormone-inducible mouse mammary tumor virus (MMTV)
promoter; the T7 polymerase promoter system (WO 98/10088); the tetracycline-repressible
system (Gossen, et al., Proc. Natl. Acad. Sci. USA, 89:5547-5551 (1992)); the tetracycline-
inducible system (Gossen, et al., Science. 268: 1766-1769 (1995); see also Harvey, et al.,
Curr. Opin. Chem. Biol. 2:512-518 (1998)), the RU486-inducible system (Wang, et al., Nat.
Biotech. 15:239-243 (1997) and Wang, et al., Gene Ther. 4.432-441 (1997); and the
rapamycin-inducible system (Magari, et al., J. Clin. Invest. 100:2865-2872 (1997); Rivera, et
al., Nat. Medicine. 2:1028-1032 (1996)). Other regulatable control elements which can be
useful in this context are those which are regulated by a specific physiological state, e.g.,
temperature, acute phase, development.

[0155] Other examples of promoters include, but are not limited to, the phosphoglycerate
kinase (PKG) promoter, CAG (composite of the CMV enhancer the chicken beta-actin
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promoter (CBA) and the rabbit beta globin intron) and other constitutive promoters, neuronal
specific enolase (NSE) promoter, synapsin or NeuN promoters, the SV40 early promoter,
mouse mammary tumor virus LTR promoter; adenovirus major late promoter (Ad MLP), a
herpes simplex virus (HSV) promoter, spleen focus-forming virus (SFFV) promoter, rous
sarcoma virus (RSV) promoter, rat insulin promoter, thyroxine binding globulin (TBG)
promoter and other liver-specific promoters, the desmin promoter and similar muscle-specific
promoters, the EF1-alpha promoter, synthetic promoters, hybrid promoters, promoters with
multi-tissue specificity, and the like, all of which are promoters well known and readily
available to those of skill in the art. Other promoters can be of human origin or from other
species, including from mice.

[0156] Expression control elements also include the native elements(s) for the heterologous
polynucleotide. A native control element (e.g., promoter) can be used when it is desired that
expression of the heterologous polynucleotide should mimic the native expression. The native
element can be used when expression of the heterologous polynucleotide is to be regulated
temporally or developmentally, or in a tissue-specific manner, or in response to specific
transcriptional stimuli. Other native expression control elements, such as introns,
polyadenylation sites or Kozak consensus sequences can also be used.

[0157] In the example of an expression control element in operable linkage with a nucleic
acid, the relationship is such that the control element modulates expression of the nucleic
acid. More specifically, for example, two DNA sequences operably linked means that the two
DNAs are arranged (cis or trans) in such a relationship that at least one of the DNA
sequences is able to exert a physiological effect upon the other sequence.

[0158] Accordingly, additional elements for vectors include, without limitation, an
expression control (e.g., promoter/enhancer) element, a transcription termination signal or
stop codon, 5° or 3’ untranslated regions (e.g., polyadenylation (poly A) sequences) which
flank a sequence, such as one or more copies of an AAV I'TR sequence, or an intron.

[0159] Further elements include, for example, filler or stuffer polynucleotide sequences, for
example to improve packaging and reduce the presence of contaminating nucleic acid. AAV
vectors typically accept inserts of DNA having a size range which is generally about 4 kb to
about 5.2 kb, or slightly more. Thus, for shorter sequences, inclusion of a stuffer or filler in
order to adjust the length to near or at the normal size of the virus genomic sequence
acceptable for AAV vector packaging into virus particle. In certain embodiments, a
filler/stuffer nucleic acid sequence is an untranslated (non-protein encoding) segment of

nucleic acid. For anucleic acid sequence less than 4.7 kb, the filler or stuffer polynucleotide

42



WO 2022/165027 PCT/US2022/014091

sequence has a length that when combined (e.g., inserted into a vector) with the sequence has
a total length between about 3.0-5.5 kb, or between about 4.0-5.0 kb, or between about 4.3-
4.8 kb.

[0160] In certain embodiments, the expression cassette further comprises one or more tissue
specificity elements. As used herein, a “tissue specificity element” refers to any
polynucleotide sequence that directs tissue-specific expression of a transgene. In certain
embodiments, the tissue specificity element is a promoter. In certain embodiments, the
promoter sequence is CpG-reduced compared to the wild-type promoter sequence. In certain
embodiments, the promoter is an hAAT promoter. In certain embodiments, the hAAT
promoter sequence has a polynucleotide sequence of SEQ ID NO: 79 or 80.

[0161] In certain embodiments, the expression cassette further comprises one or more
potency elements. As used herein, a “potency element” refers to any polynucleotide sequence
that enhances the stability of an mRNA molecule. In certain embodiments, a potency element
is an enhancer or a polyadenylation (polyA) sequence. In certain embodiments, the enhancer
or poly A sequence is CpG-reduced compared to the wild-type enhancer or poly A sequence.
The one or more potency elements can be positioned anywhere within the expression
cassette. In certain embodiments, a potency element is an enhancer such as, for example,
those described in Van Linthout et al., Hum Gene Ther. 2002 May 1;13(7):829-40, Donello et
al., J Virol. 1998;72(6):5085-5092, Zufferey et al., J Virol. 1999,73(4):2886-2892, or Choi et
al., Mol Brain 7, 17 (2014), incorporated herein by reference in their entirety. In certain
embodiments, a potency element is an enhancer selected from the group consisting of ApoE,
2xApoE, 4xApoE, hAAT enhancer, WPRE, WPRE3, and an intron that is optionally a human
hemoglobin B (HBB)-derived intron, such as, for example, those described in Ronzitti et al.,
Mol Ther Methods Clin Dev. 2016;3:160, incorporated herein by reference in its entirety. In
certain embodiments, the enhancer has a polynucleotide sequence selected from the group
consisting of SEQ ID NOs: 225, 74-76, 81-82, and 173-178. In certain embodiments, a
potency element is a poly A sequence that is optionally a bovine growth hormone (bGH)
polyadenylation (poly A) sequence. In certain embodiments, the poly A sequence has a
polynucleotide of SEQ ID NO: 83.

[0162] In certain embodiments, the expression control element comprises an ApoE/hAAT
enhancer/promoter sequence positioned 5° of the nucleic acid encoding C1 inhibitor. In
certain embodiments, the ApoE/hAAT enhancer/promoter sequence is CpG-reduced

compared to wild-type ApoE/hAAT enhancer/promoter sequence. In certain embodiments,
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the ApoE enhancer sequence has a sequence of any one of SEQ ID NOs: 225 and 74-76. In
certain embodiments, the hAAT promoter sequence has a sequence of SEQ ID NO: 79 or 80.
[0163] In certain embodiments, the expression cassette further comprises one or more
response elements. As used herein, a “response element” refers to a nucleic acid sequence,
which when positioned proximate to a promoter or within the promoter is capable of
regulating the transcription activity. In certain embodiments, a response element is an
miRNA binding site, a regulated Irel-dependent decay (RIDD) sequence, an acute phase
response element (APRE), or a 5 or 3’ UTR sequence. In certain embodiments, the an
miRNA binding site, a regulated Irel-dependent decay (RIDD) sequence, an acute phase
response element (APRE), or a 5’ or 3° UTR sequence is CpG-reduced compared to the wild-
type an miRNA binding site, a regulated Irel-dependent decay (RIDD) sequence, an acute
phase response element (APRE), or a 5° or 3° UTR sequence. In certain embodiments, the
response element is an miRNA binding site, optionally a miR-142-3p sequence, such as those
described in Brown et al., Nat Med 12, 585-591 (2006). In certain embodiments, the miR-
142-3p sequence has a polynucleotide sequence of SEQ ID NO: 179. In certain embodiments,
the response element is a regulated Irel-dependent decay (RIDD) sequence. In certain
embodiments, the response element is a RIDD sequence such as, for example, those
described in Oikawa et al., Nucleic Acids Res. 2010 Oct;38(18):6265-73 or Moore and
Hollien, Molecular Biology of the Cell 2015 26:16, 2873-2884, incorporated herein by
reference in their entirety. In certain embodiments, the response element is a RIDD sequence
selected from the group consisting of 1xRIDD, 3xRIDD, and RIDD1xBlos. In certain
embodiments, the RIDD sequence has a polynucleotide sequence selected from the group
consisting of SEQ ID NOs: 185-187. In certain embodiments, the response element is an
acute phase response element (APRE). In certain embodiments, the response element is an
APRE sequence such as, for example, those described in Longley et al., J Immunol. 1999 Oct
15:163(8):4537-45, Podvinec et al., PNAS, 2004;101(24):9127-9132, Prada et al.,
Immunobiology. 1998 Aug;199(2):377-88, Rygg et al., Scand J Immunol. 2001
Jun;53(6):588-95, or Serrano-Mendioroz et al., Hum Gene Ther. 2018;29(4):480-491,
incorporated herein by reference in their entirety. In certain embodiments, the response
element is an APRE selected from the group consisting of SAA2 APRE, 2x ADRES,
SERPING1 5’ UTR, APRE 5° UTR, and SAA2 5° UTR. In certain embodiments, the APRE
has a polynucleotide sequence selected from the group consisting of SEQ ID NOs: 77-78,
180, and 182-183. In certain embodiments, the response element is a 5* or 3° UTR sequence,

optionally a SAA2 3° UTR sequence, such as, for example, those described in Longley et al.,
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J Immunol. 1999 Oct 15;163(8):4537-45. In certain embodiments, the SAA2 3° UTR
sequence has a polynucleotide sequence of SEQ ID NO: 184.

[0164] In certain embodiments, the one or more tissue specificity elements, one or more
potency elements, and/or one or more response elements are positioned 5° of the nucleic acid.
In certain embodiments, the one or more tissue specificity elements, one or more potency
elements, and/or one or more response elements are positioned 3’ of the nucleic acid.

[0165] In certain embodiments, the expression cassette has a sequence of any one of SEQ ID
NOs: 1-69 and 227-229. In certain embodiments, the expression cassette has a sequence of at
least 75% sequence identity, at least 80% sequence identity, at least 85% sequence identity, at
least 90% sequence identity, at least 95% sequence identity, at least 96% sequence identity, at
least 97% sequence identity, at least 98% sequence identity, at least 99% sequence identity, at
least 99.5% sequence identity, or 100% sequence identity to any one of SEQ ID NOs: 1-69
and 227-229.

Gene Transfer Systems

Viral Vectors

[0166] The instant invention further provides viral vectors, such as adeno-associated virus
(AAV) vectors comprising polynucleotides comprising the nucleic acids encoding C1
inhibitor as set forth herein.

[0167] The term “vector” or “gene transfer vector” as used herein, refers to a nucleic acid
molecule comprising a gene of interest. Examples of vectors include, but are not limited to,
viral vectors delivered by viral particles or virus-like particles (VLPs) that resemble viral
particles but are non-infectious, such as retroviral, adenoviral, adeno-associated viral, and
lentiviral particles or VLPs; and non-viral vectors delivered by non-viral gene transfer
systems, such as microinjection, electroporation, liposomes, large natural polymers, large
synthetic polymers, and polymers comprised of both natural and synthetic components.
[0168] A vector nucleic acid sequence generally contains at least an origin of replication for
propagation in a cell and optionally additional elements, such as a heterologous
polynucleotide sequence, expression control element (e.g., a promoter, enhancer), intron, an
inverted terminal repeat (ITR), selectable marker (e.g., antibiotic resistance), polyadenylation
signal.

[0169] As used herein, the term “gene transfer system™ refers to any means of delivering a
composition comprising a nucleic acid sequence to a cell or tissue. For example, a gene
transfer system can be a viral gene transfer system, e.g., intact viruses, modified viruses and

VLPs to facilitate delivery of a viral vector to a desired cell or tissue. A gene transfer system
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can also be a non-viral delivery system that does not comprise viral coat protein or form a
viral particle or VLP, e.g., liposome-based systems, polymer-based systems, protein-based
systems, metallic particle-based systems, peptide cage systems, etc.

[0170] A viral vector is derived from or based upon one or more nucleic acid elements that
comprise a viral genome. Particular viral vectors include, but are not limited to, lentiviral and
adeno-associated virus (AAV) vectors.

[0171] The term “recombinant,” as a modifier of vector, such as recombinant AAV (rAAV)
vector, as well as a modifier of sequences such as recombinant polynucleotides and
polypeptides, means that the compositions have been manipulated (i.e., engineered) in a
fashion that generally does not occur in nature. Although the term “recombinant” is not
always used herein in reference to AAV vectors, as well as sequences such as
polynucleotides, recombinant forms including polynucleotides, are expressly included in
spite of any such omission.

[0172] A “recombinant AAV vector” or “rAAV” is derived from the wild-type genome of
AAYV by using molecular methods to remove the wild-type genome from the AAV genome,
and replacing with a non-native nucleic acid sequence, referred to as a heterologous nucleic
acid. Typically, for AAV one or both inverted terminal repeat (ITR) sequences of AAV
genome are retained in the AAV vector. rAAYV is distinguished from an AAV genome, since
all or a part of the AAV genome has been replaced with a non-native sequence with respect
to the AAV genomic nucleic acid. Incorporation of a non-native sequence therefore defines
the AAV vector as a “recombinant” vector, which can be referred to as a “rAAV vector.”
[0173] An rAAV sequence can be packaged, referred to herein as a “particle,” for subsequent
infection (transduction) of a cell, ex vivo, in vitro or in vivo. Where a recombinant AAV
vector sequence is encapsidated or packaged into an AAV particle, the particle can also be
referred to as an “rAAV vector” or “rAAV particle.” Such rAAV particles include proteins
that encapsidate or package the vector genome, and in the case of AAV, they are referred to
as capsid proteins.

[0174] A vector “genome” refers to the portion of the recombinant plasmid sequence that is
ultimately packaged or encapsidated to form a viral (e.g., rAAV) particle. In cases where
recombinant plasmids are used to construct or manufacture recombinant vectors, the vector
genome does not include the portion of the “plasmid” that does not correspond to the vector
genome sequence of the recombinant plasmid. This non vector genome portion of the
recombinant plasmid can be referred to as the “plasmid backbone,” which is important for

cloning and amplification of the plasmid, a process that is needed for propagation and
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recombinant virus production, but is not itself packaged or encapsidated into virus (e.g.,
AAV) particles. Thus, a vector “genome” refers to the polynucleotide that is packaged or
encapsidated by virus (e.g., AAV).

[0175] Host cells for producing recombinant AAV particles include but are not limited to
microorganisms, yeast cells, insect cells, and mammalian cells that can be, or have been, used
as recipients of a heterologous rAAYV vectors. Cells from the stable human cell line, HEK293
(readily available through, e.g., the American Type Culture Collection under Accession
Number ATCC CRL1573) can be used. In certain embodiments a modified human
embryonic kidney cell line (e.g., HEK293), which is transformed with adenovirus type-5
DNA fragments and expresses the adenoviral Ela and E1b genes is used to generate
recombinant AAV particles. The modified HEK293 cell line is readily transfected and
provides a particularly convenient platform in which to produce rAAV particles. Other host
cell lines appropriate for recombinant AAV production are described in International
Application PCT/2017/024951, the disclosure of which is herein incorporated by reference in
its entirety.

[0176] In certain embodiments, AAV helper functions are introduced into the host cell by
transfecting the host cell with an AAV helper construct either prior to, or concurrently with,
the transfection of an AAV expression vector. A host cell having AAV helper functions can
be referred to as a “helper cell” or “packaging helper cell.” AAV helper constructs are thus
sometimes used to provide at least transient expression of AAV rep and/or cap genes to
complement missing AAV functions necessary for productive AAV transduction. AAV
helper constructs often lack AAV ITRs and can neither replicate nor package themselves.
These constructs can be in the form of a plasmid, phage, transposon, cosmid, virus, or virion.
A number of AAV helper constructs have been described, such as the commonly used
plasmids pAAV/Ad and pIM29+45 which encode both Rep and Cap expression products. A
number of other vectors are known which encode Rep and/or Cap expression products.
[0177] Methods of generating rAAV particles capable of transducing mammalian cells are
known in the art. For example, rAAYV particles can be produced as described in US Patent
9.408,904; and International Applications PCT/US2017/025396 and PCT/US2016/064414,
the disclosures of which are herein incorporated by reference in their entirety.

[0178] The instant invention provides cells comprising nucleic acids encoding C1 inhibitor,
cells comprising expression cassettes comprising the polynucleotides comprising the nucleic
acids encoding C1 inhibitor, cells comprising viral vectors such as AAV vectors comprising

nucleic acids encoding C1 inhibitor, and cells comprising non-viral vectors comprising
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polynucleotides comprising the nucleic acids encoding C1 inhibitor. In certain embodiments,
the cell produces a viral vector. In certain embodiments, the cell produces an AAV vector as
set forth herein.

[0179] Also provided are methods of producing viral vectors such as AAV vectors as set
forth herein. In certain embodiments, a method of producing AAV vectors includes:
introducing an AAV vector genome comprising a polynucleotide comprising a nucleic acid
encoding C1 inhibitor or expression cassette comprising a polynucleotide comprising a
nucleic acid encoding C1 inhibitor as set forth herein into a packaging helper cell; and
culturing the helper cell under conditions to produce the AAV vectors. In certain
embodiments, a method of producing AAV vector includes: introducing a polynucleotide
comprising a nucleic acid encoding C1 inhibitor or expression cassette comprising a
polynucleotide comprising a nucleic acid encoding C1 inhibitor as set forth herein into a
packaging helper cell; and culturing the helper cells under conditions to produce the AAV
vector.

[0180] In certain embodiments, the cells are mammalian cells.

[0181] In certain embodiments, cells for vector production provide helper functions, such as
AAYV helper functions, that package the vector into a viral particle. In certain embodiments,
the helper functions are Rep and/or Cap proteins for AAV vector packaging. In certain
embodiments, cells for vector production can be stably or transiently transfected with
polynucleotide(s) encoding Rep and/or Cap protein sequence(s). In certain embodiments,
cells for vector production provide Rep78 and/or Rep68 proteins. In such cells, the cells can
be stably or transiently transfected with Rep78 and/or Rep68 proteins polynucleotide
encoding sequence(s).

[0182] In certain embodiments, cells for vector production are human embryonic kidney
cells. In certain embodiments, cells for vector production are HEK-293 cells.

[0183] The term “transduce™ and grammatical variations thereof refer to introduction of a
molecule such as an rAAV vector into a cell or host organism. The heterologous nucleic
acid/transgene may or may not be integrated into genomic nucleic acid of the recipient cell.
The introduced heterologous nucleic acid can also exist in the recipient cell or host organism
extrachromosomally, or only transiently.

[0184] A “transduced cell” is a cell into which the transgene has been introduced.
Accordingly, a “transduced” cell (e.g., in a mammal, such as a cell or tissue or organ cell),
means a genetic change in a cell following incorporation, for example, of a nucleic acid (e.g.,

a transgene) into the cell. Thus, a “transduced” cell is a cell into which, or a progeny thereof
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in which an exogenous nucleic acid has been introduced. The cell(s) can be propagated, and
the introduced protein expressed. For gene therapy uses and methods, a transduced cell can
be in a subject.

[0185] The term “isolated,” when used as a modifier of a composition, means that the
compositions are made by the hand of man or are separated, completely or at least in part,
from their naturally occurring in vivo environment. Generally, isolated compositions are
substantially free of one or more materials with which they normally associate with in nature,
for example, one or more protein, nucleic acid, lipid, carbohydrate, cell membrane.

[0186] The term “isolated” does not exclude combinations produced by the hand of man, for
example, a rAAV sequence, or rAAV particle that packages or encapsidates an AAV vector
genome and a pharmaceutical formulation. The term “isolated” also does not exclude
alternative physical forms of the composition, such as hybrids/chimeras,
multimers/oligomers, modifications (e.g., phosphorylation, glycosylation, lipidation) or
derivatized forms, or forms expressed in host cells produced by the hand of man.

[0187] The term “substantially pure” refers to a preparation comprising at least 50-60% by
weight the compound of interest (e.g., nucleic acid, oligonucleotide, protein, etc.). The
preparation can comprise at least 75% by weight, or at least 85% by weight, or about 90-99%
by weight, of the compound of interest. Purity is measured by methods appropriate for the
compound of interest (e.g., chromatographic methods, agarose or polyacrylamide gel
electrophoresis, HPLC analysis, and the like).

[0188] Recombinant AAV vector, as well as methods and uses thereof, include any viral
strain or serotype. As a non-limiting example, a recombinant AAV vector can be based upon
any AAV genome, such as LK03, AAV1, AAV2, AAV3, AAV4, AAVS, AAV6, AAVT,
AAVS, AAV9, AAV10, AAV11, AAV12, Rh10, Rh74, AAV3B or AAV-2i8, for example.
Such vectors can be based on the same strain or serotype (or subgroup or variant) or be
different from each other. As a non-limiting example, a recombinant AAV vector based upon
a particular serotype genome can be identical to the serotype of the capsid proteins that
package the vector. In addition, a recombinant AAV vector genome can be based upon an
AAYV serotype genome distinct from the serotype of the AAV capsid proteins that package
the vector. For example, the AAV vector genome can be based upon AAV2, whereas at least
one of the three capsid proteins could be an LK03, AAV1, AAV3, AAV4, AAVS5, AAV6,
AAV7, AAVS, AAV9, AAV10, AAV1I1, AAV12, Rh10, Rh74, AAV3B or AAV-2i8, or

variant thereof.
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[0189] In certain embodiments, adeno-associated virus (AAV) vectors include LK03, AAV1,
AAV2, AAV3, AAV4, AAVS5, AAVG6, AAV7, AAVS, AAV9, AAV10, AAV11, AAVI2,
Rh10, Rh74, AAV3B and AAV-2i8, as well as variants (e.g., capsid variants, such as amino
acid insertions, additions, substitutions and deletions) thereof, for example, as set forth in
WO 2013/158879 (International Application PCT/US2013/037170; disclosing RHM4-1,
RHM15-1, RHM15-2, RHM15-3/RHM15-5, RHM15-4 and RHM15-6), WO 2015/013313
(International Application PCT/US2014/047670), US 2013/0059732 (US Patent No.
9,169,299, discloses LK0O1, LK02, LKO03, etc.), and WO 2016/210170, the disclosures of
which are herein incorporated by reference in their entirety.

[0190] As used herein, the term “serotype™ is a distinction used to refer to an AAV having a
capsid that is serologically distinct from other AAV serotypes. Serologic distinctiveness is
determined on the basis of the lack of cross-reactivity between antibodies to one AAV as
compared to another AAV. Such cross-reactivity differences are usually due to differences in
capsid protein sequences/antigenic determinants (e.g., due to VP1, VP2, and/or VP3 sequence
differences of AAV serotypes). Despite the possibility that AAV variants including capsid
variants might not be serologically distinct from a reference AAV or other AAV serotype,
they differ by at least one nucleotide or amino acid residue compared to the reference or other
AAV serotype.

[0191] Under the traditional definition, a serotype means that the virus of interest has been
tested against serum specific for all existing and characterized serotypes for neutralizing
activity and no antibodies have been found that neutralize the virus of interest. As more
naturally occurring virus isolates are discovered and/or capsid mutants generated, there may
or may not be serological differences with any of the currently existing serotypes. Thus, in
cases where the new virus (e.g., AAV) has no serological difference, this new virus (e.g.,
AAYV) would be a subgroup or variant of the corresponding serotype. In many cases, serology
testing for neutralizing activity has yet to be performed on mutant viruses with capsid
sequence modifications to determine if they are of another serotype according to the
traditional definition of serotype. Accordingly, for the sake of convenience and to avoid
repetition, the term “serotype” broadly refers to both serologically distinct viruses (e.g.,
AAYV) as well as viruses (e.g., AAV) that are not serologically distinct that can be within a
subgroup or a variant of a given serotype.

[0192] As set forth herein, AAV capsid proteins can exhibit less than 100% sequence identity
to a reference or parental AAV serotype such as AAV1, AAV2, AAV3, AAV4, AAVS,
AAV6, AAV7, AAVS, AAV9, AAV10, AAV11, AAV12, Rh10, Rh74 (SEQ ID NO: 183),
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AAV3B, LK03 (SEQ ID NO: 191), AAV-2i8, SEQ ID NO: 226, SEQ ID NO: 189, and/or
SEQ ID NO: 190,, but are distinct from and not identical to known AAV genes or proteins,
such as AAV1, AAV2, AAV3, AAV4, AAVS, AAV6, AAVT, AAVS, AAVY, AAVIO,
AAVI11, AAV12, Rh10, Rh74 (SEQ ID NO: 188), AAV3B, LKO03 (SEQ ID NO: 191),
AAV-2i8, SEQ ID NO: 226, SEQ ID NO: 189, and/or SEQ ID NO: 190. In certain
embodiments, a modified/variant AAV capsid protein includes or consists of a sequence at
least 80%, 85%, 85%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, 99.1%, 99.2%, 99.3%, 99.4%, 99.5%, etc., up to 99.9% identical to a reference or
parental AAV capsid protein, such as AAV1, AAV2, AAV3, AAV4, AAVS, AAV6, AAVT,
AAVS, AAV9, AAV10, AAV11, AAV12, Rh10, Rh74 (SEQ ID NO: 188), AAV3B, LK03
(SEQ ID NO: 191), AAV-2i8, SEQ ID NO: 226, SEQ ID NO: 189, and/or SEQ ID NO: 190.
[0193] In certain embodiments, a viral vector such as an adeno-associated virus (AAV)
vector comprises any of the polynucleotides comprising the nucleic acids encoding C1
inhibitor as set forth herein operably linked to an expression control element.
[0194] In certain embodiments, a viral vector such as an adeno-associated virus (AAV)
vector comprises any of the expression cassettes comprising the polynucleotides comprising
the nucleic acids encoding C1 inhibitor as set forth herein.
[0195] In certain embodiments, an AAV vector comprises: one or more of an AAV capsid;
and one or more AAV inverted terminal repeats (ITRs), wherein the AAV ITR(s) flanks the
5’ or 3” terminus of the polynucleotide or the expression cassette.
[0196] In certain embodiments, an AAV vector further comprises an intron positioned 5° or
3’ of one or more I'TRs.
[0197] In certain embodiments, an AAV vector comprising at least one or more ITRs or an
intron has the one or more ITRs or intron modified to have reduced CpGs.
[0198] In certain embodiments, the instant invention relates to an AAV vector comprising,
(1) a5  AAV ITR, optionally a 5° ITR of AAV2, optionally a 5° ITR comprising the
polynucleotide sequence of SEQ ID NO: 70 or 72;
(2) one or more enhancers, optionally one or more enhancers having a polynucleotide
sequence selected from the group consisting of SEQ ID NOs: 225, 74-78 and
173-178:
(3) oneormore 5’ UTRs, optionally one or more 5° UTRs having a polynucleotide
sequence selected from the group consisting of SEQ ID NOs: 180 and 183;
(4) optionally an intron, optionally an intron having the polynucleotide sequence of

SEQ ID NO: 81 or 82;

51



WO 2022/165027 PCT/US2022/014091

(5) anucleic acid encoding a signal peptide, optionally the signal peptide comprising an
amino acid sequence selected from the group consisting of SEQ ID NOs: 203-
218, optionally a polynucleotide sequence selected from the group consisting of
SEQ ID NOs: 84-103;
(6) anucleic acid encoding at least one of a C1 inhibitor, a variant C1 inhibitor, and a
fusion or combination thereof,
a. optionally, a C1 inhibitor having the amino acid sequence of SEQ ID NO: 181
or 192, optionally a polynucleotide sequence selected from the group
consisting of SEQ ID NOs: 104-142, 145-147, 156, and 171-172;
b. optionally, a variant C1 inhibitor having an amino acid sequence selected from
the group consisting of SEQ ID NOs: 193-201, optionally a polynucleotide
selected from the group consisting of SEQ ID NOs: 143-144, 158, and 165-
170;
(7) one or more 3° UTRs, optionally one or more 3° UTRs having the polynucleotide
sequence of SEQ ID NO: 83 or 184;
(8) optionally a miRNA binding site, optionally an miRNA binding site having the
polynucleotide sequence of SEQ ID NO: 179;
(9) optionally a regulated Irel-dependent decay (RIDD) sequence, optionally a RIDD
having the polynucleotide sequence selected from the group consisting of SEQ
ID NOs: 185-187; and
(10) a3> AAV ITR, optionally a 3° ITR of AAV2, optionally a 3° ITR comprising the
polynucleotide sequence of SEQ ID NO: 71 or 73.
[0199] In certain embodiments an AAV vector comprises a polynucleotide that comprises a
nucleic acid encoding a C1 inhibitor, wherein the nucleic acid is CpG-reduced compared to a
wild-type coding sequence of C1 inhibitor, and the polynucleotide is encapsidated by a capsid
comprising VP1 of SEQ ID NO: 226. In certain embodiments the capsid comprises VP1 of SEQ
ID NO: 226, VP2 of SEQ ID NO: 189 and VP3 of SEQ ID NO: 190. In certain embodiments,
the polynucleotide comprises a nucleic acid sequence at least 99% identical to SEQ ID NO: 22,
provided that the nucleic acid sequence encodes SEQ ID NO: 192. In certain embodiments, the
nucleic acid sequence comprises SEQ ID NO: 22. In certain embodiments the polynucleotide
comprises a nucleic acid sequence at least 99% or 100% identical to SEQ ID NO: 22; and the
capsid comprises VP1 of SEQ ID NO: 226. In certain embodiments the polynucleotide comprises
anucleic acid sequence at least 99% or 100% identical to SEQ ID NO: 22; and the capsid
comprises VP1 of SEQ ID NO: 226, VP2 of SEQ ID NO: 189 and VP3 of SEQ ID NO: 190.
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[0200] In certain embodiments, an AAV vector of the instant invention is delivered via a
non-viral delivery system, including for example, encapsulated in a lipid nanoparticle (LNP).
Non-Viral Methods

[0201] In certain embodiments, the polynucleotides and expression cassettes of the instant
invention are delivered or administered with a non-viral delivery system. Non-viral delivery
systems include for example, chemical methods, such as non-viral vectors, or extracellular
vesicles and physical methods, such as gene gun, electroporation, particle bombardment,
ultrasound utilization and magnetofection.

[0202] Recombinant cells capable of expressing the C1 inhibitor sequences of the instant
invention can be used for delivery or administration.

[0203] Naked DNA such as minicircles and transposons can be used for administration or
delivery or lentiviral vectors. Additionally, gene editing technologies such as zinc finger
nucleases, meganucleases, TALENs, and CRISPR can also be used to deliver the coding
sequence of the instant invention.

[0204] In certain embodiments, the polynucleotides and expression cassettes of the instant
invention are delivered as naked DNA, minicircles, transposons, of closed-ended linear
duplex DNA.

[0205] In certain embodiments, the polynucleotides and expression cassettes of the instant
invention are delivered or administered in AAV vector particles, or other viral particles, that
are further encapsulated or complexed with liposomes, nanoparticles, lipid nanoparticles,
polymers, microparticles, microcapsules, micelles, or extracellular vesicles.

[0206] In certain embodiments, the polynucleotides and expression cassettes of the instant
invention are delivered or administered with non-viral vectors.

[0207] As used herein, a “non-viral vector” refers to a vector that is not delivered by viral
particles or by viral-like particles (VLPs). According to certain embodiments, a non-viral
vector is a vector that is not delivered by a capsid. The vector can be encapsulated, admixed,
or otherwise associated with a non-viral delivery particle or nanoparticle.

[0208] Any suitable non-viral delivery system known to those skilled in the art in view of the
present disclosure can be used in the instant invention. A non-viral delivery particle or
nanoparticle can be, for example, a lipid-based nanoparticle, a polymer-based nanoparticle, a
protein-based nanoparticle, a microparticle, a microcapsule, a metallic particle-based
nanoparticle, a peptide cage nanoparticle, etc.

[0209] A non-viral delivery particle or nanoparticle of the instant invention can be

constructed by any method known in the art, and a non-viral vector of the instant invention
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comprising a nucleic acid molecule comprising a therapeutic transgene can be constructed by
any method known in the art.

Lipid-Based Delivery Systems

[0210] Lipid-based delivery systems are well known in the art, and any suitable lipid-based
delivery system known to those skilled in the art in view of the present disclosure can be used
in the instant invention. Examples of lipid-based delivery systems include, e.g., liposomes,
lipid nanoparticles, micelles, or extracellular vesicles.

[0211] A “lipid nanoparticle” or “LNP” refers to a lipid-based vesicle useful for delivery of
AAYV and non-viral vectors having dimensions on the nanoscale, i.e., from about 10 nm to
about 1000 nm, or from about 50 to about 500 nm, or from about 75 to about 127 nm.
Without being bound by theory, an LNP is believed to provide a polynucleotide, expression
cassette, AAV vector, or non-viral vector with partial or complete shielding from the immune
system. Shielding allows delivery of the polynucleotide, expression cassette, AAV vector, or
non-viral vector to a tissue or cell while avoiding inducing a substantial immune response
against the polynucleotide, expression cassette, AAV vector, or non-viral vector in vivo.
Shielding can also allow repeated administration without inducing a substantial immune
response against the polynucleotide, expression vector, AAV vector, or non-viral vector in
vivo (e.g., in a subject such as a human). Shielding can also improve or increase
polynucleotide, expression cassette, AAV vector, or non-viral vector delivery efficiency in
Vivo.

[0212] The isoelectric point (pI) of AAV is in a pH range from about 6 to about 6.5. Thus,
the AAV surface carries a slight negative charge. As such it can be beneficial for an LNP to
comprise a cationic lipid such as, for example, an amino lipid. Exemplary amino lipids have
been described in U.S. Patent Nos. 9,352,042, 9,220,683, 9,186,325, 9,139,554, 9,126,966
9,018,187, 8,999,351, 8,722,082, 8,642,076, 8,569,256, 8,466,122, and 7,745,651 and U.S.
Patent Publication Nos. 2016/0213785, 2016/0199485, 2015/0265708, 2014/0288146,
2013/0123338, 2013/0116307, 2013/0064894, 2012/0172411, and 2010/0117125, the
disclosures of which are herein incorporated by reference in their entirety.

[0213] The terms “cationic lipid” and “amino lipid” are used interchangeably herein to
include those lipids and salts thereof having one, two, three, or more fatty acid or fatty alkyl
chains and a pH-titratable amino group (e.g., an alkylamino or dialkylamino group). The
cationic lipid is typically protonated (i.e., positively charged) at a pH below the pKa of the
cationic lipid and is substantially neutral at a pH above the pKa. The cationic lipids can also

be titratable cationic lipids. In certain embodiments, the cationic lipids comprise: a
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protonatable tertiary amine (e.g., pH-titratable) group; C18 alkyl chains, wherein each alkyl
chain independently has 0 to 3 (e.g., 0, 1, 2, or 3) double bonds; and ether, ester, or ketal
linkages between the head group and alkyl chains.

[0214] Cationic lipids can include, without limitation, 1,2-dilinoleyloxy-N,N-
dimethylaminopropane (DLinDMA), 1,2-dilinolenyloxy-N,N-dimethylaminopropane
(DLenDMA), 1,2-di-y-linolenyloxy-N,N-dimethylami nopropane (g-DLenDMA), 2.2-
dilinoleyl-4-(2-dimethylaminoethyl)-[1,3]-dioxolane (DLin-K-C2-DMA, also known as
DLin-C2K-DMA, XTC2, and C2K), 2,2-dilinoleyl-4-dimethylaminomethyl-[1,3]-dioxolane
(DLin-K-DMA), dilinoleylmethyl-3-dimethylaminopropionate (DLin-M-C2-DMA, also
known as MC2), (6Z,97.,28Z.31 Z)-heptatriaconta-6,9,28,31-tetraen-19-yl 4-
(dimethylamino)butanoate (DLin-M-C3-DMA, also known as MC3), salts thereof, and
mixtures thereof. Other cationic lipids also include, but are not limited to, 1,2-distearyloxy-
N,N-dimethyl-3-aminopropane (DSDMA), 1,2-dioleyloxy-N,N-dimethyl-3-aminopropane
(DODMA), 2,2-dilinoleyl-4-(3-dimethylaminopropyl)-[1,3]-dioxolane (DLin-K-C3-DMA),
2,2-dilinoleyl-4-(3-dimethylaminobutyl)-[1,3]-dioxolane (DLin-K-C4-DMA), DLen-C2K-
DMA, y-DLen-C2K-DMA, and (DLin-MP-DMA) (also known as 1-B11).

[0215] Still further cationic lipids can include, without limitation, 2,2-dilinoleyl-5-
dimethylaminomethyl-[1,3]-dioxane (DLin-K6-DMA), 2,2-dilinoleyl-4-N-methylpepiazino-
[1,3]-dioxolane (DLin-K-MPZ), 1,2-dilinoleylcarbamoyloxy-3-dimethylaminopropane (DLin-
C-DAP), 1,2-dilinoleyoxy-3-(dimethylamino)acetoxypropane (DLin-DAC), 1,2-dilinoleyoxy-
3-morpholinopropane (DLin-MA), 1,2-dilinoleoyl-3-dimethylaminopropane (DLinDAP), 1,2-
dilinoleylthio-3-dimethylaminopropane (DLin-S-DMA), 1-linoleoyl-2-linoleyloxy-3-
dimethylaminopropane (DLin-2-DMAP), 1,2-dilinoleyloxy-3-trimethylaminopropane
chloride salt (DLin-TMA.Cl), 1.2-dilinoleoyl-3-trimethylaminopropane chloride salt (DLin-
TAP.Cl), 1,2-dilinoleyloxy-3-(N-methylpiperazino)propane (DLin-MPZ), 3-(N,N-
dilinoleylamino)-1, 2-propanediol (DLinAP), 3-(N,N-dioleylamino)-1,2-propanedio (DOAP),
1,2-dilinoleyloxo-3-(2-N,N-dimethylamino)ethoxypropane (DLin-EG-DMA), N, N-dioleyl-
N,N-dimethylammonium chloride (DODAC), N-(1-(2,3-dioleyloxy)propyl)-N,N,N-
trimethylammonium chloride (DOTMA), N, N-distearyl-N.N-dimethylammonium bromide
(DDAB), N-(1-(2,3-dioleoyloxy)propyl)-N,N N-trimethylammonium chloride (DOTAP), 3-
(N— (N’°,N’-dimethylaminoethane)-carbamoyl)cholesterol (DC-Chol), N-(1,2-
dimyristyloxyprop-3-y1)-N,N-dimethyl-N-hydroxyethyl ammonium bromide (DMRIE), 2,3-
dioleyloxy-N-[2(spermine-carboxamido)ethyl]-N,N-dimethyl-1-
propanaminiumtrifluoroacetate (DOSPA), dioctadecylamidoglycyl spermine (DOGS), 3-

55



WO 2022/165027 PCT/US2022/014091

dimethylamino-2-(cholest-5-en-3-beta-oxybutan-4-oxy)-1-(cis,cis-9,12-
octadecadienoxy)propane (CLinDMA), 2-[5’-(cholest-5-en-3-beta-oxy )-3’-oxapentoxy)-3-
dimethyl-1-(cis,cis-9° 1-2’-octadecadienoxy)propane (CpLinDMA), N, N-dimethyl-3,4-
dioleyloxybenzylamine (DMOBA), 1,2-N,N’-dioleylcarbamyl-3-dimethylaminopropane
(DOcarbDAP), 1,2-N,N’-dilinoleylcarbamyl-3-dimethylaminopropane (DLincarbDAP),
dexamethasone-sperimine (DS) and disubstituted spermine (D2S) or mixtures thereof.

[0216] A number of commercial preparations of cationic lipids can be used, such as,
LIPOFECTIN® (including DOTMA and DOPE, available from GIBCO/BRL), and
LIPOFECT AMINE® (comprising DOSPA and DOPE, available from GIBCO/BRL).

[0217] In certain embodiments, cationic lipid can be present in an amount from about 10% by
weight of the LNP to about 85% by weight of the lipid nanoparticle, or from about 50% by
weight of the LNP to about 75% by weight of the LNP.

[0218] Sterols can confer fluidity to the LNP. As used herein, “sterol” refers to any naturally
occurring sterol of plant (phytosterols) or animal (zoosterols) origin as well as non-naturally
occurring synthetic sterols, all of which are characterized by the presence of a hydroxyl group
at the 3-position of the steroid A-ring. The sterol can be any sterol conventionally used in the
field of liposome, lipid vesicle or lipid particle preparation, most commonly cholesterol.
Phytosterols can include campesterol, sitosterol, and stigmasterol. Sterols also include sterol-
modified lipids, such as those described in U.S. Patent Application Publication
2011/0177156, the disclosure of which is herein incorporated by reference in its entirety. In
certain embodiments, a sterol can be present in an amount from about 5% by weight of the
LNP to about 50% by weight of the lipid nanoparticle or from about 10% by weight of the
LNP to about 25% by weight of the LNP.

[0219] LNP can comprise a neutral lipid. Neutral lipids can comprise any lipid species which
exists either in an uncharged or neutral zwitterionic form at physiological pH. Such lipids
include, without limitation, diacylphosphatidylcholine, diacylphosphatidylethanolamine,
ceramide, sphingomyelin, dihydrosphingomyelin, cephalin, and cerebrosides. The selection
of neutral lipids is generally guided by consideration of, inter alia, particle size and the
requisite stability. In certain embodiments, the neutral lipid component can be a lipid having
two acyl groups (e.g., diacylphosphatidylcholine and diacylphosphatidylethanolamine).
[0220] Lipids having a variety of acyl chain groups of varying chain length and degree of
saturation are available or can be isolated or synthesized by well-known techniques. In
certain embodiments, lipids containing saturated fatty acids with carbon chain lengths in the

range of C14 to C22 can be used. In certain embodiments, lipids with mono or diunsaturated
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fatty acids with carbon chain lengths in the range of C14 to C22 are used. Additionally, lipids
having mixtures of saturated and unsaturated fatty acid chains can be used. Exemplary neutral
lipids include, without limitation, 1,2-dioleoyl-sn-gly cero-3-phosphatidyl-ethanolamine
(DOPE), 1,2-distearoyl-sn-glycero-3-phosphocholine (DSPC), 1-palmitoyl-2-oleoyl-sn-
glycero-3-phosphocholine (POPC), or any related phosphatidylcholine. The neutral lipids can
also be composed of sphingomyelin, dihydrosphingomyelin, or phospholipids with other head
groups, such as serine and inositol.

[0221] In certain embodiments, the neutral lipid can be present in an amount from about
0.1% by weight of the lipid nanoparticle to about 75% by weight of the LNP, or from about
5% by weight of the LNP to about 15% by weight of the LNP.

[0222] LNP encapsulated nucleic acids, expression cassettes, AAV vectors, and non-viral
vectors can be incorporated into pharmaceutical compositions, e.g., a pharmaceutically
acceptable carrier or excipient. Such pharmaceutical compositions are useful for, among
other things, administration and delivery of LNP encapsulated acids, expression cassettes,
AAV vectors, and non-viral vectors to a subject in vivo or ex vivo.

[0223] Preparations of LNP can be combined with additional components. Non-limiting
examples include polyethylene glycol (PEG) and sterols.

[0224] The term “PEG” refers to a polyethylene glycol, a linear, water-soluble polymer of
ethylene PEG repeating units with two terminal hydroxyl groups. PEGs are classified by their
molecular weights; for example, PEG 2000 has an average molecular weight of about 2,000
daltons, and PEG 5000 has an average molecular weight of about 5,000 daltons. PEGs are
commercially available from Sigma Chemical Co. and other companies and include, for
example, the following functional PEGs: monomethoxypolyethylene glycol (MePEG-OH),
monomethoxypolyethylene glycol-succinate (MePEG-S), monomethoxypolyethylene glycol-
succinimidyl succinate (MePEG-S-NHS), monomethoxypolyethylene glycol-amine (MePEG-
NH2), monomethoxypolyethylene glycol-tresylate (MePEG-TRES), and
monomethoxypolyethylene glycol-imidazolyl-carbonyl (MePEG-IM).

[0225] In certain embodiments, PEG can be a polyethylene glycol with an average molecular
weight of about 550 to about 10,000 daltons and is optionally substituted by alkyl, alkoxy,
acyl or aryl. In certain embodiments, the PEG can be substituted with methyl at the terminal
hydroxyl position. In certain embodiments, the PEG can have an average molecular weight
from about 750 to about 5,000 daltons, or from about 1,000 to about 5,000 daltons, or from
about 1,500 to about 3,000 daltons or from about 2,000 daltons or of about 750 daltons. The
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PEG can be optionally substituted with alkyl, alkoxy, acyl or aryl. In certain embodiments,
the terminal hydroxyl group can be substituted with a methoxy or methyl group.

[0226] PEG-modified lipids include the PEG-dialkyloxypropyl conjugates (PEG-DAA)
described in U.S. Patent Nos. 8,936,942 and 7,803,397, the disclosures of which are herein
incorporated by reference in their entirety. PEG-modified lipids (or lipid-polyoxyethylene
conjugates) that are useful can have a variety of “anchoring” lipid portions to secure the PEG
portion to the surface of the lipid vesicle. Examples of suitable PEG-modified lipids include
PEG-modified phosphatidylethanolamine and phosphatidic acid, PEG-ceramide conjugates
(e.g., PEG-CerCl4 or PEG-CerC20) which are described in U.S. Patent No. 5,820,873, the
disclosure of which is herein incorporated by reference in its entirety, PEG-modified
dialkylamines and PEG-modified 1,2-diacyloxypropan-3-amines. In certain embodiments, the
PEG-modified lipid can be PEG-modified diacylglycerols and dialkylglycerols. In certain
embodiments, the PEG can be in an amount from about 0.5% by weight of the LNP to about
20% by weight of the LNP, or from about 5% by weight of the LNP to about 15% by weight
of the LNP.

[0227] Furthermore, LNP can be a PEG-modified and a sterol-modified LNP. The LNPs,
combined with additional components, can be the same or separate LNPs. In other words, the
same LNP can be PEG modified and sterol modified or, alternatively, a first LNP can be PEG
modified and a second LNP can be sterol modified. Optionally, the first and second modified
LNPs can be combined.

[0228] In certain embodiments, prior to encapsulating LNPs can have a size in a range from
about 10 nm to 500 nm, or from about 50 nm to about 200 nm, or from 75 nm to about 125
nm. In certain embodiments, LNP encapsulated nucleic acid, expression vector, AAV vector,
or non-viral vector can have a size in a range from about 10 nm to 500 nm.

Polymer-Based Systems

[0229] Polymer-based delivery systems are well known in the art, and any suitable polymer-
based delivery system or polymeric nanoparticle known to those skilled in the art in view of
the present disclosure can be used in the instant invention. DNA can be entrapped into the
polymeric matrix of polymeric nanoparticles or can be adsorbed or conjugated on the surface
of the nanoparticles. Examples of commonly used polymers for gene delivery include, e.g.,
poly(lactic-co-glycolic acid) (PLGA), poly lactic acid (PLA), poly(ethylene imine) (PEI),
chitosan, dendrimers, polyanhydride, polycaprolactone, and polymethacrylates.

[0230] The polymeric-based non-viral vectors can have different sizes, ranging from about 1

nm to about 1000 nm, optionally from about 10 nm to about 500 nm, optionally from about

58



WO 2022/165027 PCT/US2022/014091

50 nm to about 200 nm, optionally about 100 nm to about 150 nm, optionally about 150 nm
or less.

Protein-Based Systems

[0231] Protein-based delivery systems are well known in the art, and any suitable protein-
based delivery system or cell-penetrating peptide (CPP) known to those skilled in the art in
view of the present disclosure can be used in the instant invention.

[0232] CPPs are short peptides (6—30 amino acid residues) that are potentially capable of
intracellular penetration to deliver therapeutic molecules. The majority of CPPs consists
mainly of arginine and lysine residues, making them cationic and hydrophilic, but CPPs can
also be amphiphilic, anionic, or hydrophobic. CPPs can be derived from natural biomolecules
(e.g., Tat, an HIV-1 protein), or obtained by synthetic methods (e.g., poly-L-lysine,
polyarginine) (Singh et al., Drug Deliv. 2018;25(1):1996-2006). Examples of CPPs include,
e.g., cationic CPPs (highly positively charged) (e.g., the Tat peptide, penetratin, protamine,
poly-L-lysine, polyarginine, etc.); amphipathic CPPs (chimeric or fused peptides, constructed
from different sources, contain both positively and negatively charged amino acid sequences)
(e.g., transportan, VTS, bactenecin-7 (Bac7), proline-rich peptide (PPR), SAP (VRLPPP)3,
TP10, pep-1, MPG, etc.); membranotropic CPPs (exhibit both hydrophobic and amphipathic
nature simultaneously, and comprise both large aromatic residues and small residues ) (e.g.,
gH625, SPIONs-PEG-CPP NPs, etc.); and hydrophobic CPPs (contain only non-polar motifs
or residues) (e.g., SG3, PFVYLI, pep-7, fibroblast growth factors (FGF), etc.).

[0233] The protein-based non-viral vectors can have different sizes, ranging from about 1 nm
to about 1000 nm, optionally from about 10 nm to about 500 nm, optionally from about 50
nm to about 200 nm, optionally about 100 nm to about 150 nm, optionally about 150 nm or
less.

Peptide Cage Systems

[0234] Peptide cage-based delivery systems are well known in the art, and any suitable
peptide cage-based delivery system known to those skilled in the art in view of the present
disclosure can be used in the instant invention. In general, any proteinaceous material that is
able to be assembled into a cage-like structure, forming a constrained internal environment,
can be used. Several different types of protein “shells™ can be assembled and loaded with
different types of materials. For example, protein cages comprising a shell of viral coat
protein(s) (e.g., from the Cowpea Chlorotic Mottle Virus (CCMV) protein coat) that
encapsulate a non-viral material, as well as protein cages formed from non-viral proteins have

been described (see, e.g., U.S. Pat. Nos. 6,180,389 and 6,984,386, U.S. Patent Application
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20040028694, and U.S. Patent Application 20090035389, the disclosures of which are herein
incorporated by reference in their entirety). Peptide cages can comprise a proteinaceous shell
that self-assembles to form a protein cage (e.g., a structure with an interior cavity which is
either naturally accessible to the solvent or can be made to be so by altering solvent
concentration, pH, equilibria ratios).

[0235] Examples of protein cages derived from non-viral proteins include, e.g., ferritins and
apoferritins, derived from both eukaryotic and prokaryotic species, e.g., 12 and 24 subunit
ferritins; and protein cages formed from heat shock proteins (HSPs), e.g., the class of 24
subunit heat shock proteins that form an internal core space, the small HSP of
Methanococcus jannaschii, the dodecameric Dps HSP of E. coli, the MrgA protein, etc. As
will be appreciated by those in the art, the monomers of the protein cages can be naturally
occurring or variant forms, including amino acid substitutions, insertions and deletions (e.g.,
fragments) that can be made.

[0236] The protein cages can have different core sizes, ranging from about 1 nm to about
1000 nm, optionally from about 10 nm to about 500 nm, optionally from about S0 nm to
about 200 nm, optionally about 100 nm to about 150 nm, optionally about 150 nm or less.
Pharmaceutical Compositions

[0237] The instant invention additionally provides pharmaceutical compositions comprising
any of the polynucleotides comprising the nucleic acids encoding C1 inhibitor, expression
cassettes comprising polynucleotides comprising the nucleic acids encoding C1 inhibitor,
viral vectors such as AAV vectors comprising polynucleotides comprising the nucleic acids
encoding C1 inhibitor, or non-viral vectors comprising polynucleotides comprising the
nucleic acids encoding C1 inhibitor as set forth herein.

[0238] rAAV vectors and non-viral vectors can be administered to a patient via infusion in a
biologically compatible carrier, for example, via intravenous injection. rAAV vectors and
non-viral vectors can be administered alone or in combination with other molecules.
Accordingly, rAAV vectors and non-viral vectors and other compositions, agents, drugs,
biologics (proteins) can be incorporated into pharmaceutical compositions. Such
pharmaceutical compositions are useful for, among other things, administration and delivery
to a subject in vivo or ex vivo.

[0239] In certain embodiments, pharmaceutical compositions also contain a pharmaceutically
acceptable carrier or excipient. Such excipients include any pharmaceutical agent that does
not itself induce an immune response harmful to the individual receiving the composition,

and which can be administered without undue toxicity.
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[0240] As used herein the term “pharmaceutically acceptable™ and “physiologically
acceptable” mean a biologically acceptable formulation, gaseous, liquid or solid, or mixture
thereof, which is suitable for one or more routes of administration, iz vivo delivery or contact.
A “pharmaceutically acceptable™ or “physiologically acceptable” composition is a material
that is not biologically or otherwise undesirable, e.g., the material can be administered to a
subject without causing substantial undesirable biological effects. Thus, such a
pharmaceutical composition can be used, for example in administering a polynucleotide,
vector, viral particle or protein to a subject.

[0241] Pharmaceutically acceptable excipients include, but are not limited to, liquids such as
water, saline, glycerol, sugars and ethanol. Pharmaceutically acceptable salts can also be
included therein, for example, mineral acid salts such as hydrochlorides, hydrobromides,
phosphates, sulfates, and the like; and the salts of organic acids such as acetates, propionates,
malonates, benzoates, and the like. Excipients also include proteins such as albumin.

[0242] Additionally, auxiliary substances, such as wetting or emulsifying agents, pH
buffering substances, and the like, can be present in such vehicles.

[0243] The pharmaceutical composition can be provided as a salt and can be formed with
many acids, including but not limited to, hydrochloric, sulfuric, acetic, lactic, tartaric, malic,
succinic, etc. Salts tend to be more soluble in aqueous or other protonic solvents than are the
corresponding, free base forms. In other cases, a preparation can be a lyophilized powder
which can contain any or all of the following: 1-50 mM histidine, 0.1%-2% sucrose, and 2-7%
mannitol, at a pH range of 4.5 to 5.5, that is combined with buffer prior to use.

[0244] Pharmaceutical compositions include solvents (aqueous or non-aqueous), solutions
(aqueous or non-aqueous), emulsions (e.g., oil-in-water or water-in-oil), suspensions, syrups,
elixirs, dispersion and suspension media, coatings, isotonic and absorption promoting or
delaying agents, compatible with pharmaceutical administration or in vivo contact or
delivery. Aqueous and non-aqueous solvents, solutions and suspensions can include
suspending agents and thickening agents. Such pharmaceutically acceptable carriers include
tablets (coated or uncoated), capsules (hard or soft), microbeads, powder, granules and
crystals. Supplementary active compounds (e.g., preservatives, antibacterial, antiviral and
antifungal agents) can also be incorporated into the compositions.

[0245] Pharmaceutical compositions can be formulated to be compatible with a particular
route of administration or delivery, as set forth herein or known to one of skill in the art.
Thus, pharmaceutical compositions include carriers, diluents, or excipients suitable for

administration by various routes.
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[0246] Compositions suitable for parenteral administration comprise aqueous and non-
aqueous solutions, suspensions or emulsions of the active compound, which preparations are
typically sterile and can be isotonic with the blood of the intended recipient. Non-limiting
illustrative examples include water, buffered saline, Hanks’ solution, Ringer’s solution,
dextrose, fructose, ethanol, animal, vegetable or synthetic oils. Aqueous injection suspensions
can contain substances which increase the viscosity of the suspension, such as sodium
carboxymethyl cellulose, sorbitol, or dextran.

[0247] Additionally, suspensions of the active compounds can be prepared as appropriate oil
injection suspensions. Suitable lipophilic solvents or vehicles include fatty oils such as
sesame oil, or synthetic fatty acid esters, such as ethyl oleate or triglycerides, or liposomes.
Optionally, the suspension can also contain suitable stabilizers or agents which increase the
solubility of the compounds to allow for the preparation of highly concentrated solutions.
[0248] Cosolvents and adjuvants can be added to the formulation. Non-limiting examples of
cosolvents contain hydroxyl groups or other polar groups, for example, alcohols, such as
isopropyl alcohol; glycols, such as propylene glycol, polyethyleneglycol, polypropylene
glycol, glycol ether; glycerol; polyoxyethylene alcohols and polyoxyethylene fatty acid
esters. Adjuvants include, for example, surfactants such as, soya lecithin and oleic acid;
sorbitan esters such as sorbitan trioleate; and polyvinylpyrrolidone.

[0249] In certain embodiments, a pharmaceutical composition comprising any of the AAV
vectors as set forth herein, further comprises empty AAV capsids. In certain embodiments, in
a pharmaceutical composition comprising AAV vectors and empty AAV capsids, the ratio of
the empty AAV capsids to the AAV vector is within or between about 100:1-50:1, from
about 50:1-25:1, from about 25:1-10:1, from about 10: 1-1:1, from about 1:1-1:10, from
about 1:10-1:25, from about 1:25-1:50, or from about 1:50-1:100. In certain embodiments, in
a pharmaceutical composition comprising AAV vectors and empty AAV capsids, the ratio of
the of the empty AAYV capsids to the AAV vector is about 2:1, 3:1, 4:1,5:1,6:1,7: 1, 8:1, 9:
1, or10:1.

[0250] In certain embodiments, a pharmaceutical composition includes a surfactant.

[0251] After pharmaceutical compositions have been prepared, they can be placed in an
appropriate container and labeled for treatment. Such labeling could include amount,
frequency, and method of administration.

[0252] Pharmaceutical compositions and delivery systems appropriate for the compositions,
methods and uses of the instant invention are known in the art (see, e.g., Remington: The

Science and Practice of Pharmacy (2003) 20th ed., Mack Publishing Co., Easton, PA;
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Remington’s Pharmaceutical Sciences (1990) 18th ed., Mack Publishing Co., Easton, PA;
The Merck Index (1996) 12th ed., Merck Publishing Group, Whitehouse, NJ; Pharmaceutical
Principles of Solid Dosage Forms (1993), Technomic Publishing Co., Inc., Lancaster, Pa.;
Ansel and Stoklosa, Pharmaceutical Calculations (2001) 11th ed., Lippincott Williams &
Wilkins, Baltimore, MD; and Poznansky et al., Drug Delivery Systems (1980), R. L. Juliano,
ed., Oxford, N.Y., pp. 253-315).

[0253] An “effective amount™ or “sufficient amount™ refers to an amount that provides, in
single or multiple doses, alone or in combination, with one or more other compositions
(therapeutic or immunosuppressive agents such as a drug), treatments, protocols, or
therapeutic agents, a detectable response of any duration of time (long or short term), an
expected or desired outcome in or a benefit to a subject of any measurable or detectable
degree or for any duration of time (e.g., for minutes, hours, days, months, years, or cured).
[0254] Compositions such as pharmaceutical compositions can be delivered to a subject, so
as to allow production of the encoded protein. In certain embodiments, pharmaceutical
compositions comprise sufficient genetic material to enable a recipient to produce a
therapeutically effective amount of a protein in the subject.

[0255] A “therapeutically effective amount™ refers to an amount of an active ingredient or
component that elicits the desired biological or medicinal response in a subject. A
therapeutically effective amount can be determined empirically and in a routine manner, in
relation to the stated purpose. For example, in vitro assays can optionally be employed to
help identify optimal dosage ranges. Selection of a particular effective dose can be
determined (e.g., via clinical trials) by those skilled in the art based upon the consideration of
several factors, including the disease to be treated or prevented, the symptoms involved, the
patient’s body mass, the patient’s immune status and other factors known by the skilled
artisan. The precise dose to be employed in the formulation will also depend on the route of
administration, and the severity of disease, and should be decided according to the judgment
of the practitioner and each patient’s circumstances. Effective doses can be extrapolated from
dose-response curves derived from in vitro or animal model test systems.

[0256] Compositions can be formulated and/or administered in any sterile, biocompatible
pharmaceutical carrier, including, but not limited to, saline, buffered saline, dextrose, and
water. The compositions can be formulated and/or administered to a patient alone, or in
combination with other agents (e.g., co-factors) which influence hemostasis.

Methods of Treatment
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[0257] HAE treatment with C1-INH-replacement therapy increases survival, reduces attack
frequency and severity, and is a current standard of care for HAFE disease patients. However,
current reatment modalities have several drawbacks such as the potential for breakthrough
attacks, safety/tolerability, high patient bwrden, and potential for Hmited compliance HAE
gene transter treatment preferably overcomes one or move of these drawbacks to C1-INH-
replacement therapy. For example, HAE gene transfer treatment described herein 1s expected
to require less frequent dosing, preferably a single dose will be sufficient.

[0258] The instant invention still further provides methods of treating a subject in need of C1
inhibitor, comprising administering to the subject a therapeutically effective amount of a
polynucleotide, expression cassette, AAV vector, non-viral vector, or pharmaceutical
composition of the instant invention, wherein the C1 inhibitor is expressed in the subject.
[0259] Methods and uses of the instant invention include delivering (transducing)
polynucleotide (transgene) into host cells, including dividing and/or non-dividing cells. The
polynucleotides, expression cassettes, rAAV vectors, non-viral vectors, methods, uses and
pharmaceutical formulations of the instant invention are additionally useful in a method of
delivering, administering or providing sequence encoded by heterologous nucleic acid to a
subject in need thereof, as a method of treatment. In this manner, the polynucleotide
comprising the nucleic acid is transcribed and a protein produced in vivo in a subject. The
subject can benefit from or be in need of the protein because the subject has a deficiency of
the protein, or because production of the protein in the subject can impart some therapeutic
effect, as a method of treatment or otherwise.

[0260] The instant invention is useful in animals including human and veterinary medical
applications. Suitable subjects therefore include mammals, such as humans, as well as non-
human mammals. The term “subject” refers to an animal, typically a mammal, such as
humans, non-human primates (apes, gibbons, gorillas, chimpanzees, orangutans, macaques),
a domestic animal (dogs and cats), a farm animal (poultry such as chickens and ducks, horses,
cows, goats, sheep, pigs), and experimental animals (mouse, rat, rabbit, guinea pig). Human
subjects include fetal, neonatal, infant, juvenile and adult subjects. Subjects include animal
disease models, for example, mouse and other animal models of protein/enzyme deficiencies
such as HAE, and others known to those of skill in the art.

[0261] Subjects appropriate for treatment in accordance with the instant invention include
those having or at risk of producing an insufficient amount of C1 inhibitor, or producing an
aberrant, partially functional or non-functional C1 inhibitor. Subjects can be tested for C1

inhibitor activity to determine if such subjects are appropriate for treatment according to a
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method of the instant invention. Subjects appropriate for treatment in accordance with the
instant invention also include those subjects that would benefit from C1 inhibitor. Such
subjects that can benefit from C1 inhibitor include those having a complement-mediated
disorder. Treated subjects can be monitored after treatment periodically, e.g., every 1-4
weeks, 1-6 months, 6-12 months, or 1, 2, 3, 4, 5 or more years.

[0262] Subjects can be tested for an immune response, e.g., antibodies against AAV.
Candidate subjects can therefore be screened prior to treatment according to a method of the
instant invention. Subjects also can be tested for antibodies against AAV after treatment, and
optionally monitored for a period of time after treatment. Subjects having pre-existing or
developing AAV antibodies can be treated with an immunosuppressive agent, or other
regimen as set forth herein.

[0263] Subjects appropriate for treatment in accordance with the instant invention also
include those having or at risk of producing antibodies against AAV. rAAV vectors can be
administered or delivered to such subjects using several techniques. For example, AAV
empty capsid (i.e., AAV particles lacking a modified nucleic acid encoding C1 inhibitor) can
be delivered to bind to the AAV antibodies in the subject thereby allowing the rAAV vector
comprising the heterologous nucleic acid to transduce cells of the subject. The terms “AAV
empty capsid,” “AAV empty capsid particle(s),” “empty capsid AAV,” “empty capsid AAV
particle(s)” are used interchangeably herein.

[0264] The modified nucleic acids, expression cassettes, rAAV vectors, and non-viral vectors
of the instant invention can be used for treatment of a C1 inhibitor deficiency. Accordingly,
in certain embodiments, modified nucleic acids encoding C1 inhibitor, expression cassettes
comprising modified nucleic acids encoding C1 inhibitor, rAAV vectors, and non-viral
vectors of the instant invention can be used as a therapeutic and/or prophylactic agent.

[0265] In certain embodiments, the modified nucleic acids encoding C1 inhibitor, expression
cassettes comprising modified nucleic acids encoding C1 inhibitor, rAAV vectors, and non-
viral vectors of the instant invention can be used for treatment of HAE. Administration of
modified nucleic acids encoding C1 inhibitor, expression cassettes comprising modified
nucleic acids encoding C1 inhibitor, rAAV vectors, and non-viral vectors of the instant
invention to a patient with HAE leads to the expression of the C1 inhibitor protein.

[0266] In certain embodiments, a method according to the instant invention can result in
expression or activity of C1 inhibitor at a level that is at least 1%, at least 5%, at least 10%, at
least 15%, at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, or
at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%,
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at least 85%, at least 90%, at least 95%, at least 100% of normal expression of the C1
inhibitor protein found in a subject not in need of C1 inhibitor.

[0267] Subjects, animals or patients administered the modified nucleic acids encoding C1
inhibitor, expression cassettes comprising modified nucleic acids encoding C1 inhibitor,
rAAV vectors, and non-viral vectors of the instant invention can be evaluated by a variety of
tests, assays and functional assessments to demonstrate, measure and/or assess efficacy of the
modified nucleic acids encoding C1 inhibitor, expression cassettes comprising modified
nucleic acids encoding C1 inhibitor, rAAV vectors, and non-viral vectors of the instant
invention as therapeutic and/or prophylactic agents. Such tests and assays include, but are not
limited to, measurement of C1 inhibitor activity (such as by use of standard C1 inhibitor
activity assays) and/or C1 inhibitor amount (such as by western blot with anti-C1 inhibitor
antibody) in a biological sample such as blood or plasma; analysis of peak and steady-state
vector-derived C1 inhibitor enzyme levels assessed by total C1 inhibitor protein and activity
in plasma,; testing for immune responses against AAV capsid; and testing for immune
responses against the C1 inhibitor transgene protein product.

[0268] Additionally, the modified nucleic acids encoding C1 inhibitor, expression cassettes
comprising modified nucleic acids encoding C1 inhibitor, rAAV vectors, and non-viral
vectors of the instant invention can be used for treatment of a complement-mediated disorder.
According to certain embodiments, the modified nucleic acids encoding C1 inhibitor,
expression cassettes comprising modified nucleic acids encoding C1 inhibitor, rAAV vectors,
and non-viral vectors of the instant invention can be used for treatment of a patient in need of
C1 inhibitor. According to certain embodiments, the modified nucleic acids encoding C1
inhibitor, expression cassettes comprising modified nucleic acids encoding C1 inhibitor,
rAAV vectors, and non-viral vectors of the instant invention can be used for treatment of
hereditary angioedema (HAE).

[0269] As used herein, the term “hereditary angioedema™ or “HAE™ refers to a blood disorder
characterized by unpredictable and recurrent attacks of inflammation. HAE is typically
associated with C1-INH deficiency, which may be the result of low levels of C1-INH or C1-
INH with impaired or decreased activity. Symptoms include, but are not limited to, swelling
that can occur in any part of the body, such as the face, extremities, genitals, gastrointestinal
tract, and upper airways. As used herein, the HAE can be Type I, Type II, or Type IIL

[0270] As set forth herein, rAAV are useful as gene therapy vectors as they can penetrate
cells and introduce nucleic acid/genetic material into the cells. Because AAV are not

associated with pathogenic disease in humans, rAAV vectors are able to deliver heterologous
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polynucleotide sequences (e.g., therapeutic proteins and agents) to human patients without
causing substantial AAV pathogenesis or disease.

[0271] rAAV vectors possess a number of desirable features for such applications, including
tropism for dividing and non-dividing cells. Early clinical experience with these vectors also
demonstrated no sustained toxicity, and immune responses are typically minimal or
undetectable. AAV are known to infect a wide variety of cell types in vivo by receptor-
mediated endocytosis or by transcytosis. These vector systems have been tested in humans
targeting many tissues, such as, retinal epithelium, liver, skeletal muscle, airways, brain,
joints and hematopoietic stem cells.

[0272] It can be desirable to introduce a rAAV vector that can provide, for example, multiple
copies of C1 inhibitor and hence greater amounts of C1 inhibitor protein. Improved rAAV
vectors and methods for producing these vectors have been described in detail in a number of
references, patents, and patent applications, including: Wright J.F. (Hum. Gene Ther.,
20:698-706, 2009).

[0273] Doses can vary and depend upon the type, onset, progression, severity, frequency,
duration, or probability of the disease to which treatment is directed, the clinical endpoint
desired, previous or simultaneous treatments, the general health, age, gender, race or
immunological competency of the subject and other factors that will be appreciated by the
skilled artisan. The dose amount, number, frequency or duration can be proportionally
increased or reduced, as indicated by any adverse side effects, complications or other risk
factors of the treatment or therapy and the status of the subject. The skilled artisan will
appreciate the factors that can influence the dosage and timing required to provide an amount
sufficient for providing a therapeutic or prophylactic benefit.

[0274] The dose to achieve a therapeutic effect, e.g., the dose in vector genomes/per kilogram
of body weight (vg/kg) of rAAYV, or the dose of non-viral vector, will vary based on several
factors including, but not limited to: route of administration, the level of heterologous
polynucleotide expression required to achieve a therapeutic effect, the specific disease
treated, any host immune response to the viral vector, a host immune response to the
heterologous polynucleotide or expression product (protein), and the stability of the protein
expressed. One skilled in the art can determine a rAAV/vector genome or non-viral vector
dose range to treat a patient having a particular disease or disorder based on the
aforementioned factors, as well as other factors.

[0275] Generally, doses of rAAVs will range from at least 1x10% vector genomes per

kilogram (vg/kg) of the weight of the subject, or more, for example, 1x10°, 1x10'°, 1x10",
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1x10'2, 1x10" or 1x10", or more, vector genomes per kilogram (vg/kg) of the weight of the
subject, to achieve a therapeutic effect.

[0276] For example, a dose of about 2x10'! recombinant AAV vg/kg or greater than about
2x10!! recombinant AAV vg/kg; a dose of about 3x10!! recombinant AAV vg/kg or greater
than about 3x10'! recombinant AAV vg/kg; a dose of about 4x10"! recombinant AAV vg/kg
or greater than about 4x10!! recombinant AAV vg/kg; a dose of about 5x10'! recombinant
AAV vg/kg or greater than about 5x10'! recombinant AAV vg/kg; a dose of about 1x10'?
recombinant AAV vg/kg or greater than about 1x10' recombinant AAV vg/kg; a dose of
about 2x10'? recombinant AAV vg/kg or greater than about 2x10'? recombinant AAV vg/kg;
a dose of about 3x10"? recombinant AAV vg/kg or greater than about 3x10'? recombinant
AAV vg/kg; a dose of about 4x10' recombinant AAV vg/kg or greater than about 4x10'2
recombinant AAV vg/kg; a dose of about 5x10'2 recombinant AAV vg/kg or greater than
about 5x10'? recombinant AAV vg/kg; a dose of about 1x10" recombinant AAV vg/kg or
greater than about 1x10" recombinant AAV vg/kg; a dose of about 2x10'3 recombinant AAV
vg/kg or greater than about 2x10"* recombinant AAV vg/kg; a dose of about 3x10"
recombinant AAV vg/kg or greater than about 3x10" recombinant AAV vg/kg; a dose of
about 4x10" recombinant AAV vg/kg or greater than about 4x10" recombinant AAV vg/kg;
a dose of about 5x10'3 recombinant AAV vg/kg or greater than about 5x10'> recombinant
AAV vg/kg.

[0277] Exemplary dose ranges of recombinant AAV vg/kg administered are a dose range
from about 1.5x10'! to about 5x10** recombinant AAV vg/kg; a dose range from about
1.5x10" to about 2x10"! recombinant AAV vg/kg; a dose range from about 2x10'! to about
2.5x10" recombinant AAV vg/kg; a dose range from about 2.5x10"! to about 3x10"!
recombinant AAV vg/kg; a dose range from about 3x10'! to about 3.5x10"! recombinant
AAV vg/kg; a dose range from about 3.5x10'! to about 4x10'! recombinant AAV vg/kg: a
dose range from about 4x10"! to about 4.5x10'! recombinant AAV vg/kg; a dose range from
about 4.5x10! to about 5x10'! recombinant AAV vg/kg; a dose range from about 5x10'! to
about 1x10'? recombinant AAV vg/kg; a dose range from about 1x10*? to about 1.5x10?
recombinant AAV vg/kg; a dose range from about 1.5x10'2 to about 2x10'? recombinant
AAV vg/kg; a dose range from about 2x10'2 to about 2.5x10'? recombinant AAV vg/kg; a
dose range from about 2.5x10'? to about 3x10'? recombinant AAV vg/kg; a dose range from
about 3x10'2 to about 3.5x10"2 recombinant AAV vg/kg; a dose range from about 3.5x10' to
about 4x10'? recombinant AAV vg/kg; a dose range from about 4x10'? to about 4.5x10"?

recombinant AAV vg/kg; a dose range from about 4.5x10'? to about 5x10'? recombinant
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AAV vg/kg; a dose range from about 5x10'2 to about 1x10'3 recombinant AAV vg/kg; a dose
range from about 1x10" to about 1.5x10'* recombinant AAV vg/kg; a dose range from about
1.5x10" to about 2x10" recombinant AAV vg/kg; a dose range from about 2x10'3 to about
2.5x10" recombinant AAV vg/kg; a dose range from about 2.5x10** to about 3x10%
recombinant AAV vg/kg: a dose range from about 3x10"? to about 3.5x10"* recombinant
AAV vg/kg; a dose range from about 3.5x10" to about 4x10'* recombinant AAV vg/kg: a
dose range from about 4x10" to about 4.5x10'* recombinant AAV vg/kg; a dose range from
about 4.5x10% to about 5x10"® recombinant AAV vg/kg; and a dose range from about 5x10'
to about 1x10'* recombinant AAV vg/kg.

[0278] In certain embodiments, AAV vg/kg are administered at a dose of about 1x10!! vg/kg,
administered at a dose of about 2x10"! vg/kg, administered at a dose of about 3x10" vg/kg,
administered at a dose of about 4x10"! vg/kg, administered at a dose of about 5x10'! vg/kg,
administered at a dose of about 6x10'! vg/kg, administered at a dose of about 7x10* vg/kg,
administered at a dose of about 8x10!! vg/kg, administered at a dose of about 9x10*! vg/kg,
administered at a dose of about 1x10*? vg/kg, administered at a dose of about 2x10'2 vg/kg,
administered at a dose of about 3x10'? vg/kg, administered at a dose of about 4x10'? vg/kg,
administered at a dose of about 5x10'? vg/kg, administered at a dose of about 6x10'? vg/kg,
administered at a dose of about 7x10'? vg/kg, administered at a dose of about 8x10'? vg/kg,
administered at a dose of about 9x10' vg/kg, administered at a dose of about 1x10" vg/kg,
administered at a dose of about 2x10" vg/kg, administered at a dose of about 3x10"* vg/kg,
administered at a dose of about 4x10" vg/kg, administered at a dose of about 5x10'* vg/kg,
administered at a dose of about 6x10'" vg/kg, administered at a dose of about 7x10'* vg/kg,
administered at a dose of about 8x10% vg/kg, administered at a dose of about 9x10* vg/kg.
[0279] A “unit dosage form™ as used herein refers to physically discrete units suited as
unitary dosages for the subject to be treated; each unit containing a predetermined quantity
optionally in association with a pharmaceutical carrier (excipient, diluent, vehicle or filling
agent) which, when administered in one or more doses, is calculated to produce a desired
effect (e.g., prophylactic or therapeutic effect). Unit dosage forms can be within, for example,
ampules and vials, which can include a liquid composition, or a composition in a freeze-dried
or lyophilized state; a sterile liquid carrier, for example, can be added prior to administration
or delivery in vivo. Individual unit dosage forms can be included in multi-dose kits or
containers. TAAV particles, non-viral vectors, and pharmaceutical compositions thereof can
be packaged in single or multiple unit dosage form for ease of administration and uniformity

of dosage.
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[0280] The doses of an “effective amount™ or “sufficient amount™ for treatment (e.g., to
ameliorate or to provide a therapeutic benefit or improvement) typically are effective to
provide a response to one, multiple or all adverse symptoms, consequences or complications
of the disease, one or more adverse symptoms, disorders, illnesses, pathologies, or
complications, for example, caused by or associated with the disease, to a measurable extent,
although decreasing, reducing, inhibiting, suppressing, limiting or controlling progression or
worsening of the disease is a satisfactory outcome.

[0281] In certain embodiments, a method according to the instant invention reduces,
decreases or inhibits one or more symptoms of the need for C1 inhibitor or of HAE; or
prevents or reduces progression or worsening of one or more symptoms of the need for C1
inhibitor or of HAE; or stabilizes one or more symptoms of the need for C1 inhibitor or of
HAE; or improves one or more symptoms of the need for C1 inhibitor or of HAE.

[0282] An effective amount or a sufficient amount can but need not be provided in a single
administration, can require multiple administrations, and, can but need not be, administered
alone or in combination with another composition (e.g., agent), treatment, protocol or
therapeutic regimen. For example, the amount can be proportionally increased as indicated by
the need of the subject, type, status and severity of the disease treated or side effects (if any)
of treatment. In addition, an effective amount or a sufficient amount need not be effective or
sufficient if given in single or multiple doses without a second composition (e.g., another
drug or agent), treatment, protocol or therapeutic regimen, since additional doses, amounts or
duration above and beyond such doses, or additional compositions (e.g., drugs or agents),
treatments, protocols or therapeutic regimens can be included in order to be considered
effective or sufficient in a given subject. Amounts considered effective also include amounts
that result in a reduction of the use of another treatment, therapeutic regimen or protocol,
such as administration of modified nucleic acid encoding C1 inhibitor for treatment of a C1
inhibitor deficiency (e.g., HAE).

[0283] Accordingly, methods and uses of the instant invention also include, among other
things, methods and uses that result in a reduced need or use of another compound, agent,
drug, therapeutic regimen, treatment protocol, process, or remedy. For example, for C1
inhibitor deficiency, a method or use of the instant invention has a therapeutic benefit if in a
given subject, a less frequent or reduced dose or elimination of administration of a
recombinant C1 inhibitor to supplement for the deficient or defective C1 inhibitor in the
subject is needed. Thus, in accordance with the instant invention, methods and uses of

reducing need or use of another treatment or therapy are provided.
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[0284] An effective amount or a sufficient amount need not be effective in each and every
subject treated, nor a majority of treated subjects in a given group or population. An effective
amount or a sufficient amount means effectiveness or sufficiency in a particular subject, not a
group or the general population. As is typical for such methods, some subjects will exhibit a
greater response, or less or no response to a given treatment method or use.

[0285] Administration or in vivo delivery to a subject can be performed prior to development
of an adverse symptom, condition, complication, etc. caused by or associated with the
disease. For example, a screen (e.g., genetic) can be used to identify such subjects as
candidates for invention compositions, methods and uses. Such subjects therefore include
those screened positive for an insufficient amount or a deficiency in a functional gene product
(e.g., C1 inhibitor or a protein deficiency that leads to a HAE), or that produce an aberrant,
partially functional or non-functional gene product (e.g., C1 inhibitor or a protein implicated
in HAE).

[0286] Administration or in vivo delivery to a subject in accordance with the methods and
uses of the instant invention as disclosed herein can be practiced within 1-2, 2-4, 4-12, 12-24
or 24-72 hours after a subject has been identified as having the disease targeted for treatment,
has one or more symptoms of the disease, or has been screened and is identified as positive as
set forth herein even though the subject does not have one or more symptoms of the disease.
Of course, methods and uses of the instant invention can be practiced 1-7, 7-14, 14-24, 24-48,
48-64 or more days, months or years after a subject has been identified as having the disease
targeted for treatment, has one or more symptoms of the disease, or has been screened and is
identified as positive as set forth herein.

[0287] The term “ameliorate” means a detectable or measurable improvement in a subject’s
disease or symptom thereof, or an underlying cellular response. A detectable or measurable
improvement includes a subjective or objective decrease, reduction, inhibition, suppression,
limit or control in the occurrence, frequency, severity, progression, or duration of the disease,
or complication caused by or associated with the disease, or an improvement in a symptom or
an underlying cause or a consequence of the disease, or a reversal of the disease.

[0288] For HAE disease, an effective amount would be an amount that improves markers for
HAE disease, such as subcutaneous edema, and swelling in any part of the body, such as the
face, extremities, genitals, gastrointestinal tract, and upper airways, and biomarkers such as
levels of C1 inhibitor antigen and activity, levels of complement C4 (C4 levels are below

normal in 95% of patients with HAE, even when asymptomatic), and levels of bradykinin.
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[0289] Improvement of biomarkers for HAE includes increased levels of C1 inhibitor antigen
and activity, increased or stabilized levels of complement C4 (low circulating levels of
complement C4 is an indicator of HAE), and decreased levels of bradykinin (indicative of
restoration of C1-INH function/activity). Many assays to measure or quantitate levels of
complement C4 in plasma, sera or tissue are known in the art, including multiplexed assays
(Lai et al., J. Pharm. Biomed. Anal., 195: 113844 (2020) doi: 10.1016/).jpba.2020.113844)
and immunoassays such as radial immunodiffusion (Koelle et al., J. Clin. Microbio., 16: 271-
275 (1982)) and ELISA (Kaplan et al., Front. Med., 4: 206 (2017) doi:
10.3389/fmed.2017.00206).

[0290] In certain embodiments, methods and uses of the instant invention increase levels of
C1 inhibitor antigen and activity in blood, plasma, sera and/or tissue of a subject. In certain
embodiments, methods and uses of the instant invention decrease bradykinin levels in blood,
plasma, sera and/or tissue of a subject. In certain embodiments, methods and uses of the
instant invention increase or stabilize levels of complement C4 in blood plasma, sera and/or
tissue of a subject.

[0291] Therapeutic doses will depend on, among other factors, the age and general condition
of the subject, the severity of the disease or disorder. Thus, a therapeutically effective amount
in humans will fall in a relatively broad range that can be determined by a medical
practitioner based on the response of an individual patient.

[0292] Methods and uses of the instant invention include delivery and administration
systemically, regionally or locally, or by any route, for example, by injection or infusion.
Delivery of the pharmaceutical compositions iz vivo can generally be accomplished via
injection using a conventional syringe, although other delivery methods such as convection-
enhanced delivery are envisioned (See e.g., U.S. Patent No. 5,720,720, the disclosure of
which is herein incorporated by reference in its entirety). For example, compositions can be
delivered subcutaneously, epidermally, intradermally, intrathecally, intraorbitally,
intramucosally, intranasally, intraperitoneally, intravenously, intra-pleurally, intraarterially,
intracavitary, orally, intrahepatically, via the portal vein, or intramuscularly. Other modes of
administration include oral and pulmonary administration, suppositories, and transdermal
applications. A clinician specializing in the treatment of patients with HAE can determine the
optimal route for administration of AAV vectors and non-viral vectors based on a number of
criteria, including, but not limited to: the condition of the patient and the purpose of the

treatment (e.g., enhanced or reduced C1 inhibitor levels).
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[0293] The compositions can be administered alone. In certain embodiments, an rAAV
particle or a non-viral vector provides a therapeutic effect without an immunosuppressive
agent. The therapeutic effect optionally is sustained for a period of time, e.g., 2-4, 4-6, 6-8, 8-
10, 10-14, 14-20, 20-25, 25-30, or 30-50 days or more, for example, 50-75, 75-100, 100-150,
150-200 days or more without administering an immunosuppressive agent. Accordingly, a
therapeutic effect is provided for a period of time.

[0294] rAAV vectors, non-viral vectors, methods, and uses of the instant invention can be
combined with any compound, agent, drug, treatment or other therapeutic regimen or
protocol having a desired therapeutic, beneficial, additive, synergistic or complementary
activity or effect. Exemplary combination compositions and treatments include second
actives, such as, biologics (proteins), agents (e.g., immunosuppressive agents) and drugs.
Such biologics (proteins), agents, drugs, treatments and therapies can be administered or
performed prior to, substantially contemporaneously with or following any other method or
use of the instant invention.

[0295] The compound, agent, drug, treatment or other therapeutic regimen or protocol can be
administered as a combination composition, or administered separately, such as concurrently
or in series or sequentially (prior to or following) to delivery or administration of a
polynucleotide, expression cassette, rAAV particle, or non-viral vector. The instant invention
therefore provides combinations in which a method or use of the instant invention is in a
combination with any compound, agent, drug, therapeutic regimen, treatment protocol,
process, remedy or composition, set forth herein or known to one of skill in the art. The
compound, agent, drug, therapeutic regimen, treatment protocol, process, remedy or
composition can be administered or performed prior to, substantially contemporaneously with
or following administration of a polynucleotide, expression cassette, non-viral vector, or
rAAYV particle of the instant invention, to a subject.

[0296] In certain embodiments, nucleic acids, expression vectors, non-viral vectors, or rAAV
particles of the instant invention are administered to a patient in combination with an
immunosuppressive agent or regimen where the patient has or is at risk of developing an
immune response against the rAAV particle and/or the C1 inhibitor protein. Such
immunosuppressive agent or regimen can be administered prior to, substantially at the same
time or after administering a polynucleotide, expression cassette, non-viral vector, or rAAV
vector of the instant invention.

[0297] In certain embodiments, a subject or patient, such as a human patient, with HAE has

developed inhibitors to the C1 inhibitor protein (including anti-C1 inhibitor antibodies and/or
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anti-C1 inhibitor T-cells), which can occur following treatment with traditional enzyme
replacement therapy (e.g., following administration of recombinantly produced C1 inhibitor
protein). The development of such C1 inhibitor inhibitors can occur in patients that receive
enzyme replacement therapy, particularly where the patient has undetectable C1 inhibitor
levels, leading the patient’s immune system to see the replacement C1 inhibitor protein as
“foreign.” In certain embodiments, an HAE patient having C1 inhibitor inhibitors is
administered one or more regimen intended to achieve immune tolerance or mitigate the
immune response to the C1 inhibitor protein in the patient, prior to, substantially at the same
time or after administering an rAAV vector or non-viral vector of the instant invention. Such
regimens to achieve immune tolerance or mitigate the immune response to the C1 inhibitor
protein can include administration of one or more immunosuppressive agent, including but
not limited to methotrexate, rituximab, intravenous gamma globulin (IVIG), omalizumab, and
synthetic vaccine particle (SVP™)-rapamycin (rapamycin encapsulated in a biodegradable
nanoparticle) and/or administration of one or more immunosuppressive protocol or
procedure, such as B-cell depletion, immunoadsorption, and plasmapheresis.

[0298] In certain embodiments, rAAV vector or non-viral vector is administered in
conjunction with one or more immunosuppressive agents prior to, substantially at the same
time or after administering an rAAV vector or a non-viral vector. In certain embodiments, the
one or more immunosuppressive agents is administered, e.g., 1-12, 12-24 or 24-48 hours, or
2-4, 4-6, 6-8, 8-10, 10-14, 14-20, 20-25, 25-30, 30-50, or more than 50 days following
administering an rAAV vector or a non-viral vector. Such administration of
immunosuppressive agents after a period of time following administering rAAV vector or
non-viral vector can be done if there is a decrease in the encoded protein or inhibitory nucleic
acid after the initial expression levels for a period of time, e.g., 20-25, 25-30, 30-50, 50-75,
75-100, 100-150, 150-200 or more than 200 days following rAAV vector or non-viral vector.
[0299] In certain embodiments, an immunosuppressive agent is an anti-inflammatory agent.
[0300] In certain embodiments, an immunosuppressive agent is a steroid, e.g., a
corticosteroid. In certain embodiments, an immunosuppressive agent is prednisone,
prednisolone, calcineurin inhibitor (e.g., cyclosporine, tacrolimus), CD52 inhibitor (e.g.,
alemtuzumab), CTLA4-Ig (e.g., abatacept, belatacept), anti-CD3 mAb, anti-LFA-1 mAb
(e.g., efalizumab), anti-CD40 mAb (e.g., ASKP1240), anti-CD22 mAb (e.g., epratuzumab),
anti-CD20 mAb (e.g., rituximab, orelizumab, ofatumumab, veltuzumab), proteasome
inhibitor (e.g., bortezomib), TACI-Ig (e.g., atacicept), anti-C5 mAb (e.g., eculizumab),

mycophenolate, azathioprine, sirolimus, everolimus, TNFR-Ig (e.g., etanercept (Enbrel®),
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anti-TNF mAb (e.g., adalimumab (Humira ®), infliximab (Remicade®; Avsola®)), tofacitinib,
anti-IL-2R (e.g., basiliximab), anti-IL-17 mAb (e.g., secukinumab), anti-IL-6 mAb (e.g., anti-
IL-6 antibody sirukumab, anti-IL-6 receptor antibody tocilizumab (Actemra®), IL-10
inhibitor, TGF-beta inhibitor, a B cell targeting antibody (e.g., rituximab), a mammalian
target of rapamycin (mTOR) inhibitor (e.g., rapamycin), synthetic vaccine particle (SVP™)-
rapamycin (rapamycin encapsulated in a biodegradable nanoparticle), intravenous gamma
globulin (IVIG), omalizumab, methotrexate, a tyrosine kinase inhibitor (e.g., ibrutinib),
cyclophosphamide, fingolimod, an inhibitor of B-cell activating factor (BAFF) (e.g, anti-
BAFF mAb, e.g., belimumab), an inhibitor of a proliferation-inducing ligand (APRIL), anti-
IL-1b mAb (e.g., canakinumab (Haris®)), a C3a inhibitor, a Tregitope (see, e.g.,
US10,213,496), or a combination and/or derivative thereof.

[0301] In certain embodiments, rAAYV vector or non-viral vector is administered in
conjunction with one or more immunosuppressive agents prior to, substantially at the same
time or after administering an rAAV vector or a non-viral vector, and/or in conjunction with
administration of one or more immunosuppressive protocol or procedure, such as B-cell
depletion, immunoadsorption, and plasmapheresis.

[0302] Immune-suppression protocols, including the use of rapamycin, alone or in
combination with IL-10, can be used to decrease, reduce, inhibit, prevent or block humoral
and cellular immune responses to the C1 inhibitor protein. Hepatic gene transfer with AAV
vectors of the instant invention can be used to induce immune tolerance to the C1 inhibitor
protein through induction of regulatory T cells (Tregs) and other mechanisms. Strategies to
overcome or avoid humoral immunity to AAV in systemic gene transfer include,
administering high vector doses, use of AAV empty capsids as decoys to adsorb anti-AAV
antibodies, administration of immunosuppressive drugs to decrease, reduce, inhibit, prevent
or eradicate the humoral immune response to AAV, changing the AAV capsid serotype or
engineering the AAV capsid to be less susceptible to neutralizing antibodies (Nab), use of
plasma exchange cycles to adsorb anti-AAV immunoglobulins, thereby reducing anti-AAV
antibody titer, and use of delivery techniques such as balloon catheters followed by saline
flushing. Such strategies are described in Mingozzi et al., 2013, Blood, 122:23-36.
Additional strategies include use of AAV-specific plasmapheresis columns to selectively
deplete anti-AAYV antibodies without depleting the total immunoglobulin pool from plasma,
as described in Bertin et al., 2020, Sci. Rep. 10:864. Apheresis strategies to remove, deplete,
capture, and/or inactivate AAV antibodies in subjects are described in W02019018439.
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[0303] Ratio of AAV empty capsids to the rAAV vector can be within or between about 100:
1-50:1, from about 50: 1-25:1, from about 25:1-10:1, from about 10:1-1:1, from about 1:1-
1:10, from about 1:10-1:25, from about 1:25-1:50, or from about 1:50-1:100. Ratios can also
be about2:1,3: 1, 4:1,5:1,6: 1, 7:1, 8:1, 9:1, or 10:1.

[0304] Amounts of AAV empty capsids to administer can be calibrated based upon the
amount (titer) of AAV antibodies produced in a particular subject. AAV empty capsids can
be of any serotype, for example, AAV1, AAV2, AAV3, AAV4, AAVS, AAV6, AAVT,
AAVS, AAVY, AAV10, AAV11, AAV12, Rh10, Rh74 (SEQ ID NO: 188), AAV3B, AAV-
2i8, SEQ ID NO: 226, SEQ ID NO: 189, SEQ ID NO: 190, and/or SEQ ID NO: 191.

[0305] Alternatively, or in addition, rAAV vector or non-viral vector can be delivered by
direct intramuscular injection (e.g., one or more slow-twitch fibers of a muscle). In another
alternative, a catheter introduced into the femoral artery can be used to deliver rAAV vectors
or non-viral vectors to liver via the hepatic artery. Non-surgical means can also be employed,
such as endoscopic retrograde cholangiopancreatography (ERCP), to deliver rAAV vectors or
non-viral vectors directly to the liver, thereby bypassing the bloodstream and AAV
antibodies. Other ductal systems, such as the ducts of the submandibular gland, can also be
used as portals for delivering rAAV vectors or non-viral vectors into a subject that develops
or has preexisting anti-AAV antibodies.

[0306] Additional strategies to reduce humoral immunity to AAV include methods to
remove, deplete, capture, and/or inactivate AAV antibodies, commonly referred to as
apheresis and more particularly, plasmapheresis where blood products are involved.
Apheresis or plasmapheresis, is a process in which a human subject’s plasma is circulated ex
vivo (extracorporal) through a device that modifies the plasma through addition, removal
and/or replacement of components before its return to the patient. Plasmapheresis can be used
to remove human immunoglobulins (e.g., IgG, IgE, IgA, IgD) from a blood product (e.g.,
plasma). This procedure depletes, captures, inactivates, reduces or removes immunoglobulins
(antibodies) that bind AAV thereby reducing the titer of AAV antibodies in the treated
subject that can contribute to AAV vector neutralization. An example is a device composed
of an AAV capsid affinity matrix column. Passing blood product (e.g., plasma) through an
AAV capsid affinity matrix would result in binding only of AAV antibodies, and of all
isotypes (including IgG, IgM, etc.).

[0307] A sufficient amount of plasmapheresis using an AAV capsid affinity matrix is
predicted to substantially remove AAYV capsid antibodies, and reduce the AAV capsid

antibody titer (load) in the human. In certain embodiments, titer in a treated subject is

76



WO 2022/165027 PCT/US2022/014091

reduced substantially to low levels (to < 1:5, or less, such as < 1:4, or < 1:3, or <1:2, or <1:1).
A reduction in antibody titer will be temporary because the B lymphocytes that produce the
AAYV capsid antibodies would be expected to gradually cause the AAV capsid antibody titer
to rebound to the steady state level prior to plasmapheresis.

[0308] In the case where a pre-existing AAV antibody titer was reduced from 1:100 to 1:1,
AAYV antibody titer rebounds of approximately 0.15% (corresponding to a titer of 1:1.2)
0.43% (1:1.4), 0.9% (1:1.9), 1.7% (1:2.7), and 3.4% (1:4.4), occur at 1 hour, 3 hours, 6 hours,
12 hours and 24 hours, respectively, after completion of the plasmapheresis method.
Temporary removal of AAV antibodies from such a subject would correspond to a window of
time (for example, of about 24 hours or less, such as 12 hours or less, or 6 hours or less, or 3
hours or less, or 2 hours or less, or 1 hour or less) during which an AAV vector could be
administered to the subject and predicted to efficiently transduce target tissues without
substantial neutralization of the AAV vector with the AAV antibodies.

[0309] In the case where a pre-existing AAV antibody titer was reduced from 1:1000 to 1:1,
AAYV antibody titer rebounds of approximately 0.15% (corresponding to a titer of 1:2.5) 0.4%
(1:5.3), 0.9% (1:9.7), 1.7% (1:18), and 3.4% (1:35), occur at 1 hour, 3 hours, 6 hours, 12
hours and 24 hours, respectively, after completion of the plasmapheresis method. Thus, a
window for administration of AAV vector will be comparatively shorter.

[0310] AAYV antibodies can be preexisting and can be present at levels that reduce or block
therapeutic C1 inhibitor gene transfer vector transduction of target cells. Alternatively, AAV
antibodies can develop after exposure to AAV or administration of an AAV vector. If such
antibodies develop after administration of an AAV vector, these subjects can also be treated
via apheresis, more particularly, plasmapheresis.

[0311] In certain embodiments, the polynucleotides, expression cassettes, AAV vectors, and
non-viral vectors of the instant invention can be used in combination with methods to reduce
antibody (e.g., IgG) levels in human plasma. In certain embodiments, the polynucleotides,
expression cassettes, AAV vectors, and non-viral vectors of the instant invention can be used
in combination with an agent that that blocks, inhibits, or reduces the interaction of IgG with
the neonatal Fc receptor (FcRn), such as an anti-FcRn antibody, to reduce IgG recycling and
enhance IgG clearance in vivo, and/or an agent that decreases the circulating antibodies that
bind to a viral vector, such as a recombinant viral vector, or that bind to a nucleic acid or a
polypeptide, protein or peptide encoded by a therapeutic heterologous polynucleotide
encapsidated by a recombinant viral vector, or that bind to the therapeutic heterologous

polynucleotide.
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[0312] In certain embodiments, antibody binding to a viral vector is reduced or inhibited by
way of an agent that reduces interaction of IgG with FcRn, a protease or a glycosidase.
[0313] In certain embodiments, the polypeptides, expression cassettes, AAV vectors, or non-
viral vectors of the instant invention can be used in combination with an endopeptidase (e.g.,
IdeS from Streptococcus pyogenes) or a modified variant thereof, or an endoglycosidase (e.g.,
S. pyogenes EndoS) or a modified variant thereof. In certain embodiments poylpeptides,
expression cassettes, AAV vectors, or non-viral vectors of the instant invention are
administered to a subject in combination with an endopeptidase (e.g., IdeS from
Streptococcus pyogenes) or a modified variant thereof, or an endoglycosidase (e.g., EndoS
from S. pyogenes) or a modified variant thereof to reduce or clear neutralizing antibodies
against AAV capsid and enable treatment of patients previously viewed as not eligible for
gene therapy or that develop AAV antibodies after AAV gene therapy. Such strategies are
described in Leborgne et al., C., Barbon, E., Alexander, J.M. et al., 2020, Nat. Med.,
26:1096-1101 (2020), doi.org/10.1038/s41591-020-0911-7.

[0314] In certain embodiments, the nucleic acids, expression cassettes, AAV vectors, and
non-viral vectors of the instant invention can be used in combination with symptomatic and
support therapies and medications, including, for example, Berinert®, Cinryze®, Orladeyo™
(berotralstat), Ruconest® (recombinant C1-INH), Haegarda® (plasma-derived C1-INH
concentrate), lanadelumab (Takhzyro®), androgens (danazol), ecallantide, icatibant, and
tranexamic acid; immunosuppressive regimens including, for example rapamycin,
prednisolone, tacrolimus, and tocilizumab; or FDA approved drugs such as barbiturates,
sulfonamides, and estrogen.

[0315] In certain embodiments, the polynucleotides, expression cassettes and AAV vectors of
the instant invention can be used in combination with pharmacological chaperone therapy
(also known as enzyme enhancement therapy), where one or more pharmacological
chaperones is administered before, concomitant with, or after administration of the
polynucleotide, expression cassette, AAV vector, or non-viral vectors of the instant
invention, for the treatment of a complement-mediated disorder, such as HAE.

[0316] In certain embodiments, the polynucleotides, and expression cassettes of the instant
invention are delivered or administered via AAV vector particles. In certain embodiments,
the polynucleotides and expression cassettes of the instant invention can be delivered or
administered via other types of viral particles, including retroviral, adenoviral, helper-
dependent adenoviral, hybrid adenoviral, herpes simplex virus, lentiviral, poxvirus, Epstein-

Barr virus, vaccinia virus, and human cytomegalovirus particles. In certain embodiments, the
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polynucleotides and expression cassettes of the instant invention can be delivered or
administered via non-viral vectors.

Kits

[0317] The instant invention provides kits with packaging material and one or more
components therein. A kit typically includes a label or packaging insert including a
description of the components or instructions for use in vifro, in vivo, or ex vivo, of the
components therein. A kit can contain a collection of such components, e.g., a rAAV particle
or a non-viral vector, and optionally a second active component, such as another compound,
agent, drug or composition.

[0318] A kit refers to a physical structure housing one or more components of the kit.

[0319] Packaging material can maintain the components sterilely, and can be made of
material commonly used for such purposes (e.g., paper, corrugated fiber, glass, plastic, foil,
ampules, vials, tubes, etc.).

[0320] Labels or inserts can include identifying information of one or more components
therein, dose amounts, clinical pharmacology of the active ingredient(s) including mechanism
of action, pharmacokinetics and pharmacodynamics. Labels or inserts can include
information identifying manufacturer information, lot numbers, manufacture location and
date, and expiration dates. Labels or inserts can include information on a disease for which a
kit component can be used. Labels or inserts can include instructions for the clinician or
subject for using one or more of the kit components in a method, use, or treatment protocol or
therapeutic regimen. Instructions can include dosage amounts, frequency or duration, and
instructions for practicing any of the methods, uses, treatment protocols or prophylactic or
therapeutic regimes described herein.

[0321] Labels or inserts can include information on any benefit that a component can
provide, such as a prophylactic or therapeutic benefit. Labels or inserts can include
information on potential adverse side effects, complications or reactions, such as warnings to
the subject or clinician regarding situations where it would not be appropriate to use a
particular composition. Adverse side effects or complications could also occur when the
subject has, will be or is currently taking one or more other medications that can be
incompatible with the composition, or the subject has, will be or is currently undergoing
another treatment protocol or therapeutic regimen which would be incompatible with the
composition and, therefore, instructions could include information regarding such

incompatibilities.
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[0322] Labels or inserts include “printed matter,” e.g., paper or cardboard, or separate or
affixed to a component, a kit or packing material (e.g., a box), or attached to an ampule, tube
or vial containing a kit component. Labels or inserts can additionally include a computer
readable medium, such as a bar-coded printed label, a disk, optical disk such as CD- or DVD-
ROM/RAM, DVD, MP3, magnetic tape, or an electrical storage media such as RAM and
ROM or hybrids of these such as magnetic/optical storage media, FLASH media or memory
type cards.

[0323] All of the features disclosed herein can be combined in any combination. Each feature
disclosed in the specification can be replaced by an alternative feature serving a same,
equivalent, or similar purpose.

[0324] The instant invention is generally disclosed herein using affirmative language to
describe the numerous embodiments of the instant invention. The instant invention also
specifically includes embodiments in which particular subject matter is excluded, in full or in
part, such as substances or materials, method steps and conditions, protocols, or procedures.
For example, in certain embodiments of the instant invention, materials and/or method steps
are excluded. Thus, even though the instant invention is generally not expressed herein in
terms of what the instant invention does not include, aspects that are not expressly excluded
in the instant invention are nevertheless disclosed herein.

[0325] Certain embodiments of the instant invention have been described. Nevertheless, one
skilled in the art, without departing from the spirit and scope of the instant invention, can
make various changes and modifications of the instant invention to adapt it to various usages
and conditions. Accordingly, the following examples are intended to illustrate but not limit
the scope of the instant invention claimed in any way.

[0326] Sequence Table
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Sequence

1 ctgegegcetegetegeteactgaggecgececgggeaaageecegggeggcectcagtgagegagegagegegeagagagggagtggecaactccatca
ctaggggttcctgeggcectagtaggetcagaggeacacaggagttictgggetcaceetgeeeccttccaaccectecagttecccatectccageagetgttt
gtgtgctgectctgaagtccacactgaacaaacttcagectactcatgtccctaaaatgggeaaacattgcaagecageaaacageaaacacacagecctce
ctgectgetgaccttggagetggggcagaggtcagagacctetetgggcccatgecacctccaacatccactcgaceecttggaatttcggtggagagga
gcagaggttgtcctggegtagtttaggtagtgtgagaggggtacccggggatcttgetaccagtggaacagecactaaggattctgeagtgagageagag
ggccagcetaagtggtactctcccagagactgtctgactcacgecacceccteecaccttggacacaggacgcetgtegtttctgagecaggtacaatgactect
ttcggtaagtgcagtggaagcetgtacactgeccaggeaaagegtecgggeagegtaggegggegactcagatcccagecagtggacttageeectgttt
getectecgataactggggtgaccttggttaatattcaccagecagecteccecgttgeccctetggatcecactgettaaatacggacgaggacagggecctg
tctectcagcettcaggeaccaccactgacctgggacagtgaatagatcctgagaacttcagggtgagtctatgggaccettgatgttttctttceecttettttet
atggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgetttcticttttaat
atacttttttgtttatcttattictaatactttccctaatctctttctttcagggcaataatgatacaatgtatcatgectetttgcaccattctaaagaataacagtgataa
tttctgggttaaggcaatageaatatttctgcatataaatattictgcatataaattgtaactgatgtaagaggtttcatattgctaatagcagcetacaatccageta
ccattctgcttttatttictggttgggataaggctggattatictgagtccaagctaggeccttttgetaatcttgticatacctcttatcttcctecccacageteetgg
geaacctgetggtctctctgetggeccatcactttggcaaageacgegtgecaccatggectccaggetgaccctgetgacccteetgetgetgetgetgge
tggggatagagectectcaaatccaaatgetaccagetccagetcccaggatccagagagtttgcaagacagaggegaagggaaggtcgcaacaacagt
tatctccaagatgctattcgttgaacccatcctggaggtttccagettgecgacaaccaactcaacaaccaattcagecaccaaaataacagctaataccact
gatgaacccaccacacaacccaccacagageccaccacccaacccaccatccaacceacccaaccaactacccagetcccaacagatictectaceca
geecactactgggtecttetgeccaggacctgttactetetgetetgacttggagagtcaticaacagaggecgtgttgggggatgctttggtagatttctecct
gaagctctaccacgcectictcagcaatgaagaaggtggagaccaacatggccttttccecattcageatcgecagectecttacccaggtectgetcgggg
ctggggagaacaccaaaacaaacctggagagceatcctctettaccecaaggacttcacctgtgtccaccaggecctgaagggcticacgaccaaaggtgt
cacctcagtctctcagattttccacageccagacctggecataagggacacctttgtgaatgectetcggaccctgtacagcageagecccagagtectaag
caacaacagtgacgccaacttggagctcatcaacacctgggtggccaagaacaccaacaacaagatcageeggetgctagacagtetgeectecgatac
ccgecttgtectectcaatgcetatctacctgagtgccaagtggaagacaacatttgatcccaagaaaaccagaatggaaccctttcacttcaaaaactcagtta
taaaagtgcccatgatgaatagcaagaagtaccctgtggcccatttcattgaccaaactttgaaagecaaggtggggcagetgeagetctcccacaatetga
gtttggtgatcctggtaccccagaacctgaaacatcgtettgaagacatggaacaggetctcagececttetgttticaaggecatcatggagaaactggagat
gtccaagttccageccactctcctaacactaccccgeatcaaagtgacgaccagecaggatatgcetetcaatcatggagaaattggaattcttcgatttttctta
tgaccttaacctgtgtgggctgacagaggaccctgatcttcaggtttctgegatgecageaccagacagtgctggaactgacagagactggggtggaggce
getgeagcecteegecatetetgtggeccgeaccctgetggtetttgaagtgcageageccttectettcgtgetetgggaccageageacaagtteectgtet
tcatggggcgagtatatgaccccagggectgaagatctagagetgaattcetgeagecagggggatcagectetactgtgecttctagttgeccagecatetg
ttgtttgceccteceecttgecttecttgaccctggaaggtgecacteccactgtectttcctaataaaatgaggaaattgeatcacattgtctgagtaggtgtcat
tctattctgggeggtggegtggegcaggacageaagggggaggattgggaagacaatagcaggeatgetggggatgeagtgggctctatggctictga
ggcagaaagaaccagcetggggctcgagatccactagggecgeaggaaccecctagtgatggagttggecactcectetetgegegetegetegetcactg

aggcegggegaccaaaggtegeecgacgecegggctitgcecgggcggectcagtgagegagegagegegeag

2 ctgegegcetegetegetcactgaggecgeccgggcaaageecgggeggectcagtgagegagegagegegeagagagggagtggccaactceatca
ctaggggttcctgeggectagtaggctcagaggcacacaggagtttctgggctcaccetgeccecttccaacccctcagttcccatectccageagetgttt
gtetgctgcctetgaagtccacactgaacaaacticagectactcatgtecctaaaatgggcaaacattgecaagecagecaaacageaaacacacagecctcee
ctgectgetgaccttggagetggggcagaggtcagagacctctctgggeccatgecacctccaacatccactcgaccecttggaatttcggtggagagga
geagaggttgtcctggcgtegtttaggtagtgtgagaggggtacceggggatettgetaccagtggaacagecactaaggatictgcagtgagageagag
ggccagctaagtggtactctcccagagactgtctgactcacgecaccecctecaccttggacacaggacgetgtggtttctgagecaggtacaatgactcct
ttcggtaagtgcagtggaagetgtacactgeccaggeaaagegteccgggeagegtaggegggcgactcagatcccagecagtggacttagecectgttt
getectecgataactggggtgaccttggttaataticaccageagectceccegttgeccctctggatecactgettaaatacggacgaggacagggecctg
tetectcagcettcaggeaccaccactgacctgggacagtgaatagatcctgagaacttcagggtgagictatgggacccttgatgttttctttceccttettttct
atggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgctttctictittaat
atacttttttgtttatcttattictaatactttccctaatctettictttcagggcaataatgatacaatgtatcatgectctttgeaccatictaaagaataacagtgataa
tttctgggttaaggcaatagcaatatttctgcatataaatattictgcatataaattgtaactgatgtaagaggtttcatattgctaatagcagetacaatccageta
ccattctgcettttatttictggttgggataaggctggattattctgagtccaagctaggeccttttgctaatcttgticatacctcttatcttccteccacagetectgg
geaacctgetggtctctctgetggeccatcactttggcaaageacgegtgecaccatggectttctgtggcetgetgtectgetgggeectgetggggaccac
ctttggcaatccaaatgctaccagetccagetcecaggatccagagagtttgcaagacagaggegaagggaaggtcgeaacaacagttatctccaagatg
ctattcgttgaacccatcctggaggtttccagettgccgacaaccaactcaacaaccaattcagecaccaaaataacagetaataccactgatgaacccace
acacaacccaccacagagcccaccacccaacccaccatccaacccacccaaccaactacccagetcecaacagattctectacccageccactactggg
tecttctgeccaggacctgttactctetgetetgacttggagagtcattcaacagaggecgtgtigggggatgetttggtagatttctcectgaagetctaccac
gecttctcageaatgaagaaggtegagaccaacatggecttttccccattcageatcgecagectecttacccaggteetgeteggggcetggggagaacac
caaaacaaacctggagagcatcctetcttaccccaaggacttcacctgtgtccaccaggeectgaagggeticacgaccaaaggtgtcacctcagtctcte
agattttccacagcccagacctggecataagggacacctitgtgaatgectctcggaccctgtacagecageagecccagagtcctaagcaacaacagtga
cgccaacttggagetcatcaacacctgggtggccaagaacaccaacaacaagatcagecggetgetagacagtctgecctecgataccegecttgtectc
ctcaatgctatctacctgagtgccaagtggaagacaacatttgatcccaagaaaaccagaatggaaccctttcacttcaaaaactcagttataaaagtgecca
tgatgaatagcaagaagtaccctgtggcccatticattgaccaaactttgaaagecaaggtgeoocagctgcagetctcccacaatctgagtitgotgatect
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ggtaccccagaacctgaaacatcgtcttgaagacatggaacaggcetctcageccttctgttttcaaggecatcatggagaaactggagatgtecaagttcca
geecactctectaacactaccecgeatcaaagtgacgaccagecaggatatgetctcaatcatggagaaattggaattcttcgatttttcttatgaccttaacct

gtgtggectgacagaggaccctgatcticaggtttctgegatgcageaccagacagtgctggaactgacagagactggggtggaggcggcetgcagecte
cgccatctctgtggeccgeaccetgetggtetttgaagtgcageageccttectettcgtgetetgggaccageageacaagttcectgtcttcatgggecga
gtatatgaccccagggectgaagatctagagetgaattcetgecagecagggggatcagectetactgtgecttctagttgecagecatctgttgtttgececte
ccecttgecttecttgaccetggaaggtgecacteccactgtectttcctaataaaatgaggaaattgeatcacattgtctgagtaggtgteattctattetgggg
ggtggestegoocaggacagcaagggggaggatigggaagacaatageaggeatgetggggatgcagtgggctetatggetictgaggecagaaaga

accagctggggctcgagatccactagggecgeaggaaccectagtgatggagttggccacteectetetgegegetegetegeteactgaggecgggcg
accaaagglcgeccgacgeccgggctttgeecgggeggectcagtgagegagegagegegeag

3 ctgegegcetegetegetcactgaggecgeccgggeaaageecgggeggectcagtgagegagegagegegeagagagggagtggccaactceatca
ctaggggttcctgeggcctagtaggetcagaggeacacaggagtttctgggctcaccetgecececttccaaccectcagttcecatectccageagcetgttt
gtgtgctgectetgaagtccacactgaacaaacticagectactcatgtecctaaaatgggcaaacattgcaagceagcaaacageaaacacacagecctee
ctgectgetgaccttggagetggggcagaggtcagagacctetetgggeccatgecacctccaacatccactcgaccecttggaatttcggtggagagga
gcagaggtigtcctggegtggtitaggtagtgtgagagggatacceggggatettgetaccagtggaacagecactaaggattctgecagtgagageagag
ggccagctaagtggtactctcccagagactgtctgactcacgecaccecctecaccttggacacaggacgetgtggtttctgagecaggtacaatgactcct
ticggtaagtgcagtggaagetgtacactgcccaggcaaagegteccgggeagegtaggegggegactcagatcccagecagtggacttageeectgttt
getectecgataactggggtgaccttggttaataticaccageagectceccegttgeecctetggatccactgettaaatacggacgaggacagggecctg
tcteetcagettcaggeaccaccactgacctgggacagtgaatagatcctgagaacttcagggtgagtctatgggaccecttgatgttttctttceecttcttttet
atggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgctttctictittaat
atacttttttgtttatcttatttctaatactttccctaatctctttctttcagggcaataatgatacaatgtatcatgectetttgecaccattctaaagaataacagtgataa
ttictgggttaaggcaatagcaatattictgcatataaatattictgcatataaattgtaactgatgtaagaggtttcatattgctaatagcagetacaatccageta
ccattctgcttttatttictggttgggataaggctggattattctgagtccaagctaggeccttttgctaatcttgticatacctcttatcttcctcccacagetectgg
geaacctgetggtetetctgetggeccatcactitggecaaageacgegtgccaccatgaagtgggtaacctttatttecctectttttctetttagetcggettatte
caatccaaatgctaccagctccageteccaggatccagagagtttgcaagacagaggcegaagggaaggtcgcaacaacagttatctccaagatgctattc
gttgaacccatcctggaggtttccagetigecgacaaccaactcaacaaccaattcagecaccaaaataacagctaataccactgatgaacccaccacaca
acccaccacagageccaccacccaacccaccatccaacccacccaaccaactacccageteccaacagattctcctacccageccactactgggtecttc
tgcccaggacctgttactctctgetctgacttggagagtcattcaacagaggecgtgtigggggatgctttggtagatttctcectgaagetctaccacgectte
tcagcaatgaagaaggtggagaccaacatggecttttccceattcageatcgecagecteettacccaggtectgeteggggctggggagaacaccaaaa
caaacctggagagcatcctctcttaccccaaggacttcacctgtgtccaccaggecctgaagggcttcacgaccaaaggtgtcacctcagtetctcagatttt
ccacageccagacctggecataagggacacctitgtgaatgectetcggaccectgtacagecageagecccagagtcctaagcaacaacagtgacgecaa
cttggagctcatcaacacctgggtggcecaagaacaccaacaacaagatcagecggetgetagacagtctgecctecgatacccgecttgtcectectcaatg
ctatctacctgagtgecaagtggaagacaacatttgatcccaagaaaaccagaatggaaccctttcactticaaaaactcagttataaaagtgeccatgatgaa
tagcaagaagtaccctgtggeccatttcattgaccaaactttgaaagccaaggtggggcagetgeagetcteccacaatctgagtttggtgatectggtacce
cagaacctgaaacatcgtcttgaagacatggaacaggctctcageccttctgttttcaaggcecatcatggagaaactggagatgtccaagttccageccact
ctcctaacactacceegceatcaaagtgacgaccagecaggatatgetctcaatcatggagaaattggaattctic gatttttcttatgaccttaacctgtgtggg
ctgacagaggaccctgatcticaggttictgcgatgcagcaccagacagtgctggaactgacagagactggggtggaggcggctgcagectccgecatce
tetgtggeccgeaccetgetggtetitgaagtgcageageccttecteticgtgetetgggaccageageacaagtteectgtcticatggggcgagtatatg
accccagggectgaagatctagagetgaattcctgcagecagggggatcagectetactgtgectictagttgecagecatctgttgtttgeeccteceectt
gecttecttgacectggaaggteccacteccactgtectitcctaataaaatgaggaaattgeatcacattgtctgagtaggtgtcattctatictgggggeteg
ggtgggecaggacagcaagggggaggattggeaagacaatagcaggeatgetggggatgcagtgggctetatggettctgaggcagaaagaaccag
ctggggctcgagatccactagggccgeaggaacccctagtgatggagttggccacteectetetgegegetegetegetcactgaggecgggegaccaa
aggtcgeccgacgeccgggctttgeccgggeggcectcagtgagegagegagegegeag

4 ctgegegcetcgcetegetcactgaggecgeccgggcaaageecgggeggcctcagtgagegagegagegegeagagagggagtggccaactceatca
ctaggggttcctgecggectagtaggctcagaggeacacaggagtttctgggetcaccetgeccecttccaacecctcagtticecatectccageagetgttt
gtgtgctgectetgaagtccacactgaacaaacttcagectactcatgtecctaaaatgggcaaacattgcaagceagcaaacageaaacacacagecctee
ctgectgetgaccttggagetgggecagaggtcagagacctetetgggeccatgecaccetccaacatcecactcgaccecttggaatttcggtggagagga
gcagaggtigtectggegtggtitaggtagtgtgagagggatacceggggatcttgetaccagtggaacagecactaaggattctgecagtgagageagag
ggccagcetaagtggtactctcccagagactgtctgactcacgecaccecctecaccttggacacaggacgetgtggtitctgagecaggtacaatgactect
ticggtaagtgcagtggaagetgtacactgeccaggeaaagegtecgggeagegtaggegggegactcagatcccagecagtggacttageeectgttt
getectccgataactggggtgaccttggttaatattcaccageagecteccecgttgeecctetggatceactgettaaatacggacgaggacagggecctg
tetectcagettcaggeaccaccactgacctgggacagtgaatagatcctgagaacttcagggtgagictatgggaccctigatgtittctitceccttcttttct
atggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgctttctictittaat
atacttttttgtttatcttatttctaatactttccctaatetctttctttcagggeaataatgatacaatgtatcatgectetttgecaccattctaaagaataacagtgataa
tttctgggttaaggcaatagcaatatttctgcatataaatattictgcatataaattgtaactgatgtaagaggtttcatattgctaatagcagcetacaatccageta
ccattctgcttttatttictggttgggataaggetggattattctgagtccaagetaggeccttttgctaatcttgticatacctcttatcticctcccacagetectgg
geaacctgetggtetctctgetggeccatcactttggcaaageacgegtgecaccatggegetgtectgggticttacagtcctgagectectacctetgetg
gaagccaatccaaatgctaccagetccagetcccaggatccagagagtttgcaagacagaggegaagggaaggtcgcaacaacagttatctccaagatg
ctattcgttgaacccatcctggagetticcagettgccgacaaccaactcaacaaccaattcagecaccaaaataacagcetaataccactgatgaacccace
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acacaacccaccacagagcccaccacccaacccaccatccaacccacccaaccaactacccagetcecaacagattctectacccageccactactggg
tecttctgeccaggacctgttactetetgetctgacttggagagtcatticaacagaggecegtgttgggggatgetitggtagatttctcectgaagetetaccac
gecttctcageaatgaagaaggtggagaccaacatggecttttccccattcageatcgecagectecttacccaggtectgetcggggctggggagaacac
caaaacaaacctggagagcatcctctcttaccccaaggacttcacctgtgtccaccaggecctgaagggcttcacgaccaaaggtgtcacctcagtetete
agattttccacagcccagacctggecataagggacacctttgtgaatgectctcggaccctgtacagecageagecccagagicctaagcaacaacagtga
cgccaacttggagctcatcaacacctgggtggccaagaacaccaacaacaagatcagecggetgctagacagtctgecctecgataccegecttgtectc
ctcaatgctatctacctgagtgccaagtggaagacaacatttgatcccaagaaaaccagaatggaaccctttcacttcaaaaactcagttataaaagtgecca
tgatgaatagcaagaagtaccctgtggcccatttcattgaccaaactttgaaagecaaggtggggcagetgecagetetcecacaatctgagtttggtgatect
ggtaccccagaacctgaaacategtcttgaagacatggaacaggetctcagecctictgttttcaaggecatcatggagaaactggagatgtccaagttceca
geccactetectaacactaccecgeatcaaagtgacgaccagecaggatatgetctcaatcatggagaaattggaattcttcgatttttcttatgaccttaacct
gtgtgggctgacagaggaccctgatcttcaggtitctgegatgcageaccagacagtgetggaactgacagagactggggtggaggcggctgeagecte
cgcecatctetgtggeccgeacccetgetggtetttgaagtgeageageccttecteticgtgetetgggaccageagceacaagttccctgteticatggggcga
gtatatgaccccagggectgaagatctagagetgaattcctgecagecagggggatcagectctactgtgecttctagttgeccagecatetgttgtttgececte
ceecttgecttecttgacectggaaggtgccacteccactgtectttcctaataaaatgaggaaattgeatcacattgtctgagtaggtgtcattetattctgggg
getggeetggoocaggacagcaagggggaggattgggaagacaatageaggeatgetggggatgcagtgggctctatggettctgaggcagaaaga
accagctggggctcgagatccactagggecgeaggaaccectagtgatggagttggecacteectetetgegegetegetegeteactgaggecgggcg
accaaaggtcgeecgacgeccgggctttgccegggeggectcagtgagegagegagegegeag

5 ctgegegcetegetegetecactgaggecgeccgggeaaagecegggeggectcagtgagegagegagegegeagagagggagtggecaactccatca
ctaggggttcctgeggectagtaggetcagaggeacacaggagttictgggetcacectgeeeccttccaaccectcagttcecatectccageagetgttt
gtgtgctgectctgaagtccacactgaacaaacttcagectactcatgtccctaaaatgggeaaacattgcaagecageaaacageaaacacacagecctcee
ctgectgetgaccttggagetggggcagaggtcagagacctetetgggeccatgecacctccaacatccactcgaceecttggaatttcggtggagagga
geagaggttgtcctggegtggtttaggtagtgtgagaggggtacccggggatcttgetaccagtggaacagecactaaggattctgeagtgagageagag
ggccagcetaagtggtactctcccagagactgtctgactcacgecaccecctecaccttggacacaggacgetgtggttictgagecaggtacaatgactect
ttcggtaagtgcagtggaagcetgtacactgeccaggeaaagegtecgggeagegtaggegggegactcagatcccagecagtggacttageeectgttt
getectecgataactggggtgaccttggttaatattcaccageagecteececcgttgccectetggatccactgcttaaatacggacgaggacagggccctg
tctectcagcettcaggeaccaccactgacctgggacagtgaatagatcctgagaacttcagggtgagtctatgggaccettgatgttttctttceccttettttet
atggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgctttcticttttaat
atacttttttgtttatcttattictaatactttccctaatctctttctttcagggeaataatgatacaatgtatcatgectetttgecaccattictaaagaataacagtgataa
tttctgggttaaggcaatagcaatatttctgcatataaatattictgcatataaattgtaactgatgtaagaggtttcatattgctaatagcagcetacaatccageta
ccattctgcttitatttictggttgggataaggctggattatictgagtccaagetaggeccttttgctaatcettgticatacctcttatcttcctcccacageteetgg
geaacctgetggtetetctgetggeccatcactttggeaaageacgegtgccaccatgaggetcgecgtgggagecectgetggtetgegeegtectgggg
ctgtgtctggetaatccaaatgetaccageteccagetcccaggatccagagagtttgcaagacagaggegaagggaaggtcgcaacaacagttatctcca
agatgctattcgttgaacccatcctggaggtttccagettgecgacaaccaactcaacaaccaattcagecaccaaaataacagcetaataccactgatgaac
ccaccacacaacccaccacagageccaccacccaacccaccatccaaccecacceaaccaactacccagetcccaacagattetcetacccageccacta
ctgggtectictgeccaggacctgttactetctgetetgactiggagagtcattcaacagaggecgtgttgggggatgetttggtagatttctcectgaagetet
accacgccttctcagcaatgaagaaggtggagaccaacatggecttttccecattcageatcgecagectecettacccaggteetgetcggggctggggag
aacaccaaaacaaacctggagagcatcctetcttaccccaaggacttcacctgtgtccaccaggecctgaagggcttcacgaccaaaggtgtcacctcagt
ctctcagattttccacagcccagacctggecataagggacacctttgtgaatgectctcggaccctgtacageageagecccagagtcctaagcaacaaca
gtgacgccaacttggagetcatcaacacctgggtggccaagaacaccaacaacaagatcagecggctgctagacagtctgecctccgataccegecttgt
cctectcaatgetatctacctgagtgecaagtggaagacaacatttgatcccaagaaaaccagaatggaaccctttcacttcaaaaactcagttataaaagtg
cccatgatgaatagcaagaagtaccctgtggcccatttcattgaccaaactttgaaagecaaggtggggcagetgcagetetcccacaatctgagtitggts
atcctggtaccccagaacctgaaacatcgtcttgaagacatggaacaggetctcageccttctgttttcaaggecatcatggagaaactggagatgtccaag
ttccageccactctcctaacactaccccgceatcaaagtgacgaccagecaggatatgetctcaatcatggagaaattggaattcttcgatttttcttatgacctta
acctgtgtgggcetgacagaggaccctgatcticaggttictgegatgcageaccagacagtgctggaactgacagagactggggtggaggeggctgcag
ccteecgecatctetgtggeecgeaccctgetggtetitgaagtgcageageccttecteticgtgetetgggaccageageacaagttceectgtettcatggg
gegagtatatgaccccagggectgaagatctagagetgaaticetgecagecagggggatcagectctactgtgectictagtigecagecatctgttgtttge
cccteeeccttgecttecttgaccetggaaggtgccactcecactgtectttcctaataaaatgaggaaattgeatcacattgtetgagtaggtgtcattctattct
ggeggetgegstgggacaggacageaagggggaggatigggaagacaatageaggeatgetggggatgeagtggactetatggetictgaggeaga
aagaaccagctggggctcgagatccactagggecgeaggaaccectagtgatggagttggecacteectetetgegegetegetegetecactgaggecg
ggcgaccaaaggtegeecgacgeecgggctitgeeegggeggectcagtgagegagegagegegeag

6 ctgegegcetegcetegetcactgaggecgeccgggcaaageecgggeggectcagtgagegagegagegegeagagagggagtgaccaactceatca
ctaggggttcctgeggectagtaggctcagaggcacacaggagtttctgggctcaccetgeccecttccaacccctcagttcccatectccageagetgttt
gtetgctgcctetgaagtccacactgaacaaacttcagectactcatgtecctaaaatgggeaaacattgcaageageaaacageaaacacacagecctcee
ctgectgetgaccttggagetgggecagaggtcagagacctctcetgggeccatgecacctccaacatccactcgaccecttggaatttcggtggagagga
gcagaggttgtcectggegtggtttaggtagtgtgagaggggtacceggggatettgetaccagtggaacagecactaaggattctgecagtgagageagag
ggccagctaagtggtactetcccagagactgtctgactcacgecaccecctecaccttggacacaggacgetgtggtttctgagecaggtacaatgactcct

ttcggtaagtgcagtggaagcetgtacactgeccaggeaaagegtecgggcagegtaggegggcgactcagateccagecagtggacttageecctgttt
getectecgataactggggtgacctiggttaataticaccageagecteccecgttgecectetggatceactgettaaatacggacgaggacagggeectg
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tetectcagcettcaggeaccaccactgacctgggacagtgaatagatcctgagaacttcagggtgagictatgggaccctigatgttttctitceccttettttct
atggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgeatttgtaattttaaaaaatgetttcticttttaat
atacttttttgtttatcttatttictaatactttccctaatctettictttcagggcaataatgatacaatgtatcatgectctttgeaccatictaaagaataacagtgataa
tttctgggttaaggcaatageaatatttctgcatataaatattictgcatataaattgtaactgatgtaagaggtttcatattgctaatagcagetacaatccageta
ccattctgcettttatttictggttgggataaggctggattattctgagtccaagctaggeccttttgctaatcttgticatacctcttatcttccteccacagetectgg
geaacctgetggtctctctgetggeccatcactttggcaaageacgegtgccaccatgaggagecteggggcecctgetettgetgetgagegecetgeetgg
cggtgagcegctaatccaaatgetaccagetccagetcccaggatccagagagtttgcaagacagaggegaagggaaggicgeaacaacagttatcteca
agatgctattcgttgaacccatcctggaggtttccagettgecgacaaccaactcaacaaccaattcagecaccaaaataacagctaataccactgatgaac
ccaccacacaacccaccacagageccaccacccaacceaccatccaacccacccaaccaactacccageteccaacagattetcetacccagecceacta
ctgggtccttctgeccaggacctgttactctetgetctgacttggagagtcattcaacagaggecgigttgggggatgcttggtagatttctecctgaagetct
accacgccttctcagcaatgaagaaggtggagaccaacatggecttttcecccattcageatcgecagectecttacccaggtectgetcggggctggggag
aacaccaaaacaaacctggagagcatcctctcttaccccaaggacttcacctgtgtccaccaggecctgaagggcttcacgaccaaaggtgtcacctcagt
ctctcagattttccacageccagacctggecataagggacacctttgtgaatgectctcggaccctgtacageageagecccagagtcctaagcaacaaca
gtgacgccaacttggagctcatcaacacctgggtggecaagaacaccaacaacaagatcagecggcetgctagacagtctgeccteecgatacecgecttgt
cctectcaatgetatctacctgagtgecaagtggaagacaacatttgatcccaagaaaaccagaatggaaccctttcacttcaaaaactcagttataaaagtg
cccatgatgaatagcaagaagtaccctgtggeccatticattgaccaaactttgaaagecaaggtggggcagetgeagetcteccacaatctgagtitggte
atcctggtaccccagaacctgaaacatcgtcttgaagacatggaacaggetctcagecctictgtittcaaggecatcatggagaaactggagatgtecaag
ttccagccecactctcctaacactaccecgeatcaaagtgacgaccagecaggatatgetctcaatcatggagaaattggaattcttc gatttttcttatgacctta
acctgtgtgggctgacagaggaccctgatcttcaggtttctgegatgcageaccagacagtgetggaactgacagagactggggtggaggeggctgecag
cctecgecatctetgtggecegeaccectgetggtetttgaagtgcageageecttectettcgtgctetgggaccageageacaagttcectgtettcatggg
gegagtatatgaccccagggcctgaagatctagagetgaaticctgeagecagggggatcagectetactgtgectictagttgecagecatetgttgtetge
cceteccecttgecttecttgaccctggaaggtgecacteccactgtectttcctaataaaatgaggaaattgcatcacattgtctgagtaggtgteattctattct
ggeegglgggstgggacaggacageaaggggeaggatigggaagacaatageaggeatgetggggatgeagtggactctatggetictgaggeaga
aagaaccagctggggctcgagatccactagggecgeaggaaccectagtgatggagttggecacteectetctgegegetegetegetcactgaggecg
ggcgaccaaaggtcgeccgacgeccgggctttgccecgggeggecteagtgagegagegagegegeag

7 ctgegegcetegcetegetcactgaggecgeccgggeaaageccgggeggectcagtgagegagegagegegeagagagggagtggccaactceatca
ctaggggttcctgeggcectagtaggetcagaggeacacaggagtttctgggctcaccetgecccecttccaaccectcagttcecatectccageagcetgttt
gtgtgctgectetgaagtccacactgaacaaacticagectactcatgtecctaaaatgggeaaacattgcaagceagcaaacageaaacacacagecctee
ctgectgetgaccttggagetggggcagaggtcagagacctctetgggeccatgecacctccaacatccactcgaccecttggaatttcggtggagagga
geagaggtigtectggegtggtitaggtagtgtgagaggggtacccggggatettgetaccagtggaacagecactaaggatictgeagtgagageagag
ggccagctaagtggtactctcccagagactgtctgactcacgecaccecctecaccttggacacaggacgetgtggtttctgagecaggtacaatgactcct
ticggtaagtgcagtggaagetgtacactgcccaggcaaagegteccgggeagegtaggegggcegactcagatcccagecagtggacttageeectgttt
getectecgataactggggtgaccttggttaatattcaccageagectceccegttgeecctctggatccactgettaaatacggacgaggacagggecctg
tcteetcagettcaggeaccaccactgacctgggacagtgaatagatcctgagaacttcagggtgagtctatgggacccttgatgttttctttceecttcttttet
atggttaagticatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgctttctictittaat
atacttttttgtttatcttatttictaatactttccctaatctettictttcagggcaataatgatacaatgtatcatgectctttgeaccatictaaagaataacagtgataa
ttictgggttaaggcaatagcaatatttctgcatataaatattictgcatataaattgtaactgatgtaagaggtttcatattgctaatagcagcetacaatccageta
ccattctgcttttatttictggttgggataaggctggattattctgagtccaagetaggeccttttgctaatcttgticatacctcttatcttccteccacagetectgg
geaacctgctggtetctetgetggeccatcactttggcaaageacgegteccaccatggeggeccecggeagegeccggegaccectgetgetgcetactg
ctgttgctgctgetcggectcatgeattgtgegtcageaaatccaaatgetaccagetccagetcccaggatccagagagtttgcaagacagaggegaagg
gaaggtcgcaacaacagttatctccaagatgctattcgtigaacccatectggaggtttccagettgecgacaaccaactcaacaaccaattcagecaccaa
aataacagctaataccactgatgaacccaccacacaacccaccacagageccaccacccaacccaccatccaacceacccaaccaactacccageteee
aacagattctcctacccageccactactgggtecttctgeccaggacctgttactetctgetctgacttggagagtcattcaacagaggecgtgttgggggat
getttggtagattictcectgaagetctaccacgectictcagcaatgaagaaggtggagaccaacatggecttticcecattcageatcgecagectecttac
ccaggtcctgetegggectggggagaacaccaaaacaaacctggagageatcctetettaccccaaggacttcacctgtgtccaccaggecctgaaggg
cttcacgaccaaaggtgtcacctcagtctctcagattttccacageccagacctggecataagggacacctttgtgaatgectctcggaccctgtacageag
cagccccagagtectaagcaacaacagtgacgccaacttggagcetcatcaacacctgggtggecaagaacaccaacaacaagatcagecggetgetag
acagtctgccctccgataccegecttgtectectcaatgetatctacctgagtgecaagtggaagacaacatttgatcccaagaaaaccagaatggaaccctt
tcacttcaaaaactcagttataaaagtgcccatgatgaatagcaagaagtaccctgtggeccatttcattgaccaaactttgaaagecaaggtggggcagetg
cagctctcccacaatctgagtttggtgatectggtaccccagaacctgaaacategtettgaagacatggaacaggetctcageccttetgttttcaaggecat
catggagaaactggagatgtccaagttccageccactetcctaacactaccccgeatcaaagtgacgaccagecaggatatgetctcaatcatggagaaat
tggaattcttcgatttttcttatgaccttaacctgtgtgggetgacagaggaccctgatcttcaggttictgcgatgecageaccagacagtgetggaactgacag
agactggggtggagocggctgcagectcegecatetetgtggeccgeacectgetggtetttgaagtgcageageccttectettegtgetctgggaccag
cagcacaagttccctgtcttcatggggcgagtatatgaccccagggectgaagatctagagetgaaticctgcagecagggggatcagectctactgtgee
ttctagttgccagecatctgttgtttgecectcceecttgecttecttgacectggaaggtgecactcecactgtectttcctaataaaatgaggaaattgeatca
cattgictgagtaggtgtcatictatictggggggtggggigggacaggacagcaagggggageatigggaagacaatagcaggealgeiggggatgea
gtggectctatggcetictgaggcagaaagaaccagetggggctcgagatccactagggecgeaggaaccectagtgatggagttggccacteectetctg
cgegcetegetegetcactgaggecgggegaccaaaggtcgeccgacgecegggctitgeecgggeggectcagtgagegagegagegegeag

34




WO 2022/165027 PCT/US2022/014091

8 ctgegegcetcgcetegetcactgaggecgeccgggcaaageecgggeggcctcagtgagegagegagegegeagagagggagtggccaactceatca
ctaggggttcctgeggcctagtaggctcagaggeacacaggagtttctgggcetcacectgeccccttccaaccectecagticccatectccageagetgttt
gtgtgctgectetgaagtccacactgaacaaacticagectactcatgtecctaaaatgggcaaacattgcaagceagcaaacageaaacacacagecctee
ctgectgetgaccttggagetggggeagaggtcagagacctetctgggeccatgecacctccaacatccactcgaccecttggaatticggtggagagga
gcagaggtigtectggegtggtitaggtagtgtgagagggatacccggggatcttgetaccagtggaacagecactaaggattctgecagtgagageagag
ggccagcetaagtggtactctcccagagactgtctgactcacgecaccecctecaccttggacacaggacgetgtggtitctgagecaggtacaatgactect
ticggtaagtgcagtggaagetgtacactgeccaggeaaagegtecgggeagegtaggegggegactcagatcecagecagtggacttagecectgttt
getectecgataactggggtgaccttggttaatattcaccageagectceccegttgeecctetggatecactgettaaatacggacgaggacagggecctg
tctectcagettcaggeaccaccactgacctgggacagtgaatagatcctgagaacticagggtgagtctatgggacccttgatgttttctitccecttettttet
atggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgctttctictittaat
atacttttttgtttatcttatttctaatactttccctaatctctttctttcagggcaataatgatacaatgtatcatgectetttgecaccattctaaagaataacagtgataa
tttctgggttaaggcaatagcaatatttctgcatataaatatttctgcatataaattgtaactgatgtaagaggtttcatattgctaatagcagcetacaatccageta
ccattctgcttttatttictggttgggataaggetggattattctgagtccaagetaggceccttttgctaatcttgttcatacctcttatcttcctcccacagetectgg
geaacctgetggtetctetgetggeccateactitggcaaageacgegtgecaccatggaaccagetgetgetctgeacttctecctgecagectecctecte
cteetectgetectectecttctcagectgtgtgcactggtctcagecaatccaaatgetaccagetccageteccaggatccagagagtttgcaagacagag
gegaagggaaggtcgcaacaacagttatctccaagatgctattcgttgaacccatcctggaggtitccagettgecgacaaccaactcaacaaccaattcag
ccaccaaaataacagctaataccactgatgaacccaccacacaacccaccacagageccaccacccaacccaccatccaacccacceaaccaactace
cagctcccaacagattctectacccageccactactgggtecttctgeccaggacctgttactetctgctetgacttggagagtcattcaacagaggecgtgtt
gggggatgctttggtagatttctccctgaagetctaccacgectictcagcaatgaagaaggtggagaccaacatggecttttccceattcageatcgecage
ctecttacccaggtectgeteggggctggggagaacaccaaaacaaacctggagageatectetettaccccaaggacttcacctgtgtccaccaggecct
gaagggcticacgaccaaaggtgtcacctcagtctctcagattticcacageccagacctggecataagggacacctttgtgaatgectetcggaccctgta
cagcagcagccccagagtcctaagcaacaacagtgacgecaacttggagcetcatcaacacctgggtggecaagaacaccaacaacaagatcagecgg
ctgctagacagtctgecctecgataccegecttgtectcctcaatgetatctacctgagtgecaagtggaagacaacatttgatcccaagaaaaccagaatg
gaaccctttcacttcaaaaactcagttataaaagtgeccatgatgaatagcaagaagtaccctgtggeccatttcattgaccaaactttgaaagccaaggteg
ggcagcetgecagetctcccacaatetgagtitggtgatectggtacceccagaacctgaaacatcgtettgaagacatggaacaggcetetcagececttetgttte
aaggccatcatggagaaactggagatgtccaagttccageccactetectaacactaceccgeatcaaagtgacgaccagecaggatatgetctcaatcat
ggagaaattggaattcttcgatttttcttatgaccttaacctgtgtgggctgacagaggacccetgatcttcaggtttctgecgatgcageaccagacagtgetgg
aactgacagagactggggtggaggcgactgcagectcegecatctetgtggeecgeaccetgetggtetttgaagtgcageageccttectettegtgetct
gggaccagcagceacaagttcectgtcttcatggggcgagtatatgaccccagggectgaagatctagagetgaattcctgcagecagggggatcagecte
tactgtgecttctagttgecagecatetgttgtitgecectececcttgecttecttgacectggaaggtgecactcceactgtectticctaataaaatgaggaa
attgcatcacattgtctgagtaggtgtcatictattctgggggetegootggoocaggacageaagggggaggattgggaagacaatagcaggeatgctg
gggatgcagtgggctctatggettctgaggecagaaagaaccagetgggectcgagatccactagggecgeaggaacceectagtgatggagttggccact
ceetetetgegegetegetegetcactgaggecgggegaccaaaggtegeccgacgeecgggctitgeccgggeggectcagtgagegagegagege
geag

9 ctgegegcetegcetegetcactgaggecgeecgggcaaageecgggeggectcagtgagegagegagegegeagagagggagtgeccaactceatca
ctaggggttcctgeggcectagtaggetcagaggeacacaggagtttctgggctcaccetgeccecttccaaccectcagttcecatectccageagcetgttt

gtgtgctgectetgaagtccacactgaacaaacticagectactcatgtecctaaaatgggeaaacattgcaagceagcaaacagcaaacacacagecctee
ctgectgetgaccttggagetggggcagaggtcagagacctctetgggeccatgecacctccaacatccactcgaccecttggaatttcggtggagagga

geagaggttgtcctggegtagtttaggtagtgtgagaggggtacceggggatettgetaccagtggaacagecactaaggatictgcagtgagageagag
ggccagctaagtggtactctcccagagactgtctgactcacgecaccecctecaccttggacacaggacgetgtggtttctgagecaggtacaatgactcct
ttcggtaagtgcagtggaagetgtacactgeccaggeaaagegtccgggeagegtaggegggcgactcagatcccagecagtggacttagecectgttt

getectecgataactggggtgaccttggttaataticaccageagectceccegttgeecctctggatecactgettaaatacggacgaggacagggecctg
tcteetcagettcaggeaccaccactgacctgggacagtgaatagatcctgagaacttcagggtgagtctatgggacccttgatgttttctttceecttcttttet

atggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgctttctictittaat
atacttttttgtttatcttatttctaatactttccctaatctettictttcagggcaataatgatacaatgtatcatgectctttgcaccattctaaagaataacagtgataa
tttctgggttaaggcaatagecaatatttctgcatataaatattictgcatataaattgtaactgatgtaagaggtttcatattgctaatagcagetacaatccageta

ccattctgcttttatttictggttgggataaggctggattattctgagtccaagctaggeccttttgctaatcttgticatacctcttatcttccteccacagetectgg
geaacctgetggtetctctgetggeccatcactttggcaaageacgegtgccaccatgtggetgecttgggetetgtigetictetgggtcccaggatgttttg

ctaatccaaatgctaccagcetccagetcccaggatccagagagtttgcaagacagaggegaagggaaggtcgcaacaacagttatctccaagatgctatte
gttgaacccatcctggaggtticcagettgecgacaaccaactcaacaaccaattcagecaccaaaataacagcetaataccactgatgaacccaccacaca
acccaccacagageccaccacccaacccaccatccaacccacccaaccaactacccageteccaacagattctectacccageccactactgggtecttc
tgcccaggacctgttactctctgetetgacttggagagtcattcaacagaggecgtgtigggggatgctttggtagatttctcectgaagetctaccacgectte
tcagcaatgaagaaggtggagaccaacatggecttttccceattcageatcgecagecteettacccaggtectgeteggggctggggagaacaccaaaa
caaacctggagagcatcctctcttaccccaaggacttcacctgtgtccaccaggecctgaagggcticacgaccaaaggtgtcacctcagtetctcagatttt
ccacagceccagacctggecataagggacacctttgtgaatgectctcggaccctgtacageageagecccagagtcctaagcaacaacagtgacgecaa
cttggagctcatcaacacctgggtggcecaagaacaccaacaacaagatcagecggetgetagacagtctgecctecgatacecgecttgtectectcaatg
ctatctacctgagtgccaagtggaagacaacatttgatcccaagaaaaccagaatggaaccctttcacttcaaaaactcagttataaaagtgeccatgatgaa
tagcaagaagtaccctgtggeccatttcattgaccaaactttgaaagccaaggtggggcagetgcagetcteccacaatctgagtttggtgatcectggtacce
cagaacctgaaacatcgtcttgaagacatggaacaggctctcagecctictgttticaaggcecatcatggagaaactggagatgtccaagttccageccact
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ctcctaacactaccecgeatcaaagtgacgaccagecaggatatgetctcaatcatggagaaattggaattcttcgatttttcttatgaccttaacctgtgtggg
ctgacagaggaccctgatcticaggttictgegatgecageaccagacagtgetggaactgacagagactggggtegaggcggctgcagectccgecate
tetgtggeecgeaccctgetggtetitgaagtgecageageccttecteticgtgetctgggaccageageacaagttcectgtettcatggggegagtatatg

accccagggcectgaagatctagagetgaattcctgecagecagggggatcagectetactgtgectictagttgecagecatetgttgtttgecccteceectt

gecttecttgaccctggaaggtgecacteccactgtectttcctaataaaatgaggaaattgeatcacattgtctgagtaggtgtcattctatictgggggateg
ggtgggocaggacagcaagggggageattgggaagacaatageaggeatgetggggatgcagtgggctctatggetictgaggcagaaagaaccag

ctggggctcgagatccactagggecgeaggaaccectagtgatggagttggecactecctetetgegegetegetegeteactgaggecgggegaccaa
aggtcgeccgacgeccgggctttgeccgggeggectcagtgagegagegagegegeag

10

ctgegegcetegetegetecactgaggecgeccgggcaaageccgggeggectcagtgagegagegagegegeagagagggagtggecaactecatca
ctaggggttcctgeggcectagtaggetcagaggeacacaggagttictgggetcacectgececcttccaaccectcagttcecatectccageagetgttt
gtgtgctgectctgaagtccacactgaacaaacttcagectactcatgtccctaaaatgggeaaacattgcaagcagcaaacageaaacacacagecctce
ctgectgetgaccttggagetggggcagaggtcagagacctetetgggeccatgecacctccaacatccactcgaceecttggaatttcggtggagagga
geagaggttgtectggegtggtttaggtagtgtgagaggggtacceggggatettgetaccagtggaacagecactaaggattctgecagtgagageagag
ggccagcetaagtggtactctcccagagactgtctgactcacgecacceectecaccttggacacaggacgetgtggttictgagecaggtacaatgactect
ttcggtaagtgcagtggaagcetgtacactgeccaggeaaagegtecgggeagegtaggegggcgactcagatcccagecagtggacttageeectgttt
getectecgataactggggtgaccttggttaatattcaccageagecteececccgttgccectetggatccactgcttaaatacggacgaggacagggccctg
tctectcagcettcaggeaccaccactgacctgggacagtgaatagatcctgagaacttcagggtgagtctatgggaccettgatgttttctttceccttettttct
atggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgctttcticttttaat
atacttttttgtttatcttattictaatactttccctaatctctttctttcagggeaataatgatacaatgtatcatgectetttgecaccattctaaagaataacagtgataa
tttctgggttaaggcaatageaatatttctgcatataaatattictgcatataaattgtaactgatgtaagaggtttcatattgctaatagcagcetacaatccageta
ccattctgcttttatttictggttgggataaggctggattatictgagtccaagctaggeccttttgctaatcttgticatacctcttatcttcctecccacageteetgg
geaacctgetggtetetctgetggeccatcactttggcaaageacgegtgccaccatgeecgeectgegeeccgetetgetgtgggegetgetggegetet
ggctgtgetgecgeggeccecgegeatgcaaatccaaatgetaccagetccageteccaggatccagagagtttgcaagacagaggegaagggaaggic
gcaacaacagttatctccaagatgctattcgttgaacccatcctggaggtttccagettgeccgacaaccaactcaacaaccaattcagecaccaaaataaca
gctaataccactgatgaacccaccacacaacccaccacagageccaccacccaacceaccatccaaccecacccaaccaactacccageteccaacaga
ttctectacccageccactactgggtecttetgeccaggacctgttactetetgetctgacttggagagtcattcaacagaggecgtgtigggggatgctitggt
agatttctccctgaagetctaccacgcecttctcagecaatgaagaaggtggagaccaacatggecttttccccattcageatcgecagectecttacccaggte
ctgeteggggctggggagaacaccaaaacaaacctggagageatectctettaccccaaggacttcacctgtgteccaccaggecctgaagggcticacga
ccaaaggtgtcacctcagtctctcagattttccacageccagacctggecataagggacacctttgtgaatgectetcggaccctgtacagcageagececa
gagtcctaagcaacaacagtgacgecaacttggagetcatcaacacctgggtggeccaagaacaccaacaacaagatcagecggctgctagacagtetge
cctecgatacecgecttgtectectcaatgetatctacctgagtgecaagtggaagacaacatttgatcccaagaaaaccagaatggaaccctttcacttcaa
aaactcagttataaaagtgcccatgatgaatagcaagaagtaccctgtggeccatticattgaccaaactttgaaagccaaggtgggecagetgcagetete
ccacaatctgagtttggtgatcctggtaccccagaacctgaaacatcgtettgaagacatggaacaggetctcageccttctgttttcaaggecatcatggag
aaactggagatgtccaagttccageccactctcctaacactaccecgeatcaaagtgacgaccagecaggatatgetctcaatcatggagaaattggaattc
ttcgatttttcttatgaccttaacctgtgtgggctgacagaggaccetgatcttcaggtitctgegatgcageaccagacagtgctggaactgacagagactgg
ggtggaggcgectgecagecteegecatetetgtggeccgeacectgetggtetttgaagtgecageageccttectettcgtgetetgggaccageageaca
agttcectgtettcatggggegagtatatgaccccagggectgaagatctagagetgaattcctgeagecagggggatcagectctactgtgectictagttg
ccagccatctgttgtttgccecteccecttgectteettgacectggaaggtgccacteccactgtectticctaataaaatgaggaaattgcatcacattgtetg
agtaggtgtcatictattctggggagtggagtggggcaggacageaagggggaggatigggaagacaatageaggeatgetggggatgeagtgggcte
tatggcttctgaggcagaaagaaccagetggggctcgagatccactagggecgeaggaaccectagtgatggagttggecactecctetetgegegeteg
ctegcetcactgaggecgggegaccaaaggtcgeccgacgeccgggcetttgeccgggeggcctcagtgagegagegagegegeag

11

ctgegegcetegetegetcactgaggecgeecgggcaaageecgggeggectcagtgagegagegagegegeagagagggagtgaccaactceatca
ctaggggttcctgeggectagtaggetcagaggcacacaggagtttctgggctcaccetgeccecttccaacccctcagttcccatectccageagetgttt
gtgtgctgectetgaagtccacactgaacaaacticagectactcatgtecctaaaatgggeaaacattgcaagceagcaaacageaaacacacagecctee
ctgectgetgaccttggagetgggecagaggtcagagacctctcetgggeccatgecacctccaacatccactcgaccecttggaatttcggtggagagga
geagaggttgtcctggcgtegtttaggtagtgtgagaggggtacceggggatettgetaccagtggaacagecactaaggatictgcagtgagageagag
ggccagctaagtggtactctcccagagactgtctgactcacgecaccecctecaccttggacacaggacgetgtggtttctgagecaggtacaatgactcct
ttcggtaagtgcagtggaagetgtacactgeccaggeaaagegteccgggeagegtaggegggcgactcagatcccagecagtggacttagecectgttt
getectecgataactggggtgaccttggttaataticaccageagectceccegttgeccctetggatecactgettaaatacggacgaggacagggecctg
tcteetcagettcaggeaccaccactgacctgggacagtgaatagatcectgagaacttcagggtgagtctatgggacccttgatgttttctttceecttcttttet
atggttaagticatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgctttctictittaat
atacttttttgtttatcttatttctaatactttccctaatctettictttcagggcaataatgatacaatgtatcatgectctttgecaccatictaaagaataacagtgataa
tttctgggttaaggcaatagecaatatttctgcatataaatattictgcatataaattgtaactgatgtaagaggtttcatattgctaatagcagetacaatccageta
ccattctgcttttatttictggttgggataaggctggattattctgagtccaagctaggeccttttgctaatcttgticatacctcttatcttccteccacagetectgg
geaacctgctggtctctctgetggeccatcactitggcaaageacgegtgccaccatggetetcagectetggecectgetgetgetgetgetgetgetgetg
ctgctgtcctttgcaaatccaaatgetaccagetccagetcecaggatccagagagtttgcaagacagaggegaagggaaggtcgcaacaacagttatctc
caagatgctattcgttgaacccatcctggaggtttccagettgecgacaaccaactcaacaaccaattcagecaccaaaataacagetaataccactgatga
acccaccacacaacccaccacagageccaccacccaacccaccatccaacceacccaaccaactacccageteccaacagattctectaccecageeca
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ctactgggtecttctgeccaggacctgttactetctgetctgacttggagagtcatticaacagaggecgtgtigggggatgctitggtagatttctcectgaage
tctaccacgccttctcagcaatgaagaaggtggagaccaacatggecttttccecattcageatcgecagectecttacccaggtectgetcgggectegg

gagaacaccaaaacaaacctggagagcatcctctcttaccccaaggacttcacctgtgtecaccaggecctgaagggcttcacgaccaaaggtgtcacct

cagtctctcagattttccacagcccagacctggecataagggacacctttgtgaatgectetcggaccctgtacagcageagecccagagtectaageaac

aacagtgacgccaacttggagctcatcaacacctgggtggccaagaacaccaacaacaagatcagecggctgctagacagtctgecctecgatacecge
cttgtcctectcaatgcetatctacctgagtgecaagtggaagacaacatttgatcccaagaaaaccagaatggaaccctttcacttcaaaaactcagttataaa
agtgcccatgatgaatagcaagaagtaccctgtggeccatticattgaccaaactttgaaagecaaggtggggcagetgeagetctcccacaatctgagttt

ggtgatcctggtaccccagaacctgaaacatcgtcttgaagacatggaacaggetctcagecctictgtittcaaggecatcatggagaaactggagatgte

caagttccagcccactctectaacactaccececgeatcaaagtgacgaccagecaggatatgetctcaatcatggagaaattggaattcttc gatttttcttatga
ccttaacctgtgtgggctgacagaggaccetgatcttcaggtitctgegatgeageaccagacagtgetggaactgacagagactggggtggaggcgact
geagcctecgcecatctctgtggeccgeaccctgetggtetttgaagtgcageageccttectettcgtgetctgggaccageageacaagtteectgtettca
tggggcgagtatatgaccccagggectgaagatctagagetgaattectgcagecagggggatcagectctactgtgectictagttgecagecatctgttg
tttgcccecteccccttgecttecttgacectggaaggtgecactcccactgtectttcctaataaaatgaggaaattgeatcacattgtctgagtaggtgteattet
attctggggggiggggtgggacaggacageaagggggaggatigggaagacaatagcaggeatgeiggggatgcagigggctctatggetictgagg

cagaaagaaccagctgggectcgagatccactagggecgcaggaacccectagtgatggagttggccactecctetetgegegetcegetegeteactgag
geegggegaccaaaggtegeccgacgeecgggctitgeccgggeggectcagtgagegagegagegegeag

12

ctgegegcetegcetegetcactgaggecgeecgggcaaageecgggeggectcagtgagegagegagegegeagagagggagtggccaactceatca
ctaggggttcctgeggcectagtaggetcagaggeacacaggagtttctgggctcaccetgeccecttccaacccectcagttcecatectccageagetgttt

gtgtgctgectetgaagtccacactgaacaaacticagectactcatgtecctaaaatgggeaaacattgcaagceageaaacageaaacacacagecctee
ctgectgetgaccttggagetggggeagaggtcagagacctetetgggeccatgecacctccaacatccactcgaccecttggaatttcggtggagagga

geagaggtigtectggegtggtitaggtagtgtgagagggotacccggggatettgetaccagtggaacagecactaaggattctgecagtgagageagag
ggccagctaagtggtactctcccagagactgtctgactcacgecaccecctecaccttggacacaggacgetgtggtttctgagecaggtacaatgactcct
ticggtaagtgcagtggaagetgtacactgeccaggeaaagegtecgggeagegtaggegggegactcagatcecagecagtggacttagecectgttt

getectecgataactggggtgaccttggttaatattcaccageagectceccegttgeecctetggatccactgettaaatacggacgaggacagggecctg
tctectcagettcaggeaccaccactgacctgggacagtgaatagatcctgagaacticagggtgagtctatgggacccttgatgttttctitccecttettttet

atggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgctttctictittaat
atacttttttgtttatcttatttctaatactttccctaatctctttctttcagggcaataatgatacaatgtatcatgectetttgecaccattctaaagaataacagtgataa
tttctgggttaaggcaatagcaatatttctgcatataaatattictgcatataaattgtaactgatgtaagaggtttcatattgctaatagcagcetacaatccageta

ccattctgcttttatttictggttgggataaggctggattattctgagtccaagetaggeccttttgctaatcttgticatacctcttatcttcctcccacagetectgg
geaacctgetggtetetctgetggeccatcactitggecaaageacgegtgecaccatgaagtecctegtectgetectttgtcttgetcagetetggggctgce
actcaaatccaaatgctaccagetccagetcccaggatccagagagtttgcaagacagaggegaagggaaggtcgcaacaacagttatctccaagatgct
attcgttgaacccatcctggaggtttccagettgccgacaaccaactcaacaaccaattcagecaccaaaataacagcetaataccactgatgaacccaccac
acaacccaccacagagceccaccacccaacccaccatccaacccacccaaccaactacccageteccaacagattetcctacccageccactactgggtc
cttctgeccaggacctgttactctctgetctgacttggagagtcattcaacagaggecegtgttgggggatgctitggtagatttctcecctgaagetctaccacge
cttctcagcaatgaagaaggtggagaccaacatggecttttceccattcageatcgecagectecttacccaggtectgetcggggctggggagaacacca
aaacaaacctggagagcatcctctcttaccccaaggacttcacctgtgtccaccaggecctgaagggcticacgaccaaaggtgtcacctcagtetctcag

attttccacageccagacctggecataagggacacctttgtgaatgectctcggaccctgtacageageagecccagagtcctaagcaacaacagtgacg

ccaacttggagctcatcaacacctgggtggccaagaacaccaacaacaagatcagecggetgctagacagtctgecctecgatacccgecttgtectcecte
aatgctatctacctgagtgecaagtggaagacaacatttgatcccaagaaaaccagaatggaaccctttcacttcaaaaactcagttataaaagtgeccatga
tgaatagcaagaagtaccctgtggeccatttcattgaccaaactttgaaagccaaggtggggcagetgeagetctcceacaatctgagtttggtgatectggt
accccagaacctgaaacatcgtcttgaagacatggaacaggetctcagecctictgttitcaaggecatcatggagaaactggagatgtccaagticcagee
cactctcctaacactacccegceatcaaagtgacgaccagecaggatatgetctcaatcatggagaaattggaattcttcgatttttcttatgaccttaacctgtgt
gggctgacagaggaccctgatcticaggttictgegatgcageaccagacagtgetggaactgacagagactggggtggaggeggetgcagectcege

catctetgtggeecgeaccctgetggtetitgaagtgcageagecctiectcticgtgetctgggaccageagceacaagttcectgtcticatggggcgagta
tatgaccccagggcctgaagatctagagetgaattectgecagecagggggatcagectctactgtgectictagttgccagecatctgttgtttgeecctece

cettgecttecttgacectggaaggtgecactcecactgtectttcctaataaaatgaggaaattgecatcacattgtetgagtaggtgteattctatictgggegg
tggggtgggecaggacagcaagggggaggattgggaagacaatagcaggeatgctggggatgcagtgggctctatggetictgaggcagaaagaacc
agctggggctcgagatccactagggecgeaggaaccectagtgatggagttggecacteectetetgegegetcgetegetcactgaggecgggegace

aaaggtcgcecgacgeceggectttgcccgggeggcctcagtgagegagegagegegeag

13

ctgegegcetegetegetcactgaggecgeecgggeaaageecgggeggectcagtgagegagegagegegeagagagggagtggecaactceatca
ctaggggttcctgeggectagtaggetcagaggeacacaggagtttctgggetcaccetgeccecttccaaccectcagttcccatectccageagetgttt
gtgtgctgectetgaagtccacactgaacaaacttcagectactcatgtecctaaaatgggceaaacattgcaagcageaaacagcaaacacacagecctce
ctgectgetgaccttggagetgggecagaggtcagagacctetctgggeccatgecaccetccaacatcecactcgaccecttggaatticggtggagagga
gcagaggttgtectggegtggtitaggtagtgtgagagggatacceggggatcttgetaccagtggaacagecactaaggattctgecagtgagageagag
ggccagcetaagtggtactctcccagagactgtctgactcacgecaccecctccaccttggacacaggacgetgtggtitctgagecaggtacaatgactect
ttcggtaagtgcagtggaagetgtacactgeccaggeaaagegtecgggeagegtaggegggegactcagatcccagecagtggacttageecctgttt
getectccgataactggggtgaccttggttaatattcaccageagecteccecgttgeccctetggatceactgettaaatacggacgaggacagggecctg
tetectcagettcaggeaccaccactgacctgggacagtgaatagatcctgagaacticaggetgagictatggoaccetigatgtittctitceccttcttttct
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atggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgctttcticttttaat
atacttttttgtttatcttatttctaatactttcectaatetctttctitcagggeaataatgatacaatgtatcatgectetttgecaccattctaaagaataacagtgataa
tttctgggttaaggcaatagcaatatttctgcatataaatattictgcatataaattgtaactgatgtaagaggtttcatattgctaatagcagcetacaatccageta
ccattctgcttttatttictggttgggataaggetggattattctgagtccaagetaggeccttttgctaatcttgttcatacctcttatcttcctecccacagetectgg
geaacctgetggtetctctgetggeccatcactttggcaaageacgegtgccaccatgaagticgecctggtggecgecctggecectgetgetgttectgtg
gagcagctgcagggccaatccaaatgctaccagetecageteccaggatccagagagtttgcaagacagaggegaagggaaggtcgcaacaacagtta
tctccaagatgcetattcgttgaacceatcctggaggtticcagettgecgacaaccaactcaacaaccaattcagecaccaaaataacagctaataccactga
tgaacccaccacacaacccaccacagageccaccacccaacccaccatccaacccacccaaccaactacccagetcccaacagattctectacccagee
cactactgggtccttctgeccaggacctgttactctetgetetgactiggagagtcaticaacagaggecgtgttgggggatgetttggtagattictcectgaa
getetaccacgectictcagcaatgaagaaggtggagaccaacatggecttttceccattcageatcgecagectecttacccaggtectgeteggggctgg
ggagaacaccaaaacaaacctggagagcatcctctcttaccccaaggacttcacctgtgtccaccaggecctgaagggcttcacgaccaaaggtgtcace
tcagtctctcagattttccacageccagacctggecataagggacacctttgtgaatgectcteggaccctgtacagcageagecccagagtcectaagcaac
aacagtgacgccaacttggagctcatcaacacctgggtggccaagaacaccaacaacaagatcagecggcetgctagacagtctgecctcegataccege
cttgtcctectcaatgetatctacctgagtgecaagtggaagacaacatttgatcccaagaaaaccagaatggaaccctttcacttcaaaaactcagttataaa
agtgcccatgatgaatagcaagaagtaccctgtggeccatttcattgaccaaactttgaaagecaaggtggggcagetgeagetctcccacaatctgagttt
ggtgatcctggtaccccagaacctgaaacatcgtcttgaagacatggaacaggetctcagecctictgtiticaaggecatcatggagaaactggagatgte
caagttccageccactctcctaacactaccccgeatcaaagtgacgaccagecaggatatgetctcaatcatggagaaattggaattettcgatttttcttatga
ccttaacctgtgtgggctgacagaggaccctgatcticaggtttctgcgatgcageaccagacagtectggaactgacagagactgggotegagecgect
geagcectecgecatctctgtggeccgeaccctgetggtctttgaagtgcageageccttectettcgtgetctgggaccageagceacaagttecctgtettca
tggggcgagtatatgaccccagggectgaagatctagagetgaattcetgecagecagggggatcagectetactgtgecttctagttgecagecatetgttg
tttgeeecteececttgecttecttgacectggaaggtgccacteccactgtectttcctaataaaatgaggaaattgeatcacattgtctgagtaggtgteattet
attctggggggiggggtgggacaggacagcaagggggaggatigggaagacaatagcaggeatgetggggatgcagtgggctctatggctictgagg
cagaaagaaccagctggggctcgagatccactagggecgeaggaaccectagtgatggagtiggecacteectetetgegegetcegetegeteactgag

geegggegaccaaaggtegecegacgeccgggctttgcccgggeggcctcagtgagegagegagegegcag

14

ctgegegcetegetegetecactgaggecgeccgggcaaageccgggeggectcagtgagegagegagegegeagagagggagtggecaactecatca
ctaggggttcctgeggcectagtaggetcagaggeacacaggagttictgggetcacectgeeeccttccaaccectecagttcecatectccageagetgttt
gtgtgctgectctgaagtccacactgaacaaacttcagectactcatgtccctaaaatgggeaaacattgcaageagcaaacageaaacacacagecctce
ctgectgetgaccttggagetggggcagaggtcagagacctetetgggeccatgecacctccaacatccactcgaceecttggaatttcggtggagagga
geagaggttgtcctggegtagtttaggtagtgtgagaggggtacccggggatcttgetaccagtggaacagecactaaggattctgeagtgagageagag
ggccagcetaagtggtactctcccagagactgtctgactcacgecacceectecaccttggacacaggacgetgtggttictgagecaggtacaatgactect
ttcggtaagtgcagtggaagetgtacactgeccaggeaaagegtecgggeagegtaggegggegactcagatcccagecagtggacttageeectgttt
getectecgataactggggtgaccttggttaatattcaccageagecteeecccgttgccectetggatccactgcttaaatacggacgaggacagggccctg
tctectcagcettcaggeaccaccactgacctgggacagtgaatagatcctgagaacttcagggtgagtctatgggaccettgatgttttctttceccttettttet
atggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgctttcticttttaat
atacttttttgtttatcttattictaatactttccctaatctctttctttcagggeaataatgatacaatgtatcatgectetttgecaccattictaaagaataacagtgataa
tttctgggttaaggcaatagcaatatttctgcatataaatattictgcatataaattgtaactgatgtaagaggtttcatattgetaatagcagcetacaatccageta
ccattctgcttttatttictggttgggataaggctggattatictgagtccaagetaggeccttttgctaatcttgticatacctcttatcttcctcccacageteetgg
geaacctgetggtetctctgetggeccatcactttggeaaageacgegtgecaccatgaagttcgecctggtggecgeectggeectgetgetgttectgtg
gggctgecacagcaatccaaatgctaccagetccagetcccaggatccagagagtttgcaagacagaggegaagggaaggtcgcaacaacagttatcte
caagatgctattcgttgaacccatcctggaggtttccagettgeccgacaaccaactcaacaaccaattcagecaccaaaataacagetaataccactgatga
acccaccacacaacccaccacagageccaccaccecaacccaccatccaacccacccaaccaactaccecageteccaacagattctectacccagecca
ctactgggtccttctgeccaggacctgttactetctgetctgacttggagagtcattcaacagaggecgtgtigggggatgctttggtagatttctcectgaage
tctaccacgcecttctcagecaatgaagaaggtggagaccaacatggcecttttceccattcageatcgecagectecttacccaggtectgetcggggetggg
gagaacaccaaaacaaacctggagageatcctctcttaccccaaggacttcacctgtgtccaccaggecctgaagggeticacgaccaaaggtgtcacct
cagtctctcagattttccacagcccagacctggecataagggacacctttgtgaatgectctcggaccectgtacageageagecccagagtcctaageaac
aacagtgacgccaacttggagctcatcaacacctgggtggecaagaacaccaacaacaagatcageecggctgetagacagtctgecctecgataccege
cttgtcctectcaatgcetatctacctgagtgecaagtggaagacaacatttgatcccaagaaaaccagaatggaaccctttcacttcaaaaactcagttataaa
agtgcccatgatgaatagcaagaagtaccctgtggeccatttcattgaccaaactttgaaagccaaggtggggcagetgeagetctcccacaatctgagtt
ggtgatectggtaccecagaacctgaaacatcgtcttgaagacatggaacaggcetctcageccttctgttttcaaggecatcatggagaaactggagatgte
caagttccagcccactctcctaacactaccccgcatcaaagtgacgaccagecaggatatgetctcaatcatggagaaattggaattettcgatttttcttatga
ccttaacctgtgtgggctgacagaggaccctgatcticaggtttctgecgatgecageaccagacagtgctggaactgacagagactggggtggaggcggct
geagcectecgcecatctctgtggeccgeaccctgetggtetttgaagtgecageageccttectettcgtgetetgggaccageageacaagtteectgtettca
tggggcegagtatatgaccccagggectgaagatctagagetgaattcetgecagecagggggatcagectetactgtgecttetagttgecagecatetgttg
tttgeeecteccecttgecttecttgaceetggaaggtgecactcecactgtectttcctaataaaatgaggaaattgeatcacattgtetgagtaggtgteattct
attctggggsgiggggtggggcaggacageaagggggaggattgggaagacaatagcaggeatgetggggatgeagtgggctctatggetictgagg
cagaaagaaccagctggggctcgagatccactagggecgeaggaacccectagtgatggagttggecacteectetetgegegetegetegetecactgag

gccgggcegaccaaaggtegecegacgeccgggetttgccegggeggcctcagtgagegagegagegegcag
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15

ctgegegcetegcetegetcactgaggecgeccgggcaaageecgggeggcctcagtgagegagegagegegeagagagggagtggccaactceatca
ctaggggttcctgeggcctagtaggctcagaggeacacaggagtttctgggcetcacectgeccccttccaaccectecagticccatectccageagetgttt
gtgtgctgectetgaagtccacactgaacaaacticagectactcatgtecctaaaatgggcaaacattgcaagceagcaaacageaaacacacagecctee
ctgectgetgaccttggagetggggeagaggtcagagacctetetgggeccatgecacctccaacatccactcgaccecttggaatttcggtggagagga
gcagaggtigtectggegtggtitaggtagtgtgagagggotacceggggatettgetaccagtggaacagecactaaggattctgecagtgagageagag
ggccagcetaagtggtactctcccagagactgtctgactcacgecaccecctecaccttggacacaggacgetgtggtitctgagecaggtacaatgactect
ticggtaagtgcagtggaagetgtacactgeccaggeaaagegtecgggeagegtaggegggegactcagatcecagecagtggacttagecectgttt
getectecgataactggggtgaccttggttaatattcaccageagectceccegttgeecctetggatccactgettaaatacggacgaggacagggecctg
tctectcagettcaggeaccaccactgacctgggacagtgaatagatcctgagaacticagggtgagtctatgggacccttgatgttttctitccecttettttet
atggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgctttctictittaat
atacttttttgtttatcttatttctaatactttccctaatctctttctttcagggcaataatgatacaatgtatcatgectctttgcaccattctaaagaataacagtgataa
tttctgggttaaggcaatagcaatatttctgcatataaatatttctgcatataaattgtaactgatgtaagaggtttcatattgctaatagcagcetacaatccageta
ccattctgcttttatttictggttgggataaggetggattattctgagtccaagetaggceccttttgctaatcttgttcatacctcttatcttcctcccacagetectgg
geaacctgetggtetetctgetggeccateactitggcaaageacgegtgecaccatgaagtgggtgaccctgetgaccetgetgetgetgetgetgtiectg
tggggctgecacagcaatccaaatgetaccagetccagetcecaggatccagagagtitgcaagacagaggegaagggaaggtcgcaacaacagttate
tccaagatgctattcgttgaacccatectggaggtticcagettgecgacaaccaactcaacaaccaattcagecaccaaaataacagetaataccactgatg
aacccaccacacaacccaccacagagececaccacccaacccaccatccaacccacccaaccaactacccagetcccaacagattetcctacccagece
actactgggtcctictgececaggacctgttactctetgetctgacttggagagtcattcaacagaggecegtgtigggggatgetitggtagatttctecctgaag
ctctaccacgecttctcagcaatgaagaaggtggagaccaacatggecttttccccattcageatcgecagectccttacccaggtectgeteggggctggg
gagaacaccaaaacaaacctggagagcatcctctcttaccccaaggacttcacctgtgtccaccaggecctgaagggcettcacgaccaaaggtgtcacct
cagtctctcagattttccacageccagacctggecataagggacacctitgtgaatgectctcggacccetgtacagcageagecccagagtcctaageaac
aacagtgacgccaacttggagctcatcaacacctgggtggccaagaacaccaacaacaagatcagecggetgctagacagtctgecctecgatacccge
cttgtcctectcaatgetatctacctgagtgccaagtggaagacaacatttgatcccaagaaaaccagaatggaaccctitcacttcaaaaactcagttataaa
agtgcccatgatgaatagcaagaagtaccctgtggeccatttcattgaccaaactttgaaagecaaggtggggcagetgeagetcteccacaatctgagttt
getgatectggtaccccagaacctgaaacatcgtettgaagacatggaacaggetctcageccttctgttticaaggecatcatggagaaactggagatgte
caagttccageccactctcctaacactaccccgeatcaaagtgacgaccagecaggatatgetctcaatcatggagaaattggaattcttegatttttcttatga
ccttaacctgtgtgggctgacagaggacccetgatcttcaggtitctgegatgecageaccagacagtgetggaactgacagagactggggtggaggcgact
geagcectecgecatctctgtggeccgeaccctgetggtctttgaagtgcageagececttectettcgtgetetgggaccageagceacaagttecctgtettca
tggggcgagtatatgaccccagggectgaagatctagagetgaattcetgcagecagggggatcagectetactgtgecttctagttgecagecatctgttg
tttgeeecteececttgecttecttgacectggaaggtgccacteccactgtectitcctaataaaatgaggaaattgeatcacattgtctgagtaggtgteattet
attctggggggiggggtgggacaggacagcaagggggaggatigggaagacaatagcaggeatgeiggggatgeagtgggctctatggctictgagg
cagaaagaaccagctgggectcgagatccactagggecgcaggaaccectagtgatggagttggccacteectetetgegegcetecgetegeteactgag
geegggegaccaaaggtegeccgacgeecgggctttgeccgggeggectcagtgagegagegagegegeag

16

ctgegegcetegetegetecactgaggecgeccgggcaaageecgggeggectcagtgagegagegagegegeagagagggagtggccaacteeatca
ctaggggttcctgeggectagtaggetcagaggeacacaggagttictgggetcaceetgeeeccttccaaccectcagttcecatectccageagetgttt

gtgtgctgectctgaagtccacactgaacaaacttcagectactcatgtccctaaaatgggeaaacattgcaagecagceaaacageaaacacacagecctce
ctgectgetgaccttggagetggggcagaggtcagagacctetetgggeccatgecacctccaacatccactcgaceecttggaatttcggtggagagga
geagaggttgtcctggegtagtttaggtagtgtgagaggggtacccggggatcttgetaccagtggaacagecactaaggattctgeagtgagageagag
ggccagcetaagtggtactctcccagagactgtctgactcacgecacceectecaccttggacacaggacgcetgtegtttctgagecaggtacaatgactect
ttcggtaagtgcagtggaagcetgtacactgeccaggeaaagegtecgggeagegtaggegggegactcagatcccagecagtggacttageeectgttt

getectccgataactggggtgaccttggttaatattcaccagecagecteccecgttgeccctetggatceactgettaaatacggacgaggacagggecctg
tctectcagcettcaggeaccaccactgacctgggacagtgaatagatcctgagaacttcagggtgagtctatgggaccettgatgttttctttceccttettttet

atggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgctttcticttttaat
atacttttttgtttatcttattictaatactttccctaatctctttctttcagggeaataatgatacaatgtatcatgectetttgecaccattictaaagaataacagtgataa
tttctgggttaaggcaatagcaatatttctgcatataaatattictgcatataaattgtaactgatgtaagaggtttcatattgctaatageagcetacaatccageta

ccattctgcttttatttictggttgggataaggctggattatictgagtccaagetaggeccttttgetaatettgticatacctcttatcttcctcccacageteetgg
geaacctgetggtetctctgetggeccatcactttggcaaagecacgegtgecaccatgaagtgggtgaccctgetgaccctgetgetgetgetgetgtteetg
tggagcagetgcagggcecaatccaaatgetaccagetccagetcccaggatccagagagtttgcaagacagaggegaagggaaggtcgecaacaacagt
tatctccaagatgctattcgttgaacccatcctggaggtttccagettgecgacaaccaactcaacaaccaattcagecaccaaaataacagctaataccact

gatgaacccaccacacaacccaccacagageccaccacccaacccaccatccaacceacccaaccaactacccagetcccaacagatictectaceca

geecactactgggtecttetgeccaggacctgttactetetgetctgacttggagagtcaticaacagaggecgtgttgggggatgctitggtagatttctecct
gaagctctaccacgcectictcagcaatgaagaaggtggagaccaacatggecttttccccattcageatcgecagectecttacccaggtectgetegggg

ctggggagaacaccaaaacaaacctggagagceatcctetcttaccecaaggacttcacctgtgtccaccaggecctgaagggcticacgaccaaaggtgt
cacctcagtctctcagattttccacageccagacctggecataagggacacctttgtgaatgectctcggaccctgtacagcageagecccagagtectaag
caacaacagtgacgccaacttggagctcatcaacacctgggtggccaagaacaccaacaacaagatcagecggetgctagacagtetgeecteegatac
ccgecttgtectectcaatgcetatctacctgagtgccaagtggaagacaacatttgatcccaagaaaaccagaatggaaccctttcacttcaaaaactcagtta
taaaagtgcccatgatgaatagcaagaagtaccetgtggeccatttcattgaccaaactttgaaagecaaggtggggcagetgeagcetctcccacaatctga
gtttggtgatcctggtaccccagaacctgaaacatcgtettgaagacatggaacaggetctcagececttetgttttcaaggecatcatggagaaactggagat
gtccaagttccageccactctectaacactaccccgeatcaaagtgacgaccagecaggatatgetctcaatcatggagaaattggaattcttcgatttttctta
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tgaccttaacctgtgtgggctgacagaggaccctgatcttcaggtttctgegatgcageaccagacagtgctggaactgacagagactggggtggaggce
getgeagectecgecatctetgtggeccgeaccectgetggtetttgaagtgcageageccttectettcgtgctetgggaccageageacaagticectgtet
tcatggggcgagtatatgaccccagggcctgaagatctagagetgaattectgeagecagggggatcagectetactgtgecttctagttgeccagecatetg
ttgtttgceccteceecttgecttecttgaccetggaaggtgccacteecactgtectticctaataaaatgaggaaattgcatcacattgtctgagtaggtgtcat
tetattctggggggtegggtggggcaggacageaagggggaggatigggaagacaatagcaggeatgetggggatgeagtgggetctatggctictga

ggcagaaagaaccagcetggggctcgagatccactagggecgeaggaaccectagtgatggagttggecactcectetetgegegetegetegeteactg
aggccgggegaccaaaggtcgeccgacgeccgggcetttgeececgggeggectcagtgagegagegagegegeag

17

ctgegegcetegetegetcactgaggecgeecgggeaaageccgggeggectcagtgagegagegagegegeagagagggagtggcecaactecatca
ctaggggttcctgeggcctagtaggctcagaggeacacaggagtttctgggcetcacectgeccccttccaaccectecagticccatectccageagetgttt
gtgtgetgectetgaagtccacactgaacaaacticagectactcatgtcectaaaatgggeaaacattgecaageageaaacagcaaacacacagecctee
ctgectgetgaccttggagetggggcagaggtcagagacctetetgggeccatgecacctccaacatccactcgaceecttggaatttcggtggagagga
geagaggtigtcctggegtagtttaggtagtgtgagaggggtacccggggatettgetaccagtggaacagecactaaggatictgcagtgagageagag
ggccagcetaagtggtactctcccagagactgtctgactcacgecaccecctecaccttggacacaggacgetgtggtitctgagecaggtacaatgactect
ttcggtaagtgcagtggaagetgtacactgeccaggeaaagegtecgggeagegtaggegggcgactcagatcccagecagtggacttagecectgttt
gctectecgataactggggtgaccttggttaatattcaccagecagectecceegttgeccetetggatecactgettaaatacggacgaggacagggecctg
tctectcagettcaggeaccaccactgacctgggacagtgaatagatcctgagaacticagggtgagtctatgggacccttgatgttttctitccecttettttet
atggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgetttcticttttaat
atacttttttgtttatcttatttctaatactttccctaatctctttctttcagggcaataatgatacaatgtatcatgectetttgecaccattctaaagaataacagtgataa
tttctgggttaaggcaatagcaatatttctgcatataaatattictgcatataaattgtaactgatgtaagaggtttcatattgetaatagcagcetacaatccageta
ccattctgcttttatttictggttgggataaggetggattattctgagtccaagetaggeccttttgctaatcttgttcatacctettatcttcctcccacagetectgg
geaacctgetggtctctctgetggeccatcactttggeaaagecacgegtgccaccatggetagecagactgactctgetgacectgetgetgetgetgetgge
tggggacagggccageageaaccctaatgetacctetagetctagecaggacectgagagectgeaggataggggggagggcaaggtggecaccact
gtgatcagcaagatgetgtitgtggagectatcctggaggtgageagectgeccaccaccaactetactaccaactetgetaccaagatcactgecaatace
actgatgaacccaccactcagcccactactgageccaccacccageccaccattcageccactcageccactacccagetgectactgactetcceacce
agcccaccactggeagcttttgtectggecectgtgacectgtgctetgacctggagagecattctactgaggetgtgctgggggatgecctggtggacttca
gectgaagetgtaccatgecttetetgecatgaagaaggtggagaccaacatggecttcageccecttetetattgectetctgetgacccaggtgetgetggg
ggctggggagaatactaagaccaacctggagagceattctgagetatcccaaggacttcacctgtgtgeaccaggecctgaaggggttcactactaaaggg
gtgacctctgtgtctcagatcticcacageectgacctggecatcagggacacttttgtgaatgeccageaggaccctgtacagcageagecccagagtgct
gagcaataattctgatgctaatctggagcetgattaacacttgggtggccaagaacaccaacaacaagatctctaggetgetggattctetgeectetgacace
aggctggtgctgctgaatgecatctatetgtetgecaagtggaagaccacctttgatcccaagaagaccaggatggageccttecatticaagaactetgtga
ttaaagtgcccatgatgaactctaagaagtatcctgtggeccacttcattgatcagactctgaaggecaaggtggggcagetgeagetgagecacaacctg
agectggtgatectggtgecccagaatctgaageacaggetggaggacatggageaggecctgageccctetgtgticaaggecatcatggagaagetg
gagatgagcaagttccageccaccctgetgactctgeccagaattaaggtgaccaccagecaggacatgetgageatcatggagaagetggagtictttg
acttctcttatgacctgaacctgtgtggectgactgaggatectgacctgeaggtgtctgecatgecageaccagactgtgctggagetgactgagactgggg
tggaggctgctgctgectetgecatttetgtggecaggaccetgetggtgtttgaggtgcageagececttectgttgtgctgtgggaccagecageacaagtt
tectgtgtttatgggcagggtgtatgaccetagggectgaagatctagagetgaattectgcagecagggggatcagectctactgtgecttctagttgecag
ccatctgttgtttgccectececcttgectteettgacectggaaggtgccacteccactgtectticctaataaaatgaggaaattgeatcacattgtctgagta
ggtgtcatictatictggggggtggggtggggcaggacageaagggggaggatigggaagacaatagcaggeatgetggggatgeagtgggactictatg
gettetgaggeagaaagaaccagetgggectcgagatccactagggecgeaggaaccectagtgatggagttggccactecctetctgegegetegcete
gctecactgaggecgggegaccaaaggtcgeecgacgeecgggctttgecegggeggectcagtgagegagegagegegeag

18

ctgegegcetegcetegetcactgaggecgeecgggeaaageecgggeggectcagtgagegagegagegegeagagagggagtggecaactceatca
ctaggggttcctgecggectagtaggetcagaggeacacaggagtttctgggetcaccetgeccecttccaaccectcagttcccatectccageagetgttt
gtgtgctgectetgaagtccacactgaacaaacttcagectactcatgtecctaaaatgggceaaacattgcaagcagcaaacagcaaacacacagecctce
ctgectgetgaccttggagetgggecagaggtcagagacctetetgggeccatgecacctccaacatcecactcgaccectiggaatticggtggagagga
gcagaggttgtectggegtggtitaggtagtgtgagagggatacceggggatcttgetaccagtggaacagecactaaggattctgecagtgagageagag
ggccagcetaagtggtactctcccagagactgtctgactcacgecacceccteecaccttggacacaggacgetgtegttictgagecaggtacaatgactect
ttcggtaagtgcagtggaagctgtacactgeccaggeaaagegtecgggeagegtaggegggegactcagatcccagecagtggacttagecectgttt
getectecgataactggggtgaccttggttaatattcaccageagecteccecgttgeecctetggatceactgettaaatacggacgaggacagggecctg
tetectcagettcaggeaccaccactgacctgggacagtgaatagatcctgagaacttcagggtgagictatgggacccttgatgttttetitceccttettttct
atggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgctttcticttttaat
atacttttttgtttatcttattictaatactttccctaatctettictttcagggcaataatgatacaatgtatcatgectetttgcaccattctaaagaataacagtgataa
tttctgggttaaggcaatagcaatatttctgcatataaatattictgcatataaattgtaactgatgtaagaggtttcatattgctaatagcagcetacaatccageta
ccattctgcttttattttctggttgggataaggetggattattctgagtccaagetaggeccttttgctaatcttgticatacctcttatcttcctcccacagetectgg
geaacctgetggtetctctgetggeccatcactitggcaaageacgegtgecaccatggecageaggetgaccctgetgactetgetgetgetgetgetgg
ctggggacagggecageagceaaccctaatgecacctccageageagecaggaccctgagagectgecaggataggggegaggecaaggtggctacta
ctgtgatcagcaagatgctgtttgtggagectatcctggaggtgagcagectgeccaccactaactctactactaattctgecactaagatcactgecaatac
cactgatgagccaaccactcagcecaccactgageecaccacccageecaccattcageccactcagectaccacccagetgectactgacagecceac
tcagcccactactggetetttctgtectggecctgtgactetgtgctctgacctggaatccecacageactgagectgtectggeooatoccctggtggatttc
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agcctgaagctgtaccatgetttctetgecatgaagaaggtggagaccaacatggecttcageectttetctattgecagectgetgactcaggtgctgctgg
gggctgggeagaataccaagaccaacctggagictatcctgagetatcccaaggacticacttgtgtgcaccaggecctgaaggggticaccaccaagg
gggtgacctetgtgtctcagatctttcacageectgacctggecatcagggatacctttgtgaatgecagecaggaccectgtacagecageageeccagggts
ctgagcaacaactctgatgeccaacctggagetgatcaacacctgggtggccaagaacaccaacaacaagatcageaggetgetggacagectgecectct
gataccaggctggtgctgctgaatgecatctacetgtctgctaagtggaagaccacttttgatcctaagaagaccaggatggagecctttcacttcaagaact
ctgtgatcaaggtgcccatgatgaactctaagaaataccctgtggeccacttcattgatcagacectgaaggecaaggtgggecagetgeagetgagecac
aacctgagcttggtgatectggtgectcagaacctgaageacaggetggaggacatggageaggecctgageccctetgtgticaaggecattatggaga
agctggagatgagcaagttccagectaccctgetgacectgeccaggatcaaggtgactactagecaggatatgetgageatcatggagaagetggagttt
tttgatttcagetatgacctgaacctgtgtggectgactgaggacectgacctgeaggtgtetgecatgeageatcagactgtgctggagetgactgagactg
gggtggaggctgctgctgectetgecatetetgtggecaggaccetgetggtgtttgaggtgcageagectttcctgtitgtgctgtgggatcagecageaca
agtttcctgtgttcatgggcagggtgtatgaccccagggctigaagatctagagetgaattcctgecagecagggggatcagectctactgtgecttctagttg
ccagccatctgttgtttgccecteceecttgecttecttgacectggaaggtgccacteccactgtectttcctaataaaatgaggaaattgeatcacattgtetg
agtaggtgtcattctatictgggggtggpatggggcaggacagcaagggggaggattgggaagacaatageaggeatgetggggatgeagtgggcte
tatggctictgaggcagaaagaaccagetggggctcgagatccactagggecgeaggaaccectagtgatggagttggecactecctetetgegegeteg
ctcgetcactgaggecgggcgaccaaaggtcgeccgacgeccgggctttgeccgggeggectcagtgagegagegagegegeag

19

ctgegegcetegetegetecactgaggecgeccgggcaaageccgggcggectcagtgagegagegagegegeagagagggagtggecaactecatca
ctaggggttcctgeggectagtaggetcagaggeacacaggagtttctgggetcaccetgeccecttccaaccectcagttcccatectccageagetgttt
gtgtgctgectctgaagtccacactgaacaaacttcagectactcatgtccctaaaatgggeaaacattgcaagecagcaaacageaaacacacagecctce
ctgectgetgaccttggagetgggecagaggtcagagacctctctgggeccatgecacctccaacatccactcgacceecttggaatticggtggagagga
gcagaggttgtectggegtggtttaggtagtgtgagaggggtacceggggatettgetaccagtggaacagecactaaggattctgecagtgagageagag
ggccagctaagtggtactetcccagagactgtctgactcacgecaccecctecaccttggacacaggacgetgtggtttctgagecaggtacaatgactect
ttcggtaagtgcagtggaagctgtacactgeccaggeaaagegtecgggeagegtaggegggcgactcagatcccagecagtggacttagecectgttt
getectecgataactggggtgaccttggttaataticaccageagectceccegttgeecctetggatecactgcettaaatacggacgaggacagggecctg
tetectcagettcaggeaccaccactgacctgggacagtgaatagatcctgagaacttcagggtgagictatgggaccctigatgttttctitceccttettttct
atggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgeatttgtaattttaaaaaatgetttcticttttaat
atacttttttgtttatcttatttictaatactttccctaatctettictttcagggcaataatgatacaatgtatcatgectetttgeaccatictaaagaataacagtgataa
tttctgggttaaggcaatageaatatttctgcatataaatatttctgcatataaattgtaactgatgtaagaggtttcatattgctaatagcagcetacaatccageta
ccattctgettttatttictggttgggataaggctggattattctgagtccaagctaggeccttttgctaatcttgticatacctcttatcttccteccacagetectgg
geaacctgetggtetctctgetggeccatcactttggcaaageacgegtgccaccatggetageagactgactetgetgacectgetgetgetgetgcetgge
tggggacagggccageageaaccctaatgetacctctagetctagecaggacectgagagectgcaggataggggggagopcaaggtggccaccact
gtgatcagcaagatgetgtttgtggagectatcctggaggtgageagectgeccaccaccaactctactaccaactctgetaccaagatcactgecaatace
actgatgaacccaccactcageccactactgageccaccacccageccaccattcageccactcageccactacccagetgectactgactctcecacee
agcccaccactgggagcttctgtccaggecectgtgactetgtgtictgacctggagagecacageactgaagetgtgctgggggatgctctggtggacttc
agcctgaagcetgtaccatgecttctetgecatgaagaaggtggaaaccaacatggectttageeccttcageattgetagectgetgactcaggtgetgetg
ggggctggggagaacactaagactaacctggagictatcctgtcttatcccaaggacttcacctgtgtgcatcaggecctgaaggggticaccaccaaggg
ggtcacctetgtgagccagatctttcacagecctgatctggecatcagggacacctttgtgaatgectctaggactctgtacagcageagecccagggtgct
gagcaacaactctgatgccaacctggagcetgatcaacacctgggtggecaagaacactaacaacaagatcageaggetgetggacagectgecctetga
cactaggctggtgctgctgaatgcecatctatctgtctgecaagtggaagaccacctttgaccccaagaagactaggatggagecctttcattitaagaactct
gtgatcaaggtgccecatgatgaacagcaagaaatacectgtggeccatttcattgaccagactctgaaggctaaggtgggccagetgcagetgagecaca
acctgagectggtgatectggtgccacagaatctgaageacaggetggaggacatggageaggetetgtctecctetgtgticaaggecatcatggagaa
getggagatgtctaagttccageccaccctgetgacectgeccaggatcaaggtgaccacttctcaggacatgetgtctatcatggagaagetggagtttttt
gacttttcttatgacctgaacctgtgtggectgactgaggaccctgatctgeaggtgtetgecatgcageaccagactgtgetggagetgactgagactggg
gtggaggctgctgctgettctgecatttctgtggetaggactetgetggtgtttgaggtgcageagececticetgtitgtgctgtgggaccageageacaagtt
cectgtgttcatgggcagggtgtatgatcccagggcttgaagatctagagetgaattcctgeagecagggggatcagectctactgtgecttctagttgecag
ccatctgttgtttgecccteccecttgecttecttgacectggaaggtgecacteccactgtectttcctaataaaatgaggaaattgcatcacattgtctgagta
getetcatictatictggggggtegggtgegacaggacagcaagggggageatigggaagacaatagcaggeatgctgggeatecagtgggctctatg
gettctgaggcagaaagaaccagetggggctcgagatccactagggecgeaggaaccectagtgatggagttggccactcectetetgegegetegete
getcactgaggecgggegaccaaaggtcgeeccgacgecegggctttgeccegggeggectcagtgagegagegagegegeag

20

ctgegegcetegcetegetcactgaggecgeecgggcaaageccgggeggectcagtgagegagegagegegeagagagggagtggccaactceatca
ctaggggttcctgeggcectagtaggetcagaggeacacaggagtttctgggctcaccetgecccecttccaaccectcagttcecatectccageagcetgttt
gtgtgctgectetgaagtccacactgaacaaacticagectactcatgtecctaaaatgggeaaacattgcaagceagcaaacagceaaacacacagecctee
ctgectgetgaccttggagetggggcagaggtcagagacctctetgggeccatgecacctccaacatccactcgaccecttggaatttcggtggagagga
geagaggtigtectggegtggtitaggtagtgtgagaggeotacccggggatettgetaccagtggaacagecactaaggatictgecagtgagageagag
ggccagctaagtggtactctcccagagactgtctgactcacgecaccecctecaccttggacacaggacgetgtggtttctgagecaggtacaatgactcct
ttcggtaagtgcagtggaagetgtacactgeccaggeaaagegtccgggcagegtaggegggcgactcagatcccagecagtggacttagecectgttt
getectecgataactggggtgaccttggttaatattcaccageagectceccegttgeecctctggatecactgettaaatacggacgaggacagggecctg
tcteetcagettcaggeaccaccactgacctgggacagtgaatagatcetgagaacttcagggtgagtctatgggacccttgatgttttctttceecttcttttet
atggttaagticatgtcataggaaggooagaagtaacaggglacacatattgaccaaatcagggtaattttgcattigtaattttaaaaaatgctitcticttttaat

91




WO 2022/165027 PCT/US2022/014091

atacttttttgtttatcttatttctaatactttccctaatctettictttcagggcaataatgatacaatgtatcatgectctttgeaccattctaaagaataacagtgataa
tttctgggttaaggcaatageaatattictgcatataaatattictgcatataaattgtaactgatgtaagaggtttcatattgctaatagcagetacaatccageta

ccattctgcttttatttictggttgggataaggctggattattctgagtccaagctaggeccttttgctaatcttgticatacctcttatcttccteccacagetectgg
geaacctgetggtctetetgetggeccatcactttggcaaageacgegtgccaccatggcetagecagactgactctgetgacectgetgetgetgetgctgge
tggggacagggccageageaaccctaatgetacctctagetctagecaggacectgagagectgcaggataggggggaggecaaggtggccaccact

gtgatcagcaagatgetgtttgtggagectatcctggaggtgageagectgeccaccaccaactctactaccaactctgetaccaagatcactgecaatace

actgatgaacccaccactcageccactactgageccaccacccageccaccattcageccactcageccactacccagetgectactgactetcecacee

agcccaccactggeagcttctgeectgggectgtgaccctgtgetetgacctggagagecattctactgaggcetgtgctgggggatgecctggtggatttca
gectgaagcetgtaccatgectictetgecatgaagaaggtggagaccaacatggecttctcteecticageattgecagectgctgacccaggtectgctgg

gggctggggagaacaccaagaccaacctggagageatcctgtcttaccccaaggacttcacctgtgtgeatcaggecctgaagggcticactactaaggg
ggtgacctetgtgtctcagattttccacagecctgacctggcetattagggacacttttgtgaatgetictaggaccctgtacageagcetctcccagggtgctga

gcaacaactctgatgccaacctggagetgattaacacttgggtggccaagaacactaacaataagatcageaggcetgetggacagectgecctetgacac

caggctggtgctgctgaatgecatctacctgtctgeccaagtggaagactacttttgatcctaagaagaccaggatggagcectttccacttcaagaactetgtg

atcaaggtgcccatgatgaattctaagaagtaccctgtggcetcacttcattgaccagaccctgaaggecaaggtgggccagetgeagetgagecacaacct
gagectggtgattctggtgceccagaacctgaageacaggctggaggacatggageaggecctgageccctetgtgticaaggecatcatggagaagcet

ggagatgagcaagttccagectactetgetgactetgeccaggatcaaggtgaccactagecaggacatgetgageattatggagaagetggagttctttg

acttttcttatgatctgaacctgtgtggectgactgaggaccctgacctgeaggtgtetgecatgecageaccagactgtgetggagetgactgagactggggt
ggaggctgcetgetgectctgecatetetgtggetaggaccctgctggtgtitgaggtgcageageecttectgtttgtgetgtgggaccageageacaagttc
cctgtcttcatgggcagggtgtatgatcecagggctigaagatctagagetgaaticctgeagecagggggatcagectctactgtgecttctagttgecage
catctgttgtttgccectceececttgecttecttgacectggaaggtgecactcccactgtectttcctaataaaatgaggaaattgeatcacattgtctgagtag

glgtcatictattctggggggiggagigggacaggacageaagggggaggatigggaagacaatagcaggeatgetggggatgeagigggeictalgg

cttctgaggcagaaagaaccagetgggectcgagatccactagggecgeaggaacccctagtgatggagttggccactecctetetgegegetegeteg

ctcactgaggecgggcgaccaaaggtegeecgacgeecgggctitgeecgggeggectcagtgagegagegagegegeag

21

ctgegegcetegetegetecactgaggecgeecegggeaaageccgggeggectcagtgagegagegagegegeagagagggagtggecaactecatca
ctaggggttcctgeggcctagtaggctcagaggcacacaggagtttctgggcetcacectgeccccttccaaccectecagticecatectccageagetgttt
gtgtgetgectetgaagtccacactgaacaaacttcagectactcatgtccctaaaatgggeaaacattgecaageageaaacagcaaacacacagecctee
ctgectgetgaccttggagetggggcagaggtcagagacctetetgggeccatgecacctccaacatccactcgaccecttggaatttcggtggagagga
geagaggttgtcctggegtagtttaggtagtgtgagaggggtacccggggatcttgetaccagtggaacagecactaaggatictgeagtgagageagag
ggccagcetaagtggtactctcccagagactgtctgactcacgecacceectecaccttggacacaggacgetgtggttictgagecaggtacaatgactect
ttcggtaagtgcagtggaagetgtacactgeccaggeaaagegtecgggcagegtaggegggcgactcagatcccagecagtggacttagecectgttt
getectecgataactggggtgaccttggttaatattcaccageagectecceegttgeccetetggatecactgcettaaatacggacgaggacagggecctg
tctectcagettcaggeaccaccactgacctgggacagtgaatagatcctgagaacticagggtgagtctatgggacccttgatgttttctitccecttettttet
atggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgetttcticttttaat
atacttttttgtttatcttatttctaatactttccctaatctctttctttcagggcaataatgatacaatgtatcatgectetttgecaccattctaaagaataacagtgataa
tttctgggttaaggcaatagcaatattictgcatataaatattictgcatataaattgtaactgatgtaagaggtttcatattgetaatageagcetacaatccageta
ccattctgcttttatttictggttgggataaggctggattatictgagtccaagetaggeccttttgctaatcttgttcatacctcttatcttcctcccacagetectgg
geaacctgetggtetctctgetggeccatcactttggeaaageacgegtgccaccatggecageaggetgaccectgetgaceetgetgetgetectgetgg
ctggggatagggccageageaaccccaatgetactagecageageagecaggatcctgagagectgecaggacagaggggaagggaaggtggecace
actgtgatcagcaagatgctgttigtggagectatcctggaggtgagetctetgeccaccactaacageaccaccaattctgetactaagatcactgecaaca
ccactgatgagceccaccacccagectaccactgagecaactacccageccaccatccageccacccageccaccactcagetgectactgattetcetac
tcagcctaccactgggagcttctgecctgggectgtgaccctgtgctetgacctggagtcteatictactgaggetgtectgggggatgecctggtggacttc
agcctgaagctgtaccatgetttctetgecatgaagaaggtggagactaacatggecttetetectttctetattgecagectgetgactcaggtgetgctggg
ggctggggagaataccaagactaacctggagageatectgtcttatcctaaggacttcacttgtgtgcatcaggecctgaagggcettcaccaccaaggggg
tgacttctgtgagecagattttccacagecctgacctggecatcagagacacctttgtgaatgecageaggaccctgtatictagetctceccagggtegctgag
caacaactctgatgccaatctggaactgatcaacacttgggtggccaagaacaccaacaacaagatcageaggetgctggatagectgeectetgacace
aggctggtactgctgaatgccatctacctgtetgecaagtggaagaccacctitgaccccaagaagactaggatggageccttccacttcaagaactctgte
atcaaggtgcccatgatgaatagcaagaagtaccctgtggeccacttcattgaccagacectgaaggecaaggtggggcagetgeagetgagecacaac
ctgagectggtgatectggtgecccagaacctgaageacagactggaggacatggageaggecctgageccatctgtgticaaggctattatggagaage
tggagatgtctaagtttcagectaccctgetgacectgeccaggatcaaggtgactaccagecaggacatgetgageatcatggagaagetggaattctttg
acttcagctatgatctgaatctgtgtggectgactgaagaccctgatttgecaggtgtetgetatgcageaccagactgtgetggaactgactgagactggggt
ggaggctgctgetgectetgecatetctgtggecaggaccctgetggtgtttgaggtgcageagectttcctgtttgtgctgtgggatcagecageacaagttc
cctgtgttcatgggcagggtgtatgaccctagggettgaagatctagagetgaattcetgecagecagggggatcagectetactgtgecttctagttgccage
catctgttgtttgccccteececttgecttcettgaceetggaaggtgccactcecactgtectticetaataaaatgaggaaattgeatcacattgtctgagtag
gigteattctattctggggggtggggtggggcaggacagcaagggggaggatigggaagacaatagcaggeatgetggggatgeagtgggctctatgg
ctictgaggcagaaagaaccagetgggectcgagatecactagggecgeaggaaccectagtgatggagtiggecacteectetetgegegcetegeteg

ctcactgaggeegggegaccaaaggtcgeccgacgecegggctttgeccgggeggccteagtgagegagegagegegeag

22

ctgegegetegetegetcactgaggecgeecgggcaaageccgggeggectcagtgagegagegagegegeagagagggagtggecaactceatca
ctaggggttcctgeggectagtaggetcagaggeacacaggagttictgggetcacectgeeeccttccaaccectcagttcecatectccageagetgttt
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gtgtgctgectetgaagtccacactgaacaaacttcagectactcatgtcectaaaatgggeaaacattgecaageageaaacagcaaacacacagecctee
ctgectgetgaccttggagetgggecagaggtcagagacctetetgggeccatgecacctccaacatccactcgaccecttggaatticggtggagagga
geagaggttgtcctggegtagtttaggtagtgtgagaggggtacccggggatcttgetaccagtggaacagecactaaggattctgeagtgagageagag
ggccagcetaagtggtactctcccagagactgtctgactcacgecaccecctecaccttggacacaggacgetgtggtitctgagecaggtacaatgactect
ttcggtaagtgcagtggaagetgtacactgeccaggeaaagegtecgggeagegtaggegggegactcagatcccagecagtggacttageeectgttt
getectccgataactggggtgaccttggttaataticaccageagecteccecgttgeecctetggatceactgettaaatacggacgaggacagggecctg
tctectcagcettcaggeaccaccactgacctgggacagtgaatagatcetgagaacttcagggtgagtctatgggaccettgatgttttctttceccttettttet
atggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgetttcticttttaat
atacttttttgtttatcttatttctaatactticcctaatetctttctitcagggeaataatgatacaatgtatcatgectetttgecaccattctaaagaataacagtgataa
tttctgggttaaggcaatagcaatatttctgcatataaatattictgcatataaattgtaactgatgtaagaggtttcatattgetaatageagcetacaatccageta
ccattctgcttttatttictggttgggataaggetggattattctgagtccaagetaggeccttttgctaatcttgttcatacctcttatcttcctecccacagetectgg
geaacctgetggtctctetgetggeccatcactttggeaaagecacgegtgccaccatggectctaggetgactetgetgactetgetgetectgetgetggct
ggggacagggcecagetctaaccecaatgetacttctagetectctcaggaccectgagagectgeaggacaggggggagggcaaggtggecaccactgt
gatctctaagatgctgtttgtggageccatcctggaggtgageagectgeccaccaccaacageaccaccaactctgecactaagatcactgecaacacca
ctgatgagcccaccacccageccactactgageccaccaccecagectactatccagececacccageccactaccecagetgeccactgacagecectacee
agcccaccactggeagcetictgecctgggectgtgacectgtgetetgacctggagagecattctactgaggetgtgctgggggatgecctggtggactict
ctctgaagctgtaccatgetttctctgecatgaagaaggtggagactaacatggettttageeccttcageattgetagectgetgacccaggtgctgctggg
ggctggggagaacactaagaccaacctggaatctatcetgagetaccccaaggacttcacctgtgtgecaccaggecectgaagggcttcaccaccaaggg
ggtgacctetgtgagecagatcttccacagecctgacctggecatcagggatactittgtgaatgecageagaaccectgtactettctagecccagggtgct
gagcaataattctgatgctaacctggagcetgatcaatacctgggtggetaagaataccaacaacaagattagcaggcetgctggactctctgecttctgatace
aggctggtgctgctgaatgecatttacctgtetgecaagtggaagaccacttttgaccctaagaagactaggatggagectttccacticaagaactctgtcat
taaggtgcccatgatgaacagcaagaagtatcctgtggeccactttattgaccagactctgaaggecaaggtgggccagetgeagetgagecataacctg
agectggtgatectggtgecccagaacctgaageataggetggaggacatggageaggcetctgageccctetgtgticaaggctattatggagaagetgg
agatgagcaagttccagcccactctgetgacectgeccagaatcaaggtgaccacctetcaggacatgetgageatcatggaaaagetggagttctttgact
tttcttatgacctgaatctgtgtggectgactgaggatectgatctgcaggtgtctgecatgecageaccagactgtgetggagetgactgagactgggatgga
ggctgctgctgcettctgecatctetgtggccaggaccctgetggtgtttgaggtgcageageccttectgtttgtgctgtgggaccageageacaagtticetg
tgttcatgggcagggtgtatgaccecagagectgaagatctagagetgaattcctgecagecagggggatcagectctactgtgecttctagtigecagecat
ctgttgtttgceccteeeecttgecttecttgaccctggaaggtgecactcecactgtectttcctaataaaatgaggaaattgeatcacattgtetgagtaggtg
tcattctattctggggggtegegtgggecaggacagcaagggggaggatigggaagacaatagcaggeatgctggggatgeagtgggctetatggettc
tgaggcagaaagaaccagetggggctcgagatccactagggecgeaggaaccectagtgatggagtiggecactecctetctgegegetegetegeteca
ctgaggecgggegaccaaaggtegeecgacgeccgggctttgecegggeggectcagtgagegagegagegegeag

23

ctgegegcetegetegetecactgaggecgeccgggcaaageccgggeggectcagtgagegagegagegegeagagagggagtggecaactecatca
ctaggggttcctgeggectagtaggetcagaggeacacaggagtttctgggetcaccetgeccecttccaaccectcagttcccatectccageagetgttt
gtgtgctgectctgaagtccacactgaacaaacttcagectactcatgtccctaaaatgggeaaacattgcaagecagcaaacageaaacacacagecctce
ctgectgetgaccttggagetggggcagaggtcagagacctetctgggeccatgecacctccaacatccactcgaccecttggaatticggtggagagga
gcagaggttgtectggegtggtttaggtagtgtgagaggggtacceggggatettgetaccagtggaacagecactaaggattctgecagtgagageagag
ggccagctaagtggtactetcccagagactgtctgactcacgecaccecctecaccttggacacaggacgetgtggttctgagecaggtacaatgactect
ttcggtaagtgcagtggaagctgtacactgeccaggeaaagegtecgggeagegtaggegggcgactcagatcccagecagtggacttageccctgttt
getectecgataactggggtgaccttggttaatattcaccageagecteeecccgttgccectetggatccactgcttaaatacggacgaggacagggccctg
tetectcagettcaggeaccaccactgacctgggacagtgaatagatcctgagaacttcagggtgagictatgggacccttgatgttttetitceccttettttct
atggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgctttcttctittaat
atacttttttgtttatcttatttictaatactttccctaatctettictttcagggcaataatgatacaatgtatcatgectetttgeaccatictaaagaataacagtgataa
tttctgggttaaggcaatageaatatttctgcatataaatattictgcatataaattgtaactgatgtaagaggtttcatattgctaatagcagcetacaatccageta
ccattctgcttttatttictggttgggataaggctggattattctgagtccaagctaggeccttttgctaatcttgticatacctcttatcttccteccacagetectgg
geaacctgetggtetctctgetggeccatcactttggcaaageacgegtgecaccatggetageaggetgaccctgetgacectgetgetectgetgetgge
tggggacagggcctctagcaatcccaatgecacctetagetctagecaggatcctgagagectgeaggacaggggggaggecaaggtggccaccact
gtgatcagcaagatgetgtttgtggageccattctggaggtgtetictctgeccaccaccaatageaccactaattctgecaccaagatcactgetaacacca
ctgatgagcccaccactcagectaccactgageccaccacccageccactatccageccacccageccaccacccagetgectactgacagecctacee
agcccactactgggagcttctgecctggecctgtgaccectgtgetctgacctggagagecacageactgaggcetgtgctgggggatgecctggtggactt
cagcctgaagcetgtaccatgecttttctgecatgaagaaggtggagaccaacatggectttageectttcageattgecagectgetgactcaggtgetgctg
ggggctggggagaacaccaagaccaacctggagageatcctgagetaccccaaggacttcacttgtgtgcaccaggecctgaagggcttcactaccaa
gggggtgacttctgtgagecagatettccacageectgacctggecatcagggatacttttgtgaatgeccageaggaccctgtacageageagecccagg
gtgctgagcaacaactctgatgetaacctggagetgatcaatacttgggtggccaagaacaccaacaacaagattictaggetgetggactctetgecctet
gacactaggctggtgctgctgaatgecatctacctgtctgecaagtggaagaccacctttgatcccaagaagactaggatggageccttccacttcaagaac
tctgtgatcaaggtecccatgatgaacagecaagaagtacectgtggeccatticattgaccagaccctgaaggecaaggtegggcagetgcagetgagee
acaatctgagcctggtgattctggtgccccagaatctgaagcacagactggaggacatggageaggcetetgtctecctetgtgticaaggecatcatggag
aagctggagatgagcaagttccageccactctgetgactetgectaggatcaaggtgaccaccagecaggacatgetgageattatggagaagetggagt
tetttgacttcagetatgacctgaacctgtgtggectgactgaggaccctgatctgeaggtgtctgecatgecageaccagactgtgetggagetgactgaga
ctgggatggagoctactgetgectctgetatitctgtggecaggaccctgetggtgtttgaggtgcageageccticetgtttgtgctgtgggaccageagea
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caagtttcctgtgttcatggggagggtgtatgaccccagggcectgaagatctagagetgaattcctgcagecagggggatcagectetactgtgecttctagt
tgccagecatetgtigtitgeccctecccecttgecttecttgaccctggaaggtgccactcccactgtectticctaataaaatgaggaaattgcatcacattgte

tgaglaggtgicatictatictggggggtggagtigggacaggacageaagggggaggatigggaagacaatagcaggeatgetggggatgcagtgggce
tctatggctictgaggcagaaagaaccagetgggectcgagatccactagggecgeaggaacccctagtgatggagttggccacteectetetgegeget

cgctegetcactgaggecgggegaccaaaggtegecegacgeecgggactttgecegggeggccteagtgagegagegagegegeag

24

ctgegegcetegetegetcactgaggecgeececgggeaaageccgggeggectcagtgagegagegagegegeagagagggagtggecaactecatca
ctaggggttcctgeggcctagtaggctcagaggeacacaggagtttctgggcetcacectgeccccttccaaccectecagticccatectccageagetgttt
gtgtgctgectetgaagtccacactgaacaaacttcagectactcatgtccctaaaatgggeaaacattgecaageageaaacagcaaacacacagecctee
ctgectgetgaccttggagetgggecagaggtcagagacctctctgggeccatgecacctccaacatcecactcgaccecttggaatticggtggagagga
geagaggttgtcctggegtggtttaggtagtgtgagaggggtacccggggatcttgetaccagtggaacagecactaaggattctgeagtgagageagag
ggccagcetaagtggtactctcccagagactgtctgactcacgecacceectecaccttggacacaggacgetgtggtitctgagecaggtacaatgactect
ttcggtaagtgcagtggaagetgtacactgeccaggeaaagegtecgggeagegtaggegggegactcagatcccagecagtggacttageeectgttt
getectccgataactggggtgaccttggttaataticaccageagecteccecgttgeecctetggatceactgettaaatacggacgaggacagggecctg
tctectcagcettcaggeaccaccactgacctgggacagtgaatagatcetgagaacttcagggtgagtctatgggaccettgatgttttctitceccttettttet
atggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgetttcticttttaat
atacttttttgtttatcttatttctaatactticcctaatetctttctitcagggeaataatgatacaatgtatcatgectetttgecaccattctaaagaataacagtgataa
tttctgggttaaggcaatagcaatatttctgcatataaatattictgcatataaattgtaactgatgtaagaggtttcatattgetaatagcagcetacaatccageta
ccattctgcttttatttictggttgggataaggetggattattctgagtccaagetaggeccttttgctaatcttgttcatacctcttatcttcctecccacagetectgg
geaacctgetggtetctctgetggeccatcactttggeaaageacgegtgccaccatggectccaggetgacectgetgacecteetgetgetectgetgge
tggggatagagectctagecaatccaaatgcetaccagcetectectcccaggatectgaateecttcaagacaggggggagggcaaggtggcaactactgtg
atttccaagatgctgtttgtggageccatectggaggttagcagecttcetactaccaactcaacaaccaattcagecaccaaaattacagetaataccacag
atgagccaacaactcaacccaccactgageccaccactcagecaaccatccaacccacccaaccaactacccagetcccaacagattctectaccecage
ctaccactggctecttctgeccaggacctgttactetetgetctgacttggaaagecattctactgaggetgtectgggggatgctitggtagactictecctga
agctctaccatgcattttcagcaatgaagaaggtggagaccaacatggecttttccccattcagtatagcaagtctectgactcaggtectgetgggggcag
gggagaatacaaagaccaacctggagagceatcctcagttatcccaaggacttcacctgtgtccaccaggecctgaagggcttcacaacaaagggggtga
cctecagtctctcagattttccacageccagacctggecataagggacacctttgtgaatgectctaggaccectgtactcaagetccececagagtectaageaa
caacagtgatgcaaatttggagctcatcaacacctgggtggccaagaacaccaacaacaagatcageaggcetgctagacagtctgccaagtgatacaag
gettgteetectcaatgetatctacctgagtgecaagtggaagacaacatttgatcccaagaaaaccagaatggaaccectttcacttcaaaaactcagttataa
aagtgcccatgatgaatagcaagaagtaccctgtggeccatttcattgaccaaactttgaaageccaaggtggggcagetgeagcetctcecacaatctgagte
tggtaatcctggtaccccagaacctgaaacataggcettgaagacatggaacaggcetctcagecctictgtittcaaggecataatggagaagetggagatgt
ccaagttccageccactctectaacactacccaggatcaaagtgacaaccagecaggatatgetctcaatcatggagaaattggaattttttgatttttcttatg
accttaacctgtgtggectgacagaggaccctgatcticaggttictgcaatgcageaccagacagtgetggaactgacagagactggggtggaagetget
gcagcaagtgcaatatctgtggccagaaccetgetggtetttgaagtgecageageccttectgtttgtgetgtgggaccagecageacaagttcectgtettca
tggggagggtatatgaccccagggectgaagatctagagetgaattcectgecagecagggggatcagectctactgtgecttctagttgecagecatetgttg
tttgeececteeccecttgecttecttgaccetggaaggtgecactcecactgtectticctaataaaatgaggaaattgeatcacattgtetgagtaggtgteattct
attctggggegiggggtgggacaggacagcaagggggaggattgggaagacaatagcaggeatgetggggatgeagtgggctctatggetictgagg
cagaaagaaccagctggggctcgagatccactagggecgeaggaaccectagtgatggagttggecactcectetetgegegetegetegetecactgag
gecgggegaccaaaggtegececgacgecegggctttgcccgggeggectcagtgagegagegagegegeag

25

ctgegegcetegetegetcactgaggecgeccgggcaaageccgggeggectcagtgagegagegagegegeagagagggagtggecaactecatca
ctaggggttcctgeggectagtaggetcagaggeacacaggagtttctgggetcaccetgeccecttccaaccectcagttcccatectccageagetgttt
gtgtgctgectctgaagtccacactgaacaaacttcagectactcatgtccctaaaatgggeaaacattgcaagcagcaaacageaaacacacagecctce
ctgectgetgaccttggagetggggcagaggtcagagacctetctgggeccatgecacctccaacatccactcgaccectiggaatticggtggagagga
gcagaggttgtcctggegtggtitaggtagtgtgagagggetacceggggatcttgetaccagtggaacagecactaaggattctgecagtgagageagag
ggccagctaagtggtactctcccagagactgtctgactcacgecaccecctecaccttggacacaggacgetgtggtttctgagecaggtacaatgactect
ttcggtaagtgcagtggaagctgtacactgeccaggeaaagegtecgggeagegtaggegggegactcagatcccagecagtggacttageeectgttt
getectecgataactggggtgaccttggttaatattcaccageagecteeccccgttgccectetggatccactgcttaaatacggacgaggacagggccctg
tetectcagettcaggeaccaccactgacctgggacagtgaatagatcctgagaacttcagggtgagtctatgggacccttgatgttttetitceccttettttct
atggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgctttcticttttaat
atacttttttgtttatcttattictaatactttccctaatctettictttcagggcaataatgatacaatgtatcatgectetttgeaccatictaaagaataacagtgataa
tttctgggttaaggcaatageaatatttctgcatataaatattictgcatataaattgtaactgatgtaagaggtttcatattgctaatagcagcetacaatccageta
ccattctgcettttatttictggttgggataaggctggattattctgagtccaagctaggeccttttgctaatcttgticatacctcttatettccteccacagetectgg
geaacctgetggtetctctgetggeccatcactttggcaaagcacgegtgccaccatggectecaggetgaccctgetcaccctectgetgetectgetgge
tggggacagggectccageaaccccaatgecaaccageagticetctcaggatccagagtecctgecaggacaggggggaggecaaggtegccaccact
gtgatctccaagatgetgtttgtggageecatcctggaggtatccagectecctaccaccaacageaccaccaactcagecaccaaaatcactgetaacac
cactgatgagcccacaacccagecaactactgagecaaccactcagectaccatccaacccacccagcectactacccagetecccactgactetectace
cagcccaccactggeagettctgeccaggacctgtgaccctetgetctgactiggagtcecattccacagaggeagtgetgggggatgecctggtagactt
cteectgaagetctaccatgceattctetgecatgaagaaggtggagaccaacatggectictecececttcageattgecagectectgaccecaggtectgctg
ggeocageooagaacacaaagacaaacctggagiccatcctcagetaccecaaggacticacctgtgtccaccaggecctgaaggecticacaaccaa
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gggggtgaccagtgtctcacagattttccacageccagacctggecatcagggacacctttgtgaatgeccagtaggaccectgtacagetccagteccaga
gtcctcageaacaactctgatgecaacctggagetgatcaacacctgggtggccaagaacaccaacaacaagatcageaggetgetagactcactgeect
ctgacacaaggctggtcctcctcaatgeaatctacctgagtgecaagtggaagaccacctttgaccecaagaagaccaggatggageccttccacttcaag
aacagtgtcattaaggtgcccatgatgaacagcaagaagtaccctgtggeccacttcattgaccagaccttgaaggecaaggtggggcagetgeagetet
cccacaacctgtcactggtcatectggticcccagaacctgaagecacaggcttgaggacatggageaggecctcageectictgtattcaaggecataatg
gagaagctggagatgagcaagttccageccactctgetgaccctacccaggatcaaggtgaccaccagecaggacatgetctcaatcatggagaagttg
gagttctttgacttcagctatgacctgaacctgtgtgggctgacagaggaccctgacctgeaggtgtcagecatgecageaccagacagtgetggaactgac
agagactggggtggaagetgctgcageaagtgetatttcagtggecaggaccctgetggtetttgaggtccageageccttectgtttgtgctetgggacea
gcagcacaagttccctgtcticatggggagggtctatgacceccagggcectgaagatctagagetgaaticetgecagecagggggatcagectetactgtge
cttctagttgccagecatctgttgtitgececteceecttgecttecttgacectggaaggtgccacteecactgtectttcctaataaaatgaggaaattgeate
acattgtctgagtaggtgtcattctattctggggeptgggatggegcaggacageaagggggaggattgggaagacaatagecaggeatgetggggatgc
agtgggctctatggettctgaggcagaaagaaccagetggggctcgagatccactagggecgeaggaacccctagtgatggagttggccactceectetet
gegegetegetegetcactgaggecgggegaccaaaggiegeccgacgeecgggctttgececgggeggectcagtgagegagegagegegeag

26

ctgegegcetegetegetcactgaggecgeccgggeaaageecgggeggectcagtgagegagegagegegeagagagggagtggccaactceatca
ctaggggttcctgeggectagtaggctcagaggcacacaggagtttctgggetcaccetgeccecttccaacccctcagttcccatectccageagetgttt
gtetgctgcctetgaagtccacactgaacaaacticagectactcatgtecctaaaatgggcaaacattgcaagecageaaacageaaacacacagecctcee
ctgectgetgaccttggagetgggecagaggtcagagacctctctgggeccatgecacctccaacatccactcgaccecttggaatttcggtggagagga
gcagaggttgtectggegtggtttaggtagtgtgagaggggtacceggggatettgetaccagtggaacagecactaaggattctgecagtgagageagag
ggccagctaagtggtactctcccagagactgtctgactcacgecaccecctecaccttggacacaggacgetgtggtttctgagecaggtacaatgactcct
ttcggtaagtgcagtggaagetgtacactgeccaggeaaagegteccgggeagegtaggegggcgactcagatcccagecagtggacttagecectgttt
getectecgataactggggtgaccttggttaataticaccageagectceccegttgeecctetggatecactgettaaatacggacgaggacagggecctg
tetectcagcettcaggeaccaccactgacctgggacagtgaatagatcctgagaacttcagggtgagictatgggacccttgatgttttctitceccttettttct
atggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgctttctictittaat
atacttttttgtttatcttattictaatactttccctaatctettictttcagggcaataatgatacaatgtatcatgectetttgeaccatictaaagaataacagtgataa
tttctgggttaaggcaatagcaatatttctgcatataaatattictgeatataaattgtaactgatgtaagaggtttcatattgctaatagcagetacaatccageta
ccattctgcettttatttictggttgggataaggctggattattctgagtccaagctaggeccttttgctaatcttgticatacctcttatcttccteccacagetectgg
geaacctgetggtctctctgetggeccatcactttggcaaageacgegtgccaccatggectecaggetgaccctgetgaccectectgetgeteetgetgge
tggggacagagecagcageaaccccaatgecaccagetecagetetcaggacccagagagectgeaggacaggggggagggcaaggtggecacca
cagtgatcagcaagatgctgtttgtggageccatectggaggtgageagectccecaccaccaacageaccaccaattctgecaccaagatcacagecaa
caccacagatgageccacaacccagectaccacagagecaaccacacageccaccatccaacccacccaacctactacccagetgeccacagacage
cctacccagectaccacaggeagcettctgecctggecctgtgacectgtgetctgacttggagagecactccacagaggcetgtgctgggggatgecctggt
ggatttcagectgaagetgtaccatgecttctctgecatgaagaaggtegagaccaacatggecticagecccttcageattgecagectectgacccaggt
cetgetggggectggggagaacacaaagaccaacctggagageatcctgagetaccccaaggacttcacctgtgtgeaccaggecctgaagggetica
ccaccaagggggtgacctctgtgagecagattttccacagecctgacctggecatcagggacacctttgtgaatgectccaggaccectgtacagetctage
cccagggtgctgageaacaactctgatgecaacttggagetgatcaacacctgggtggccaagaacaccaacaacaagatcageaggetgetggacag
cctgeectetgacaccaggetggtgctcectgaatgecatctacctgtctgecaagtggaagaccacctttgaccccaagaagaccagaatggagecctice
acttcaagaactctgtgataaaggtgcccatgatgaacagcaagaagtaccctgtggeccacttcattgaccagacectgaaagecaaggtgggccaget
geagctcagcecacaacctgagectggteatcetggtgccecagaacctgaageacaggetggaggacatggaacaggecctcageccctetgtgticaa
ggccattatggagaagetggagatgagcaagttccageccactetgetgacactgeccaggatcaaggtgaccaccagecaggacatgetgageatcat
ggagaagttggagttctttgacttcagctatgacctgaacctgtgtggcctgacagaggaccctgacctecaggtgtetgecatgeageaccagacagtgcet
ggaactgacagagacaggggtggaagcetgctgctgectetgecatctetgtggecagaaccetgetggtgtitgaggtgcageageccttectgtttgtgct
gtgggaccagcagcacaagttccctgtgticatgggcagggtgtatgaccccagggectgaagatctagagetgaattcctgecagecagggggatcage
ctetactgtgcecttctagttgecagecatetgttgtttgecccteceeccttgecttecttgaccetggaaggtgccacteccactgtectttcctaataaaatgagg
aaattgcatcacattgtctgagtaggtgtcattctatictgggggatggoptgooocaggacagcaagggggaggattggeaagacaatagcaggeatge
tggggatgcagtgggctctatggctictgaggcagaaagaaccagetggggctcgagatccactagggecgeaggaaccectagtgatggagttggeca
cteectetetgegegetegetegetcactgaggecgggegaccaaaggtegeccgacgeecgggctttgecccgggeggectcagtgagegagegage
gegeag

27

ctgegegcetegetegetcactgaggecgeccgggcaaageccgggeggectcagtgagegagegagegegeagagagggagtggecaactecatca
ctaggggttcctgeggectagtaggetcagaggeacacaggagtttctgggetcaccetgeccecttccaaccectcagttcccatectccageagetgttt
gtgtgctgectctgaagtccacactgaacaaacttcagectactcatgtccctaaaatgggeaaacattgcaagecagceaaacageaaacacacagecctce
ctgectgetgaccttggagetgggecagaggtcagagacctetetgggeccatgecacctccaacatccactcgaccecttggaatticggtggagagga
gcagaggttgtcctggegtggtitaggtagtgtgagagggetacccggggatcttgetaccagtggaacagecactaaggattctgecagtgagageagag
ggccagcetaagtggtactctcccagagactgtctgactcacgecaccecctecaccttggacacaggacgcetgtegtttctgagecaggtacaatgactect
ttcggtaagtgcagtggaagctgtacactgeccaggeaaagegtecgggeagegtaggegggegactcagatcccagecagtggacttageecctgttt
getectccgataactggggtgaccttggttaatattcaccagecagecteccecgttgeccctetggatccactgettaaatacggacgaggacagggecctg
tetectcagettcaggeaccaccactgacctgggacagtgaatagatcctgagaacttcagggtgagictatgggacccttgatgttttetitceccttettttct
atggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgctttcticttttaat
atacttttttgtttatcttattictaatactttccctaatctcttictitcaggecaataatgatacaatgtatcatgectetitgcaccatictaaagaataacagtgataa
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tttctgggttaaggcaatagcaatatttctgcatataaatattictgcatataaattgtaactgatgtaagaggtttcatattgctaatagcagcetacaatccageta
ccattctgcttttattttctggttgggataaggetggattattctgagtccaagetaggeccttttgctaatcttgticatacctcttatcttcctcccacagetectgg
geaacctgetggtetctctgetggeccatcactttggcaaageacgegtgecaccatggectctaggetgactctgetgactetgetgetectgetgetgget
ggggacagggcecagcetctaaccecaatgetacttctagetectctcaggaccctgagagecttcaggacaggggggagggcaaggtggecaccactgt
gatctctaagatgetgtttgtggageccatectggaggtgageagectgeccaccaccaacageaccaccaactctgecactaagatcactgecaacacca
ctgatgagcccaccacccageccactactgageccaccacccagectactatccageccacccageccactacccagetgeccactgacagecectacce
agcccaccactggeagcttctgeectgggectgtgaccetgtgetetgacctggagagecattctactgaggcetgtgctgggggatgecctggtggacttct
ctctgaagetgtaccatgettictctgecatgaagaaggtggagactaacatggcttttageeccttcageattgetagectgetgacecaggtgetgetggg
gectggggagaacactaagaccaacctggaatctatcctgagetacceccaaggacttcacctgtgtgecaccaggecctgaagggcticaccaccaaggg
ggtgacctetgtgagecagatcticcacagecctgacctggecatcagggatacttttgtgaatgecagcagaaccetgtactctictageccecagggtgct
gagcaataattctgatgctaacctggagcetgatcaatacctgggtggetaagaataccaacaacaagattagcaggcetgctggactctctgecttctgatace
aggctggtgctgctgaatgecatttacctgtctgecaagtggaagaccacttttgaccctaagaagactaggatggagectttccacttcaagaactctgteat
taaggtgcccatgatgaacagcaagaagtatectgtggeccactttattgaccagactctgaaggecaaggtgggecagettcagetgagecataacctga
gectggtgatectggtgecccagaacctgaageataggetggaggacatggageaggctctgageecctetgtgticaaggctattatggagaagetgga
gatgagcaagttccageccactctgetgaccctgeccagaatcaaggtgaccacctctcaggacatgetgageatcatggaaaagetggagticttgactt
ttcttatgacctgaatctgtgtggectgactgaggatcctgatcttcaggtgtctgccatgecageaccagactgtgetggagetgactgagactggggtggag
getgetgetgettetgecatetctgtggecaggacectgetggtgtttgaggtgcageageecticctgtitgtgetgtgggaccageageacaagtttectgt
gttcatgggcagggtgtatgaccccagagectgaagatctagagetgaattccticagecagggggatcagectctactgtgecttctagttgecagecatct
gttgtttgceccteccccttgecttccttgacectggaaggtgecactcecactgtectitcctaataaaatgaggaaattgeatcacattgtctgagtaggtgtc
attctattctggggegtgggetegegcaggacagcaagggggaggattgggaagacaatagcaggeatgetggggatgcagtgggctetatggettetg
aggcagaaagaaccagetggggctcgagatccactagggecgeaggaaccectagtgatggagttggecacteectetetgegegetegetegeteact
gaggcecegggegaccaaaggtcgeecgacgecegggctttgeecgggeggcctcagtgagegagegagegegeag

28

ctgegegcetegetegetcactgaggecgeecegggeaaageecgggeggectcagtgagegagegagegegeagagagggagtggecaactecatca
ctaggggttcctgeggcectagtactaggetcagaggeacacaggagtttctgggctcaccctgeccecttccaaccectcagttcecatcctccageagetg
tttgtgtectgcctetgaagtccacactgaacaaacttcagectactcatgtcectaaaatgggeaaacattigecaagecageaaacagcaaacacacagecct
ccctgectgetgaccttggagetggggcagaggtcagagacctetetgggeccatgecacctccaacatcecactcgaccecttggaatttcggtggagag
gagcagaggttgtcctggegtggtttaggtagtgtgagaggggtacceggggatettgectaccagtggaacagecactaaggattctgecagtgagageag
agggccagctaagtggtactctceccagagactgtctgactcacgecaccccctecaccttggacacaggacgcetgtggtttctgagecaggtacaatgact
cctttcggtaagtgcagtggaagetgtacactgeccaggeaaagegtcegggeagegtaggegggegactcagatcccagecagtggacttageeectg
tttgctecteecgataactggggtgaccttggttaatattcaccageagecteeeecgttgecectetggatecactgettaaatacggacgaggacagggece
tgtctectcagettcaggeaccaccactgacctgggacagtgaatagatcttgagaacticagggtgagtctatgggacccttgatgttttctttceecttctttte
tatggttaagttcatgtcataggaagggeagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgetttctictittaa
tatacttttttgtttatcttatttctaatactttccctaatctctttctttcagggcaataatgatacaatgtatcatgectetttgcaccattctaaagaataacagtgata
atttctgggttaaggcaatagcaatatttctgcatataaatatttctgcatataaattgtaactgatgtaagaggtttcatattgctaatagcagetacaatccaget
accattctgcttttattttctggttgggataaggetggattattctgagtccaagetaggeccttttgetaatcttgttcatacctettatcttcctcccacagetectg
ggcaacctgctggtetetctgetggeccatcactttggcaaageactagtgecaccatggectctaggetgactetgetgactetgetgetectgetgetgget
ggggacagggecagetctaaccecaatgetactictagetectetcaggacectgagagectgeaggacaggggggagggcaaggtggecaccactgt
gatctctaagatgctgtttgtggageccatcctggaggtgageagectgeccaccaccaacageaccaccaactctgecactaagatcactgecaacacca
ctgatgagcccaccacccageccactactgageccaccacccagectactatccageccacccageccactacccagetgeccactgacagecctacce
agcccaccactggeagcettctgecctgggectgtgacectgtgetetgacctggagagecattctactgaggetgtgctgggggatgecctggtggacttct
ctctgaagetgtaccatgettictctgecatgaagaaggtggagactaacatggcttttagecccttcageattgetagectgetgacccaggtgetgctggg
gectggggagaacactaagaccaacctggaatctatcctgagetaceccaaggacttcacctgtgtgeaccaggecctgaagggcettcaccaccaaggg
ggtgacctetgtgagecagatcttccacagecctgacctggecatcagggatacttttgtgaatgecageagaaccctgtactettctageecccagggtgct
gagcaataattctgatgctaacctggagetgatcaatacctgggtggctaagaataccaacaacaagattagcaggetgetggactetetgectictgatace
aggctggtgctgctgaatgecatttacctgtetgecaagtggaagaccacttttgaccctaagaagactaggatggagectttccacttcaagaactctgtcat
taaggtgcccatgatgaacagcaagaagtatcctgtggeccactttattgaccagactctgaaggccaaggtgggccagetgeagetgagecataacctg
agcctggtgatectggtgecccagaacctgaageataggetggaggacatggageaggcetctgageccctetgtgticaaggctattatggagaagetgg
agatgagcaagttccagcccactctgetgacectgeccagaatcaaggtgaccacctctcaggacatgetgageatcatggaaaagcetggagttctttgact
tttcttatgacctgaatctgtgtggectgactgaggatectgatctgcaggtgtetgecatgeageaccagactgtgetggagetgactgagactggggtega
ggctgetgctgettctgecatetetgtggecaggaccctgetggtgtttgaggtgcageageccttectgtitgtgetgtgggaccageageacaagtttectg
tgttcatgggcagggtgtatgaccecagagectgacatctagagetgaattcetgecagecagggggatcagectetactgtgecttctagttgecagecatcet
gttgtttgccecteeccecttgecttecttgacectggaaggtgecactcccactgtectticctaataaaatgaggaaattgeatcacattgtctgagtaggtgte
attctattctgggggotggggtggggcaggacagcaagggggaggattgggaagacaatagcaggeatgetggggatgecagtgggctctatggctictg
aggcagaaagaaccagetggggctcgagatccactagggecgeaggaaccectagtgatggagttggecactecctetctgegegetegetcgetcact
gaggeegggcegaccaaaggtcgeececgacgeeegggetttgeccgggeggcectcagtgagegagegagegegeag

29

ctgegegcetegcetegetcactgaggecgeecgggcaaageccgggeggectcagtgagegagegagegegeagagagggagtgeccaacteeatca
ctaggggttcctgeggcectagtactaggetcagaggceacacaggagttictgggctcaccctgecccecttccaaccectcagttcccatcctccageagetg
tttgtgtgctgcctetgaagtccacactgaacaaacticagectactcatgtccctaaaatgggcaaacattgeaageageaaacageaaacacacagecct

96




WO 2022/165027 PCT/US2022/014091

cectgectgetgaccttggagetggggcagaggtcagagacctetctgggeccatgecacctccaacatccactcgaceecttggaatttcggtggagag
gagcagaggttgtcctggcgtggtttaggtagtgtgagaggggtacccggggatctigetaccagtggaacagecactaaggatictgeagtgagageag
agggccagctaagtggtactctcccagagactgtctgactcacgecaceccctecaccttggacacaggacgetgtggtitctgagecaggtacaatgact
cctttcggtaagtgcagtggaagetgtacactgeccaggeaaagegteccgggeagegtaggegggegactcagatcccagecagtggacttageeectg
tttgctectcegataactggggtgaccttggttaatattcaccageagectececcgttgecectetggatccactgcttaaatacggacgaggacagggece
tgtctectcagettcaggeaccaccactgacctgggacagtgaatagatettgagaacttcagggtgagtctatgggacccttgatgttttctttceecttcttttc
tatggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaatittgcatttgtaattttaaaaaatgetttctictittaa
tatacttttttgtttatcttatttctaatactttccctaatctcttictttcagggcaataatgatacaatgtatcatgectctitgcaccattctaaagaataacagtgata
atttctgggttaaggcaatagcaatatttctgcatataaatattictgcatataaattgtaactgatgtaagaggtitcatattgetaatagcagctacaatccaget
accattctgcttttattttctggttgggataaggctggattatictgagtccaagetaggeccttttgctaatcttgticatacctcttatcttcctcecacagetectg
ggcaacctgetggtetetetgetggeccatcactttggeaaageactagtgecaccatggetagecaggetgaceetgetgacectgetgetectgetgetgg
ctggggacagggcctctagcaatcccaatgecacctctagetctagecaggatectgagagectgecaggacaggggggaggecaaggtggccaccact
gtgatcagcaagatgcetgtttgtggageccattctggaggtgtettctctgeccaccaccaatageaccactaattctgeccaccaagatcactgetaacacca
ctgatgagcccaccactcagectaccactgageccaccacccageccactatccageccacccageccaccacceagetgectactgacagecctacee
agcccactactgggagcttctgecctggecctgtgaccctgtgctetgacctggagagecacageactgaggcetgtgctgggggatgecctggtggactt
cagcctgaagctgtaccatgecttttctgecatgaagaaggtggagaccaacatggectttageectttcageattgecagectgetgactcaggtgetgetg
ggggctggggagaacaccaagaccaacctggagageatcctgagetaccccaaggacttcacttgtgtgcaccaggecctgaagggcttcactaccaa
ggggeteactictgtgagecagatcticcacagecctgacctggccatcagggatactittgtgaatgccageaggaccetgtacageageageeccagg
gtgctgagcaacaactctgatgctaacctggagcetgatcaatacttgggtggccaagaacaccaacaacaagatttctaggetgetggactctctgecctet
gacactaggctggtgctgctgaatgecatctacctgtetgecaagtggaagaccacctttgatcccaagaagactaggatggageccttecacttcaagaac
tetgtgatcaaggtgeccatgatgaacagcaagaagtaccetgtggeccatttcattgaccagaccctgaaggecaaggtggggcagetgeagetgagec
acaatctgagcctggtgattctggtgccccagaatctgaagcacagactggaggacatggageaggcetctgtctecctetgtgticaaggecatcatggag
aagctggagatgagcaagttccageccactetgetgactetgectaggatcaaggtgaccaccagecaggacatgetgageattatggagaagetggagt
tetttgacttcagctatgacctgaacctgtgtggectgactgaggaccctgatctgecaggtgtctgecatgcageaccagactgtgetggagetgactgaga
ctggggtggaggctgctectgcctctgetatttctgtggecaggaccetgetggtatttgaggtecagecageccttectgtitgtgctgtgggaccageagea
caagtttcctgtgttcatggggagggtgtatgaccccagggcctgacatctagagetgaattectgecagecagggggatcagectetactgtgectictagtt
gecagecatetgttgtttgccectececcttgecttecttgaceetggaaggtgecactcecactgtectttcctaataaaatgaggaaattgcatcacattgtct
gaglaggtgicatictatictggggggiggggiggggcaggacagcaagggggaggatigggaagacaatageaggcatgetggggatgeagigggct
ctatggcttctgaggcagaaagaaccagetggggctcgagatccactagggecgeaggaaccectagtgatggagttggecactecctetctgegegete
getegetcactgaggecgggegaccaaaggicgeccgacgeecgggctttgeeccgggeggectcagtgagegagegagegegeag

30

ctgegegcetegetegetcactgaggecgecegggeaaageecgggeggectcagtgagegagegagegegeagagagggagtggecaactecatca
ctaggggttcctgeggcctagtaggctcagaggeacacaggagtttctgggcetcacectgeccccttccaaccectecagticecatectccageagetgttt
gtgtgetgectetgaagtccacactgaacaaacticagectactcatgtcectaaaatgggeaaacattgecaageageaaacagcaaacacacagecctee
ctgectgetgaccttggagetggggcagaggtcagagacctetetgggeccatgecacctccaacatcecactcgaccecttggaatttcggtggagagga
geagaggtigtcctggegtagtttaggtagtgtgagaggggtacccggggatettgetaccagtggaacagecactaaggatictgeagtgagageagag
ggccagcetaagtggtactctcccagagactgtctgactcacgecacceectecaccttggacacaggacgetgtggttictgagecaggtacaatgactect
ttcggtaagtgcagtggaagetgtacactgeccaggeaaagegtecgggeagegtaggegggegactcagatcccagecagtggacttagecectgttt
getectecgataactggggtgaccttggttaatattcaccagecagectecceegttgeccetetggatecactgcettaaatacggacgaggacagggecctg
tctectcagettcaggeaccaccactgacctgggacagtgaatagatcctgagaacticagggtgagtctatgggaccctigatgtittctitceecttettttet
atggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgetttcticttttaat
atacttttttgtttatcttatttctaatactttccctaatctctttctttcagggcaataatgatacaatgtatcatgectctttgcaccattctaaagaataacagtgataa
tttctgggttaaggcaatagcaatatttctgcatataaatattictgcatataaattgtaactgatgtaagaggtttcatattgetaatagcagcetacaatccageta
ccattctgcttttatttictggttgggataaggetggattattctgagtccaagetaggceccttttgctaatcttgttcatacctcttatcttcctcccacagetectgg
geaacctgetggtctctctgetggeccatcactttggecaaageacgegtgccaccatggectccaggetgaccetgetgacecteetgetgetgetgetgge
tggggatagagcectectcaaatcccaccatccaacccacccaaccaactacceageteccaacagattetectacccageccactactgggtecttctgee
caggacctgttactctetgetctgacttggagagtcaticaacagaggecgtgtigggggatgetitggtagatttctecctgaagetctaccacgecttctcag
caatgaagaaggtggagaccaacatggccttttccccattcageatcgecagectecttacccaggtectgetcggggctggggagaacaccaaaacaaa
cctggagagcatcctetettaccccaaggacttcacctgtgtccaccaggecctgaagggcttcacgaccaaaggtgtcacctcagtctctcagattttccac
agcccagacctggecataagggacacctttgtgaatgectctcggaccectgtacagecageagecccagagtectaagcaacaacagtgacgecaacttg
gagctcatcaacacctgggtggecaagaacaccaacaacaagatcagecggetgetagacagtetgecctecgataccegecttgtectectcaatgctat
ctacctgagtgccaagtggaagacaacatttgatcccaagaaaaccagaatggaaccctttcacttcaaaaactcagttataaaagtgeccatgatgaatag
caagaagtaccctgtggcccatttcattgaccaaactttgaaagccaaggtggggcagetgcagetetcecacaatetgagtttggtgatcetggtacecca
gaacctgaaacatcgicttgaagacatggaacaggcetctcagecctictgtittcaaggecatcatggagaaactggagatgtccaagticcageccactete
ctaacactaccccgcatcaaagtgacgaccagecaggatatgetctcaatcatggagaaattggaattcttcgatttttcttatgaccttaacctgtgtgggctg
acagaggaccctgatcttcaggtttctgegatgecageaccagacagtgetggaactgacagagactggggtggaggeggcetgecagectccgecatetet
gtggcccgeaccctgetggtctitgaagtgcageageccttectettcgtgetetgggaccageageacaagttecctgtettcatggggcgagtatatgace
ccagggcctgaagatctagagetgaattcctgecagecagggggatcagectctactgtgecttctagttgecagecatetgttgtttgceccteceecttgect
tecttgaccctggaaggtgccacteccactgtectttcctaataaaatgaggaaattgeatcacattgictgagtaggtgtcattctatictggggggtegg gtg
ggecaggacagecaaggggoagoattggeaagacaatagcaggcatgctgggoatgcagtgggctctatggctictgaggcagaaagaaccagetgg
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ggctegagatecactagggeegeaggaaccectagtgatggagttggecacteectetetgegegetegetegeteactgaggec gggegaccaaaggt
cgeecgacgeecggectitgeccgggeggectcagtgagegagegagegegeag

31

ctgegegcetegetegetcactgaggecgeeegggeaaageecgggeggectcagtgagegagegagegegeagagagggagtggecaactecatca
ctaggggttcctgeggcectagtaggetcagaggeacacaggagtttctgggctcaccetgecccecttccaaccectcagttcecatectccageagcetgttt
gtgtgetgectetgaagtccacactgaacaaacticagectactcatgtcectaaaatgggeaaacattgecaageageaaacagcaaacacacagecctee
ctgectgetgaccttggagetggggcagaggtcagagacctetetgggeccatgecacctccaacatccactcgaccecttggaatttcggtggagagga
geagaggttgtcctggcgtagtttaggtagtgtgagaggggtacceggggatettgetaccagtggaacagecactaaggatictgcagtgagageagag
ggccagcetaagtggtactctcccagagactgtctgactcacgecaccecctecaccttggacacaggacgetgtggttictgagecaggtacaatgactect
ttcggtaagtgcagtggaagetgtacactgeccaggeaaagegteccgggcagegtaggegggcgactcagatcccagecagtggacttagecectgttt
getectecgataactggggtgaccttggttaatattcaccageagectecceegttgeccctetggatecactgettaaatacggacgaggacagggecctg
tcteetcagettcaggeaccaccactgacctgggacagtgaatagatcctgagaacttcagggtgagtctatgggacccttgatgttttctttceecttcttttet
atggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgetttcticttttaat
atacttttttgtttatcttatttctaatactttccctaatctctttctttcagggcaataatgatacaatgtatcatgectetttgecaccattctaaagaataacagtgataa
tttctgggttaaggcaatagcaatattictgcatataaatattictgcatataaattgtaactgatgtaagaggtttcatattgetaatageagcetacaatccageta
ccattctgcttttatttictggttgggataaggctggattatictgagtccaagetaggeccttttgctaatcttgticatacctcttatcttcctcccacagetectgg
geaacctgctggtetctetgetggeccatcactttggcaaageacgegtgccaccatggectecaggetgaccectgetgacectectgetgetgetgetgge
tggggatagagcectectcaaatgggtecttctgeccaggacctgttactetetgetctgacttggagagtcattcaacagaggecgtgttgggggatgetttg
gtagatttctccetgaagcetctaccacgecttctcagcaatgaagaaggtggagaccaacatggecttttceccattcageatcgecagectecttacccagg
tectgeteggggctggggagaacaccaaaacaaacctggagageatcctetettaccccaaggacttcacctgtgtccaccaggecctgaagggcttcac
gaccaaaggtgtcacctcagtctctcagattttccacageccagacctggecataagggacacctttgtgaatgectctcggaccectgtacagecageagee
ccagagtcctaagcaacaacagtgacgecaacttggagetcatcaacacctgggtggccaagaacaccaacaacaagatcagecggetgetagacagt
ctgeectecgatacecegecttgtectectcaatgetatctacctgagtgccaagtggaagacaacatttgatcccaagaaaaccagaatggaacccetttcactt
caaaaactcagttataaaagtgcccatgatgaatagcaagaagtaccctgtggeccatttcattgaccaaactttgaaagecaaggtggggcagetgeaget
ctcccacaatctgagtttggtgatectggtaccccagaacctgaaacatcgtettgaagacatggaacaggetctcagececttetgttttcaaggecatcatgg
agaaactggagatgtccaagttccagecccactctcctaacactacceccgeatcaaagtgacgaccagecaggatatgetctcaatcatggagaaattggaa
ttcttcgatttttcttatgaccttaacctgtgtgggctgacagaggaccetgatcttcaggttictge gatgcageaccagacagtgetggaactgacagagact
ggggtggaggcggctgeagectecgecatetetgtggeccgeaccctgetggtetttgaagtgecageageccttectettcgtgetetgggaccageagea
caagttccctgtcttcatggggcgagtatatgaccccagggcectgaagatctagagetgaattcctgcagecagggggatcagectetactgtgecttctagt
tgccagccatctgttgtttgeeecteccecttgecttecttgacectggaaggtgccacteccactgtectttcctaataaaatgaggaaattgeatcacattgte
tgagtaggtgtcattctatictgggggstggggtagggcaggacageaagggggaggatigggaagacaatagcaggeatgetggggatgeagtgggc
tctatggcetictgaggcagaaagaaccagetggggctcgagatccactagggecgeaggaaccectagtgatggagttggecacteectetctgegeget
cgetegetecactgaggecgggcegaccaaaggtecgeccgacgeccgggctitgccegggeggecteagtgagegagegagegegeag

32

ctgegegcetegetegetcactgaggecgeecgggcaaageecgggeggectcagtgagegagegagegegeagagagggagtgaccaactceatca
ctaggggttcctgeggcectagtactaggetcagaggceacacaggagtttctgggcetcacectgecccecticcaaccectcagttcccatcctccageagetg
tttgtgtgctgectetgaagtccacactgaacaaacttcagectactcatgtecctaaaatgggcaaacattgcaageageaaacagcaaacacacagecct
cectgectgetgaccttggagetggggcagaggtcagagacctetctgggeccatgecacctecaacatecacttgaccecttggaattitggtggagage
agcagaggttgtcctggtetggtitaggtagtgtgagaggggtacctggggatcttgctaccagtggaacagecactaaggatictgecagtgagageagag
ggccagctaagtggtactctcccagagactgtctgactcagecaccecctecaccttggacacaggatgetgtggtttctgagecaggtacaatgactecttt
ggtaagtecagtggaagetgtacactgeccaggeaaaggtctgggcaggtagggggtgactcagatcccagecagtggacttageccectgtttgctecte
tgataactggggtgaccttggttaatattcaccagcagecteccctgttgeecctetggatecactgcttaaatatggatgaggacagggccctgtetectcag
cttcaggcaccaccactgacctgggacagtgaatagatcttgagaacttcagggtgagtctatgg gacccttgatgttttctttceecttcttttctatggttaagt
tcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattitaaaaaatgctttcticttttaatatacteetttgt
ttatcttatttctaatactttccctaatctctttctttcagggcaataatgatacaatgtatcatgectetttgeaccattctaaagaataacagtgataatttctgggtta
aggcaatagcaatattictgcatataaatatttctgcatataaattgtaactgatgtaagaggtttcatattgctaatagcagcetacaatccagetaccattetgettt
tattttctggttgggataaggctggattattctgagtccaagetaggeccttttgetaatcttgticatacctettatcttcctcccacagetectgggeaacctgct
getetetetgetggeccatcactttggeaaageactagtgccaccatggectctaggetgactctgctgactetgetgetectgctgctggetgggegacage
gecagetctaaccccaatgetacttctagetectctcaggaccetgagagectgecaggacaggggggaggecaaggtggecaccactgtgatctctaaga
tgctgtttgtggageccatectggaggtgageagectgeccaccaccaacageaccaccaactctgecactaagatcactgecaacaccactgatgagee
caccacccagceccactactgageccaccacccagectactatccageecacccagececactaccecagetgeccactgacagecctaccecageecacca
ctggcagcttctgeectgggectgtgaceetgtgetetgacctggagagecattctactgaggetgtgctgggggatgeectggtggacttctetctgaaget
gtaccatgcttictctgecatgaagaaggtggagactaacatggcettitageeccticageattgetagectgetgacecaggtgctgetggggactgggga
gaacactaagaccaacctggaatctatcctgagctaccccaaggacttcacctgtgtgeaccaggecctgaagggcttcaccaccaagggggtgacctct
gtgagccagatcticcacagecctgacctggecatcagggatacttttgtgaatgecageagaacccetgtactetictagecccagggtgctgageaataatt
ctgatgctaacctggagetgatcaatacctgggtggctaagaataccaacaacaagattageaggcetgctggactetetgectictgataccaggetggtae
tgctgaatgecatttacctgtctgecaagtggaagaccacttttgaccctaagaagactaggatggagectttccacttcaagaactctgtcattaaggtgece
atgatgaacagcaagaagtatcctgtggcccactttattgaccagactctgaaggecaaggtgggecagetgeagetgagecataacctgagectggtgat
cctggtgecccagaacctgaageataggetggaggacatggageaggcetctgagecectetgtgticaaggctattatggagaagetggagatgageaa
gitccageccactetgetgacectgeccagaatcaaggtgaccacctctcaggacatgctgageatcatggaaaagetggagtictttgacttttcttatgace
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tgaatctgtgtggectgactgaggatectgatctgeaggtgtctgecatgecageaccagactgtgetggagetgactgagactggggtggaggctgetgct
gettetgecatetetgtggecaggaccetgetggtgtttgaggtecageageccticetgtitgtectgtgggaccageageacaagtttectgtgticatggg
cagggtgtatgaccccagagectgacatctagagetgaattcctgecagecagggggatcagectetactgtgectictagttgccagecatetgttgtttgee
cctecccecttgecttecttgaccectggaaggtgccactcecactgtectticctaataaaatgaggaaattgcatcacattgtetgagtaggtgtcattetattetg
g88gstggegtggggcaggacageaagggggaggattgggaagacaatagcaggeatgetggggatgeagtgggcetetatggetictgaggeagaa
agaaccagctggggctcgagatccactagggecgeaggaaccectagtgatggagttggecacteectetetgegegetegetcgetcactgaggeegg
gegaccaaaggicgecegacgecegggctitgeeegggeggectcagtgagegagegagegegeag

33

ctgegegcetegetegetcactgaggecgeecgggeaaageccgggeggectcagtgagegagegagegegeagagagggagtggcecaactecatca
ctaggggttcctgeggcctagtactaggetcagaggcacacaggagttictgggctecaccctgeceectticcaaceectcagttceccatcctccageagetg
tttgtgtgctgectetgaagtccacactgaacaaacttcagectactcatgtccctaaaatgggcaaacattgcaagcageaaacageaaacacacagecct
ccetgectgetgaccttggagetggggeagaggtcagagacctetetgggeccatgecacctccaacatccacttgaceecttggaattttggtggagagg
agcagaggttgtcctggtgtggtitaggtagtgtgagaggggtacctggggatcttgctaccagtggaacagecactaaggatictgeagtgagageagag
ggccagcetaagtggtactctcccagagactgtctgactcagecacceecteecaccttggacacaggatgcetgtggttictgagecaggtacaatgactecttt
ggtaagtgcagtggaagcetgtacactgeccaggeaaaggtctgggeaggtagggggtgactcagatcccagecagtggacttageecectgtttgetecte
tgataactggggtgaccttggttaatattcaccagcagectcecctgttgeccctetggatecactgcttaaatatggatgaggacagggecctgtetectcag
cttcaggcaccaccactgacctgggacagtgaatagatcttgagaacttcagggtgagtctatgggacccttgatgttttctttceectettttctatggttaagt
tcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgctttcttcttttaatatacttttttgt
ttatcttatttctaatactttccctaatctctttctttcagggcaataatgatacaatgtatcatgectctttgcaccattctaaagaataacagtgataattictgggtta
aggcaatagcaatattictgcatataaatatttctgcatataaattgtaactgatgtaagaggtttcatattgctaatagcagetacaatccagcetaccattetgettt
tattttctggttgggataaggetggattatictgagtccaagetaggeccttttgctaatcttgticatacctcttatcttcctcccacagcetectgggeaacctget
ggtetctctgetggeccatcactttggeaaageactagtgecaccatggetageaggetgaccectgetgacectgetgeteetgetgetggetggggacag
ggcectctagcaatcccaatgecacctctagetctagecaggatectgagagectgeaggacaggggggagggcaaggtggccaccactgtgatcagea
agatgctgtttgtggagceccattctggaggtgtettctctgeccaccaccaatageaccactaatictgecaccaagatcactgetaacaccactgatgagee
caccactcagectaccactgageccaccacccageccactatccageccaccecageecaccacccagetgectactgacagecctacccageccactac
tgggagctictgeectggecctgtgacectgtectetgacctggagagecacageactgaggctgtgctgggggatgecctggtggacticagectgaag
ctgtaccatgecttttctgccatgaagaaggtggagaccaacatggectttageectttcageattgecagectgetgactcaggtgctgctgggggctegs
gagaacaccaagaccaacctggagagceatcctgagetaccccaaggacttcacttgtgtgcaccaggecctgaagggcttcactaccaagggggtgact
tetgtgagecagatcttccacagecectgacctggecatcagggatactittgtgaatgecageaggaccctgtacageageagecccagggtgetgagea
acaactctgatgctaacctggagctgatcaatacttgggtggccaagaacaccaacaacaagatttctaggetgetggactetctgeectctgacactagget
ggtectgetgaatgecatctacctgtetgecaagtggaagaccacctttgatcccaagaagactaggatggageccttcecacttcaagaactetgtgatcaa
ggtgcccatgatgaacagcaagaagtaccetgtggeccatttcattgaccagaccctgaaggecaaggtggggcagetgecagetgagecacaatetgag
cctggtgattctggtgecccagaatctgaageacagactggaggacatggageaggcetetgtetcectetgtgticaaggecatcatggagaagetggaga
tgagcaagttccageccactetgetgactetgectaggatcaaggtgaccaccagecaggacatgetgageattatggagaagetggagttctttgacttca
gcetatgacctgaacctgtgtggectgactgaggaccctgatctgeaggtgtetgecatgecageaccagactgtgetggagetgactgagactggggtegga
gactgetgetgectetgetattictgtggecaggaccetgetggtgtitgaggtgcageageccticetgtitgtgctgtgggaccagecageacaagtticctg
tgttcatggggagggtgtatgaccccagggcectgacatctagagetgaattcetgecagecagggggatcagectetactgtgecttctagttgecagecate
tgttgtttgeeecteececttgecttecttgacectggaaggtgecacteccactgtectttcetaataaaatgaggaaattgeatcacattgtctgagtaggtgt
cattctattctggggggtegggtegggcaggacagcaagggggaggattgggaagacaatageaggeatgetggggatgeagtgggctetatggettct
gaggcagaaagaaccagetgggectcgagatccactagggecgeaggaaccectagtgatggagtiggecacteectetetgegegetegetegetcac

tgaggcegggegaccaaaggtegeccgacgecegggetttgcecgggeggccteagtgagegagegagegegeag

ctgegegcetegcetegetcactgaggecgeecgggeaaageecgggeggectcagtgagegagegagegegeagagagggagtggecaactceatca
ctaggggttcctgeggectagtactaggctcagaggeacacaggagtttctgggcetcaccctgeccecttccaaccectcagttcecatcctccageagetg
tttgtgtgctgectctgaagtccacactgaacaaacttcagectactcatgtecctaaaatgggcaaacattgcaagcagcaaacagcaaacacacagecct
cectgectgetgacctiggagetggggcagaggtcagagacctetctgggeccatgecacctccaacatccactcgaceecttggaatttcggtggagag
gagcagaggttgtcctggegggtitaggtagtgtgagagggagectcagaggcacacaggagtttctgggctcaccctgeccecttccaacccctcagtt
cccatcctecageagetgtitgtgtgctgectetgaagtccacactgaacaaacttcagectactcatgtccctaaaatgggcaaacattgcaagcageaaac
agcaaacacacagccctecctgectgetgaccttggagetggggcagaggtcagagacctctctgggeccatgecacctecaacatccactcgaccecctt
ggaatttcggtggagaggagcagaggtigtcctggegtagtttaggtagtgtgagaggggtacceggggatcttgctaccagtggaacagecactaagga
tictgcagtgagagcagagggccagetaagtggtactctcccagagactgtctgactcacgecacccectecaccttggacacaggacgetgtggtttctg
agccaggtacaatgactcctttcggtaagtgcagtggaagetgtacactgeccaggeaaagegtecgggeagegtaggegggegactcagatcccage
cagtggacttagcecctgtttgetcctccgataactggggtgaccttggttaatattcaccageagecteccecgttgeecctetggatecactgettaaatac
ggacgaggacagggccctgtctcctcagettcaggeaccaccactgacctgggacagtgaatagatcttgagaacttcagggtgagtctatgggaccett
gatgttttctttccecttcttttctatggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgeatttgtaattt
taaaaaatgctttcttcttttaatatacttttttgtttatcttatttctaatactttcectaatctctttctttcagggcaataatgatacaatgtatcatgectetttgcacca
ttctaaagaataacagtgataattictgggttaaggcaatagcaatatttctgcatataaatatttctgcatataaattgtaactgatgtaagaggtttcatattgeta
atagcagctacaatccagctaccattctgcttttattitctggtigggataaggctggattattctgagtccaagetaggeccttttgctaatcttgticatacctett
atcttcctcecacagetcctgggeaacctgetggtetetetgetggeccatcactttggcaaageactagtgecaccatggectctaggetgactctgetgact
ctgctgctectgetgetgactggeoacaggeccagetctaaccccaatgetactictagetectetcaggaccetgagagectgeaggacaggooooa o
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ggcaaggtggecaccactgtgatctctaagatgetgtttgtggageccatectggaggtgageagectgeeccaccaccaacageaccaccaactetgeca
ctaagatcactgccaacaccactgatgagcccaccacccageccactactgageccaccacccagectactatccageccacccageccactacccage
tgcccactgacagecectacccageecaccactggeagetictgecctgggectgtgacectgtgctetgacctggagagecattctactgaggetgtgctg
ggggatgecctggtggacttctetctgaagetgtaccatgetttctctgecatgaagaaggtggagactaacatggcttttagecccttcageattgetagect
getgacecaggtgctgetgggggctggggagaacactaagaccaacctggaatctatcctgagetaccccaaggacttcacctgtgtgeaccaggeect
gaagggcttcaccaccaagggggtgacctctgtgagecagatcttccacageectgacctggecatcagggatacttttgtgaatgecagecagaaccctgt
actcttctagcececcagggtgctgageaataattctgatgetaacctggagetgatcaatacctgggtggetaagaataccaacaacaagattageaggetge
tggactctctgecttctgataccaggetggtgctgctgaatgecatttacctgtctgecaagtggaagaccactttigaccctaagaagactaggatggagect
ttccacttcaagaactctgtcattaaggtecccatgatgaacagcaagaagtatcctgtggeccactttattgaccagactctgaaggecaaggtgggecag
ctgcagcetgagecataacctgagectggtgatectggtgecccagaacctgaageataggetggaggacatggageaggetetgageeectetgtgttca
aggctattatggagaagctggagatgagcaagttccageccactctgetgacectgeccagaatcaaggtgaccacctetcaggacatgetgageatcatg
gaaaagctggagttctttgacttttcttatgacctgaatctgtgtggectgactgaggatectgatctgcaggtgtctgecatgecageaccagactgtgctgga
getgactgagactggggtegagectgetgctgettctgecatetetgtggecaggaccectgetggtgttigaggtgcageagecctteetgtitgtgctgtgg
gaccagcagcacaagtttcctgtgttcatgggeagggtgtatgacceccagagectgacatctagagetgaattcctgecagecagggggatcagectetact
gtgccttctagttgecagecatctgtigtttgececteeeccttgecttecttgaceetggaaggtgecacteeccactgtectttcctaataaaatgaggaaattg
catcacattgtctgagtaggtgtcattctatictgggggatgggatggggcaggacageaagggggaggattgggaagacaatagcaggeatgetgg gg
atgcagtgggctctatggettctgaggcagaaagaaccagetggggctcgagatccactagggecgeaggaaccectagtgatggagttggccactece
tctetgegegcetegetegetecactgaggecgggcgaccaaaggicgeccgacgeccgggctttgeccegggeggcctcagtgagegagegagegegea
g

ctgegegcetegetegetecactgaggecgececgggeaaagecegggeggectcagtgagegagegagegegeagagagggagtggecaactccatca
ctaggggttcctgeggcectagtactaggetcagaggeacacaggagtttctgggctcacccetgeecccttccaacceetcagticecatcctccageagetg
tttgtgtgctgectetgaagtccacactgaacaaacttcagectactcatgtecctaaaatgggcaaacattgcaagcagcaaacageaaacacacagecct
ccetgectgetgacctiggagetggggcagaggtcagagacctctetgggeccatgecacctccaacatccactcgaccecttggaatticggtggagag
gagcagaggttgtcctggegggtttaggtagtgtgagagggaggctcagaggeacacaggagtttctgggctcacectgeecccttccaaccectcagtt
cccatcctecageagetgtitgtgtgctgectetgaagtccacactgaacaaacttcagectactcatgtccctaaaatgggcaaacattgcaagcageaaac
agcaaacacacagccctcectgectgetgaccttggagetggggcagaggtcagagaccictetgggeccatgecacctecaacatccactcgaceectt
ggaatttcggtggagaggagcagaggtigtcctggegtggtttaggtagtgtgagagggaggctcagaggeacacaggagtttctgggetcaccectgeee
ccttccaaccectcagttcecatectccageagetgtttgtgtgetgectetgaagtccacactgaacaaacticagectactcatgtecctaaaatgggeaaa
cattgcaagcagcaaacagcaaacacacagecctecctgectgetgaccttggagetggggcagaggtcagagacctetetgggeccatgecaccteca
acatccactcgaccccttggaatticggtggagaggagcagaggttgtectggegtggtttaggtagtgtgagagggaggetcagaggeacacaggagtt
tetgggctcaccctgeecccttccaaccectcagttcecatectecageagetgtitgtgtgctgectetgaagtccacactgaacaaacttcagectactcat
gtcectaaaatgggeaaacattgcaageagcaaacagcaaacacacagecctcectgectgetgaccttggagetggegcagaggtcagagacctetcet
gggcccatgecacctccaacatccactcgaceecttggaatticggtggagaggageagaggttgtectggegtggtitaggtagtgtgagaggggtace
cggggatcttgctaccagtggaacagecactaaggattctgcagtgagageagagggecagetaagtggtactctceccagagactgtctgactcacgeca
cceectecaccttggacacaggacgetgtggtttctgagecaggtacaatgactectticggtaagtgcagtggaagetgtacactgeecaggeaaagegt
ccgggeagegtaggcgggcgactcagatcccagecagtggacttageeectgtitgetectcegataactggggtgaccttggttaatattcaccageage
ctceeeegttgeecctetggatecactgettaaatacggacgaggacagggcecctgtetectcageticaggeaccaccactgacctgggacagtgaatag
atcttgagaacttcagggtgagtctatgggacccttgatgttttctttccecttctttictatggttaagticatgtcataggaaggggagaagtaacagggtaca
catattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgetttctictittaatatacttttttgtitatcttatttctaatactttcectaatetcttictttcagg
gcaataatgatacaatgtatcatgectctttgcaccattctaaagaataacagtgataatttctgggttaaggcaatagcaatatttctgcatataaatatttctgca
tataaattgtaactgatgtaagaggtttcatattgctaatagcagctacaatccagetaccattctgettttatttictggttgggataaggctggattattctgagtc
caagctaggcccttttgctaatcttgttcatacctcttatcttccteccacagetectgggeaacctgetggtetetetgetggeccatcactttggecaaageact
agtgccaccatggectctaggcetgactetgetgactctgetgetectgetgetggetggggacagggecagetctaaccecaatgetacttctagetectete
aggaccctgagagectgcaggacaggggggagggcaaggtggecaccactgtgatetctaagatgetgtttgtggageccatectggaggtgageage
ctgeccaccaccaacageaccaccaactctgecactaagatcactgecaacaccactgatgageccaccacccageccactactgageccaccacceag
cctactatccageccacccageecactacccagetgeccactgacagecctacccageccaccactggeagettctgeectgggectgtgaceetgtget
ctgacctggagagccattctactgaggctgtgctgggggatgeectggtggacttctctetgaagetgtaccatgcetitctctgecatgaagaaggtggaga
ctaacatggcttttagccecttcageattgctagectgetgacecaggtgcetgctgggggctggggagaacactaagaccaacctggaatctatcctgaget
accccaaggacttcacctgtgtgcaccaggecctgaagggettcaccaccaagggggtgacctctgtgagecagatcttccacagecctgacctggecat
cagggatacttttgtgaatgccagecagaaccctgtactctictageccccagggtgcetgageaataattctgatgctaacctggagetgatcaatacctgggts
gctaagaataccaacaacaagattagcaggetgetggactetctgectictgataccaggetggtgctgctgaatgecatttacctgtctgecaagtggaaga
ccacttttgaccctaagaagactaggatggagcectttccacttcaagaactctgtcattaaggtgcccatgatgaacagcaagaagtatcctgtggeccacttt
attgaccagactctgaaggccaaggtgggccagetgeagetgagecataacctgagectggtgatectggtgececagaacctgaageataggetggag
gacatggagcaggctctgageccctetgtgticaaggctattatggagaagetggagatgagcaagttccageccactetgetgaccetgeccagaatcaa
ggtgaccacctctcaggacatgctgageatcatggaaaagetggagttctitgacttticttatgacctgaatctgtgtggectgactgaggatectgatctgca
ggtgtetgecatgeageaccagactgtgctggagetgactgagactggggtggaggctgetgetgcettctgecatctetgtggecaggaccecetgetggtgtt

tgaggtgcagcagceccttectgtttgtgctgtgggaccageageacaagtttcetgtgticatgggcagggtgtatgaccccagagectgacatctagaget
gaattcctgecagecagggggatcagectetactgtgecttctagttgecagecatetgttgtttgceectcecccttgecttcettgaccetggaaggtgccact

cccactgtcctticctaataaaatgaggaaattgcatcacattgtctgagtagetetcatictatictggeoootoopotoooocagoacagcaaggeooag
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gattgggaagacaatagcaggeatgctggggatgcagtgggctctatggetictgaggcagaaagaaccagetggggctcgagatccactagggecge
aggaacccctagtgatggagttggccacteectetetgegegetegetegetcactgaggecgggegaccaaaggtegeccgacgeecgggctttgece

gggeggccteagtgagegagegagegegeag

36

ctgegegcetegetegetecactgaggecgececgggeaaageecegggeggectcagtgagegagegagegegeagagagggagtggecaactccatca
ctaggggttcctgeggectagtceggggatcttgetaccagtggaacagecactaaggatictgcagtgagageagagggecagctaagtggtactctee
cagagactgtctgactcacgecaccccctceaccttggacacaggacgcetgtggtttctgagecaggtacaatgactectttcggtaagtgcagtggaagcet
gtacactgcccaggeaaagegtcegggeagegtaggegggcgactcagatceccagecagtggacttageecectgtitgetectecegataactggggtga
ccttggttaatattcaccagcagectceeccgttgecectctggatccactgcttaaatacggacgaggacagggecctgtetectcagettcaggeaccac
cactgacctgggacagtgaatagatcttgagaacttcagggtgagtctatgggacccttgatgtittctttccecttcttttctatggttaagticatgtcatagga
aggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgctttctictittaatatactttttgtitatcttatttctaa
tactttccctaatctctttctttcagggcaataatgatacaatgtatcatgectetttgecaccattctaaagaataacagtgataatttctgggttaaggcaatagea
atatttctgcatataaatatttctgcatataaattgtaactgatgtaagaggtttcatattgctaatagcagcetacaatccagetaccattctgettttattttctggteg
ggataaggctggattattctgagtccaagetaggeccttttgetaatcttgticatacctcttatcttcctcecacagcetectgggeaacctgetggtetetetget
ggcccatcactttggcaaageactagtgecaccatggectctaggetgactetgetgactetgetgetectgetgetggetggggacagggccagetctaa
ccccaatgctacttctagetcetetcaggaccctgagagectgeaggacaggggggagggcaaggtggccaccactgtgatctctaagatgetgtttgteg
agcccatcctggaggtgageagectgeccaccaccaacageaccaccaactctgecactaagatcactgecaacaccactgatgageccaccacceag
cccactactgageccaccacccagectactatccageccacccageccactacccagetgeccactgacageectacccageccaccactggeagettet
geectgggectgtgaceetgtgetetgacetggagagcecattctactgaggetgtgctgggggatgecctggtggacttctetctgaagetgtaccatgettt
ctctgecatgaagaaggtggagactaacatggettitageeccticageattgetagectgetgacccaggtgetgetgggggctggggagaacactaaga
ccaacctggaatctatcctgagetaccccaaggacttcacctgtgtgeaccaggecctgaagggcttcaccaccaagggggtgacctctgtgagecagat
cttccacagcecctgacctggecatcagggatacttttgtgaatgeccagcagaaccectgtactetictageecccagggtgctgageaataattctgatgetaac
ctggagctgatcaatacctgggtggctaagaataccaacaacaagattagcaggctgctggactctetgecttctgataccaggetggtgctgctgaatgec
atttacctgtctgccaagtggaagaccacttttgaccctaagaagactaggatggagectttccacttcaagaactctgtcattaaggtgeccatgatgaacag
caagaagtatcctgtggeccactttattgaccagactctgaaggccaaggtgggecagetgcagetgagecataacctgagectggtgatectggtgecce
agaacctgaagcataggctggaggacatggagcaggetctgageccctetgtgticaaggetattatggagaagetggagatgagcaagttccageccac
tetgetgacectgeccagaatcaaggtgaccacctetcaggacatgetgageatcatggaaaagetggagtictttgacttticttatgacctgaatetgtgtg
gectgactgaggatectgatctgeaggtgtetgecatgeageaccagactgtgetggagetgactgagactggggtggaggctgctgctgettetgecate
tetgtggecaggaccctgetggtgtttgaggtgcagcagececticetgtttgtgctgtgggaccageageacaagtttcetgtgticatgggcagggtatatg
accccagagectgacatctagaaggetcagaggcacacaggagtttctgggctcaccctgeccccttccaaccectcagttcccatcctecageagetgttt
gtgtgctgectetgaagtccacactgaacaaacticagectactcatgtecctaaaatgggeaaacattgcaagceagcaaacagceaaacacacagecctee
ctgectgetgaccttggagetggggcagaggtcagagacctctetgggeccatgecacctccaacatccactcgaccecttggaatttcggtggagagga
geagaggttgtcctggegtggtttaggtagtgtgagagggaggctcagaggcacacaggagtitctgggctcaccetgeeeccttccaaccectcagtice
catcctccageagctgtttgtgtgctgectctgaagtccacactgaacaaacttcagectactcatgtecctaaaatgggcaaacattgcaagcagcaaacag
caaacacacagccctcectgectgetgaccttggagetggggcagaggtcagagacctetetgggeccatgecacctccaacatccactcgaccecttgg
aatttcggtggagaggagcagaggtigtcctggegtggittaggtagtgtgagagggtctagagetgaattcctgcagecagggggatcagectetactgt
gecttctagttgecagecatetgttgtttgecectcceccttgecttecttgaccctggaaggtgecacteccactgtectttcctaataaaatgaggaaattgea
tcacattgtctgagtaggtgtcatictattctggggggtggegtggoocaggacagcaagggggagaattgggaagacaatagcaggeatgctgggoat
geagtgggctctatggctictgaggcagaaagaaccagetggggctcgagatccactagggecgeaggaaccectagtgatggagttggecacteectc

tctgegegetegetcgetcactgaggecgggegaccaaaggiegeccgacgeccgggctttgecegggeggectcagtgagegagegagegegeag

37

ctgegegcetegcetegetcactgaggecgeccgggcaaageecgggeggectcagtgagegagegagegegeagagagggagtgeccaacteeatca
ctaggggttcctgeggcectagtccggggatettgetaccagtggaacagecactaaggattctgcagtgagageagagggecagetaagtggtactetee
cagagactgtctgactcacgecaccccctceaccttggacacaggacgcetgtggtttctgagecaggtacaatgactectitcggtaagtgcagtggaaget
gtacactgcccaggcaaagegteccgggeagegtaggegggcgactcagatcecagecagtggacttageecectgtttgetectecgataactggggtga
ccttggttaatattcaccagcagectceeccgttgecectctggatccactgcttaaatacggacgaggacagggecctgtetectcageticaggeaccac
cactgacctgggacagtgaatagatcttgagaacttcagggtgagtctatgggacccttgatgtittctttccccttcttttctatggttaagttcatgtcatagga
aggggagaagtaacagggtacacatattgaccaaatcagggtaatttigcatttgtaattttaaaaaatgetttcticttttaatatactttttigtitatcttattictaa
tactttccctaatetctttctttcagggceaataatgatacaatgtatcatgectetttgecaccattctaaagaataacagtgataatttctgggttaaggcaatagea
atatttctgcatataaatatttctgcatataaattgtaactgatgtaagaggtttcatattgctaatagcagetacaatccagcetaccattctgctittattttctggttg
ggataaggctggattattctgagtccaagctaggeccttttgctaatcttgticatacctettatcticcteccacagetectgggeaacctgetggtetctetget
ggcccatcactttggeaaageactagtgecaccatggectctaggetgactetgetgactetgetgetectgetgetggetggggacagggecagetctaa
ccecaatgetacttctagetcetetcaggacectgagagectgeaggacaggggggaggpcaaggtggccaccactgtgatctctaagatgetgtttgte
agcccatcctggaggtgagcagectgeccaccaccaacageaccaccaactctgecactaagatcactgecaacaccactgatgageccaccacccag
cccactactgagececaccacccagectactatccageccacccageccactacccagetgeccactgacagecctacccageccaccactggeagettct
geectgggectgtgaccetgtgetctgacctggagagecatictactgaggetgtgctgggggatgecctggtggacttctetctgaagetgtaccatgettt
ctetgecatgaagaaggtggagactaacatggettttageeccticageattgetagectgetgacccaggtgetgctggggectggggagaacactaaga
ccaacctggaatctatcctgagetaccccaaggacttcacctgtgtgeaccaggecctgaagggcticaccaccaagggggtgacctctgtgagecagat
cttccacagccctgacctggecatcagggatacttttgtgaatgeccagecagaaccectgtactetictageccccagggtgcetgageaataattctgatgetaac
ctggagctgatcaatacctggetgectaagaataccaacaacaagattagcaggctgctggactctctgectictgataccaggctggtactgctgaatgcce
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atttacctgtctgccaagtggaagaccacttttgaccctaagaagactaggatggagectttccacttcaagaactetgtcattaaggtgeccatgatgaacag
caagaagtatcctgtggcccactttattgaccagactctgaaggecaaggtgggccagetgecagetgagecataacctgagectggtgatectggtgeece
agaacctgaagcataggctggaggacatggagecaggctctgageccctetgtgticaaggctattatggagaagetggagatgageaagttccageecac
tctgetgacectgeccagaatcaaggtgaccacctctcaggacatgetgageatcatggaaaagetggagttetttgacttttcttatgacctgaatctgtgtg
gectgactgaggatectgatctgeaggtgtctgecatgecageaccagactgtgetggagetgactgagactggggtggaggctgetgetgcetictgecate
tetgtggccaggacceetgetggtgtttgaggtgcageageccttectgtttgtgetgtgggaccageageacaagtttectgtgttcatgggecagggtgtatg
accccagagcectgacatctagaaggetcagaggeacacaggagttictgggetcacectgeecccttccaacccctcagttcecatcctccageagetgttt
gtgtgetgectetgaagtccacactgaacaaacttcagectactcatgtcectaaaatgggceaaacattgecaageageaaacagcaaacacacagecctee
ctgectgetgaccttggagetgggecagaggtcagagacctetctgggeccatgecaccetccaacatcecactcgaccecttggaatttcggtggagagga
geagaggttgtcctggegggtttaggtagtgtgagagggaggctcagaggeacacaggagtttctgggetcaccctgeccecttccaaccectcagtteee
atcctccageagcetgtttgtgtgctgectctgaagtecacactgaacaaacttcagectactcatgtcectaaaatgggcaaacattgcaagecagcaaacage
aaacacacagccctccctgectgetgaccttggagetggggcagaggtcagagacctetctgggeccatgecacctccaacatccactegaceecttgga
atttcggtggagaggagcagaggttgtcctggegtggtttaggtagtgtgagagggaggctcagaggeacacaggagtttctgggetcaccetgeeecectt
ccaacccctcagttcccatectccageagcetgtitgtgtgctgectctgaagtecacactgaacaaacttcagectactcatgtecctaaaatgggeaaacatt
gcaagcagcaaacagcaaacacacageccteectgectgetgaccttggagetggggcagaggtcagagacctetctgggeccatgecacctccaacat
ccactcgaccecttggaatttcggtggagaggageagaggtigtcctggegtggtitaggtagtgtgagagggaggctcagaggeacacaggagtttctg
ggctcaccctgeccccttccaaccectcagttcccatcctccageagetgtttgtgtgctgectetgaagtccacactgaacaaacttcagectactcatgtee
ctaaaatgggcaaacattgcaagcagcaaacagcaaacacacageccteectgectgetgaccttggagetggggcagaggtcagagacctetetggge
ccatgccacctccaacatccactcgaceecttggaatttcggtggagaggageagaggttgtectggegtggtttaggtagtgtgagagggtctagagetg
aattcctgcagcecagggggatcagcectctactgtgecttctagttgecagecatetgttgtttgeccecteeeccttgecttecttgacectggaaggtgecacte
ccactgtcctttcctaataaaatgaggaaattgcatcacattgtctgagtaggtgtcattctattctggggggtegggtgggacaggacagcaagggegagys
attgggaagacaatagcaggceatgctggggatgcagtgggctctatggctictgaggcagaaagaaccagetggggctcgagatccactagggecgea
ggaaccectagtgatggagttggecactecctetetgegegetcgetegeteactgaggecgggcgaccaaaggtegeecgacgeeegggctttgeeeg

ggcggcctcagtgagegagegagegegeag

38

ctgegegcetegetegetecactgaggecgeccgggcaaageccgggeggectcagtgagegagegagegegeagagagggagtggecaactecatca
ctaggggttcctgeggcectagtactaggetcagaggeacacaggagtttctgggctcaccctgeececttccaaccectcagttcecatcctccageagetg
tttgtgtgctgectetgaagtccacactgaacaaacttcagectactcatgtccctaaaatgggeaaacattgecaageagcaaacagcaaacacacagecect
ccetgectgetgaccttggagetggggcagaggtcagagacctetetgggeccatgecacctccaacatcecactcgaccecttggaatticggtggagag
gagcagaggttgtcctggegtggtttaggtagtgtgagaggggtacccggggatettgectaccagtggaacagecactaaggattctgeagtgagageag
agggccagctaagtggtactctceccagagactgtctgactcacgecaccccctecaccttggacacaggacgcetgtggttictgagecaggtacaatgact
cctttcggtaagtgcagtggaagetgtacactgeccaggeaaagegtecegggeagegtaggegggegactcagatcceagecagtggacttageeectg
tttgctectecgataactggggtgaccttggttaatattcaccageagectececccgttgccectetggatecactgcttaaatacggacgaggacagggcece
tgtctectcagettcaggeaccaccactgacctgggacagtgaatagatcttgagaacticagggtgagtctatgggacccttgatgttttctttceecttctttte
tatggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgctttcttcttttaa
tatacttttttgtttatcttatttctaatactttcectaatctctttctttcagggcaataatgatacaatgtatcatgectetttgecaccattctaaagaataacagtgata
atttctgggttaaggcaatagcaatattictgcatataaatatttctgcatataaattgtaactgatgtaagaggtttcatattgctaatagcagetacaatccaget
accattctgcttttattttctggttgggataaggetggattattctgagtccaagetaggeccttttgetaatcttgttcatacctettatcttcetcccacagetectg
ggcaacctgctggtctetctgetggeccatcactttggcaaageactagtgecaccatggectctaggetgactetgetgactetgetgetectgetgetgget
ggggacagggccagetctaaccccaatgetacttctagetectctcaggacectgagagectgecaggacaggggggagggcaaggtggccaccactgt
gatctctaagatgctgtttgtggageccatcctggaggtgageagectgeccaccaccaacageaccaccaactctgecactaagatcactgecaacacca
ctgatgagcccaccacccageccactactgageccaccacccagectactatccageccacccageccactacccagetgeccactgacagecctacee
agcccaccactggeagcettctgecctgggectgtgacectgtgetetgacctggagagecattctactgaggetgtgctgggggatgecctggtggacttct
ctctgaagctgtaccatgetttctctgecatgaagaaggtggagactaacatggcttttageeccttcageattgetagectgetgacccaggtgctgetggg
gectggggagaacactaagaccaacctggaatctatcctgagetaceccaaggacttcacctgtgtgeaccaggeectgaagggcettcaccaccaaggg
ggtgacctctgtgagecagatcttccacagecctgacctggecatcagggatacttttgtgaatgecageagaaccectgtactettctageeccagggtgct
gagcaataattctgatgctaacctggagetgatcaatacctgggtegctaagaataccaacaacaagattagcaggetgetggactetctgecttctgatace
aggctggtgctgctgaatgecatttacctgtetgeccaagtggaagaccacttttgaccctaagaagactaggatggagectttccacttcaagaactctgtcat
taaggtgcccatgatgaacagcaagaagtatectgtggeccactttattgaccagactctgaaggecaaggtgggecagetgeagetgagecataacctg
agcctggtgatectggtgecccagaacctgaageataggetggaggacatggageaggcetctgageccctetgtgticaaggcetattatggagaagetgg
agatgagcaagttccagcccactctgetgaccctgeccagaatcaaggtgaccacctetcaggacatgetgageatcatggaaaagcetggagttctttgact
tttcttatgacctgaatctgtgtggectgactgaggatectgatctgcaggtgtetgecatgeageaccagactgtgetggagetgactgagactggggtega
ggctgetgcetgettetgecatetetgtggecaggaccctgetggtgtttgaggtgcageageccttectgtitgtgetgtgggaccageageacaagtttectg
tgttcatgggcagggtgtatgaccecagagectgacatctagacctgeagtcticagagggecaccgeagetccagtgecacggeaggaggcetgticectg
aatagcccctgtggtaagggccaggagagtecttccatcctccaaggecctgetaaaggacacageagecaggaagtecectgggeccctagetgaag
gacagcctgeteecteegtetetaccaggaatggecttgtcctatggaaggcactgecccatcccaaactaatctaggaatcactgtctaaccactcactgte
atgaatgtgtacttaaaggatgaggttgagtcataccaaatagtgatttcgatagttcaaaatggtgaaattagcaattctacatgattcagtctaatcaatggat
accgactgtttcccacacaagtctcctgttctcttaagettactcactgacagcectttcactctccacaaatacattaaagatatggecatcaccaagecccecta
ggatgacaccagacctgagagtctgaagacctggatcctctagagetgaattcctgeagecagggggatcagectetactgtgectictagttgecagecat
ctgttgtttgccecteeccecttgecttectigaccctggaaggtgecactcccactgtectttcctaataaaatgaggaaattgeatcacattgtctgagtaggtg
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tcattctattctggggggtggggtggggcaggacageaagggggaggattgggaagacaatagecaggeatgetggggatgcagtgggctctatggette
tgaggcagaaagaaccagetgggectcgagatccactagggecgeaggaaccectagtgatggagttggccactecctetctgegegetegetegetea

ctgaggcegggegaccaaaggtegeccgacgecegggctitgcccgggeggecteagtgagegagegagegcgcag

39

ctgegegcetegetegetecactgaggecgececgggeaaageecegggeggectcagtgagegagegagegegeagagagggagtggecaactccatca
ctaggggttcctgeggectagtactaggetcagaggeacacaggagttictgggcetcaccctgeccccttccaaccectecagttcecatcctccageagetg
tttgtgtgctgectctgaagtccacactgaacaaacttcagectactcatgtecctaaaatgggcaaacattgcaagcagceaaacagcaaacacacagecct
cectgectgetgacctiggagetggggcagaggtcagagacctctetgggeccatgecacctccaacatccactcgaccecttggaatticggtegagag
gagcagaggttgtcctggegtggtitaggtagtgtgagagggetacccggggatcttgetaccagtggaacagecactaaggattctgecagtgagageag
agggccagctaagtggtactctceccagagactgtetgactcacgecaccececteccaccttggacacaggacgcetgtggtttctgagecaggtacaatgact
cctttcggtaagtgeagtggaagetgtacactgeccaggeaaagegtecgggeagegtaggegggegactcagatcecagecagtggacttageccctg
tttgctectecgataactggggtgaccttggttaatattcaccageagectceeecgttgeccctetggatecactgettaaatacggacgaggacagggcece
tgtctectcageticaggeaccaccactgacctgggacagtgaatagatctigagaacticagggtgagtctatgggacccttgatgttitctttccecttetttte
tatggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgctttcttcttttaa
tatacttttttgtttatcttattictaatactttccctaatctettictttcagggeaataatgatacaatgtatcatgectetitgcaccattctaaagaataacagtgata
atttctgggttaaggcaatagcaatatttctgcatataaatatttctgcatataaattgtaactgatgtaagaggtttcatattgctaatagcagctacaatccaget
accattctgcttttattttctggttgggataaggctggattattctgagtccaagetaggecctittgctaatcttgticatacctettatcticetcccacagetectg
ggcaacctgetggtctetctgetggeccatcactttggcaaageactagtgccaccatggectctaggetgactetgetgactetgetgetectgetgetgget
ggggacagggccagetctaaccecaatgetacttctagetectctcaggaccctgagagectgecaggacaggggggagggcaaggtggecaccactgt
gatctctaagatgetgtttgtggageccatectggaggtgageagectgeccaccaccaacageaccaccaactctgecactaagatcactgecaacacca
ctgatgagcccaccacccageccactactgageccaccacccagectactatccageccacccageccactacccagetgeccactgacageectacee
agcccaccactggeagcttctgeectgggectgtgaccetgtgetetgacctggagagecattctactgaggcetgtgctgggggatgccetggtggacttct
ctctgaagetgtaccatgettictctgecatgaagaaggtggagactaacatggcttttagecccttcageattgetagectgetgacecaggtgetgetggg
ggctggggagaacactaagaccaacctggaatctatcctgagetaccecaaggacttcacctgtgtgcaccaggecctgaagggcticaccaccaaggg
ggtgacctetgtgagecagatcticcacagecctgacctggecatcagggatacttttgtgaatgecagcagaaccetgtactctictageccecagggtgct
gagcaataattctgatgctaacctggagetgatcaatacctgggtegetaagaataccaacaacaagattagcaggcetgetggactetctgecttctgatace
aggctggtgctgctgaatgecatttacctgtctgecaagtggaagaccacttttgaccctaagaagactaggatggagectttccacttcaagaactctgtcat
taaggtgcccatgatgaacagcaagaagtatcctgtggeccactttattgaccagactctgaaggecaaggtgggecagetgecagetgagecataacctg
agcctggtgatectggtgecccagaacctgaageataggetggaggacatggageaggcetctgageccctetgtgticaaggctattatggagaagetgg
agatgagcaagttccagcccactetgetgaccetgeccagaatcaaggtgaccacctetcaggacatgetgageatcatggaaaagetggagttctttgact
tttcttatgacctgaatctgtgtggectgactgaggatcetgatetgecaggtgtetgecatgeageaccagactgtgctggagetgactgagactggggtgea
ggctgetgetgettetgecatetctgtggecaggaccectgctggtgtttgaggtgcageageccticetgtitgtgetgtgggaccageageacaagtttectg
tgttcatgggcagggtgtatgaccccagagectgacatctagacctgeagicticagagggecactgecagetccagtgccatggecaggaggetgtteetga
atagcceectgtggtaagggccaggagagtecttccatcctccaaggecctgetaaaggacacageagecaggaagteccctgggeccctagetgaagg
acagcctgctecectetgtetctaccaggaatggecttgtectatggaaggeactgecccatcccaaactaatctaggaatcactgtctaaccactcactgtcat
gaatgtgtacttaaaggatgaggttgagtcataccaaatagtgatttigatagticaaaatggtgaaattagcaattctacatgattcagtctaatcaatggatact
gactgtttcccacacaagtctectgtictcttaagcettactcactgacagectttcactctccacaaatacattaaagatatggccatcaccaageccectaggat
gacaccagacctgagagictgaagacctggatcctctagagetgaaticetgeagecagggggatcagectetactgtgectictagttgccagecatctgt
tgtttgeeectecccecttgecttecttgaccectggaaggtgecactcecactgtectttcctaataaaatgaggaaattgeatcacattgtctgagtaggtgtcatt
clatictggggggtggggtgggacaggacageaagggagaggatigggaagacaatageaggeatgetggggatgeagtgggcictatggcetictgag
gcagaaagaaccagetggggctcgagatccactagggecgeaggaaccectagtgatggagttggecacteectetctgegegetegetegetcactga
ggecgggegaccaaaggicgeecgacgecegggctitgeceecgggeggectcagtgagegagegagegegeag

40

ctgegegcetegetegetcactgaggecgeecgggcaaageecgggeggectcagtgagegagegagegegeagagagggagtgaccaactceatca
ctaggggttcctgeggectagtactaggctcagaggeacacaggagtttctgggetcaccctgeccccttccaaccectcagttcecatcctccageagetg
tttgtgtgctgectetgaagtccacactgaacaaacttcagectactcatgtecctaaaatgggeaaacattgcaagcageaaacagcaaacacacagecect

cectgectgetgaccttggagetggggcagaggtcagagacctetctgggeccatgecaccetccaacatccactcgacececttggaatttcggtggagag

gagcagaggttgtcctggegtggtttaggtagtgtgagaggggtacccggggatctigetaccagtggaacagecactaaggattctgeagtgagageag
agggccagctaagtggtactctcccagagactgtctgactcacgecaceccctecaccttggacacaggacgetgtggttctgagecaggtacaatgact
cctttcggtaagtgcagtggaagetgtacactgeccaggeaaagegteccgggeagegtaggegggegactcagatcccagecagtggacttageeectg
tttgetecteecgataactggggtgaccttggttaatattcaccageagectcceccgttgecectetggatccactgcttaaatacggacgaggacagggece
tgtctectcagcettcaggeaccaccactgacctgggacagtgaatagatettgagaacttcagggtgagtctatgggacccttgatgttttctttceecttcttttc
tatggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaatittgcatttgtaattttaaaaaatgetttctictittaa
tatacttttttgtttatcttatttctaatactttccctaatctcttictttcagggcaataatgatacaatgtatcatgectctitgcaccattctaaagaataacagtgata
atttctgggttaaggcaatagcaatatttctgcatataaatatttctgcatataaattgtaactgatgtaagaggtitcatattgetaatagcagetacaatccagcet

accattctgcttttattttctggttgggataaggctggattatictgagtccaagetaggeccttttgctaatcttgttcatacctcttatcttcctcecacagetectg
ggcaacctgcetggtetetetgetggeccatcactttggeaaageactagtgecaccatggectctaggetgactetgetgactetgetgetectgetgetgget
ggggacagggccagcetctaaccccaatgetacttctagetectctcaggaccctgagagectgecaggacaggggggaggacaaggtggccaccactgt
gatctctaagatgetgtttgtggageccatcctggaggtgageagectgeccaccaccaacageaccaccaactctgecactaagatcactgecaacacca
ctgatgagcccaccacccageccactactgageccaccaccecagectactatccageccacccageccactacccagetgeccactgacagecctacce
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agcccaccactggeagcettctgecctgggectgtgacectgtgetetgacctggagagecattctactgaggetgtgctgggggatgecctggtggacttct
ctetgaagetgtaccatgetttctctgecatgaagaaggtggagactaacatggcttttageececticageattgctagectgetgacccaggtgetgetggg
ggctggggagaacactaagaccaacctggaatctatcctgagetaccccaaggacttcacctgtgtgeaccaggecctgaagggcettcaccaccaaggg
ggtgacctctgtgagecagatcttccacagecctgacctggecatcagggatacttttgtgaatgecageagaaccctgtactettctagecccagggtgct
gagcaataattctgatgctaacctggagetgatcaatacctgggtggctaagaataccaacaacaagattagcaggetgetggactetetgecttctgatace
aggctggtgctgetgaatgecatttacctgtetgecaagtggaagaccacttttgaccctaagaagactaggatggagectttccacttcaagaactctgteat
taaggtgcccatgatgaacagcaagaagtatcctgtggeccactttattgaccagactctgaaggecaaggtgggccagetgeagetgagecataacctg
agcctggtgatectggtgecccagaacctgaageataggetggaggacatggageaggcetctgageccctetgtgticaaggctattatggagaagetgg
agatgagcaagttccagceccactetgetgaccctgeccagaatcaaggtgaccacctctcaggacatgctgageatcatggaaaagetggagtietttgact
tttcttatgacctgaatctgtgtggectgactgaggatectgatctgcaggtgtetgecatgeageaccagactgtgetggagetgactgagactggggtega
ggctgetgctgettctgecatetetgtggecaggaccctgetggtgtttgaggtgcageageccttectgtitgtgetgtgggaccageageacaagtttcetg
tgttcatgggcagggtgtatgaccccagagectgacatctagaaatcaacctctggattacaaaatttgtgaaagattgactggtattcttaactatgttgetect
tttacgctatgtggatacgctgctttaatgectttgtatcatgetattgeticccgtatggetttcattttctcetecttgtataaatcetggttagttcttgeccacggeg
gaactcatcgecgectgecttgeccgetgetggacaggggceteggetgttgggcactgacaaticegtggtgtictagagetgaaticctgecagecaggeg
gatcagectctactgtgecttctagttgeccagecatctgttgtttgececteccecttgecttecttgacectggaaggtgcecacteccactgtectttcctaataa
aatgaggaaattgcatcacattgtctgagtaggtgtcatictatictggggggtggggtegggcaggacagcaagggggaggattgggaagacaatagea
ggcatgetggggatgcagtgggctetatggetictgaggcagaaagaaccagetggggctcgagatccactagggecgeaggaaccectagtgatgga
gttggccactecctetetgegegcetegetegetcactgaggecgggcegaccaaaggtcgeecgacgeccgggctttgeccegggegecctecagtgageg
agcgagegegeag

41

ctgegegcetegetegetecactgaggecgececgggeaaagecegggeggectcagtgagegagegagegegeagagagggagtggecaactccatca
ctaggggttcctgeggectagtactaggetcagaggeacacaggagttictgggcetecaccetgeccccttccaaccectcagttcecatcctccageagetg
tttgtgtgctgectctgaagtccacactgaacaaacttcagectactcatgtecctaaaatgggcaaacattgcaagcagcaaacagcaaacacacagecect
ccctgectgetgacctiggagetggggcagaggtcagagacctetctgggeccatgecacctccaacatccactcgaceecttggaatttcggtggagag
gagcagaggttgtcctggegtggtitaggtagtgtgagagggetacccggggatcttgetaccagtggaacagccactaaggattctgecagtgagageag
agggccagctaagtggtactctcccagagactgtctgactcacgecaccecctecaccttggacacaggacgetgtggtttctgagecaggtacaatgact
cctttcggtaagtgcagtggaagetgtacactgeccaggeaaagegtecgggeagegtaggegggegactcagatcecagecagtggacttageccctg
tttgctectecgataactggggtgaccttggttaatattcaccageagcectceeccgttgeecctetggatecactgettaaatacggacgaggacagggcece
tgtctectcagettcaggeaccaccactgacctgggacagtgaatagatctigagaacticagggtgagtctatgggacccttgatgttitctttccccttetttte
tatggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaatittgcatttgtaattttaaaaaatgctttctictittaa
tatacttttttgtttatcttattictaatactttccctaatctettictttcagggceaataatgatacaatgtatcatgectetitgcaccattctaaagaataacagtgata
atttctgggttaaggcaatagcaatatttctgcatataaatatttctgcatataaattgtaactgatgtaagaggtttcatattgctaatagcagctacaatccaget
accattctgcttttattttctggttgggataaggctggattattctgagtccaagetaggeccttttgctaatcttgttcatacctettatcticetcccacagetectg
ggcaacctgetggtctetctgetggeccatcactttggcaaageactagtgccaccatggectctaggetgactetgetgactetgetgetectgetgetgget
ggggacagggccagetctaaccecaatgetacttctagetectctcaggaccectgagagectgeaggacaggggggagggcaaggtggecaccactgt
gatctctaagatgetgtttgtggageccatectggaggtgageagectgeccaccaccaacageaccaccaactctgecactaagatcactgecaacacca
ctgatgagcccaccacccageccactactgageccaccacccagectactatccageccacccageccactacccagetgeccactgacageectacee
agcccaccactggeagcttctgeectgggectgtgaccetgtgetctgacctggagagecattctactgaggcetgtgctgggggatgccetggtggacttct
ctctgaagetgtaccatgetttctctgecatgaagaaggtggagactaacatggcttttageeccttcageattgetagectgetgacecaggtgetgetggg
ggctggggagaacactaagaccaacctggaatctatcetgagetaccccaaggacttcacctgtgtgecaccaggecctgaagggcttcaccaccaaggg
ggtgacctetgtgagecagatcticcacagecctgacctggecatcagggatacttttgtgaatgecagcagaaccetgtactctictageccecagggtgct
gagcaataattctgatgctaacctggagcetgatcaatacctgggtggetaagaataccaacaacaagattagcaggcetgctggactctctgecttctgatace
aggctggtgctgctgaatgecatttacctgtctgecaagtggaagaccacttttgaccctaagaagactaggatggagectttccacttcaagaactetgteat
taaggtgcccatgatgaacagcaagaagtatcctgtggeccactttattgaccagactctgaaggecaaggtgggecagetgeagetgagecataacctg
agcctggtgatectggtgecccagaacctgaageataggetggaggacatggageaggcetctgageccctetgtgticaaggctattatggagaagetgg
agatgagcaagttccagcccactetgetgaccctgeccagaatcaaggtgaccacctctcaggacatgetgageatcatggaaaagetggagttctttgact
tttcttatgacctgaatctgtgtggectgactgaggatectgatctgcaggtgtctgecatgeageaccagactgtgetggagetgactgagactgggatgga
ggctgetgetgettctgecatetctgtggecaggaccectgctggtgtitgaggtgcageageccticetgtitgtgetgtgggaccageageacaagtttectg
tgttcatgggcagggtgtatgaccccagagectgacatctagaaatcaacctetggattacaaaatttgtgaaagattgactggtattcttaactatgttgctect
tttatgctatgtggatatgctgctitaatgectitgtatcatgetattgettcctgtatggcetttcattttctectectigtataaatcctggttagticttgecatggtgga
actcattgctgectgecttgectgetgetggacaggggcttggetgtigggeactgacaattetgtggtgtictagagetgaattcctgecagecagggggate
agcctctactgtgecttctagttgecagecatetgttgtttgeccecteecccttgecttcettgacectggaaggtgecacteccactgtectttcctaataaaatg
aggaaattgcatcacattgtctgagtaggtgtcatictatictggggggtggggtggggcaggacageaagggggaggattgggaagacaatagecaggce
atgctggggatgcagtgggctetatggetictgaggcagaaagaaccagetggggctegagatccactagggecgeaggaaccectagtgatggagttg
gecacteectetctgegegetegetegetcactgaggeegggegaccaaaggtcgeccgacgeccgggctttgeecgggeggectcagtgagegage
gagcgegeag

42

ctgegegcetegcetegetcactgaggecgeecgggcaaageccgggeggectcagtgagegagegagegegeagagagggagtgeccaacteeatca
ctaggggttcctgeggcectagtactaggetcagaggceacacaggagttictgggctcaccctgecccecttccaaccectcagttcccatcctccageagetg
tttgtgtgctgcctetgaagtccacactgaacaaacticagectactcatgtccctaaaatgggcaaacattgeaageageaaacageaaacacacagecct
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cectgectgetgaccttggagetggggcagaggtcagagacctetctgggeccatgecacctccaacatccactcgaceecttggaatttcggtggagag
gagcagaggttgtcctggegtggtttaggtagtgtgagaggggtacccggggatctigetaccagtggaacagecactaaggatictgeagtgagageag
agggccagctaagtggtactctcccagagactgtctgactcacgecaceccctecaccttggacacaggacgetgtggtitctgagecaggtacaatgact
cctttcggtaagtgcagtggaagetgtacactgeccaggeaaagegteccgggeagegtaggegggegactcagatcccagecagtggacttageeectg
tttgctectcecgataactggggtgaccttggttaatattcaccageagectececcgttgecectetggatccactgettaaatacggacgaggacagggece
tgtctectcagettcaggeaccaccactgacctgggacagtgaatagatettgagaacttcagggtgagtctatgggacccttgatgttttctttceecttcttttc
tatggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaatittgcatttgtaattttaaaaaatgetttctictittaa
tatacttttttgtttatcttatttctaatactttccctaatctcttictttcagggcaataatgatacaatgtatcatgectctitgcaccattctaaagaataacagtgata
atttctgggttaaggcaatagcaatatttctgcatataaatattictgcatataaattgtaactgatgtaagaggtitcatattgetaatagcagctacaatccaget
accattctgcttttattttctggttgggataaggctggattatictgagtccaagetaggeccttttgctaatcttgttcatacctcttatcttcctcecacagetectg
ggcaacctgetggtetetetgetggeccatcactttggeaaageactagtgecaccatggectctaggetgactetgetgactetgetgetectgetgetgget
ggggacagggccagcetctaaccccaatgetacttctagetectctcaggaccetgagagectgecaggacaggggggaggecaaggtggecaccactgt
gatctctaagatgctgtttgtggageccatcctggaggtgageagectgeccaccaccaacageaccaccaactctgecactaagatcactgecaacacca
ctgatgagcccaccacccageccactactgageccaccacccagectactatccageccacccageccactacccagetgeccactgacagecctacee
agcccaccactggcagcttctgeectgggectgtgaccctgtgctetgacctggagagecattctactgaggcetgtgctgggggatgecetggtggacttct
ctctgaagctgtaccatgettictctgecatgaagaaggtggagactaacatggcettttagecccticageattgetagectgetgacecaggtgetgetggg
ggctggggagaacactaagaccaacctggaatctatcctgagcetaccecaaggacttcacctgtgtgeaccaggecctgaagggcticaccaccaaggg
getgacctetgtgagecagatcettccacagecctgacctggecatcagggatactttigtgaatgecageagaacccetgtactettctageeccagggtgct
gagcaataattctgatgctaacctggagcetgatcaatacctgggtggctaagaataccaacaacaagattagcaggetgetggactetctgectictgatacc
aggctggtgctgetgaatgecatttacctgtetgecaagtggaagaccacttttgaccctaagaagactaggatggagectttccacttcaagaactctgteat
taaggtgcccatgatgaacagcaagaagtatcctgtggeccactttattgaccagactctgaaggecaaggtgggecagetgcagetgagecataacctg
agcctggtgatcctggtgecccagaacctgaageataggetggaggacatggageaggctctgageccctetgtgticaaggctattatggagaagetgg
agatgagcaagttccagcccactetgetgaccetgeccagaatcaaggtgaccacctctcaggacatgetgageatcatggaaaagetggagttctttgact
tttcttatgacctgaatctgtgtggectgactgaggatcetgatctgecaggtgtetgecatgeageaccagactgtgctggagetgactgagactggggtgga
ggctgctgctgctictgecatctetgtggccaggaccetgetggteatttgaggtecageageccttectgtitgtgctgtgggaccageageacaagtttcetg
tgttcatgggcagggtgtatgaccccagagectgacatctagaaatcaacctctggattacaaaatttgtgaaagattgactggtattcttaactatgttgctcect
tttacgctatgtggatacgctgctttaatgectttgtatcatgetatigeticcegtatggetttcatttictcetecttgtataaatcetggttgctgtetetitatgagg
agttgtggcccgttgtcaggcaacgtggcgtggtgtgcactgtgtttgctgacgcaacceccactggttggggcattgecaccacctgtcagetectttceg
ggactttcgctticceecteectattgecacggeggaactcatcgecgectgecttgeccgetgetggacaggggcteggcetgttgggcactgacaattceg
tggtgttgtcggggaagetgacgtectttccatggetgetegectgtgtigecacctggatictgecgegggacgtecttctgetacgteecttcggecctcaat
ccagceggaccttccttccegeggectgetgecggetetgeggecteticcgegtettcgecttcgecctcagacgagtceggatcteectttgggecgectee
ccgetetagagetgaattcctgecagecagggggatcagectctactgtgectictagttgecagecatcetgttgtttgccecteeccecttgecttecttgacect
ggaaggtgccactcecactgtectticctaataaaatgaggaaattgeatcacattgtctgagtaggtgtcattctattctggggggtggggtgggacaggac
agcaagggggaggattgggaagacaatagecaggcatgctggggatgcagtgggctctatggetictgaggecagaaagaaccagetggggctegagat
ccactagggecgceaggaacccctagtgatggagttggecactecctetetgegegetegetcgetcactgaggecgggegaccaaaggtegeecgacg
ccegggctttgecegggeggectcagtgagegagegagegegeag

43

ctgegegcetegcetegetcactgaggecgeccgggeaaageecgggeggectcagtgagegagegagegegeagagagggagtggccaactceatca
ctaggggttcctgeggectagtactaggctcagaggeacacaggagtttctgggetcaccctgeccccttccaaccecteagttcecatcctcecageagetg
tttgtgtectgcctetgaagtccacactgaacaaacttcagectactcatgtcectaaaatgggeaaacattgcaagecageaaacageaaacacacagecct

cectgectgetgacctiggagetggggcagaggtcagagacctetctgggeccatgecacctccaacatccactcgaceecttggaatttcggtggagag

gagcagaggttgtcctggegtggtttaggtagtgtgagaggggtacceggggatettgetaccagtggaacagecactaaggattctgcagtgagageag
agggccagctaagtggtactctcccagagactgtctgactcacgecaceccctecaccttggacacaggacgetgtggttctgagecaggtacaatgact

cctttcggtaagtgcagtggaagetgtacactgeccaggeaaagegtcegggeagegtaggegggegactcagatcccagecagtggacttageeectg
tttgctectecgataactggggtgaccttggttaatattcaccageagectceeccgttgecectctggatccactgcttaaatacggacgaggacagggece
tgtctectcagettcaggeaccaccactgacctgggacagtgaatagatctigagaacttcagggtgagtctatgggacccttgatgtttctttccccttettttc
tatggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaatittgcatttgtaattttaaaaaatgetttctictittaa
tatacttttttgtttatcttatttctaatactttccctaatctcttictttcagggceaataatgatacaatgtatcatgectctitgcaccattctaaagaataacagtgata
atttctgggttaaggcaatagcaatatttctgcatataaatatttctgcatataaattgtaactgatgtaagaggtitcatattgctaatagcagetacaatccaget

accattctgcttttattttctggttgggataaggctggattatictgagtccaagetaggeccttttgctaatcttgttcatacctcttatcttcctcecacagetectg
ggcaacctgcetggtetetetgetggeccatcactttggeaaageactagtgecaccatggectctaggetgactetgetgactetgetgetectgetgetgget
ggggacagggccagcetctaaccccaatgetactictagetectctcaggaccctgagagectgecaggacaggggggaggocaaggtggccaccactgt
gatctctaagatgctgtttgtggageccatcctggaggtgageagectgeccaccaccaacageaccaccaactctgecactaagatcactgecaacacca
ctgatgagcccaccacccageccactactgageccaccacccagectactatccageccacccageccactacccagetgeccactgacagecctacee
agcccaccactggeagcttctgeectgggectgtgaccetgtgetctgacctggagagecattctactgaggcetgtgctgggggatgccetggtggacttct
ctetgaagetgtaccatgetttctctgecatgaagaaggtggagactaacatggcettttageececttcageattgctagectgetgacccaggtgetgetggge

ggctggggagaacactaagaccaacctggaatctatcctgagcetaccecaaggacttcacctgtgtgeaccaggecctgaagggcticaccaccaaggg
ggtgacctetgtgagecagatcttccacagecctgacctggecatcagggatacttttgtgaatgeccageagaaccctgtactettctagecccagggtgct

gagcaataattctgatgctaacctggagcetgatcaatacctgggtggctaagaataccaacaacaagattagcaggctgctggactetctgectictgatacc
aggctgetectgctgaatgecatttacctgtctgccaagtggaagaccactittgaccctaagaagactaggatggagectttccacticaagaactctgtcat
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taaggtgcccatgatgaacagcaagaagtatcctgtggeccactttattgaccagactctgaaggecaaggtgggccagetgeagetgagecataacctg
agectggtgatectggtgecccagaacctgaageataggetggaggacatggageaggctctgageeectetgtgticaaggetattatggagaagetgg
agatgagcaagttccagcccactctgetgacectgeccagaatcaaggtgaccacctcetcaggacatgetgageatcatggaaaagetggagttctttgact
tttcttatgacctgaatctgtgtggectgactgaggatectgatetgeaggtgtetgecatgecageaccagactgtgetggagetgactgagactggggtgga
ggctgetgcetgcettctgecatetetgtggecaggaccctgetggtgtttgaggtgcageageccttectgtttgtgetgtgggaccageageacaagtticetg
tgttcatgggcagggtgtatgaccccagagectgacatctagaaatcaacctetggattacaaaatttgtgaaagattgactggtattcttaactatgttgetect
tttatgctatgtggatatgctgctttaatgectttgtatcatgetattgettcetgtatggctttcatttictcctecttgtataaatectggtigetgtetettatgagga
gttgtggectgttgtcaggeaatgtggtatggtgtgcactgtgtttgctgatgcaacceccactggtiggggcattgeccaccacctgtcagetecttictggga
cttttgctttcceectecctattgecatggtggaactcattgetgectgecttgectgetgetggacaggggcttggetgttgggcactgacaattctgte gtgtt
gttggggaagetgatgtectttccatggetgettgectgtgttgeccacctggattctgtgtgggatgtectictgetatgteectttggecctcaatccagtggac
cttecttectgtggectgetgetggcetetgtggectettetgtgtetttgectttgecctcagatgagttggatcteectttgggctgecteectgetctagagetga
attcctgcagecagggggatcagectctactgtgecttctagttgecagecatetgttgtitgecceteecccttgecttcettgacectggaaggtgecactee
cactgtcctttcctaataaaatgaggaaattgcatcacattgtctgagtaggtgtcattctatictgggggategegtgggecaggacagcaagggggagga
ttgggaagacaatagecaggeatgetggggatgcagtgggctetatggettctgaggeagaaagaaccagetggggctcgagatccactagggecgeag
gaacccctagtgatggagttggecacteectetctgegegetcgetcgetcactgaggecgggegaccaaaggtcgeccgacgeccgggctttgeccgg
geggectcagtgagegagegagegegeag

44

ctgegegcetegetegetcactgaggecgeccgggeaaageccgggeggectcagtgagegagegagegegeagagagggagtggccaactceatca
ctaggggttcctgeggcectagtactaggetcagaggceacacaggagttictgggctcaccctgeccecticcaaccectcagttcccatcctccageagetg
tttgtgtgctgectctgaagtccacactgaacaaacttcagectactcatgtecctaaaatgggcaaacattgcaagcageaaacagcaaacacacagecct
ccetgectgetgaccttggagetggggeagaggtcagagacctetetgggeccatgecacctccaacatccactcgaceecttggaatttcggtggagag
gagcagaggttgtcctggegtggtitaggtagtgtgagaggggtacccggggatetigetaccagtggaacagecactaaggattctgecagtgagageag
agggccagctaagtggtactctcccagagactgtctgactcacgecaceccctecaccttggacacaggacgetgtggtitctgagecaggtacaatgact
cctttcggtaagtgeagtggaagetgtacactgeccaggeaaagegtecgggeagegtaggegggegactcagatcecagecagtggacttagecectg
tttgetectecgataactggggtgaccttggttaatattcaccageagectcceccgttgecectetggatccactgcttaaatacggacgaggacagggece
tgtctectcagettcaggeaccaccactgacctgggacagtgaatagatcctgagaacttcagggtgagtetttgggaccctigtigtittctitceecttettttc
tttggttaagttcttgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaattgetttcticttttaat
atacttttttgtttatcttatttctaatactttccctaatctctttctttcagggceaatattgatacattgtatcttgectetttgcaccattctaaagaataacagtgataat
tictgggttaaggcaatagcaatatttctgcatataaatatttctgcatataaattgtaactgttgtaagaggtttcatattgctaatagcagctacaatccagetac
cattctgcttttattttctggttgggataaggctggattattctgagtccaagctaggeccttttgctaatcttgttcatacctettatcttcctcccacagetectggg
caacctgctggtetctetgetggeccateactttggeaaageactagtgecaccatggectctaggetgactetgetgactetgetgeteetgetgetggetgg
ggacagggccagcetctaaccecaatgetacttctagetectctcaggaccectgagagectgeaggacaggggggagggcaaggtggecaccactgtga
tctctaagatgetgtitgtggageccatcctggaggtgageagectgeccaccaccaacageaccaccaactetgecactaagatcactgecaacaccact
gatgagcccaccacccageccactactgageecaccacccagectactatccageccacccageccactacecagetgeccactgacagecctaccca
geecaccactggceagcettetgeectgggectgtgaccectgtgctetgacctggagagecattctactgaggetgtgctgggggatgecctggtggacttcte
tctgaagetgtaccatgctttctctgecatgaagaaggtggagactaacatggcttttagececttcageattgetagectgetgacceaggtgetgetgggg
getggggagaacactaagaccaacctggaatctatcctgagetaccccaaggacttcacctgtgtgeaccaggecctgaagggeticaccaccaagggg
gtgacctctgtgagecagatcttccacagecctgacctggecatcagggatacttttgtgaatgecagcagaaccetgtactctictageeccagggtgctga
gcaataattctgatgctaacctggagctgatcaatacctgggtggctaagaataccaacaacaagattagcaggetgetggactetctgecttctgataccag
getggtectgctgaatgecatttacctgtetgecaagtggaagaccacttttgaccctaagaagactaggatggagectttccacttcaagaactetgtcatta
aggtgcccatgatgaacagcaagaagtatcctgtggeccactttattgaccagactctgaaggccaaggtgggccagetgeagetgagecataacctgag
cctggtgatcctggtgecccagaacctgaageataggetggaggacatggageaggcetctgageccctetgtgtticaaggctattatggagaagetggag
atgagcaagttccageccactetgetgaccetgeccagaatcaaggtgaccacctetcaggacatgetgageatcatggaaaagetggagttctttgactttt
cttatgacctgaatctgtgtggectgactgaggatcctgatctgeaggtgtetgecatgeageaccagactgtgctggagetgactgagactggggtggag
getgetgetgettetgecatetetgtggecaggacectgetggtgtitgaggtgcageageecticetgtttgtgctgtgggaccagcageacaagttteetgt
gttcatgggcagggtgtatgaccccagagectgacatctagagetgaattectgeagecagggggatcagectcetactgtgectictagttgecagecatet
gttgtttgececteecccttgecttccttgacectggaaggtgecacteecactgtectttcctaataaaatgaggaaattgcatcacattgtctgagtaggtgte
attctatictggggggiggggiggggcaggacagcaagggggaggatigggaagacaatageaggcatgetggggatgeagigggcictatggctictg
aggcagaaagaaccagcetggggctcgagatccactagggecgeaggaaccectagtgatggagttggecactcectetetgegegetegetegeteact
gaggceegggegaccaaaggtegeecgacgeccgggctttgeecgggeggcctcagtgagegagegagegegeag

55

cetgeaggceagetgegegetegetegetcactgaggecgeccgggeaaageccgggeggectcagtgagegagegagegegeagagagggagtgg
ccaactccatcactaggggttectgeggectagtactaggetcagaggeacacaggagtttctgggcetcaccctgececcticcaaccectcagtteccate
ctccageagctgtttgtgtgctgectctgaagtecacactgaacaaacttcagectactcatgtcectaaaatgggcaaacattgcaagcagceaaacageaa
acacacagcccteectgectgetgaccttggagetgggecagaggtcagagacctctctgggeccatgecacctccaacatcecactcgaccecttggaatt
tcggtggagaggagcagaggttgtcctggegtggtttaggtagtgtgagagggetacccggggatcttgetaccagtggaacagecactaaggattetge
agtgagagcagagggccagctaagtggtactctcccagagactgictgactcacgecacccectccaccttggacacaggacgcetgtggtitctgageca
ggtacaatgactcctttcggtaagtgcagtggaagcetgtacactgeccaggeaaagegtccgggeagegtaggegggegactcagatcecagecagtgg
acttagcccctgtttgetectcegataactggggtgacctiggttaatattcaccageagectceceegttgecectetggatccactgettaaatacggacga
ggacaggeccctgtctectcageticaggeaccaccactgacctggoacagtgaatagatctigagaacticaggeteagtctatggoaccctigatgttttc
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tttccecttcttttctatggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgeatttgtaattttaaaaaat
getttcticttttaatatacttitttgtttatcttatttctaatactttcectaatetetttctitcagggecaataatgatacaatgtatcatgectcetttgecaccattctaaag
aataacagtgataatttctgggttaaggcaatagcaatattictgcatataaatatttctgcatataaattgtaactgatgtaagaggtttcatattgctaatagcag
ctacaatccagctaccattctgcttttattttctggttgggataaggctg gattattctgagtccaagetaggeccttttgetaatettgticatacctettatcttecte
ccacagctectgggcaacctgetggtetetctgetggeccatcactttggeaaageactagtgecaccatggectctaggetgactctgetgactetgetget
cetgetgetggetggggacagggccagetctaaccecaatgetacttctageteetctcaggaccctgagagectgeaggacaggggggagggcaaggt
ggccaccactgtgatctctaagatgetgtitgtggageccatectggaggtgageagectgeccaccaccaacageaccaccaactctgecactaagatca
ctgccaacaccactgatgageccaccacccageccactactgageccaccacccagectactatccageccacccageccactacccagetgeccactg
acagccctacccageecaccactggeagettctgeectgggcectgtgaccetgtgetetgacctggagagecattctactgaggctgtectgggggatece
ctggtggacttctctctgaagetgtaccatgetttctctgecatgaagaaggtggagactaacatggcttttagecccttcageattgetagectgetgaceca
getgetgctggggectggggagaacactaagaccaacctggaatctatcctgagetaccccaaggacttcacctgtgtgecaccaggecctgaagggctte
accaccaagggggtgacctctgtgagccagatcttccacagecctgacctggecatcagggatacttttgtgaatgecageagaaccctgtactettctage
cccagggtgctgageaataattctgatgctaacctggagcetgatcaatacctgggtggctaagaataccaacaacaagattagcaggetgetggactetetg
ccttctgataccaggetggtgctgctgaatgecatttacctgtctgecaagtggaagaccacttttgaccctaagaagactaggatggagectttccacttcaa
gaactctgtcattaaggtgcccatgatgaacagcaagaagtatcetgtggeccactttattgaccagactctgaaggecaaggtgggccagetgeagetga
gecataacctgagectggtgatectggtgcecccagaacctgaageataggetggaggacatggageaggetetgageecectetgtgticaaggctattatg
gagaagctggagatgagcaagttccageccactctgetgaccctgeccagaatcaaggtgaccacctctcaggacatgetgageatcatggaaaagetg
gagtictitgacttttcttatgacctgaatctgtgtggectgactgaggatcctgatetgecaggtgtetgecatgecageaccagactgtgetggagetgactgag
actggggtggaggctgetgetgetictgecatctctgtggecaggaccctgctggtgtitgaggtgcageageccticetgtitgtgetgtgggaccageag
cacaagtttcctgtgttcatgggcagggtgtatgaccccagagectgacatctagactccataaagtaggaaacactacaccattccataaagtaggaaaca
ctacaaccagttccataaagtaggaaacactacatcactccataaagtaggaaacactacactctagagcetgaattcctgeagecagggggatcagectcta
ctgtgccttctagttgecagecatetgttgtttgeccetcceccttgecticcttgacectggaaggtgecactcccactgtectttcctaataaaatgaggaaatt
geatcacattgtctgagtaggtgtcattctatictgggggatggostogooocaggacagcaagggggaggattgggaagacaatagcaggeatgetggg
gatgcagtgggctctatggctictgaggcagaaagaaccagetggggctcgagatccactagggecgeaggaaccectagtgatggagttggecactce
ctetetgegegetegetecgetcactgaggeegggegaccaaaggiegeccgacgeccgggctitgeccgggeggectcagtgagegagegageeceec
ag

56

cctgecaggeagcetgegegetegetegetcactgaggecgeecgggeaaageccgggeggectcagtgagegagegagegegeagagagggagteg
ccaactccatcactaggggttcctgeggectagtaggetcagaggeacacaggagtttctgggcetcaccetgeceecttccaaceectcagttcccatecte
cagcagctgtttgtgtgctgectctgaagtccacactgaacaaacttcagectactcatgtccctaaaatgggcaaacattgcaagcagcaaacageaaaca
cacagcccteectgectgetgacctiggagetggggeagaggtcagagacctetctgggeccatgecacctccaacatccactcgaceecttggaatttcg
gtggagaggageagaggttgtcctggegtggtttaggtagtgtgagagggatacecggggatettgetaccagtggaacagecactaaggattctgeagt
gagagcagagggccagctaagtggtactctcccagagactgtetgactcacgecacceecteccacctiggacacaggacgcetgtgettictgagecaggt
acaatgactcctttcggtaagtgcagtggaagcetgtacactgeccaggeaaagegtecgggeagegtaggegggcgactcagatcccagecagtggact
tagcccctgtttgctectcegataactggggtgaccttggttaatattcaccagecagectceccegttgecectetggatccactgettaaatacggacgagga
cagggcecctgtctcctcagetticaggeaccaccactgacctgggacagtgaatagatcctgagaacticagggtgagtctatgggacccttgatgttttettte
cccttcttttctatggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgcet
ttcttcttttaatatacttttttgtttatcttattictaatactttccctaatetcttictttcagggeaataatgatacaatgtatcatgectctttgcaccattctaaagaat

aacagtgataatttctgggttaaggcaatagcaatattictgcatataaatatttctgecatataaattgtaactgatgtaagaggtttcatattgctaatagcageta

caatccagctaccattctgcttttattttctggttgggataaggetggattattctgagtccaagetaggeccttttgctaatcttgttcatacctettatcticetece

acagctcctgggcaacctgetggtetetctgetggeccatcactttggcaaageacgegtgecaccatggectctaggetgactetgetgactetgetgetee
tgctgetggetggggacagggecagetctaaccecaatgetacttctagetectctcaggaccctgagagectgecaggacaggggggagggcaaggte

gecaccactgtgatctctaagatgetgtttgtggageccatcctggaggtgageagectgeccaccaccaacageaccaccaactetgecactaagatcac
tgccaacaccactgatgageccaccacccageccactactgageccaccacccagectactatccageccacccageccactacccagetgeecactga
cagecctacccageccaccactggeagcetictgecctgggectgtgacectgtgetcagacctggagagecactetactgaggetgtgctgggggatgce
ctggtggacttctctctgaagetgtatcatgctttctctgecatgaagaaggtggagactaacatggcttttagecccttcageattgetagectgetgaccecag
gtectgetggggectggggagaacactaagaccaacctggaatctatcctgagetaccccaaggacttcacctgtgtgeaccaggecctgaagggctica
ccaccaagggggtgacctctgtgagecagatcttccacageectgacctggecatcagggatacttttgtgaatgeccageagaaccctgtactetictagee
ccagggtgctgagcaataattctgatgctaacctggagetgatcaatacctgggtggctaagaataccaacaacaagattagcaggctgetggactetetge
cttctgataccaggetggtgctgctgaatgecatttacctgtctgecaagtggaagaccacttttgaccctaagaagactaggatggagectttccacttcaag
aactctgtcattaaggtgcccatgatgaacagcaagaagtatcctgtggeccactttattgaccagactctgaaggecaaggtgggecagetgeagetgag

ccacaacctgagectggtgatcctggtgccccagaacctgaageacaggetggaggacatggageaggcetcetgageecctetgtgticaaggetattatg

gagaagctggagatgagcaagttccageccactctgetgaccctgeccagaatcaaggtgaccacctctcaggacatgetgageatcatggaaaagetg

gagtictitgacttticttatgacctgaatctgtgtggectgactgaggatectgatctgeaggtgtctgecatgecageaccagactgtgctggagetgactgag
actggggtggaggctgctgctgctictgecatctetgtggecaggaceetgetggtgtttgaggtgcageagececttectgtitgtgctgtgggaccageag

cacaagtttcctgtgttcatgggeagggtgtatgaccccagagectgaagatctagagetgaattcctgecagecagggggatcagectctactgtgecttcta
gttgecagcecatctgttgtttgececteceecttgecttecttgacectggaaggtgecacteccactgtectticctaataaaatgaggaaattgeatcacattg
tctgagtaggtgtcattctattictgggeeotegootoooocaggacagcaaggggoageattggoaagacaatagecaggeatgctggggatecagteg
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gctctatggcettctgaggcagaaagaaccagetggggctcgagatccactagggecgeaggaaccectagtgatggagttggecactcectetetgegeg
ctegetegetcactgaggecgggegaccaaaggicgeecgacgeccgggctttgecegggeggectcagtgagegagegagegegeag

57

cetgeaggeagetgegegetegetegetcactgaggecgeccgggeaaageccgggeggectcagtgagegagegagegegeagagagggagtgg
ccaactccatcactaggggttcctgeggectagtactaggetcagaggeacacaggagtttctgggctcaccctgeccccticcaaccectcagttceeate
ctccagcagctgtttgtgtgctgectctgaagtecacactgaacaaacttcagectactcatgtcectaaaatgggcaaacattgcaagcageaaacageaa
acacacagccctecctgectgetgaccttggagetggggcagaggtcagagacctctetgggeccatgecacctecaacatccactcgaccecttggaatt
tcggtggagaggageagaggtigtcctggegtgatttaggtagteteagagggotacccggggatettgctaccagitggaacagecactaaggattctge
agtgagagcagagggccagctaagtggtactctcccagagactgtctgactcacgecaceccctccaccttggacacaggacgetgtggtttctgageca
ggtacaatgactectttcggtaagtgcagtggaagetgtacactgeccaggeaaagegtecgggeagegtaggegggegactcagatcccagecagtgg
acttageccctgtttgetectccgataactggggtgaccttggttaatattcaccageagectececcgttgeccctctggatccactgettaaatacggacga
ggacagggccctgtctcctcagettcaggeaccaccactgacctgggacagtgaatagatctagtctgeactggagetgectggtgaccagaagtttgga
gtaggtttggtgctgggcaggggtggggagtaggatggaaageatggagtgaagaggtctagggagggootctcctcacccecgecttectgeccgect
tgatctcgggggtctctataggettgettccacctgggacttctgectectectacceccageccctecegectcaggectgttgtgetcagecceccaggace
teeectececcacgectetggecteattgtttggttaaagcaggacccectceeccteccaccaccteecctecgactgaacagatggacagagaceeggg
cccacggggagaggaagggccagecgglgecgggaaagggaagegglitggggaaaacaaaacagagggaggagccaggagaaggtagccce
aggagggaggaggaggpaaticgetaagagggactggggcctgagacggaatgggggeggaccecgggeggggtgggggeccetgggeticecag
ggtgggagctggctecgaggetggetggetcegeaggtecgetgacgtcgecgeccagatggectctaggetgactetgetgactetgetgetectgetg
ctggetggggacagggcecagcetctaaccecaatgetacttctagetectetcaggacectgagagectgecaggacaggggggagggcaaggtggccac
cactgtgatctctaagatgetgtttgtggageccatcctggaggtgagcagectgeccaccaccaacageaccaccaactctgecactaagatcactgeca
acaccactgatgagcccaccacccageccactactgageccaccacccagcectactatccageccacccageccactacccagetgeccactgacage
cctacccageccaccactggeagcettctgeectgggectgtgacectgtgetctgacctggagagecattctactgaggcetgtgctgggggatgecctggt
ggacttctctctgaagetgtaccatgetttctctgecatgaagaaggtggagactaacatggcttttagececttcageattgetagectgetgacccaggtge
tgetggggactggggagaacactaagaccaacctggaatctatcctgagetaccecaaggacttcacctgtgtgcaccaggecctgaagggcticaccac
caagggggtgacctctgtgagecagatcttccacageectgacctggecatcagggatacttttgtgaatgecagcagaaccctgtactetictageeccag
getectgageaataattctgatgctaacctggagetgatcaatacctgggtggctaagaataccaacaacaagattagcaggcetgcetggactetctgecttet
gataccaggctggtgctgctgaatgecatttacctgtctgecaagtggaagaccacttttgaccctaagaagactaggatggagcectttccacttcaagaact
ctgtcattaaggtgcccatgatgaacagcaagaagtatcctgtggeccactttattgaccagactctgaaggecaaggtgggccagetgecagetgagecat
aacctgagectggtgatcctggtgecccagaacctgaageataggetggaggacatggageaggcetctgageccctctgtgticaaggctattatggaga
agctggagatgagcaagttccageccactetgetgaccetgeccagaatcaaggtgaccacctctcaggacatgetgageatcatggaaaagetggagtt
ctttgacttttcttatgacctgaatctgtgtggectgactgaggatectgatctgeaggtgtetgecatgeageaccagactgtgetggagetgactgagactg
gggtggaggctgctgetgcttctgecatetetgtggecaggaccctgetggtgtitgaggtgcageagececttectgtitgtgetgtgggaccageageaca
agtttcctgtgttcatgggcagggtgtatgaccccagagectgacatctagagetgaattcctgecagecagggggatcagectetactgtgccttctagttge
cagccatctgttgtttgccectececcttgecttcettgaccctggaaggtgecactcccactgtectticctaataaaatgaggaaattgcatcacattgtctga
gtaggtgtcattctattctggggggtgggatggggcaggacageaagggggaggattgggaagacaatageaggeatgetggggatgeagtgggctct
atggctictgaggcagaaagaaccagetggggctcgagatccactagggecgeaggaaccectagtgatggagttggecacteectetetgegegeteg
ctcgcetcactgaggecgggegaccaaaggtegeccgacgeccgggctitgeccgggeggectcagtgagegagegagegegeag

60

cetgeaggeagetgegegetegetegetcactgaggecgeccgggeaaageccgggeggcctcagtgagegagegagegegeagagagggagtgg
ccaactccatcactaggggttcctgeggcectagtactaggctcagaggeacacaggagtttctgggetcaccctgeccccttccaaccectcagtteccate
ctccageagctgttigtgtectgcctetgaagtccacactgaacaaacttcagectactcatgtcectaaaatgggeaaacattgcaageagcaaacageaa
acacacagecctecctgectgetgaccttggagetggggcagaggtcagagacctctetgggeccatgecacctecaacatccactcgaccectiggaatt
tcggtggagaggagcagaggtigtcctggegtggtitaggtagtgtgagaggggtacccggggatettgctaccagtggaacagecactaaggattetge
agtgagagcagagggccagctaagtggtactctcccagagactgtctgactcacgecaceccctccaccttggacacaggacgetgtggtttctgageca
ggtacaatgactcctttcggtaagtgcagtggaagcetgtacactgeccaggeaaagegtecgggeagegtaggegggegactcagatcccagecagtgg
acttageccctgtttgetectcegataactggggtgaccttggitaatattcaccagcagectcececcgttgecectetggatccactgcttaaatacggacga
ggacagggccctgtctcctcagettcaggeaccaccactgacctgggacagtgaatagatcttgaggaataacggaggtgagcaatttccaaaaagttcat
tcctttaaaaactgeggageacattttgtgtacatgetgtttttattgttactcatgaagacgegggggaagetttggtigtetaaagetgagaactgecacccaa
gettceecgttcaccccacctaccaggggatttgggctaaattectggectggeccacaaagaagaccaageggtcagtcecattcegteccatectgattt
acaggaactcacaccagcgatcaatcttccttaatttgtaactgggeagtgtceccgggecagecaatagetaagactgececeeccgeaccccacceteee
tgaccctgggggactctctactcagtctgeactggagetgectggtgaccagaagtttggagtaggtitggtectgggcagggatggooagtagopgtoga
aagcatggagtgaagaggtctagggagggggtctcctcaccecegecttectgeccgecttgatetcgggggtetetataggettgettccacctgggactt
ctgectectectacececageeccteccgecteaggectgttgtgetcagececcecaggaccteeccteccecacgectetggecteattgtitggttaaagea
ggaccccctceeccteccaccaccteecctecgactgaacagatggacagagaccegggeccacggggagaggaagggccagecggtgecgggaa
agggaageggtiiggggaaaacaaaacagagggaggagecagggagaaggiggcccecaggagggaggaggagggaaticgetaagagggactgg
gacctgagacggaatgggacggaccecggacggagiggggacceeigggcticccagggtgggagetggciccgaggctggctggetcegeaggt
ccgetgacgtcgecgeccagatggectctaggetgactctgetgactetgetgeteetgetgetggetggggacagggecagetctaaccecaatgetact
tctagetectetcaggaccetgagagectgeaggacaggggggagggcaaggtggecaccactgtgatctctaagatgetgtitgtggageccatectgg
aggtgagcagectgeccaccaccaacageaccaccaactctgecactaagatcactgeccaacaccactgatgageccaccacccageccactactgag
cccaccacccagectactatccageccacccageccactaccecagetgeccactgacagecctaccecageccaccactggeagettctgecctggocct
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gtgaccctgtgetctgacctggagagecattctactgaggctgtgctgggggatgecctggtggacttctctctgaagetgtaccatgetttctetgecatgaa
gaaggtggagactaacatggcttttagecccttcageattgetagectgetgacccaggtgctgctggggoctggggagaacactaagaccaacctggaa
tctatcctgagetaccccaaggacttcacctgtgtgeaccaggecctgaagggcttcaccaccaagggggtgacctetgtgagecagatcttccacagece
tgacctggcecatcagggatacttttgtgaatgeccagecagaaccectgtactctictageccccagggtgctgageaataattctgatgetaacctggagetgate
aatacctgggtggctaagaataccaacaacaagattagcaggetgetggactetctgectictgataccaggetggtgctgetgaatgecatttacctgtetg
ccaagtggaagaccacttttgaccctaagaagactaggatggagectttccacttcaagaactctgtcattaaggtgcccatgatgaacagcaagaagtatc
ctgtggcccactttattgaccagactctgaaggecaaggtgggccagetgcagetgagecataacctgagectggtgatectggtgecccagaacctgaa
geataggctggaggacatggagcaggetctgagecectetgtgticaaggctattatggagaagetggagatgagceaagttccageccactetgetgace
ctgcccagaatcaaggtgaccacctctcaggacatgetgageatcatggaaaagetggagttctitgacttticttatgacctgaatctgtgtggectgactga
ggatcctgatctgeaggtgtctgecatgecageaccagactgtgetggagetgactgagactggggtggaggctgetgetgcttctgecatctetgtggeca
ggaccetgetggtgtttgaggtgcageageccttectgtttgtgctgtgggaccageageacaagtttcctgtgticatgggcagggtgtatgaccccagag
cctgacatctagagctgaattcctgeagecagggggatcagectetactgtgecttctagttgecagecatctgttgtttgecccteecccttgecttecttgac
cctggaaggtgcecactcccactgtectticctaataaaatgaggaaattgcatcacattgtetgagtaggtgtcattctatictgggggetggggteggecag
gacagcaagggggageattgggaagacaatagcaggeatgetggggatgcagtgggctctatggctictgaggecagaaagaaccagetggggetcga
gatccactagggecgeaggaacccctagtgatggagttggecacteectetcetgegegetegetegetcactgaggecgggegaccaaaggtegeecga
cgeccgggctttgececgggeggectcagtgagegagegagegegeag

61

cetgeaggeagetgegegetegetegetcactgaggecgeccgggeaaageccgggeggectcagtgagegagegagegegeagagagggagtgg
ccaactccatcactaggggttcctgeggectagtactaggetcagaggeacacaggagtttctgggctcacectgeccccticcaaccectcagttceeate
ctccagcagctgttgtgtgctgectctgaagtecacactgaacaaacttcagectactcatgtcectaaaatgggcaaacattgcaagcageaaacageaa
acacacagccctccctgectgetgaccttggagetggggcagaggtcagagacctetetgggeccatgecacctccaacatccactcgaccecttggaatt
tcggtggagaggagcagaggttgtcctggegtggtttaggtagtgtgagagggetacccggggatcttgetaccagtggaacagecactaaggattctge
agtgagagcagagggccagctaagtggtactctcccagagactgtctgactcacgecaccccctccaccttggacacaggacgetgtggtttctgageca
ggtacaatgactectttcggtaagtgcagtggaagetgtacactgeccaggeaaagegtecgggeagegtaggegggegactcagatcccagecagtgg
acttageccctgtttgetectccgataactggggtgaccttggttaatattcaccageagectcececcgttgeccctctggatccactgettaaatacggacga
ggacagggecctgtctcctcagettcaggeaccaccactgacctgggacagtgaatagatcttgaggaataacggaggtgageaatttccaaaaagttcat
tectttaaaaactgeggageacattttgtgtacatgetgtttttattgttactcatgaagacgegggggaagctitggttgtgtaaagetgagaactgcacccaa
gettceecgttcaccecacctaccaggggatttgggctaaattcctggectggeccacaaagaagaccaageggtcagteccattcecgtececatectgattt
acaggaactcacaccagcgatcaatcttccttaatttgtaactgggeagtgteccgggecagecaatagctaagactgecccecccgeaccccaccetece
tgaccctgggggactctctactctgagaacticagggtgagtctatgggacccttgatgttttctttccecticttttctatggttaagttcatgtcataggaaggg
gagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgctticticttttaatatacttttttgtttatcttatttctaatacttt
ccctaatctetttctttcagggcaataatgatacaatgtatcatgectctttgeaccattctaaagaataacagtgataatitctgggttaaggcaatagcaatattt
ctgcatataaatatttctgcatataaattgtaactgatgtaagaggtticatattgctaatagcagcetacaatccagetaccattctgettttatttictggtigggata
aggctggattattctgagtccaagctaggeccttttgetaatcttgticatacctcttatcticctcecacagetectgggeaacctgetggtetetctgetggece
atcactttggcaaagcactagtgccaccatggectctaggetgactetgetgactctgetgetectgetgetggctggggacagggccagetctaaccecaa
tgctacttctagetectctcaggacectgagagectgeaggacaggggggaggocaaggtggccaccactgtgatctctaagatgetgtitgtggagecca
tectggaggtgageagectgeccaccaccaacageaccaccaactctgecactaagatcactgecaacaccactgatgageccaccacccageccacta
ctgagcccaccacccagectactatccageccacccageccactaccecagetgeccactgacagecctacccageccaccactggeagettctgeectg
ggcectgtgaccctgtgetctgacctggagagecattctactgaggcetgtgctgggggatgecctggtggacttctetetgaagetgtaccatgetttetctgee
atgaagaaggtggagactaacatggctittagececticageattgetagectgetgacccaggtgetgetgggggctggggagaacactaagaccaace
tggaatctatcctgagetaccccaaggacttcacctgtgtgecaccaggecctgaagggcticaccaccaagggggtgacctctgtgagecagatettccac
agccctgacctggecatcagggatacttttgtgaatgccageagaaccctgtactetictagececcagggtgcetgageaataattctgatgctaacctggage
tgatcaatacctgggtggctaagaataccaacaacaagattagcaggetgetggactetctgectictgataccaggetggtgetgetgaatgecatttacct
gtctgecaagtggaagaccacttitgaccctaagaagactaggatggagectttccacttcaagaactetgtcattaaggtgcccatgatgaacagcaagaa
gtatcctgtggeccactttattgaccagactctgaaggecaaggtgggecagetgeagetgagecataacctgagectggtgatectggtgeeccagaace
tgaagcataggctggaggacatggagcaggctctgageecctctgtgticaaggctattatggagaagetggagatgageaagttccageccactetgctg
accctgeccagaatcaaggtgaccacctctcaggacatgetgageatcatggaaaagetggagtictitgacttttcttatgacctgaatctgtgtegectgac
tgaggatcctgatctgcaggtgtctgecatgecageaccagactgtgctggagetgactgagactggggtggaggctgctgetgetictgecatctetgtgge
caggaccctgctggtgtttgaggtgcageageccttcctgtitgtgctgtgggaccageageacaagtticctgtgticatgggeagggtgtatgacceecag
agcctgacatctagagctgaattcctgeagecagggggatcagectctactgtgecttctagttgecagecatctgttgtitgecectceeccttgecttecttg
accctggaaggtgecactcecactgtectttcctaataaaatgaggaaattgeatcacattgtctgagtaggtgtcattctatictggggggtgggetegggc
aggacagcaagggggaggattgggaagacaatagcaggeatgctggggatgcagtgggctctatggetictgaggcagaaagaaccagetggggctc
gagatccactagggecgeaggaacccctagtgatggagttggecactecctetetgegegetcgetcgetecactgaggecgggegaccaaaggtegeee
gacgeecgggctttgccegggeggectcagtgagegagegagegegeag

62

cetgeaggeagetgegegetegetegetcactgaggecgeccgggeaaageccgggeggectcagtgagegagegagegegeagagagggagtgg
ccaactccatcactaggggttcctgeggectagtactaggetcagaggeacacaggagtttctgggctcacectgeccecticcaaccectcagttcceate
ctccagcagctgttgtgtgctgectctgaagtecacactgaacaaacttcagectactcatgtcectaaaatgggcaaacattgcaagcageaaacageaa
acacacagccctccctgectgetgaccttggagetggggcagaggtcagagacctetetgggeccatgecacctccaacatccactcgaccecttggaatt
tcggtggagagoapcagagettgtcctggcgtgptttagatagtgtgagageootacccggooatctigetaccagiggaacagecactaaggatictge
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agtgagagcagagggccagctaagtggtactctcccagagactgtctgactcacgecaccecctccaccttggacacaggacgetgtggtttctgageca
getacaatgactcctttcggtaagtgeagtggaagetgtacactgeccaggeaaagegtecgggeagegtaggegggcgactcagatcccagecagtgg
acttagcccctgtttgctectccgataactggggtgaccttggttaatattcaccagecagectccceegttgeccetetggatecactgettaaatacggacga
ggacagggccctgtctcctcagettcaggeaccaccactgacctgggacagtgaatagatcttgagaacttcagggtgagtctatgggacccttgatgttttc
tttceecttcttttctatggttaagttcatgtcataggaaggg gagaagtaacagggtacacatattgaccaaatcagggtaattttgeatttgtaattttaaaaaat
getttcttcttttaatatacttttttgtttatcttatttctaatactttccctaatctetttctttcagggeaataatgatacaatgtatcatgectetttgecaccattctaaag
aataacagtgataatttctgggttaaggcaatagcaatatttctgcatataaatattictgcatataaattgtaactgatgtaagaggtticatattgctaatagcag
ctacaatccagctaccattctgcttttattttctggttgggataaggetggattattctgagtccaagetaggeccttttgetaatcttgttcatacctettatctteete
ccacagctcctgggeaacctgctggtetetetgetggeccatcactitggeaaageactagtagggaccegeagetcagetacageacagatcagecace
atggcctctaggetgactctgetgactetgetgeteetgetgetggetggggacagggecagetctaaccecaatgetacttctagetectetcaggaccectg
agagcctgcaggacaggggggagggcaaggtggccaccactgtgatctctaagatgetgtttgtggageccatectggaggtgageagectgeccace
accaacagcaccaccaactctgecactaagatcactgeccaacaccactgatgageccaccacccageccactactgageccaccacccagectactate
cagcccacccagceccactacccagetgeccactgacagecctacccageccaccactggeagettctgeectgggectgtgacectgtgetetgacetgg
agagccattctactgaggcetgtgctgggggatgecctggtggactictctctgaagetgtaccatgetttctetgecatgaagaaggtggagactaacatgge
ttttagccecttcageattgetagectgetgaccecaggtgctgetgggggctggggagaacactaagaccaacctggaatctatcctgagetaccccaagg
acttcacctgtgtgecaccaggecectgaagggcttcaccaccaagggggtgaccictgtgagecagatceticcacageectgacctggecatcagggatact
tttgtgaatgccageagaacccetgtactctictagecccagggtgctgageaataattctgatgctaacctggagetgatcaatacctgggtggctaagaata
ccaacaacaagattagcaggcetgetggactetctgecttctgataccaggetggtgetgetgaatgecatttacctgtetgeccaagtggaagaccacttitga
ccctaagaagactaggatggagectticcacttcaagaactctgtcattaaggtgcceatgatgaacageaagaagtatcetgtggeccactttattgaccag
actctgaaggccaaggtgggecagetgeagetgagecataacctgagectggtgateetggtgececagaacctgaageataggetggaggacatgga
geaggctctgageecctetgtgttcaaggetattatggagaagetggagatgageaagticcageccactetgetgaccetgeccagaatcaaggtgacca
cctetcaggacatgcetgageatcatggaaaagetggagtictttgacttticttatgacctgaatctgtgtggectgactgaggatectgatctgeaggtgtetg
ccatgcagcaccagactgtgctggagetgactgagactggggtggaggetgctgetgctictgecatetetgtggecaggaccctgetggtgtitgagatg
cagcagcccttectgtttgtgctgtgggaccagecageacaagtttcctgtgticatgggeagggtgtatgaceccagagectgacatctagagetgaattect
geagecagggggatcagectetactgtgectictagttgccagecatctgtigtttgccectececcttgecticcttgaccetggaaggtgccacteccactg
tectttectaataaaatgaggaaattgcatcacattgtctgagtaggtgteattctatictggggggtgggstggggcaggacageaagggggaggattg gg
aagacaatagcaggcatgctggggatgeagtgggctctatggcetictgaggcagaaagaaccagetggggctcgagatccactagggecgeaggaace
cctagtgatggagttggccactcectetctgegegetegetegetcactgaggecgggegaccaaaggtegeccgacgeccgggctttgeeegggeggac
ctcagtgagcgagegagegegeag

63

cctgecaggeagcetgegegetegetegetcactgaggecgeeccgggeaaageccgggeggcctcagtgagegagegagegegeagagagggagteg
ccaactccatcactaggggttcctgeggectagtactaggetcagaggeacacaggagtttctgggctcacectgeeccecttccaaccectcagttcccate
ctccageagctgtttgtgtectgcctetgaagtccacactgaacaaacttcagectactcatgtcectaaaatgggeaaacattgcaageagcaaacageaa
acacacagccctcectgectgetgaccttggagetggggcagaggtcagagacctetctgggeccatgecacctccaacatccactcgaccecttggaatt
tcggtggagaggagcagaggtigtcctggegtggtitaggtagtgtgagaggggtacceggggatettgctaccagtggaacagecactaaggattetge
agtgagagcagagggccagctaagtggtactctcccagagactgictgactcacgecaceecctccaccttggacacaggacgetgtggtttctgageca
ggtacaatgactcctttcggtaagtgcagtggaagetgtacactgeccaggeaaagegtecgggeagegtaggegggcgactcagatcecagecagteg
acttagcccctgtttgetectccgataactggggtgacctiggttaatattcaccagecagectecceegttgeccetetggatecactgettaaatacggacga

ggacagggccctgtctcctcagettcaggeaccaccactgacctgggacagtgaatagatcttgagaacttcagggtgagtctatgggaccecttgatgtttte
tttceecttctttictatggttaagttcatgtcataggaaggg gagaagtaacagggtacacatattgaccaaatcagggtaattttgeatttgtaattttaaaaaat
gctttcttcttttaatatacttttttgtttatcttattictaatactttccctaatetetttctttcagggcaataatgatacaatgtatcatgectetttgecaccattctaaag

aataacagtgataatttctgggttaaggcaatagcaatattictgcatataaatatttctgcatataaattgtaactgatgtaagaggtttcatattgctaatagcag

ctacaatccagctaccattctgcttttattttctggttgggataaggetggattattctgagtccaagetaggeccttttgetaatctigttcatacctcttatcttcete
ccacagctcctgggeaacctgetggtetetetgetggeccatcactttggeaaageactagtgecaccatggectctaggetgactetgetgactetgetget
cctgetgetggetggggacagggecagetctaaccecaatgetactictagetectetcaggaccectgagagectgeaggacaggggggagggcaaggt
ggccaccactgtgatctctaagatgcetgtttgtggageccatectggaggtgageagectgeeccaccaccaacageaccaccaactctgecactaagatca
ctgccaacaccactgatgageccaccacccageecactactgageccaccacccagectactatccageccacccagececactacccagetgeccactg
acagccctacccageccaccactggeagettctgecctgggectgtgaccctgtgetetgacctggagagecattctactgaggetgtgctgggggatgcec
ctggtggacttctctctgaagetgtaccatgetttctctgecatgaagaaggtggagactaacatggettttageeecttcageattgetagectgetgaccea

gatactgetggggectggggagaacactaagaccaacctggaatctatectgagetaccccaaggacttcacctgtgtgcaccaggecctgaagggcttc
accaccaagggggtgacctctgtgagecagatcttccacageectgacctggecatcagggatacttttgtgaatgecageagaaccctgtactcttctage
cccagggtgctgageaataatictgatgctaacctggagetgatcaatacctgggtggetaagaataccaacaacaagattagcaggetgetggactetetg
ccttctgataccaggcetggtgetgetgaatgecatttacctgtctgeccaagtggaagaccacttttgaccctaagaagactaggatggagectttccacttcaa
gaactctgtcattaaggtgcccatgatgaacagcaagaagtatcetgtggeccactttattgaccagactctgaaggecaaggtgggccagetgeagetga

gecataacctgagectggtgatectggtgccccagaacctgaageataggetggaggacatggageaggctctgagecectetgtgticaaggctattatg
gagaagctggagatgagceaagttccageccactetgetgaccetgeccagaatcaaggtgaccacctctcaggacatgetgageatcatggaaaagetg

gagttctitgacttticttatgacctgaatctgtgtggectgactgaggatectgatctgeaggtgtetgecatgecageaccagactgtgctggagetgactgag
actggggtggaggctgctgetgettctgecatctetgtggecaggaccetgetggtgtitgaggtgcageageecttectgtttgtgctgtgggaccageag

cacaagtttcctgtgttcatgggcagggtgtatgaccccagagectgacatctagagcetteetettcactetgetctcaggagacctggetatgaggeecteg

gggcaggeatacaaagttagtgaggtctatgtccagagaagetgagatatggcatataataggeatctaataaatgcttaagaggtggaatctagagetgaa
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ttcctgeagecagggggatcagectetactgtgecttctagttgecagecatetgttgtttgeeccteccecttgecttecttgacectggaaggtgecacteee
actgtcctttcctaataaaatgaggaaattgcatcacattgtctgagtaggtgtcattctattctggggegtggeotegoocaggacagcaagggggaggat
tgggaagacaatagcaggcatgetggggatgcagtgggctctatggetictgaggcagaaagaaccagetggggctcgagatccactagggecgeagg
aacccctagtgatggagttggccactcectetetgegegetegetegetcactgaggecgggegaccaaaggtegeccgacgeecgggctttgceeggg

cggecteagtgagegagegagegegeag

64

cctgeaggeagetgegegetegetegetcactgaggecgeccgggeaaageecgggeggcectcagtgagegagegagegegeagagagggagteg
ccaactccatcactaggggticctgeggectagtactaggctcagaggeacacaggagtttctgggctcaccetgeecccttccaaccectcagticecate
ctccagcagcetgtttgtgtgctgectctgaagtccacactgaacaaacttcagectactcatgtccctaaaatgggeaaacattgcaageagcaaacageaa
acacacagcccteectgectgetgaccttggagetgggecagaggtcagagacctctctgggcccatgecacctccaacatcecactcgaccecttggaatt
tcggtggagaggagcagaggtigtcctggegtggtitaggtagtgtgagaggggtacccggggatcttgetaccagtggaacagecactaaggattctge
agtgagagcagagggccagctaagtggtactctcccagagactgtctgactcacgecacccectccaccttggacacaggacgcetgtggtitctgageca
ggtacaatgactcctttcggtaagtgcagtggaagetgtacactgeccaggeaaagegtecgggeagegtaggegggegactcagatcecagecagteg
acttagcccctgtttgetectccgataactggggtgacctiggttaatattcaccageagectceceegttgecectetggatccactgettaaatacggacga
ggacagggccctgtctcctcagetticaggeaccaccactgacctgggacagtgaatagatctigagaacticagggtgagtctatgggaccecttgatgttttc
tttceecttcttttctatggttaagttcatgtcataggaaggg gagaagtaacagggtacacatattgaccaaatcagggtaattttgeatttgtaattttaaaaaat
getttcticttttaatatacttitttgtttatcttatttctaatactttcectaatetctttctitcagggcaataatgatacaatgtatcatgectetttgcaccattctaaag
aataacagtgataatttctgggttaaggcaatagcaatatttctgcatataaatatttctgcatataaattgtaactgatgtaagaggtttcatattgctaatagcag
ctacaatccagctaccattctgcttttattttctggttgggataaggetg gattattctgagtccaagetaggeccttttgetaatettgticatacctcttatcttecte
ccacagctcctgggeaacctgetggtetctetgetggeccatcactttggeaaageactagtagggaccegeagetcagetacageacagatcageeace
atggcctctaggcetgactetgetgactctgetgetectgetgetggetggggacagggecagetctaaccccaatgetacttctageteetctcaggacectg
agagcctgecaggacaggggggagggcaaggtggecaccactgtgatctctaagatgetgtttgtggageccatectggaggtgageagectgeccace
accaacagcaccaccaactctgecactaagatcactgccaacaccactgatgageccaccacccageccactactgageccaccacccagectactatce
cagecccacccageccactacccagetgeccactgacagecctacccageccaccactggeagettetgecctgggectgtgaccetgtgetetgacetgg
agagccattctactgaggcetgtgctgggggatgecctggtggacttctctctgaagetgtaccatgetttctetgecatgaagaaggtggagactaacatgge
ttttagcceecttcageattgetagectgetgacccaggtgctgctgggegctggggagaacactaagaccaacctggaatctatcctgagetacceccaagg
acttcacctgtgtgecaccaggecctgaagggcttcaccaccaagggggtgacctctgtgagecagatcticcacageectgacctggecatcagggatact
tttgtgaatgccageagaaccctgtactettctagecccagggtgctgageaataattctgatgetaacctggagetgatcaatacctgggtggctaagaata
ccaacaacaagattagcaggctgctggactetctgectictgataccaggetggtgetgetgaatgecatttacetgtctgecaagtggaagaccacttttga
ccctaagaagactaggatggagectttccacttcaagaactctgtcattaaggtgcccatgatgaacageaagaagtatcetgtggeccactttattgaccag
actctgaaggccaaggtgggccagetgeagetgagecataacctgagectggtgatectggtgccecagaacctgaageataggetggaggacatgga
geaggctctgageecctetgtgttcaaggetattatggagaagetggagatgageaagttccageccactetgetgaccetgeccagaatcaaggtgacca
cctetcaggacatgetgageatcatggaaaagetggagtictttgacttttcttatgacctgaatctgtgtggectgactgaggatcectgatetgeaggtgtetg
ccatgcagcaccagactgtgctggagetgactgagactggggtggaggetgctgetgetictgecatetetgtggecaggaccctgetggtgtttgaggtg
cagcagcccttectgtttgtgctgtgggaccageageacaagtttcetgtgticatgggeagggtgtatgaccccagagectgacatctagagcttectettc
actctgetctcaggagacctggctatgaggecctcggggeagggatacaaagttagtgaggtctatgtccagagaagetgagatatggcatataataggea
tctaataaatgcttaagaggtggaatctagagetgaattcetgecagecagggggatcagectetactgtgecttctagttgeccagecatctgttgtttgececte
ccecttgecttecttgaceetggaaggtgccacteecactgtectttcetaataaaatgaggaaattgeatcacattgtetgagtaggtgteatictattctgggg
ggtggeotggoocaggacagcaagggggaggattgggaagacaatageaggcatgetggggatgcagtgggctetatggettctgaggcagaaaga
accagctggggctcgagatccactagggecgeaggaaccectagtgatggagttggccacteectetetgegegcetegetegetecactgaggeeggecg
accaaaggtcgeccgacgeccgggctttgeecgggeggectcagtgagegagegagegegeag

65

cctgeaggeagetgegegetegetegetcactgaggecgeccgggeaaageccgggeggectcagtgagegagegagegegeagagagggagtgg
ccaactccatcactaggggttectgeggectagtactaggetcagaggeacacaggagtttctgggcetcaccetgececcticcaaccectcagtteccate
ctccageagctgtttgtgtgctgectctgaagtecacactgaacaaacttcagectactcatgtcectaaaatgggcaaacattgcaagcagceaaacageaa
acacacagccctecctgectgetgaccttggagetggggcagaggtcagagacctetctgggeccatgecacctecaacatcecactcgaccectiggaatt
tcggtggagaggagcagaggtgtcctggegtggtitaggtagtgtgagagggetacccggggatcttgetaccagtggaacagecactaaggattctge
agtgagagcagagggccagctaagtggtactctcccagagactgtctgactcacgecaccecctccaccttggacacaggacgetgtggtttctgageca
ggtacaatgactcctttcggtaagtgcagtggaagcetgtacactgeccaggeaaagegtccgggeagegtaggegggegactcagatcecagecagtgg
acttagcccctgtttgetectccgataactggggtgacctiggttaatattcaccageagectceceegttgecectctggatccactgettaaatacggacga
ggacagggccctgtctcctcageticaggeaccaccactgacctgggacagtgaatagatctigggeacgtecccagetgggcetgectatttaacgcacca
cactctcattctcccaaggtggggctccaggactaggetggggcageagaaagtcecectetetacattgtecttggetcaggagecaacttagaaaaage
atttccaaattggctaagccageggagceagagatttictgtgctgagaaatatcaggacatccagaggggtggaaggaggcticcagggcacacatgaga
tgtggcaggggtaggctgtecgtittaaagettaaagetttagacatgaactcacagggatttcagtcagggtcatctgecatgtggeccageagggeccat
cctgaggaaatgaccggtatagtcaggagetggctgaagagetgecctcactccacaccticcageageccaggtgecgecatcacggggcteccactg
geatctctgeagetgeacttcceccaatgetgaggagcagagetgatctageaccctgtecattgecaaggeacagceaaacctetettgttcecataggttac
acaactgggataaatgacccgggatgaagaaaccaccggeatccaggaacttgtcttagaccagtttgtaggggaaatgacctgecagggactttcececag
ggaccacatccagcttticttcccteccaagagaccageaaggetcetgagaacticagggtgagtctatgggacccttgatgtittctttceectictitictatg
gttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgctticttcttttaatata
ctittttgtttatcttattictaatactticcctaatctctttctitcagg gcaataatgatacaatgtatcatgectetttgcaccattctaaagaataacagtgataattt
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ctgggttaaggcaatagcaatatttctgcatataaatatttctgcatataaattgtaactgatgtaagaggtttcatattgctaatagcagetacaatccagetacc
attctgcttttattttctggttgggataaggctggattattctgagtccaagetaggcccttttgetaatettgttcatacctettatcttcctcccacageteetggge
aacctgetggtetetctgetggeccatcactttggeaaageactagtgagggaccegeagetcagetacagcacagatcagecaccatggectctaggetg
actectgetgactetgetgcetectgetgetggetggggacagggecagetctaaccccaatgetacttctageteetetcaggacectgagagectgeaggac
agggggpagggcaaggtggccaccactgtgatctctaagatgetgtitgtggageccatectggaggtgageagectgeccaccaccaacageaccac
caactctgccactaagatcactgccaacaccactgatgageccaccacccageccactactgageccaccacccagectactatccageccacccagee
cactacccagcetgeccactgacagecctacccageccaccactggeagetictgeectgggectgtgaccctgtgetctgacctggagagecattetactg
aggctgtgctgggggatgcectggtggactictetctgaagetgtaccatgettictctgecatgaagaaggtggagactaacatggcettttagecccttcag
cattgctagectgetgacccaggtgctgctggggectggggagaacactaagaccaacctggaatctatcctgagetaccccaaggacttcacctgtgtge
accaggecctgaagggcttcaccaccaagggggtgacctetgtgagecagatettccacagecctgacctggecatcagggatacttttgtgaatgecag
cagaaccctgtactcttctagecccagggtgctgageaataattctgatgctaacctggagetgatcaatacctgggtggctaagaataccaacaacaagatt
agcaggctgctggactctetgectictgataccaggetggtgctgctgaatgecatitacctgtctgecaagtggaagaccacttttgaccctaagaagacta
ggatggagcctttccacttcaagaactctgtcattaaggtgcccatgatgaacagcaagaagtatcectgtggeccactttattgaccagactctgaaggecaa
ggtggoccagetgcagetgagecataacctgagectggtgatectggtgecccagaacctgaageataggetggaggacatggageaggetetgagee
cctetgtgttcaaggetattatggagaagetggagatgagcaagticcageccactetgetgacectgeccagaatcaaggtgaccacctctcaggacatg
ctgagcatcatggaaaagctggagtictttgacttticttatgacctgaatctgtgtggectgactgaggatectgatctgeaggtgtetgecatgeageacca
gactgtgctggagcetgactgagactggggtggagectgctgetgetictgecatetctgtggecaggacectgetggtgtitgaggtgcageageecttect
gtttgtgetgtgggaccageageacaagtitcctgtgttcatgggcagggtgtatgaccccagagectgacatctagagetgaattcctgcagecagggge
atcagcctctactgtgecttctagttgecagecatctgttgtttgeccetececcttgecttecttgacectggaaggtgecacteccactgtectttcctaataaa
atgaggaaattgcatcacattgtctgagtaggtgtcattctatictggggggtegegtggggcaggacagcaagggggaggattgggaagacaatageag
geatgctggggatgcagtggactctatggetictgaggcagaaagaaccagetggggctegagatccactagggecgecaggaaccectagtgatggagt
tggcecactcectetetgegegetegetegeteactgaggecgggegaccaaaggiegeccgacgeecgggctttgeccgggeggcectcagtgagegag
cgagecgegeag

66

cctgeaggceagetgegegetegetegeteactgaggecgeccgggcaaagecegggeggectcagtgagegagegagegegeagagagggagtgg
ccaactccatcactaggggticctgeggectagtactgegecaaagtcaacacaagectctccaccgtgtgtecatgtttatgtgtatgegetgtgeccegteat
gecacctggacgeagggactccagtgacctetecttgcacaagectetgetggtitgggaaagattggcatgacatcagecaagetetggecttgectttttt
ccetgegeaaagtcaacacaagectetccaccgtgtgtecatgtttatgtgtatgegetgtgeceegteatgecacctggacgeagggactcecagtgaccte
tecttgecacaagectetgetggtitgggaaagattggeatgacatcagecaagetetggecttgecttttttcectagtactaggetcagaggeacacaggagt
ttetgggctcaccctgeccecttccaaccectcagttcccatcetccageagetgttigtgtgctgectetgaagtceacactgaacaaacttcagectactcat
glcectaaaatgggeaaacattgcaageagcaaacagceaaacacacageccteectgectgetgaccttggagetggggcagaggtcagagacctetct
gggceccatgecacctccaacatccactcgaccecttggaatttcggtggagaggageagaggttgtectggegtggtitaggtagtgtgagaggggtace
cggggatcttgctaccagtggaacagecactaaggattctgcagtgagageagagggccagetaagtggtactetcccagagactgtetgactcacgeca
cceectecaccttggacacaggacgetgtggttictgagecaggtacaatgactectttcggtaagtgcagtggaagetgtacactgeccaggcaaagegt
ccgggcagegtaggegggegactcagatcccagecagtggacttageccctgtttgetectcegataactggggtgaccttggttaatattcaccageage
ctceecegttgeecctetggatccactgcettaaatacggac gaggacagggecctgtetectcageticaggeaccaccactgacctgggacagtgaatag
atcttgagaacttcagggtgagtctatgggacccttgatgttttctitcecctictttictatggttaagticatgtcataggaaggggagaagtaacagggtaca
catattgaccaaatcagggtaattttgcatttgtaattttanaaaatgctticttctittaatatacttttttgtitatcttatttctaatactttcectaatetctttctttcagg
gcaataatgatacaatgtatcatgcctctttgcaccattctaaagaataacagtgataatttctgggttaaggcaatagcaatattictgcatataaatatttctgea
tataaattgtaactgatgtaagaggtttcatattgctaatagcagetacaatccagetaccattctgettttatttictggtigggataaggctggattatictgagtc
caagctaggeccttttgctaatcttgttcatacctcttatcttccteccacagetectgggeaacctgetggtetetetgetggeccatcactttggcaaageact
agtgccaccatggectctaggcetgactetgetgactctgetgetectgetgetggetggggacagggccagetctaaccccaatgetactictagetectete
aggaccctgagagectgecaggacaggggggaggecaaggtggccaccactgtgatctctaagatgetgtttgtggageccatectggaggtgageage
ctgececcaccaccaacageaccaccaactctgecactaagatcactgecaacaccactgatgageccaccacccageccactactgageccaccacccag
cctactatccageccacccageccactaccecagetgeccactgacagecctacccageccaccactggeagettetgeectgggectgtgacectgtgct
ctgacctggagagccatictactgaggetgtgctgggggatgecctggtggacttctetctgaagetgtaccatgettictctgecatgaagaaggtggaga
ctaacatggcttttagccccttcageattgetagectgetgacccaggtactgctggggectggggagaacactaagaccaacctggaatctatcetgaget
accccaaggacttcacctgtgtgeaccaggecctgaagggcticaccaccaagggggtgaccictgtgagecagatcttccacagecctgacctggecat
cagggatacttttgtgaatgccagecagaaccctgtactctictageccccagggtgetgageaataattctgatgctaacctggagetgatcaatacctgggts
gctaagaataccaacaacaagattagcaggcetgctggactetctgectictgataccaggetggtgctgctgaatgecatttacctgtctgecaagtggaaga
ccacttttgaccctaagaagactaggatggagcectttccacttcaagaactctgtcattaaggtgcccatgatgaacagcaagaagtatcctgtggeccacttt
attgaccagactctgaaggccaaggtgggccagetgcagetgagecataacctgagectggtgatectggtgecccagaacctgaageataggetggag
gacatggagcaggctctgageccctctgtgticaaggctattatggagaagetggagatgagceaagttccageccactetgetgacectgeccagaatcaa
ggtgaccacctctcaggacatgctgageatcatggaaaagetggagticttgacttticttatgacctgaatctgtgtggectgactgaggatectgatctgea
ggtgtctgccatgcageaccagactgtgetggagetgactgagactggggtggaggctgctgetgcttctgecatetetgtggecaggaccctgetggtgtt
tgaggtgcagcagecctteetgttigtgctgtgggaccageageacaagtticetgtgticatgggeagggtetatgaccccagagectgacatctagaget
gaattcctgecagecagggggatcagectetactgtgecttctagttgecagecatetgttgtttgccectcecccttgecttcettgaccetggaaggtgccact
ccecactgtcctttcctaataaaatgaggaaattgcatcacattgtetgagtaggtgtcatictatictggggggtegegtgggacaggacagcaagggegag
gattgggaagacaatagecaggcatgctggooatecagtgeactctatggctictgaggcagaaagaaccagetgggoctcgagatccactaggeccge
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aggaacccctagtgatggagttggecactecctetetgegegetegetegetcactgaggecggge gaccaaaggtcgeecgacgeecgggctitgeee
gggcggcctcagtgagegagegagegegeag

67

cetgeaggeagetgegegetegetegetcactgaggecgeccgggeaaageccgggeggectcagtgagegagegagegegeagagagggagtgg
ccaactccatcactaggggttcctgeggectagtactaggetcagaggeacacaggagtttctgggctcaccctgeccccticcaaccectcagttceeate
ctccagcagctgtttgtgtgctgectctgaagtecacactgaacaaacttcagectactcatgtcectaaaatgggcaaacattgcaagcageaaacageaa
acacacagccctecctgectgetgaccttggagetggggcagaggtcagagacctctetgggeccatgecacctecaacatccactcgaccecttggaatt
tcggtggagaggageagaggtigtcctggegtgatttaggtagteteagagggotacccggggatettgctaccagitggaacagecactaaggattctge
agtgagagcagagggccagctaagtggtactctcccagagactgtctgactcacgecaceccctccaccttggacacaggacgetgtggtttctgageca
ggtacaatgactectttcggtaagtgcagtggaagetgtacactgeccaggeaaagegtecgggeagegtaggegggegactcagatcccagecagtgg
acttageccctgtttgetectccgataactggggtgaccttggttaatattcaccageagectececcgttgeccctctggatccactgettaaatacggacga
ggacagggccctgtctcctcagettcaggeaccaccactgacctgggacagtgaatagatcttgagaacttcagggtgagtctatgggacccttgatgttttc
tttccecttcttttctatggttaagticatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgeatttgtaattttaaaaaat
getttcttcttttaatatacttttttgtttatcttatttctaatactttccctaatctctttctttcagggeaataatgatacaatgtatcatgectetttgecaccattctaaag
aataacagtgataatttctgggttaaggcaatagcaatattictgcatataaatatttctgcatataaattgtaactgatgtaagaggtticatattgctaatagcag
ctacaatccagctaccattctgettttattttctggttgggataaggctggattattctgagtccaagetaggeccttttgctaatcttgttcatacctettatcttecte
ccacagctcctgggeaacctgctggtetetetgetggeccatcactttggeaaageactagtgccaccatggectctaggetgactetgetgactetgetget
cetgetgetggetggggacagggccagetctaaccecaatgetactictagetectctcaggaccctgagagectgeaggacaggggggagggcaaggt
ggccaccactgtgatctctaagatgctgtitgtggageccatectggaggtgageagectgeccaccaccaacageaccaccaactctgecactaagatca
ctgecaacaccactgatgageccaccacccageccactactgageccaccacccagectactatccageccacccageccactacecagetgeccactg
acagccctacccageccaccactggeagcttctgecctgggectgtgaccctgtgetctgacctggagagcecattctactgaggcetgtgetgggggatgee
ctggtggacttctctctgaagetgtaccatgetttctctgecatgaagaaggtggagactaacatggcttttagecccttcageattgetageetgetgaceca
ggtgctgctggggectgggragaacactaagaccaacctggaatctatectgagetaccccaaggacttcacctgtgtgcaccaggecctgaagggcttc
accaccaagggggtgacctcigtgagccagatcttccacagecctgacctggecatcagggatacttttgtgaatgecageagaaccctgtactettctage
cccagggtgctgagcaataattctgatgctaacctggagctgatcaatacctgggtggctaagaataccaacaacaagattagcaggetgctggactctetg
ccttctgataccaggetggtectgctgaatgecatttacctgtetgecaagtggaagaccacttttgaccctaagaagactaggatggagectttccacttcaa
gaactctgtcattaaggtgcccatgatgaacagcaagaagtatcctgtggeccactttattgaccagactctgaaggecaaggtgggccagetgeagetga
gecataacctgagcectggtgatcctggtgecccagaacctgaageataggetggaggacatggageaggctctgageccctctgtgticaaggctattatg
gagaagctggagatgagcaagttccageccactctgetgaccctgeccagaatcaaggtgaccacctctcaggacatgetgageatcatggaaaagetg
gagttctttgacttttcttatgacctgaatctgtgtggcctgactgaggatcetgatctgcaggtgtctgecatgeageaccagactgtgctggagetgactgag
actggggtggaggoctgetgetgetictgccatetetgtggecaggaccectgctggtgtitgaggtgcageageccttcctgtitgtgetgtgggaccageag
cacaagtttcctgtgttcatgggcagggtgtatgaccecagagectgacatctagageacctctgecageaggtctagaattcctgcagecagggggatcag
cctetactgtgecttctagttgccagecatctgttgtttgceectececcttgecttectigacectggaaggtgccacteccactgtectttcctaataaaatgag
gaaattgcatcacattgtctgagtaggtgtcattctatictggggggtegootggopcaggacagcaagggggaggattggoaagacaatagcaggeatg
ctggggatgcagtgggctctatggctictgaggcagaaagaaccagetggggcetcgagatccactagggecgeaggaaccectagtgatggagttggec
actecctetetgegegetegetegetcactgaggecgggegaccaaaggtcgeccgacgeccgggctitgeccgggeggcectcagtgagegagegag
cgegeag

68

cetgeaggeagetgegegetegetegetcactgaggecgeccgggeaaageccgggeggcctcagtgagegagegagegegeagagagggagtgg
ccaactccatcactaggggttcctgeggcectagtactaggctcagaggeacacaggagtttctgggetcaccctgeccccttccaaccectcagtteccate
ctccageagctgttigtgtectgcctetgaagtccacactgaacaaacttcagectactcatgtcectaaaatgggeaaacattgcaageagcaaacageaa

acacacagecctecctgectgetgaccttggagetggggcagaggtcagagacctctetgggeccatgecacctecaacatccactcgaccectiggaatt
tcggtggagaggagcagaggtigtcctggegtggtitaggtagtgtgagaggggtacccggggatettgctaccagtggaacagecactaaggattetge
agtgagagcagagggccagctaagtggtactctcccagagactgtctgactcacgecaceccctccaccttggacacaggacgetgtggtttctgageca
ggtacaatgactcctttcggtaagtgcagtggaagcetgtacactgeccaggeaaagegtecgggeagegtaggegggegactcagatcccagecagtgg
acttageccctgtttgetectcegataactggggtgaccttggitaatattcaccagcagectcececcgttgecectetggatccactgcttaaatacggacga

ggacagggccctgtctcctcagettcaggeaccaccactgacctgggacagtgaatagatcttgagaacttcagggtgagtctatgggacccttgatgtttte
tttceecttcttttctatggttaagticatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgeatttgtaattttaaaaaat
getttcttcttttaatatactttttegtttatcttatttctaatactttccctaatetettictttcagggcaataatgatacaatgtatcatgectetttgcaccattctaaag

aataacagtgataatttctgggttaaggcaatagcaatatttctgcatataaatatttctgcatataaattgtaactgatgtaagaggtttcatattgctaatagcag

ctacaatccagctaccattctgettttattttctggttgggataaggctggattattctgagtccaagctaggeccttttgctaatcttgttcatacctettatcticcte
ccacagctcctgggeaacctgetggtetetetgetggeccatcactttggeaaageactagtgecaccatggectctaggetgactetgetgactetgetget
cetgetgetggetggggacagggccagetctaaccecaatgetactictagetectctcaggaccctgagagectgeaggacaggggggaggocaaggt
ggccaccactgtgatctctaagatgcetgtitgtggageccatectggaggtgageagectgeccaccaccaacageaccaccaactctgecactaagatca
ctgccaacaccactgatgageccaccacccageecactactgageccaccacccagectactatccageccacccagececactacccagetgeccactg
acagccctacccageccaccactggeagcettctgecctgggectgtgaccctgtgetetgacctggagagecattctactgaggetgtgetgggggatgee
ctggtggacttctctctgaagetgtaccatgetttctctgecatgaagaaggtggagactaacatggcttttageeccttcageattgetagectgetgaccea

ggtgctgctggggectgggoagaacactaagaccaacctggaatctatectgagetaccccaaggacttcacctgtgtgcaccaggecctgaagggcttc
accaccaagggggtgacctctgtgagecagatcttccacageectgacctggecatcagggatacttttgtgaatgecageagaaccctgtactcttctage
cccaggetoctgagcaataatictgatgctaacctggagcetgatcaatacctgggtgoctaagaataccaacaacaagattagcaggctgctggactctetg
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ccttctgataccaggetggtgctgetgaatgecatttacctgtetgecaagtggaagaccacttttgaccctaagaagactaggatggagectttccacttcaa
gaactctgtcattaaggtgcccatgatgaacagcaagaagtatcctgtggcccactttattgaccagactctgaaggecaaggtgggecagetgcagetga
gecataacctgagectggtgatcctggtgeccccagaacctgaageataggetggaggacatggageaggctctgageccctetgtgticaaggctattatg
gagaagctggagatgagcaagttccageccactctgetgaccctgeccagaatcaaggtgaccacctctcaggacatgetgageatcatggaaaagetg
gagtictitgacttticttatgacctgaatctgtgtggectgactgaggatectgatctgeaggtgtctgecatgecageaccagactgtgctggagetgactgag
actggggtggaggctgcetgetgcetictgecatctetgtggecaggaccetgetggtgtitgaggtgcageageccttectgtttgtgetgtgggaccageag
cacaagtttcctgtgttcatgggcagggtgtatgaccccagagectgacatctagageacctetgeageaggaagtetetgeagaagataacacctgecaga
gtggtctagaattcctgeagecagggggatcagectetactgtgecttctagttgecagecatetgttgtttgecccteccecttgecttecttgaccctggaag
gtgccactcecactgtectttcctaataaaatgaggaaattgeatcacattgtctgagtaggtgteattctatictgggeggtggggtggggcaggacageaa
ggeooaggattgggaagacaatagcaggeatgetggggatgcagtgggctetatggetictgaggcagaaagaaccagetggggctcgagatccacta
gggecgeaggaaccectagtgatggagttggecacteectetetgegegetegetegetcactgaggecgggegaccaaaggtcgececgacgeecgg
getttgeeegggeggectcagtgagegagegagegegeag

69

cctgcaggeagetgegegetegetegetcactgaggecgeccgggeaaageccgggeggcctcagtgagegagegagegegeagagagggagigg
ccaactccatcactaggggttectgeggectagtactaggetcagaggeacacaggagtttctgggctcaccetgeecccttccaaccectcagtteecate
ctccageagctgtttgtgtgctgectctgaagtecacactgaacaaacttcagectactcatgtcectaaaatgggcaaacattgcaagcagceaaacageaa
acacacagccctecctgectgetgaccttggagetgggecagaggtcagagacctctctgggcccatgecacctccaacatcecactcgaccecttggaatt
tcggtggagaggagcagaggttgtcctggegtggtttaggtagtgtgagagggetacccggggatcttgetaccagtggaacagecactaaggattctge
agtgagagcagagggccagctaagtggtactctcccagagactgtctgactcacgecacccectccaccttggacacaggacgcetgtggtitctgageca
ggtacaatgactcctttcggtaagtgcagtggaagcetgtacactgeccaggeaaagegtccgggeagegtaggegggegactcagatcecagecagtgg
acttagcccctgtttgetectccgataactggggtgacctiggttaatattcaccageagectceceegttgecectctggatccactgettaaatacggacga
ggacagggccctgtctcctcageticaggeaccaccactgacctgggacagtgaatagatcttgagaacttcagggtgagtctatgggacccttgatgtitte
tttccecttcttttctatggttaagttcatgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattttgeatttgtaattttaaaaaat
getttcttcttttaatatactttttegtttatcttatttctaatactttccctaatetettictttcagggcaataatgatacaatgtatcatgectetttgcaccattctaaag
aataacagtgataatttctgggttaaggcaatagcaatatttctgcatataaatatttctgcatataaattgtaactgatgtaagaggtttcatattgctaatagcag
ctacaatccagctaccattctgettttattttctggttgggataaggetg gattattctgagtccaagetaggecctttigetaatctigticatacctcttatcttcete
ccacagctectgggcaacctgetggtetetctgetggeccatcactttggeaaageactagtgecaccatggectctaggetgactctgetgactetgetget
cetgetgetggetggggacagggccagetctaaccecaatgetactictagetectetcaggacectgagagectgeaggacaggggggagggcaaggt
ggccaccactgtgatctctaagatgetgtitgtggageccatectggaggtgageagectgeccaccaccaacageaccaccaactctgecactaagatca
ctgccaacaccactgatgageccaccacccageccactactgageccaccacccagectactatccageccacccageccactacccagetgeccactg
acagccctacccageccaccactggeagcetictgecctgggectgtgaccetgtgctetgacctggagagecattctactgaggetgtgctgggggatgee
ctggtggacttctctctgaagetgtaccatgetttctctgecatgaagaaggtggagactaacatggcttttagecccttcageattgetagectgetgaceca
getectectgggeocteggoagaacactaagaccaacctggaatctatcctgagetaccccaaggacttcacctgtgtgecaccaggecectgaaggecttc
accaccaagggggtgacctctgtgagccagatcttccacagecctgacctggecatcagggatacttttgtgaatgecageagaaccctgtactettctage
cccagggtgctgageaataattctgatgetaacctggagcetgatcaatacctgggtggctaagaataccaacaacaagattagcaggetgetggactetetg
ccttctgataccaggetggtgctgctgaatgecatttacctgtctgecaagtggaagaccacttttgacectaagaagactaggatggagectttccacttcaa
gaactctgtcattaaggtgcccatgatgaacagcaagaagtatcetgtggeccactttattgaccagactctgaaggecaaggtgggccagetgeagetga
gecataacctgagectggtgatectggtgecccagaacctgaageataggetggaggacatggageaggetetgagecectetgtgticaaggctattatg
gagaagctggagatgagcaagttccageccactctgetgaccctgeccagaatcaaggtgaccacctctcaggacatgetgageatcatggaaaagetg
gagtictitgacttticttatgacctgaatctgtgtggcctgactgaggatcctgatetgecaggtgtetgecatgeageaccagactgtgctggagetgactgag
actggggtggaggctgetgetgettctgecatctctgtggecaggacectgctggtgtitgaggtgcageageccttectgtitgtgetgtgggaccageag
cacaagtttcctgtgttcatgggcagggtgtatgaccccagagectgacatctagageacctetgcageaggtctagaattcctgecagecagggggatcag
cctetactgtgecttctagttgecagcecatctgttgtttgeccecteecccttgecttecttgaccctggaaggtgecacteccactgtectticctaataaaatgag
gaaattgcatcacattgtctgagtaggtgtcattctatictgggeggtggegtgggecaggacagcaagggggaggatigggaagacaatagecaggeatg
ctggggatgcagtgggctctatggctictgaggcagaaagaaccagetggggctcgagatccactagggecgeaggaacccctagtgatggagttggece
actccctetetgegegetegetcegetcactgaggecgggegaccaaaggtcgeccgacgeccgggctitgecegggeggectcagtgagegagegag
cgegeag

110

atggctagcagactgactctgetgaccctgetgetgetgetgetggetggggacagggcecageageaaccctaatgetacctctagetctagecaggace
ctgagagcectgeaggataggggeoagoocaaggtegccaccactgtgatcagecaagatgetgtttgtggagectatcetggaggtgageagectgece
accaccaactctactaccaactctgctaccaagatcactgecaataccactgatgaacccaccactcageccactactgageccaccacccageccaccat
tcagcccactcageccactacccagcetgectactgactctcccacccageccaccactggeagcetictgeectgggectgtgacectgtgetetgacctgg
agagccattctactgaggctgtgctgggggatgccctggtggatticagectgaagetgtaccatgectictetgecatgaagaaggtggagaccaacatg
gecttcteteecttcageattgecagectgetgacccaggtgetgetgggggctggggagaacaccaagaccaacctggagageatcctgtettaccccaa
ggacttcacctgtgtgcatcaggccctgaagggcttcactactaagggggtgacctetgtgtctcagattttccacageectgacctggctattagggacact
tttgtgaatgcttctaggaccctgtacagcagetetcecagggtgctgagcaacaactctgatgecaacctggagetgattaacacttgggtggecaagaac
actaacaataagatcagcaggctgctggacagectgecctetgacaccaggetggtgctgctgaatgecatctacctgtetgecaagtggaagactactttt
gatcctaagaagaccaggatggagcctttccacticaagaactctgtgatcaaggtgeccatgatgaattctaagaagtaccetgtggetcacttcattgacc
agaccctgaaggecaaggtgggecagetgeagetgagecacaacctgagectggtgattetggtgecccagaacctgaageacaggcetggaggacatg
gagcaggccctgageeccteigtgticaageccatcatggagaagetgeagatgageaagticcagectactetgetgactetgeccaggatcaaggtoa
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ccactagccaggacatgctgageattatggagaagcetggagttctttgacttttcttatgatctgaacctgtgtggectgactgaggaccctgacctgeaggtg
tctgccatgeageaccagactgtgetggagetgactgagactggggtggagectgctectecctetgecatctetgtggctaggaccetgetggtetttgag
gtgcagecagecctteetgtttgtgctgtgggaccageageacaagticectgteticatgggeagggtgtatgatceccagggcttga

119

atggcctctaggetgactctgetgactetgetgeteetgetgetggetggggacagggecagetctaaccecaatgetacttctageteetetcaggaccectg
agagcctgecaggacaggggggaggecaaggtggecaccactgtgatctctaagatgetgtttgtggageccatectggaggtgageagectgeccace
accaacagcaccaccaactctgccactaagatcactgecaacaccactgatgageccaccacccageccactactgageccaccacccagectactate
cagcccacccageccactacccagetgeccactgacagecctacccageccaccactggeagettetgeectgggectgtgaccetgtgetetgacetgg
agagccattctactgaggctgtgctgggggatgecctggtggacttctctctgaagetgtaccatgetttctctgccatgaagaaggtggagactaacatgge
ttttagccecttcageattgetagectgetgaccecaggtgctgetgggggctggggagaacactaagaccaacctggaatctatcctgagetaccccaagg
acttcacctgtgtgcaccaggecctgaagggcttcaccaccaagggggtgacctctgtgagecagatcttccacageectgacctggecatcagggatact
tttgtgaatgccageagaacccetgtactctictagecccagggtgctgageaataattctgatgetaacctggagetgatcaatacctgggtggetaagaata
ccaacaacaagattagcaggctgctggactctetgectictgataccaggcetggtgctgetgaatgecatttacctgtetgecaagtggaagaccacttttga
ccctaagaagactaggatggagectticcacttcaagaactctgtcattaaggtgcceatgatgaacageaagaagtatcetgtggeccactttattgaccag
actctgaaggccaaggtgggcecagetgeagetgagecataacctgagectggtgatectggtgccecagaacctgaageataggetggaggacatgga
gecaggctctgageccctetgtgticaaggctattatggagaagetggagatgageaagticcageccactetgetgaccctgeccagaatcaaggtgacca
cctetcaggacatgetgageatcatggaaaagetggagtictttgacttticttatgacctgaatctgtgtggectgactgaggatectgatctgeaggtgtetg
ccatgcagcaccagactgtgctggagcetgactgagactggggtggaggctgetgetgcttctgecatetetgtggecaggaccctgetggtgtttgaggts
cagcagccctteetgtttgtgctgtgggaccageageacaagtticctgtgticatgggcagggtgtatgaceccagagectga

142

atggctagcagactgactctgetgacectgetgetgetgetgetggetggggacagggccageageaaccctaatgetacctctagetctagecaggace
ctgagagcctgcaggataggggggaggecaaggtggccaccactgtgatcagcaagatgetgtttgtggagectatcctggaggtgageagectgeee
accaccaactctactaccaactctgctaccaagatcactgccaataccactgatgaacccaccactcageccactactgageccaccacccageccaccat
tcagcccactcageccactacccagetgectactgactetcccacccageccaccactggeagetictgeectgggectgtgaccetgtgetetgacctgg
agagccattctactgaggetgtgctgggggatgecctggtggatttcagectgaagetgtaccatgectictetgecatgaagaaggtggagaccaacatg
gecttcteteecttcageattgecagectgetgacccaggtgetgetggggectggggagaacaccaagaccaacctggagageatcctgtettaccccaa
ggacttcacctgtgtgcatcaggecctgaagggcttcactactaagggggtgacctctgtgtctcagattticcacagecctgacctggetattagggacact
tttgtgaatgctictaggaccctgtacagcagetetcecagggtgctgagcaacaactetgatgecaacctggagetgattaacacttgggtggecaagaac
actaacaataagatcagcaggctgctggacagcectgecctctgacaccaggetggtgetgetgaatgecatctacetgtctgecaagtggaagactactttt
gatcctaagaagaccaggatggagectttccacttcaagaactetgtgatcaaggtgeccatgatgaattctaagaagtaccctgtggctcacttcattgace
agaccctgaaggccaaggtgggccagetgeagetgagecacaacctgagectggtgattctggtgecccagaacctgaageacaggetggaggacatg
gagcaggccctgageccctetgtgttcaaggecatcatggagaagetggagatgageaagttccagectactetgetgactctgeccaggatcaaggtga
ccactagccaggacatgctgageattatggagaagetggagtictttgacttttcttatgatctgaacctgtgtggectgactgaggaccctgacctgeaggtg
tetgecatgeageaccagactgtgetggagetgactgagactggggtggagectgetgetgectetgecatctetgtggctaggacectgetggtgtitgag
gtgcageageccttectgtttgtgctgtgggaccageageacaagttcectgtcttcatgggcagggtgtatgatcecagggctiga

181

NPNATSSSSQDPESLQDRGEGKVATTVISKMLFVEPILEVSSLPTTNSTTNSATKITANTTDEPTTQP
TTEPTTQPTIQPTQPTTQLPTDSPTQPTTGSFCPGPVTLCSDLESHSTEA VLGDALVDFSLKLYHAFS
AMKK VETNMAFSPFSIASLLTQVLLGAGENTKTNLESILSYPKDFTC VHQALKGFTTKGVTSVSQI
FHSPDLAIRDTFVNASRTLYSSSPRVLSNNSDANLELINTWVAKNTNNKISRLLDSLPSDTRLVLLN
ATYLSAKWKTTFDPKKTRMEPFHFKNSVIK VPMMNSKKYPVAHFIDQTLKAK VGQLQLSHNLSL
VILVPQNLKHRLEDMEQALSPSVFK AIMEKLEMSKFQPTLLTLPRIKVTTSQDMLSIMEKLEFFDFS
YDLNLCGLTEDPDLQVSAMQHQTVLELTETGVEAAAASAISVARTLLVFEVQQPFLFVLWDQQH
KFPVFMGRVYDPRA

192

MASRLTLLTLLLLLLAGDRASSNPNATSSSSQDPESLQDRGEGK VATTVISKMLFVEPILEVSSLPT
TNSTTNSATKITANTTDEPTTQPTTEPTTQPTIQPTQPTTQLPTDSPTQPTTGSFCPGPVTLCSDLESH
STEAVLGDALVDFSLKLYHAFSAMKK VETNMAFSPFSIASLLTQVLLGAGENTKTNLESILSYPKD
FTCVHQALKGFTTKGVTSVSQIFHSPDLAIRDTFVNASRTLYSSSPRVLSNNSDANLELINTWVAK

NTNNKISRLLDSLPSDTRLVLLNAIYLSAKWKTTFDPKK TRMEPFHFKNSVIK VPMMNSKKYPVA
HFIDQTLKAKVGQLQLSHNLSLVILVPQNLKHRLEDMEQALSPSVFKAIMEKLEMSKFQPTLLTLP
RIKVTTSQDMLSIMEKLEFFDFSYDLNLCGLTEDPDLQVSAMQHQTVLELTETGVEAAAASAISV

ARTLLVFEVQQPFLFVLWDQQHKFPVFMGRVYDPRA

226

MAADGYLPDWLEDNLSEGIREWWDLKPGAPKPKANQQKQDNGRGLVLPGYKYLGPFNGLDKG
EPVNAADAAALEHDKAYDQQLQAGDNPYLRYNHADAEFQERLQEDTSFGGNLGRAVFQAKKR
VLEPLGLVESPVKTAPGKKRPVEPSPQRSPDSSTGIGKKGQQPAKKRLNFGQTGDSESVPDPQPIGE
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PPAAPSGVGPNTMAAGGGAPMADNNEGADGVGSSSGNWHCDSTWLGDRVITTSTRTWALPTYN
NHLYKQISNGTSGGSTNDNTYFGYSTPWGYFDFNRFHCHFSPRDWQRLINNNWGFRPKRLNFKLF
NIQVKEVTQNEGTKTIANNLTSTIQVFTDSEYQLPY VLGSAHQGCLPPFPADVFMIPQY GYLTLNN
GSQAVGRSSFYCLEYFPSQMLRTGNNFEFSYNFEDVPFHSSY AHSQSLDRLMNPLIDQYLYYLSRT
QSTGGTAGTQQLLFSQAGPNNMSAQAKNWLPGPCYRQQRVSTTLSQNNNSNFAWTGATKYHLN
GRDSLVNPGVAMATHKDDEERFFPSSGVLMFGKQGAGKDNVDYSSVMLTSEEEIK TTNPVATEQ
YGVVADNLQQQNAAPIVGA VNSQGALPGMVWQNRD VYLQGPIWAKIPHTD GNFHPSPLMGGFG
LKHPPPQILIKNTPVPADPPTTFNQAKLASFITQYSTGQVSVEIEWELQKENSKRWNPEIQYTSNYY
KSTNVDFAVNTEGTYSEPRPIGTRYLTRNL

229

cctgeaggceagetgegegetegetegetcactgaggecgeeecgggeaaagecegggeggectcagtgagegagegagegegeagagagggagtgg
ccaactccatcactaggggttectgeggectagtactaggetcagaggeacacaggagttictgggctcaccetgececcttccaaccectcagtteecate
ctccageagctgtttgtgtgctgectctgaagtecacactgaacaaacttcagectactcatgtcectaaaatgggcaaacattgcaagcageaaacageaa

acacacagccctecctgectgetgaccttggagetgggecagaggtcagagacctctctgggeccatgecacctccaacatcecactcgaccecttggaatt
tcggtggagaggagcagaggttgtcctggegtggtttaggtagtgtgagagggetacccggggatcttgetaccagtggaacagecactaaggattctge

agtgagagcagagggccagctaagtggtactctcccagagactgictgactcacgecacccectccaccttggacacaggacgcetgtggttictgageca

ggtacaatgactcctttcggtaagtgcagtggaagetgtacactgeccaggeaaagegtccgggeagegtaggegggegactcagatcecagecagtgg
acttagcccctgtttgetectccgataactggggtgacctiggttaatattcaccageagectceceegttgecectetggatccactgettaaatacggacga

ggacagggccctgtctcctcageticaggeaccaccactgacctgggacagtgaatagatcctgagaacttcagggtgagtetitgggaccctigtigtittc
tttccecttcttttctttggttaagticttgtcataggaaggggagaagtaacagggtacacatattgaccaaatcagggtaattitgcatttgtaattttaaaaattg
ctttcttcttttaatatacttttttgtttatcttatttctaatactttccctaatetcttictttcagggcaatattgatacattgtatcttgectetttgcaccattctaaagaat
aacagtgataatttctgggttaaggcaatagcaatattictgcatataaatatttctgcatataaattgtaactgttgtaagaggtttcatattgctaatagcagetac
aatccagctaccattctgcttttattttctggttgggataaggctggattatictgagtccaagetaggeccttttgetaatettgttcatacctettatcttcetceca

cagctectgggcaacctgetggtetctctgetggeccatcactttggcaaageactagtgecaccatggectctaggetgactetgetgactetgetgetect

getgetggctggggacagggccagetctaaccecaatgetactictagetectctcaggaccctgagagecttcaggacaggggggagggcaaggteg

ccaccactgtgatctctaagatgctgtttgtggageecatectggaggtgageagectgeccaccaccaacageaccaccaactetgecactaagatcact

gccaacaccactgatgagcccaccacccageccactactgageccaccacccagectactatccageccacccageccactacccagetgeccactga

cagccctacccageecaccactggeagettetgecctgggectgtgacectgtgetetgacctggagagecatictactgaggetgtgctgggggatgece
tggtggacttctctctgaagetgtaccatgetttctetgecatgaagaaggtggagactaacatggettttageeccttcageattgetagectgetgacccag

gtectgetggggectggggagaacactaagaccaacctggaatctatcctgagetaccccaaggacttcacctgtgtgeaccaggecctgaagggctica
ccaccaagggggtgacctctgtgagecagatcttccacagecectgacctggecatcagggatacttttgtgaatgecagcagaaccctgtactetictagee
ccagggtgctgagcaataattctgatgctaacctggagetgatcaatacctgggtggctaagaataccaacaacaagattagcaggctgetggactetetge
cttctgataccaggetggtgctgctgaatgecatttacctgtctgeccaagtggaagaccacttttgaccctaagaagactaggatggagectttccacttcaag
aactctgtcattaaggtgcccatgatgaacagcaagaagtatcctgtggeccactttattgaccagactctgaaggccaaggtgggccageticagetgage
cataacctgagectggtgatectggtgecccagaacctgaageataggetggaggacatggageaggetctgageccctetgtgticaaggctattatgga
gaagctggagatgagcaagttccageccactctgetgaccctgeccagaatcaaggtgaccacctctcaggacatgetgageatcatggaaaagetgga

gttctttgacttttcttatgacctgaatctgtgtggectgactgaggatcctgateticaggtgtcetgecatgecageaccagactgtgctggagetgactgagact
ggggtggaggctgctgctgcttctgecatctetgtggecaggaccetgetggtgtttgaggtgcageageccticetgtttgtgctgtgggaccageageac
aagtttcctgtgttcatgggcagggtgtatgaccccagagectgaagatctagagetgaattcctticagecagggggatcagectctactgtgecttctagttg
ccagecatctgttgtttgccecteececttgectteettgaccetggaaggtgecactcecactgtectitcctaataaaatgaggaaattgeatcacattgtctg
agtaggtgtcattctattctgggggetggggtggggcaggacageaagggggaggattgggaagacaatagcaggeatgetggggatgeagtggactc
tatggctictgaggcagaaagaaccagcetggggctcgagatccactagggecgeaggaaccectagtgatggagttggecactcectetetgegegetcg
ctcgcetcactgaggecgggegaccaaaggiegeccgacgeccgggctitgeccgggeggcectcagtgagegagegagegegeagetgectgeaggg
geecatgggeagatgeaccacctgtctcagtgcaaagecctgectaagtaggetggtcataagaccatgtgtetggctgtaactccaattgattgtcageate
aataaaacttggccaacactgttatatactggtattgatagttacaactgaacatatttgtttaagcaattggaattaagaattcacatgcaatgatatcagggtcc
tictectetggttagtgtattggggggaaatiggacatctctcagetcagtaggctagttaggecaggatggatgacatccacageccctgggeagagagatt
atgatgtagctagtctgactcctgacaaagacttgettcctggagettctactactttctggtggatggctaagaaatatggtegtgttcttttaagtctgaagage
attatttttgccaacccctgaccaaacatccttgeccaaggaaaaggectaaaatatatttgcatttaaagatattacaaactacttggttttggaatgtttggecttt

caggatcatagctatcaaaatattagctatttggggtatgagatgtctgcttggtcaaggacaagttcttaaagacatcatgttggggaataatggggaaaatg
ggaaggcttatgctctgagtaagacatctgagttatcatctgtcaaacatttttgttagtcatagtctaatgggagectgttttcectetttaatatacattcacatct

gaatttatgctcttcattgacaatgccageccagaacaacagetcttaccetttggttttcticctaacctttaactccaatgtaaccattacctgecatttcagtaa

aaccattattctcectacttacccacccaagttgtacaataaagagtgtttgetctcactcatatacaaagcaaattcatttgtitgtgatgtacagettgetatgee
cacagatgtggtitgcctagtcctttgetctaggtcatitgactgggaacagatgggatgctcactttggtitttaatggttaatctagtcattgaaatgeatttcate
aaataatcttagaggataattgtttaaatgtctgtccagactagetttgtagagccaggtgecattacacatgtcaccticttatttctcttaattgaatttttatcatct
gagataggaataatagagggctttttcaagtgaagatattactatagictaaagaccttagtgtaacatcctggeccctaaggaaaaacaagttctggticata

catataataactttgcatgttatctgccactgagatgtgtcctaatccaacagaaaggattgaatctctgtagetaggtgtacagggcaagagetgtacaggga
acctttaaagatagcttcaggccaaagetgaggaaagtggatggagactggggaaaatgctaagacattttaaagattttctitaggtcaaaaatagaataag
aaatagaccatttccctggacattttctgtaggttaatactgttgaactattggtaaatgcttatgctacaacttaatatgtetgctitgtgagtttageattgtctectt
gtcattccagaaatgaaatggcaaatacatttaaatcagaactaaaaaggggaacagggtataaaggctcaatttagtcacatcatttcectttctcacccacc
ccctttaaaccagatgtttgccaatgeattaacaatgcagatgtitcctgaaagaaagtitagtaactcaagcagacaccttattttctittcaagcagaaaagac
tatgagatggtggttgtggttgtictgggaggeagaagatataaatgatacacattatttcaaatcatttcatgacctcactgcacacttatagttattgtacctgit
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gtctttttgctgtcaagectagetaagatcatttggaatgticaagatcactcatacatgeatgtgeacacatacacatgeacatatgttcactcectatttcatcca
catgaactaagattactgatgtgtacagattcaaagcacttttattctittccaaaggcaagaagctgagcetactitccagaatagtigtgaaagaccctgtcata
cttctgeattgtttcctccacaccacctccatccagttecttatgaatggttactggttttcaaaaatatgagataaattgagtgtataaaagtcatttttagacaaaa
tgaaacaggaaatgaaagaaaccagaatctctcetcatttgtggatgggccagetecaccatgtcatggttaatctgcagggaggaaatactagatttgattg
cagatcagactgcagcaaacctgetgtgactaaggeatcaagagaaagcaagcaacagetggggcticagtggtgaaaacattatatatctagetttgaaat
atgaaatactgtttagcagtgtcacctagaaaagagtgtttcaaaatgctgatgettcataagaacctttctcttcagagttgtttcttttatctttcaaattagccag
ggtgggaaataaagtgatcacttggtgaagaaatctcacaaagaagaacatagagagttcactttcatctggagtaatgaacagattgaacaaactagaaat
ggttagtctgttaaagaaaaggtgtaggtgagetgtttgcaagagecacaagggaaaggggaagacaacttctttgtggacttaagggtgaaagtigcaag
caggcaagaccattctgacctccattaagaaagecctttccaaccaacaaccactgggtiggttactcaggtigggcageatigggagcaaatgttgattga
acaaatgtttgtcagaattgttgacttaaagagctgttctgtcactggggacageageagetagatagecccattcagggagagggcatttgttcacctggee
agagatcagagcaggctaagggactgctgggatcctgtccagettigagaccctacagagecatgttcacctagcaggtateccttctgaggtcactctcat
ttcttaccttattccagggctttcacctcagettgecaggetggagecaagggecaaggeagecteaccttgttggetatggtageticccaggageecccta
tggttcaggaacagctctgectgecccatectgtttgetacctectaaagecaaaggeactggtgggccaggecagettctaaagtcacacaaggttagaa
ggttcctgacaggaagggctigaggccaatggaaggaggtacttcagtttcecctccagatgeccagtgatgggetcagagetecttgagaacttgggaaa
ggaagcagggtctctgaagaaatacticaggagtagaaagaggaagctagagggttaaatgcactacacaggaacagaaatgagtttttcttagagttagt
atatgtcttagaggtgtagtaaactaaaacaagtcttgaattgcatacagecacttagggaagaaatgaaaacctttgaatattagtgaaaaaagggaaactg
caacccctgtattactagatagctttcatcaacagctcaaaacagacagatttttataggtttactgtgtgcactttaatacaagggeagtggticagaacttagt
caggtcctgaaaaggatttaccaaatgttgagtgtgecctctagtgticacacttcccagcetttcticctataaaggtggatcaaggcacttgettacaactgga
actgaaatcctccaagtggaactagacattgagatggagaaaatattcattgtccactgtaattatgcaaggaatatccagttgagataatggacttgectetta
tctaataatacccaggctcaatgggtcactgetttgtecactttgeccaaaattcaagcacagctaagttgatattttaggacaaaggcagettactatccagece
agaggggagtagaatatggttaagagagagtggaaagaatgaatgagecctgetattcctcactgectggatggetataagcacageccttatggaggect
taggtcttgcttcataatattccagtitgaaaagggtttgaaaagacctcctagaaaaatcagtagtttttctettttgagtaacatgtagcaaaaaaaatttcatca
tgtaggtacagggaacaccctaataactattaatctcaaggagtcaagecagtgtgtttcctaatgtatctgetgtatcececatgaageaaatittgecatcaga
gaaactgactcatggggaaaaaatccaaggacctcaaatcaccaaaagaagcecattectcagatttgectaagettaagettccctgtetctcattgtgtgttg
ctttcaatgcagttacataaatggcttttttgtttatgcaccaaaaacactaattcatctgcaaagetataggtcaaagcaaccatagtatgecacectgetagetg
gegceattaagegeggegggtgtggtggttacgegeagegtgaccgetacacttgecagegecttagegeecgetectttecgetttetteecttectttetege
cacgticgccggctttccecgtcaagetctaaatcgggggctecctttagggticcgatttagtgctttacggeacctcgaccccaaaaaacttgatttgggtg
atggttcacgtagtgggccatcgecctgatagacggtttttcgecctttgacgttggagtccacgttctttaatagtggactettgttccaaactggaacaacact
caactctatctcgggctattcttttgatttagacctgecaggcatgcaagettggeactggecgtegtittacaacgtcgtgactgggaaaaccctggegttace
caacttaatcgecttgeagceacatccccectttcgecagetggegtaatagegaagaggeecgeaccgatcgeecticccaacagttgegeagectgaatgg
cgaatgcgatttattcaacaaagccgecgtcccgtcaagtcagegtaatgetetgecagtgttacaaccaattaaccaattctgattagaaaaactcatcgag
catcaaatgaaactgcaatttattcatatcaggattatcaataccatatttttgaaaaagecgttictgtaatgaaggagaaaactcaccgaggcagticcatag
gatggcaagatcctggtatcggtctgegattccgactegtccaacatcaatacaacctattaatttccectegtcaaaaataaggttatcaagtgagaaatcac
catgagtgacgactgaatccggtgagaatggcaaaagcttatgeatttctttccagacttgttcaacaggecagecattacgetcgtcatcaaaatcactege
atcaaccaaaccgttattcattcgtgattgcgectgagegagacgaaatacgegatcgetgttaaaaggacaattacaaacaggaatc gaatgcaaccggc
geaggaacactgccagcgcatcaacaatattttcacctgaatcaggatattcttctaatacctggaatgcetgttttcccggggatcgeagtggtgagtaaccat
gcatcatcaggagtacggataaaatgcttgatggtcggaagaggcataaattccgtcagecagtttagtctgaccatctcatctgtaacatcattggecaacge
tacctttgccatgtttcagaaacaactctggegeatcgggcttcccatacaatcgatagattgtcgecacctgattgeccgacattatcgegageccatttatace
catataaatcagcatccatgttggaatttaatcgeggeticgageaagacgtticcegttgaatatggetcataacaceccttgtattactgtttatgtaagcaga
cagttttattgttcatgatgatatatttttatcttgtgcaatgtaacatcagagattttgagacacaacgtggctttgttgaataaatcgaacttttgetgagttgaagg
atcagatcacgcatcttcccgacaacgcagaccgticcgtggcaaagcaaaagttcaaaatcaccaactggtecacctacaacaaagetctcatcaacegt
ggctcecteactttctggetggatgatggggcgattcaggectggtatgagtcagcaacaccttcticacgaggcagacctctcgacggagttccactgage
gtcagaccccgtagaaaagatcaaaggatcttcttgagatccttittttctgecgegtaatetgetgettgcaaacaaaaaaaccaccgetaccageggtggttt
gtttgccggatcaagagcetaccaactctttttccgaaggtaactggctticagecagagegeagataccaaatactgtictictagtgtagecgtagttaggecac
cacttcaagaactctgtagcaccgcectacatacctcgetetgetaatcctgttaccagtggetgetgecagtggegataagtegtgtettaccgggttggacte
aagacgatagttaccggataaggcgeageggtegggctgaacgggggsticgtgecacacageccagettggagegaacgacctacaccgaactgaga
tacctacagcgtgagctatgagaaagegecacgeticccgaagggagaaaggeggacaggtatccggtaageggeagggtcggaacaggagagege
acgagggagcttccagggggaaacgectggtatetttatagtectgtcgggtitcgecacctetgacttgage gtegatttttgtgatgetegtcagggggec
ggagcctatggaaaaacgccageaacgeggcctttttacggttcctggecttttgetggecttttgetcacatgt

aatccaaatgctaccagctccagcetcccaggatccagagagtitgcaagacagaggegaagggaaggtcgcaacaacagttatctccaagatgetattcg
ttgaacccatcctggaggtticcagettgecgacaaccaactcaacaaccaattcagecaccaaaataacagctaataccactgatgaacccaccacacaa
cccaccacagagceccaccacccaacccaccatccaacccacccaaccaactacccageteccaacagattetcctacccageccactactgggtectict
geeccaggacctgttactetetgetetgactiggagagtcattcaacagaggecgtgttgggggatgctttggtagatttctcectgaagetctaccacgecttct
cagcaatgaagaaggtggagaccaacatggccttttccccattcageatcgecagectecttacccaggtectgetcggggetggggagaacaccaaaac
aaacctggagagcatcctctcttaccccaaggacttcacctgtgtccaccaggeectgaagggcttcacgaccaaaggtgtcacctcagtetetcagatttic
cacagcccagacctggecataagggacacctttgtgaatgectctcggacccetgtacagcagcagecccagagtcctaagcaacaacagtgacgecaac
ttggagctcatcaacacctgggtggccaagaacaccaacaacaagatcageecggctgctagacagtctgecctecgataccegecttgtectectcaatge
tatctacctgagtgccaagtggaagacaacatttgatcccaagaaaaccagaatggaaccctttcacticaaaaactcagttataaaagtgcccatgatgaat
agcaagaagtaccctgtggcccatttcattgaccaaactttgaaagecaaggtggggcagetgeagcetctcccacaatctgagtttggtgatectggtacee
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cagaacctgaaacatcgtcttgaagacatggaacaggctctcagecctictgttttcaaggccatcatggagaaactggagatgtccaagttccageccact
ctcctaacactaccecgeatcaaagtgacgaccagecaggatatgetctcaatcatggagaaattggaattcticgatttticttatgaccttaacctgtgtgeg
ctgacagaggaccctgatcticaggttictgcgatgcageaccagacagtgctggaactgacagagactggggtggagecggctgcagecteccgecatce
tetgtggeccgeaccctgetggtetttgaagtgcageageccttecteticgtgetetgggaccageageacaagticectgtettcatggggcgagtatatg
accccagggectga

233

aaccctaatgctacctctagetctageccaggaccctgagagectgcaggataggggggagggcaaggtggecaccactgtgatcagcaagatgetgtitg
tggagectatcctggaggtgageagectgeecaccaccaactctactaccaactctgetaccaagatcactgecaataccactgatgaacccaccacteag
cccactactgageccaccacccageccaccattcageccactcageccactacccagetgectactgactctcccacccageccaccactggeagctittg
tcctggecctgtgaceetgtgetetgacctggagagecattctactgaggctgtectgggg gatgcectggtggacttcagectgaagetgtaccatgecttc
tctgecatgaagaaggtggagaccaacatggecttcagecccttetetattgectetetgetgacccaggtgctgetgggggctggggagaatactaagac
caacctggagagcattctgagctatcccaaggacttcacctgtgtgcaccaggecctgaaggggticactactaaaggggtgacctetgtgtctcagatett
ccacagcecctgacctggecatcagggacacttttgtgaatgecageaggaccectgtacageageagecccagagtgctgagceaataattctgatgetaate
tggagctgattaacacttgggtggccaagaacaccaacaacaagatctctaggetgetggattetetgecctetgacaccaggetggtactgetgaatgeca
tctatctgtetgecaagtggaagaccacctttgatcccaagaagaccaggatggageccttccatttcaagaactetgtgattaaagtgeecatgatgaactet
aagaagtatcctgtggeccacttcattgatcagactctgaaggecaaggtggggeagetgeagetgagecacaacctgagectggtgatectggtgecce
agaatctgaagcacaggctggaggacatggageaggecctgageccctetgtgticaaggecatcatggagaagetggagatgagcaagttccagecc
accctgcetgactctgeccagaattaaggtgaccaccagecaggacatgetgageatcatggagaagetggagttctttgacttctcttatgacctgaacctgt
gtggectgactgaggatcctgacctgeaggtgtctgecatgecageaccagactgtgetggagetgactgagactggggtggaggcetgetgetgectetge
catttctgtggecaggaccctgetggtgtitgaggtgcagecageccticetgtttgtgctgtgggaccageageacaagtttcctgtgtttatgggcagggtat
atgaccctagggcectga

234

aaccctaatgccacctccagcageagecaggaccetgagagectgcaggatagggggoagoocaaggtggctactactgtgatcagcaagatgetgttt
gtggagcectatcctggaggtgagcagectgeccaccactaactctactactaattctgecactaagatcactgecaataccactgatgagecaaccactcag
ccecaccactgageccaccacccageccaccattcageccactcagectaccacccagetgectactgacagecccactcageccactactggcetetttetg
tectgggectgtgactetgtgetctgacctggaatcecacageactgaggetgtgctgggggatgecctggtggatticagectgaagetgtaccatgetttc
tctgecatgaagaaggtggagaccaacatggecttcageccttictctattgecagectgetgactcaggtgetgctgggggctggggagaataccaagac
caacctggagtctatcctgagctatcccaaggacttcacttgtgtgeaccaggecctgaaggggticaccaccaagggggtgacctetgtgtctcagatcttt
cacagccctgacctggecatcagggatacctttgtgaatgecageaggaccctgtacagcageageeccagggtgctgageaacaactctgatgecaac

ctggagctgatcaacacctgggtggccaagaacaccaacaacaagatcageaggcetgctggacagectgecctctgataccaggetggtgctgetgaat

gecatctacctgtctgetaagtggaagaccacttttgatcctaagaagaccaggatggagcecctitcacttcaagaactctgtgatcaaggtgcccatgatga
actctaagaaataccctgtggeccacttcattgatcagaccctgaaggecaaggteggccagetgeagetgagecacaacctgagettggtgatcetggte
cctcagaacctgaagceacaggetggaggacatggageaggecctgageccctetgtgticaaggecattatggagaagetggagatgageaagttccag
cctaccetgetgaccctgeccaggatcaaggtgactactagecaggatatgetgageatcatggagaagetggagttttttgatticagetatgacctgaace
tgtgtggectgactgaggaccctgacctgeaggtgtetgecatgecageatcagactgtgctggagetgactgagactggggtggagactgetgetgectct
gecatctctgtggecaggaccetgetggtgtitgaggtgcageagectttectgtttgtgctgtgggatcagecageacaagtttcctgtgticatgggeagggt
gtatgaccccagggcttga

235

aaccctaatgctacctctagetctageccaggaccctgagagectgcaggataggggggagggcaaggtggecaccactgtgatcagcaagatgetgtitg
tggagcectatcctggaggtgageagectgeccaccaccaactctactaccaactctgetaccaagatcactgecaataccactgatgaacccaccactcag
cccactactgageccaccacccageccaccattcageccactcageccactacccagetgectactgactctcccacccageccaccactgggagettct
gtccaggcecctgtgactetgtgtictgacctggagagecacageactgaagetgtgctgggggatgctetggtggacttcagectgaagetgtaccatgect
tetetgecatgaagaaggtggaaaccaacatggectttageccecttcageattgetagectgetgactcaggtgctgetgggggctggggagaacactaag
actaacctggagtctatcctgtcttatcccaaggacttcacctgtgtgcatcaggecctgaaggggttcaccaccaagggggtcacctctgtgagecagatcet
ttcacagccctgatctggecatcagggacacctttgtgaatgectctaggactetgtacageageageccecagggtgctgageaacaactetgatgecaac
ctggagctgatcaacacctgggtggecaagaacactaacaacaagatcageaggctgctggacagectgecctetgacactaggetggtgctgctgaatg
ccatctatctgtctgecaagtggaagaccacctttgaccccaagaagactaggatggagecctttcattttaagaactctgtgatcaaggtecccatgatgaa
cagcaagaaataccctgtggeccatttcattgaccagactctgaaggcetaaggtgggccagetgcagetgagecacaacctgagectggtgatcctggte
ccacagaatctgaagcacaggctggaggacatggagcaggctetgtctccctetgtgtticaaggecatcatggagaagetggagatgtctaagticcagee
caccetgetgacectgeccaggatcaaggtgaccactictcaggacatgetgtctatcatggagaagetggagttttttgacttticttatgacctgaacctgtg
tggectgactgaggaccctgatctgeaggtgtetgecatgecageaccagactgtgctggagetgactgagactggggtggaggetgetgetgcttctgeca
tttctgtggctaggactetgetggtgtitgaggtgcageageecticetgttigtgctgtgggaccageageacaagticectgtgttcatgggeagggtatat
gatcccagggcttga

236

aaccctaatgctacctctagetctagecaggaccctgagagectgcaggataggggggagggcaaggtggccaccactgtgatcagcaagatgctgtttg
tggagcctatcctggaggtgageagectgeccaccaccaactctactaccaactctgetaccaagatcactgecaataccactgatgaacccaccactcag
cccactactgageccaccacccageccaccattcageccactcageccactacccagetgectactgactcteccacccageccaccactggeagcettct

geectgggectgtgaceetgtgetctgacctggagagecattctactgaggetgtactgggggatgecctggtggatticagectgaagetgtaccatgect
tctctgecatgaagaaggtggagaccaacatggecttcteteccttcageattgecagectgetgacccaggtgctgetgggggetggggagaacaccaa
gaccaacctggagagceatcctgtcttaccccaaggacticacctgtgtgcatcaggecctgaagggcttcactactaagggegtgacctctgtgtctcagat
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tttccacagecctgacctggctattagggacacttttgtgaatgettctaggaccctgtacageagetctcccagggtgctgageaacaactetgatgecaac

ctggagctgattaacacttgggtggecaagaacactaacaataagatcagecaggetgctggacagectgecctetgacaccaggetggtgetgetgaatg

ccatctacctgtctgecaagtggaagactacttttgatcctaagaagaccaggatggagectttccacttcaagaactcetgtgatcaaggtgcccatgatgaat
tctaagaagtaccctgtggctcacttcattgaccagaccctgaaggecaaggtgggccagetgcagetgagecacaacctgagectggtgattctggtgee
ccagaacctgaagcacaggctggaggacatggageaggecctgageccctetgtgticaaggecatcatggagaagetggagatgageaagttcecage
ctactctgctgactctgeccaggatcaaggtgaccactagecaggacatgetgageattatggagaagetggagttctttgacttttcttatgatctgaacctgt
gtggectgactgaggaccctgacctgeaggtgtetgecatgeageaccagactgtgctggagetgactgagactggggtggaggctgetgctgectetge
catctctgtggctaggaccctgetggtgtitgaggtgcagecageccttectgtttgtgctgtgggaccageageacaagttccctgtettcatgggeagggte
tatgatcccagggcttga

237

aaccccaatgctactagcagcagcagecaggatcctgagagectgcaggacagaggggaagggaaggtggecaccactgtgatcagcaagatgetgtt
tgtggagcectatcctggaggtgagetctctgeccaccactaacageaccaccaattctgetactaagatcactgecaacaccactgatgageccaccacce
agcctaccactgagccaactacccageccaccatccageccacccageccaccactcagetgectactgattctectactcagectaccactgggagette
tgcectgggectgtgaccectgtgetctgacctggagtcteattctactgaggetgtgctgggggatgecctggtggacttcagectgaagetgtaccatgettt
ctctgecatgaagaaggtggagactaacatggecttetetecttictctattgecagectgetgactcaggtgctgctggggectggggagaataccaagac
taacctggagagcatcctgtcttatcctaaggacttcacttgtgtgeatcaggecctgaagggcttcaccaccaagggggtgactictgtgagecagattttce
acagccctgacctggecatcagagacacctitgtgaatgeccageaggacccetgtatictagetcteccagggtectgagecaacaactetgatgecaatetgg
aactgatcaacacttgggtggccaagaacaccaacaacaagatcagcaggetgetggatagectgecctetgacaccaggetggtgctgetgaatgecat
ctacctgtctgccaagtggaagaccacctitgaccccaagaagactaggatggageccttccactticaagaactctgtgatcaaggtgcccatgatgaatag
caagaagtaccctgtggcccacttcattgaccagacectgaaggecaaggtggggcagetgcagetgagecacaacctgagectggtgatectggtgcee
ccagaacctgaagcacagactggaggacatggageaggecctgageccatctgtgticaaggetattatggagaagetggagatgtctaagtttcagecta
ccctgetgaccctgeccaggatcaaggtgactaccagecaggacatgetgageatcatggagaagetggaatictttgacticagetatgatctgaatetgt
gtggcctgactgaagaccctgatttgcaggtgtctgctatgcageaccagactgtgctggaactgactgagactggggtggaggctgcetgetgectetgee
atctctgtggccaggaccctgetggtgtttgaggtgcageagectttectgtttgtgetgtgggatcageageacaagtteectgtgticatgggeagggtgta
tgaccctagggcttga

aaccccaatgctacttctagetcetctcaggaccctgagagectgecaggacaggggggagggeaaggtggccaccactgtgatctctaagatgetgttigt
ggagcccatcctggaggtgageagectgeecaccaccaacageaccaccaactetgecactaagatcactgecaacaccactgatgageccaccacce

agcccactactgagcccaccacccagectactatccageccacccageccactaccecagetgeccactgacagecctacceageccaccactggeaget
tetgeectgggectgtgaceetgtgctetgacetggagagecatictactgaggcetgtgctgggggatgecctggtggactictctctgaagetgtaccatge
tttctctgecatgaagaaggtggagactaacatggcttttageeecttcageattgetagectgetgacccaggtgctgetggggectggggagaacactaa
gaccaacctggaatctatcctgagcetaccccaaggacttcacctgtgtgcaccaggecctgaagggcticaccaccaagggggtgacctetgtgagecag
atcttccacagecctgacctggecatcagggatacttttgtgaatgecagcagaaccectgtactcttctageeccagggtgctgageaataattctgatgetaa
cctggagcetgatcaatacctgggtggctaagaataccaacaacaagattagcaggetgetggactcetetgecttctgataccaggetggtgetgetgaatge
catttacctgtctgecaagtggaagaccacttttgaccctaagaagactaggatggagectttccacttcaagaactctgtcattaaggtgeccatgatgaaca
geaagaagtatcctgtggeccactttattgaccagactctgaaggecaaggtgggecagetgeagetgagecataacctgagectggtgatectggtgeee
cagaacctgaagcataggctggaggacatggageaggctctgageecctetgtgticaaggetattatggagaagetggagatgageaagttccageeca
ctetgetgacectgeccagaatcaaggtgaccacctctcaggacatgetgageatcatggaaaagetggagttctitgacttticttatgacctgaatctgtgtg
gectgactgaggatectgatctgeaggtgtetgecatgecageaccagactgtgctggagetgactgagactgggetggagectgetgetgettctgecate

tetgtggecaggaccetgetggtgtttgaggtgcageageccttectgtttgtgctgtgggaccageageacaagtttcetgtgticatgggcagggtgtatg

accccagagcectga

239

aatcccaatgecacctctagetctagccaggatectgagagectgeaggacaggggggagggcaaggtggecaccactgtgatcageaagatgetgttt

gtggagceccattctggaggtgtettctctgeccaccaccaatageaccactaattctgecaccaagatcactgetaacaccactgatgageccaccactcag
cctaccactgagececaccacccageccactatccageccaceccageccacecacccagetgectactgacagecctacccageccactactgggagettc
tgcectggecctgtgaccctgtgctetgacctggagagecacageactgaggetgtgctgggggatgecctggtggacttcagectgaagetgtaceatg

ccttttctgecatgaagaaggtggagaccaacatggectttagecctitcageattgeccagectgetgactcaggtgetgetgggggctggggagaacacc

aagaccaacctggagagcatcctgagetaccccaaggacttcacttgtgtgcaccaggecctgaagggcttcactaccaagggggtgactictgtgagee
agatcttccacagecctgacctggecatcagggatacttttgtgaatgecageaggaccctgtacagcageagecccagggtgctgageaacaactetgat
gctaacctggagctgatcaatacttgggtggccaagaacaccaacaacaagatttctaggetgetggactctetgeectetgacactaggetggtectgcetg
aatgccatctacctgtctgecaagtggaagaccacctttgatcccaagaagactaggatggageccttccacttcaagaactctgtgatcaaggtgeccatg
atgaacagcaagaagtaccctgtggeccatttcattgaccagaccctgaaggecaaggtgggecagetgcagetgagecacaatctgagectggtgatic
tggtgccccagaatctgaageacagactggaggacatggageaggctetgteteectetgtgticaaggecatcatggagaagetggagatgageaagtt

ccagcccactetgetgactetgectaggatcaaggtgaccaccagecaggacatgetgageattatggagaagetggagtictttgacttcagetatgacct

gaacctgtgtggcctgactgaggaccctgatctgeaggtgtctgecatgecageaccagactgtgctggagetgactgagactggggtggaggctgctgct
gectetgetatttctgtggecaggacectgetggtgtitgaggtgcageageecticetgtttgtectgtegggaccageageacaagtttcetgtgticatggg

gagggtgtatgaccccagggectga

240

aatccaaatgctaccagctectcctcccaggatectgaatcecttcaagacaggggggagggcaaggtggeaactactgtgatttccaagatgcetgtttgtg
gagcccatcctggaggttagecagecticctactaccaactcaacaaccaattcageecaccaaaattacagetaataccacagatgagecaacaactcaace
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caccactgagcccaccactcagecaaccatccaaccecacccaaccaactacccagetcccaacagattctectacccagectaccactggcetecttetgee
caggacctgttactctetgetctgacttggaaagecatictactgaggcetgtectgggg gatgctitggtagactictcectgaagetctaccatgeattttcage
aatgaagaaggtggagaccaacatggcecttttccccattcagtatagcaagtctcctgactcaggtectgetgggggcaggggagaatacaaagaccaac
ctggagagcatcctcagttatcccaaggacttcacctgtgtccaccaggecctgaagggcticacaacaaagggggtgacctcagtetetcagattttccac
agcccagacctggecataagggacacctttgtgaatgectctaggaccectgtactcaagetcceccagagtcctaageaacaacagtgatgcaaatttgga
gctcatcaacacctgggtggecaagaacaccaacaacaagatcageaggcetgetagacagtctgecaagtgatacaaggcttgtectectcaatgetatet
acctgagtgccaagtggaagacaacatttgatcccaagaaaaccagaatggaaccctttcacticaaaaactcagttataaaagtgeccatgatgaatagea
agaagtaccctgtggeccatttcattgaccaaactttgaaagccaaggtggggcagetgeagetcteccacaatctgagtetggtaatcctggtaccecaga
acctgaaacataggcttgaagacatggaacaggctctcageccttctgtittcaaggecataatggagaagetggagatgtccaagticcageccactctee
taacactacccaggatcaaagtgacaaccagccaggatatgctctcaatcatggagaaattggaattttttgatttttcttatgaccttaacctgtgtgggctgac
agaggaccctgatcttcaggtttctgcaatgcageaccagacagtgctggaactgacagagactggggtggaagetgetgcageaagtgcaatatctgtg
gecagaaccctgetggtctttgaagtgcageageccttectgtitgtgctgtgggaccageageacaagtteectgtettcatggggagggtatatgaccee
agggectga

241

aaccccaatgcaaccagceagticctctcaggatccagagtecctgeaggacaggggggaggacaaggtggccaccactgtgatctccaagatgetgtet
gtggageccatcetggaggtatccagectecctaccaccaacageaccaccaactcagecaccaaaatcactgctaacaccactgatgageccacaace
cagccaactactgagccaaccactcagectaccatccaacccacccagectactacccagetecccactgactetectacccageecaccactggeagett
ctgeccaggacctgtgaccetetgetetgacttggagteccattccacagaggeagtgctgggggatgecctggtagacttctcectgaagetctaccatge
attctctgecatgaagaaggtggagaccaacatggectictceeecttcageattgecagectectgacccaggtectgetgggggcaggggagaacaca
aagacaaacctggagtccatcctcagetaccccaaggacttcacctgtgtecaccaggecctgaagggcticacaaccaagggggtgaccagtgtctcac
agattttccacagcccagacctggecatcagggacacctitgtgaatgecagtaggaccetgtacagetccagteccagagtectcagceaacaactctgat
gecaacctggagetgatcaacacctgggtggccaagaacaccaacaacaagatcageaggetgctagactcactgecctetgacacaaggetggtecte
ctcaatgcaatctacctgagtgccaagtggaagaccacctttgaccccaagaagaccaggatggageccttccacttcaagaacagtgtcattaaggtgcc
catgatgaacagcaagaagtaccctgtggeccacticattgaccagaccttgaaggecaaggtggggcagetgeagetctceccacaacctgtcactggte
atcctggttceccagaacctgaageacaggcttgaggacatggagcaggecctcagecctictgtattcaaggecataatggagaagcetggagatgagea
agttccagceccactetgetgaccctacccaggatcaaggtgaccaccagecaggacatgetctcaatcatggagaagtiggagtictttgacttcagetatg
acctgaacctgtgtgggctgacagaggaccctgacctgeaggtgtcagecatgcageaccagacagtgetggaactgacagagactggggtggaaget
getgecagcaagtgcetatttcagtggecaggaccctgetggtetttgaggtecageageccttectgtttgtgctetgggaccageageacaagttcectgtett
catggggagggtctatgaccccagggectga

242

aaccccaatgecaccagcetcecagetctcaggacccagagagectgcaggacaggggggagggcaaggtggecaccacagtgatcagcaagatgetgt
ttgtggageccatcctggaggtgageagectccccaccaccaacageaccaccaattctgeccaccaagatcacagecaacaccacagatgageccacaa
cccagcectaccacagagecaaccacacageccaccatccaacccacccaacctactacccagetgeccacagacagecctacccagectaccacagge
agcttctgeectggecectgtgaccetgtgcetetgacttggagagecactccacagaggcetgtgctgggggatgecctggtggatttcagectgaagetgtac
catgccttctctgecatgaagaaggtggagaccaacatggecticagecccttcageattgecagecteetgaccecaggtectgetgggggctggggaga

acacaaagaccaacctggagagcatcctgagetaccccaaggacttcacctgtgtgcaccaggecctgaagggcttcaccaccaagggggtgacctetg
tgagccagattttccacagecectgacctggecatcagggacacctttgtgaatgectccaggaccectgtacagetctagececcagggtgctgageaacaac
tctgatgecaacttggagetgatcaacacctgggtggccaagaacaccaacaacaagatcageaggetgctggacagectgecctcetgacaccaggcetg

gtectectgaatgecatctacctgtctgecaagtggaagaccacctttgaccccaagaagaccagaatggageccticcacttcaagaactctgtgataaag
gtgcccatgatgaacagcaagaagtaccctgtggeccacttcattgaccagaccctgaaagecaaggtgggccagetgeagetcagecacaacctgage
ctggtcatcetggtgecccagaacctgaageacaggetggaggacatggaacaggecectcageccctetgtgticaaggecattatggagaagetggag

atgagcaagttccagececactctgetgacactgeccaggatcaaggtgaccaccagecaggacatgetgageatcatggagaagttggagtictttgactt

cagctatgacctgaacctgtgtggectgacagaggaccctgacctccaggtgtetgecatgecageaccagacagtgctggaactgacagagacaggggt
ggaagcetgetgetgectctgecatetetgtggecagaaccctgetggtgtitgaggtgcageageccttectgttigtgctgtgggaccageageacaagttc
cctgtgttcatgggcagggtgtatgaccccagggectga

aaccccaatgcetacttctagetectctcaggaccctgagagecticaggacaggggggagggcaaggtggccaccactgtgatctctaagatgetgtitgt

ggagcccatcctggaggtgageagectgeeccaccaccaacageaccaccaactetgecactaagatcactgecaacaccactgatgageccaccacce

agcccactactgagcccaccacccagectactatccageccacccageccactacccagetgeccactgacagecctacccageccaccactggeaget
tetgeectgggectgtgaceetgtgctetgacctggagagecatictactgaggcetgtgctgggggatgecctggtggactictctctgaagetgtaccatge
tttctctgecatgaagaaggtggagactaacatggcttttageeccttcageattgetagectgetgacccaggtgctgctgggggetggggagaacactaa
gaccaacctggaatctatcctgagetaccccaaggacttcacctgtgtgecaccaggecctgaagggcticaccaccaagggggtgacctetgtgagecag
atcttccacagecctgacctggecatcagggatacttttgtgaatgecagcagaaccctgtactcttctageeccagggtgctgageaataattctgatgetaa
cctggagctgatcaatacctgggtggctaagaataccaacaacaagattagcaggetgetggactetctgectictgataccaggetggtgetgctgaatge
catttacctgtctgecaagtggaagaccacttttgaccctaagaagactaggatggagectttccacttcaagaactctgtcattaaggtgeccatgatgaaca
gcaagaagtatcctgtggeccactttattgaccagactctgaaggecaaggtgggecagettcagetgagecataacctgagectggtgatectggtgece

cagaacctgaagcataggctggaggacatggageaggctctgageecctetgtgticaaggetattatggagaagetggagatgageaagttccageeca
ctetgetgaccetgeccagaatcaaggtgaccacctetcaggacatgetgageatcatggaaaagetggagttctttgacttttcttatgacctgaatetgtgtg
gectgactgaggatectgatcticaggtgictgccatgeageaccagactgtgctggagetgactgagactgggstogagoctgctgctgctictgecatct
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ctgtggecaggaccetgetggtgtttgaggtecageagecctteetgtttgtgctgtgggaccageageacaagtttcetgtgticatgggcagggtatatga
ccecagagectga

244

aatcccaccatccaacccacccaaccaactacccagetcecaacagattctectacccageccactactgggtecttctgeccaggacctgttactetetget
ctgacttggagagtcattcaacagaggccgtgttgggggatgctttggtagatttctccctgaagcetctaccacgecttctcagcaatgaagaaggtggaga

ccaacatggccttttccecattcageatcgecagectecttacccaggtectgeteggggctggggagaacaccaaaacaaacctggagageatectetett
accccaaggacttcacctgtgtccaccaggecctgaagggcticacgaccaaaggtgtcacctcagtetctcagattttccacageccagacctggecata

agggacacctttgtgaatgcectcteggaccctgtacagecageagecccagagtcctaagcaacaacagtgacgecaacttggagetcatcaacacctggg
tggccaagaacaccaacaacaagatcagecggcetgctagacagtctgeectcegatacecgecttgtectectcaatgetatctacctgagtgecaagtgg

aagacaacatttgatcccaagaaaaccagaatggaaccctttcacttcaaaaactcagttataaaagtgcccatgatgaatagcaagaagtaccctgtggee

catttcattgaccaaactttgaaagccaaggtggggcagcetgeagetctcecacaatctgagtttggtgatcctggtaceccagaacctgaaacategtcttg

aagacatggaacaggctctcagceccttctgttttcaaggccatcatggagaaactggagatgtccaagttccageccactctcctaacactaccccgeatca

aagtgacgaccagccaggatatgctctcaatcatggagaaattggaattcticgatttttcttatgaccttaacctgtgtgggctgacagaggaccctgatctic
aggtttctgcgatgcageaccagacagtgetggaactgacagagactggggtggaggeggctgcagectecgecatetetgtggeccgeacectgetgg
tetttgaagtgcageagececttectettcgtgetetgggaccageageacaagtteectgtettcatggggcgagtatatgaccccagggectga

245

aatgggtcctictgeccaggacctgttactctetgetctgacttggagagtcattcaacagaggecgtgtigggggatgctitggtagatttctcectgaagetc
taccacgccttctcagcaatgaagaaggtggagaccaacatggcecttticcecattcageatcgecagectecttacccaggtectgetcggggctgggga
gaacaccaaaacaaacctggagagcatcctctcttaccecaaggacttcacctgtgtecaccaggecctgaagggcttcacgaccaaaggtgtcacctca
gtctctcagattttccacageccagacctggecataagggacacctttgtgaatgectctcggacectgtacagecageagecccagagtectaagcaacaa
cagtgacgccaacttggagctcatcaacacctgggtggecaagaacaccaacaacaagatcagecggetgctagacagictgecctccgataccegectt
gtectectcaatgetatctacctgagtgecaagtggaagacaacatttgatcccaagaaaaccagaatggaaccctttcacttcaaaaactcagttataaaagt
geccatgatgaatagecaagaagtaccetgtggeccatttcattgaccaaactttgaaagecaaggtggggcagetgeagetctcccacaatctgagtttggt
gatcctggtaccccagaacctgaaacatcgtcttgaagacatggaacaggcetctcagecctictgtittcaaggecatcatggagaaactggagatgtccaa
gttccagceccactctcctaacactaccecgeatcaaagtgacgaccagecaggatatgetctcaatcatggagaaattggaattcttcgatttttcttatgacct
taacctgtgtgggctgacagaggaccctgatcttcaggtttctgegatgcagcaccagacagtgetggaactgacagagactggggtggaggcgectae
agcctcegecatctetgtggeccgeaccctgetggtetttgaagtgcageageccttectettcgtgetetgggaccageageacaagttcectgtettcatg
gggegagtatatgaccccagggectga

246

aaccccaatgctacttctagctectctcaggaccctgagagectgeaggacaggggggagggcaaggtggecaccactgtgatctctaagatgetgtttgt
ggagcececatcctggaggtgageagectgeccaccaccaacageaccaccaactctgecactaagatcactgecaacaccactgatgageccaccacce

agcccactactgageccaccacccagectactatccageccacccageccactacccagetgeccactgacagecctacccageccaccactggeaget
tctgeectgggectgtgaccctgtgctetgacctggagagecattctactgaggctgtgctgggggatgecctggtggacttctetetgaagetgtaccatge
tttctctgecatgaagaaggtggagactaacatggetittageeccttcageattgctagectgetgacccaggtgetgetgggggctggggagaacactaa
gaccaacctggaatctatcctgagcetaccccaaggacttcacctgtgtgcaccaggecctgaagggcttcaccaccaagggggtgacctetgtgagecag
atcttccacagecctgacctggecatcagggatacttitgtgaatgccageagaacccetgtactettctagecccagggtgctgageaataattctgatgetaa
cctggagctgatcaatacctgggtggctaagaataccaacaacaagattagcaggcetgetggactetetgectictgataccaggetggtgctgctgaatge
catttacctgtctgccaagtggaagaccacttttgaccctaagaagactaggatggagectttccacttcaagaactctgtcattaaggtecccatgatgaaca
gcaagaagtatcctgtggeccactttattgaccagactctgaaggecaaggtgggccagetgeagetgagecataacctgagectggtgatceetggtgece
cagaacctgaagcataggctggaggacatggagcaggctctgageecctetgtgticaaggetattatggagaagetggagatgageaagttccagecca
ctetgetgaccctgeccagaatcaaggtgaccacctctcaggacatgetgageatcatggaaaagetggagttctttgacttttcttatgacctgaatetgtgtg
gectgactgaggatectgatctgeaggtgtetgecatgeageaccagactgtgetggagetgactgagactggggtggaggetgctgctgettetgecate

tetgtggecaggaceetgetggtatitgaggtacageageccttectgtttgtgetgtgggaccageageacaagtiteetgtgticatgggeagggtatatg
accccagagectga

247

aaccccaatgctacttctagetcetctcaggacectgagagectgeaggacaggggggagggcaaggtggccaccactgtgatetctaagatgetgtttgt
ggagcccatcctggaggtgageagectgeeccaccaccaacageaccaccaactetgecactaagatcactgecaacaccactgatgageccaccacce
agcccactactgagcccaccacccagectactatccageccacccageccactacccagetgeccactgacagecctacccageccaccactggeaget
tetgeectgggectgtgacectgtgctetgacctggagagecattctactgaggcetgtgctgggggatgecctggtggactictetctgaagetgtaccatge
tttctctgecatgaagaaggtggagactaacatggcttttageeccttcageattgetagectgetgacccaggtgctgctgggggctggggagaacactaa
gaccaacctggaatctatcctgagetaccccaaggacttcacctgtgtgecaccaggecctgaagggcticaccaccaagggggtgacctetgtgagecag
atcttccacagccectgacctggcecatcagggatacttttgtgaatgccageagaaccctgtactettctagececccagggtgctgagceaataattctgatgetaa
cctggagctgatcaatacctgggtggctaagaataccaacaacaagattageaggetgetggactetctgectictgataccaggetggtgctgctgaatge
catttacctgtctgecaagtggaagaccacttttgaccctaagaagactaggatggagectttccacttcaagaactctgtcattaaggtgeccatgatgaaca
gcaagaagtatcctgtggeccactttattgaccagactctgaaggecaaggtgggccagetgeagetgagecataacctgagectggtgatectggtacee
cagaacctgaagcataggctggaggacatggageaggctctgageecctetgtgticaaggetattatggagaagetggagatgageaagttccageeca
ctetgetgaccetgeccagaatcaaggtgaccacctetcaggacatgetgageatcatggaaaagetggagttctttgacttttcttatgacctgaatetgtgte
gectgactgaggatectgatctgeaggtgtctgecatgcageaccagactgtgctggagetgactgagactgggatggaggctgctgctgctictgecate
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tetgtggecaggaccetgetggtatttgaggtgcageagecctteetgtttgtgetgtgggaccageageacaagtiteetgtgticatgggeagggtgtatg
accccagagectga

248

aaccccaatgctacttctagetcetctcaggacectgagagectgeaggacaggggggagggcaaggtggccaccactgtgatctctaagatgetgtttgt
ggagceccatcctggaggtgageagectgeccaccaccaacageaccaccaactetgecactaagatcactgecaacaccactgatgageccaccacce
agcccactactgageccaccacccagectactatccageccacccageccactacceagetgeccactgacagecctaccecageecaccactggeaget
tetgeectgggectgtgaceetgtgctetgacctggagagecattctactgaggcetgtgctgggggatgecctggtggacttctetctgaagetgtaccatge
tttctetgecatgaagaaggtggagactaacatggettttagececttcageattgetagectgetgacccaggtgetgetgggtaagaccctgettgaattet
ctccaggtcatttgttggacactcccataagagtcaccaatccagacacttacaaagecatgectctgggaagaagetgtaaaaatgggctattatatattgg
gegtggestagagggatgtatcttttcattcttgaacattccatcatticacagtgatgtaataggcacgattgcttgtaaaactetgtgactatacaagaacata
taaaataaggtcgcagecactaaccatgtttcatggcaaggagaggtgataagaaagatgaaattaggegeagtggetcacgectgtaatcccageacttt
gggaggcecaaggegggtggatcacctgaggtcaggagttcaagaccagectggecaacatggtgaaacccetgtetctactaaaaatacaaaaattatcag
ggagtggtggtgcatgectgtaatcecagetacttgggeagetgaggcaggagaatcgettgaacccaggaggtggaggttgcagigagecgagaccg
caccattgcactacagtctgggtgacagagegagactctgtctcaaaaaaaaaaaaaaattatcagagatagacctagagtagatgtggttagtactgecttc
tagctetgtgacctigggcagatcactttaacctetctgagecttgagtectettgtgtaaaatagtgatgatgetatctacctcaaaagattaagaagcagaaa
gecaggecggatgeggtggttcacacctgtaatcccageattttaggaggecgaggegggcagatcacgaggtcaggagttcgagaccagectgactaa
catggtgaaaccccgtctctactaaaaataaaaagaaattagctaggeatggtggtgcacacctgtaaccccagetactcaggaggctgaggcaggagaa
tcacttgaacacgggaggcagaggttgcagtgagecgaaatcatgecactgeactccagectgggaagactgageaagactcetgtctcaaaaaaaaaaa
agaagcagcctagtgtctgacttagtgggaggtcaaaaaaatgtaaatcctetgecatcttgagggattactgtcaagteccatttggtaattaccctaggaat
ggcacaaacaaattactacaagcagtggggacagagctattactccccagagagaatictaaaaaggctacagaatctttettggetgggeacggtgacte
acacctataatcctggeactttgggaggccaaggeaggagttcaagaccagectggecaacatgttgaaaccccatctctactaaaaatgcaaaaattage
caggcatagtgatgcatgcttattgtcccagetacttgggaggcagaggtgggaggattgcttgaacctggagaticaagtgagetgagattgeaccactge
attccagcctgggcaacaaagcaagactctgtctcaaaaaaaaaaaaaaaaaaaaaaaaaagagagattgagagaacacttccagetcagatgatctgtg
atccccteccaaageagggaataccctccattccagectggteccecaacccteattcccaaggaaggeccecgactcatcctgeaagtatctttcatetetgee
ctttgttgcaggggctggggagaacactaagaccaacctggaatctatcctgagetaccccaaggacttcacctgtgtgcaccaggecctgaagggctica
ccaccaaggggegteacctetgtgagecagatcttccacageectgacctggecatcagggatactttigtgaatgecageagaaccctgtactettctagee
ccagggtgctgagcaataattctgatgctaacctggagetgatcaatacctgggtggctaagaataccaacaacaagattagcaggcetgetggactetetge
cttctgataccaggcetggtgctgctgaatgecatttacctgtctgecaagtggaagaccacttitgaccctaagaagactaggatggagectttccacticaag
aactctgtcattaaggtgcccatgatgaacagcaagaagtatcctgtggeccactttattgaccagactctgaaggecaaggtgggccagetgcagetgag
ccataacctgagcectggtgatcetggtgccccagaacctgaageataggctggaggacatggageaggetetgageeectetgtgticaaggetattatgg
agaagctggagatgagcaagticcageccactetgetgacectgeccagaatcaaggtgaccacctctcaggacatgetgageatcatggaaaagetgg
agttctttgacttttcttatgacctgaatctgtgtggectgactgaggatectgatctgcaggtgtetgecatgeageaccagactgtgetggagetgactgaga
ctggggtggaggctgctgctectictgecatctetgtggccaggaccetgetggtetttgaggtgcageagecctiectgtttgtgctgtegggaccageage
acaagtttcctgtgttcatgggcagggtgtatgaccccagagectga

249

aaccccaatgctacttctagetcctetcaggaccetgagagectgcaggacaggggggagggeaaggtggecaccactgtgatctctaagatgetgtttgt
ggagcccatcctggaggtgageagectgeecaccaccaacageaccaccaactetgecactaagatcactgecaacaccactgatgageccaccacce
agcccactactgageccaccacccagectactatccageccacccageccactacceagetgeccactgacagecctacceageecaccactggeaget
tctgeectgggcectgtgaceetgtegctetgacctggagagecatictactgaggctgtgctgggg gatecectggtggactictetctgaagetgtaccatge
tttctctgecatgaagaaggtggagactaacatggettttageececttcageattgetagectgetgacccaggtgctgetgggtaagacectgcettgaattct
ctccaggteatttgttggacactcccataagagtcaccaatccagacacttacaaagecatgectetgggaagaagetgtaaaaatgggctattatatattgg
ggotggostagagggatgtatcttttcattcttgaacattccatcatttcacagtgatgtaataggcaccattgcettgtaaaactctgtgactatacaagaacatat
aaaataaggtcccagccactaaccatgtttcatggcaaggagaggtgataagaaagatgaaattattatcagaagaagcagaaagccageagectagtgt
ctgacttagtgggaggtcaaaaaaatgtaaatcctetgecatcttgagggattactgtcaagteccatttggtaattaccctaggaatggeacaaacaaattact
acaagcagtggggacagagctattactccccagagagaattctaaaaaggcetacagaatctttcttgagagattgagagaacacttccagetcagatgatct
gtgatccectecaaageagggaataccctceattccagectggteccccaaccceteattcccaaggaaggecccccactcatectgeaagtatctttcatctet
geectttgttgcaggggctggggagaacactaagaccaacctggaatctatcctgagetaccecaaggacttcacctgtgtgcaccaggecctgaagggec
ttcaccaccaagggggtgacctetgtgagecagatcttccacagecctgacctggecatcagggatacttttgtgaatgecageagaaccctgtactettcta
geeccagggtgctgageaataattctgatgetaacctggagetgatcaatacctgggtggctaagaataccaacaacaagattagcaggetgetggactet
ctgecttctgataccaggcetggtgetgctgaatgecatttacctgtetgecaagtggaagaccacttttgaccctaagaagactaggatggagectttccactt
caagaactctgtcattaaggtgcecatgatgaacagcaagaagtatcctgtggeccactttattgaccagactctgaaggecaaggtgggecagetgcage
tgagccataacctgagectggtgatcctggtgecccagaacctgaageataggetggaggacatggageaggctctgageccctetgtgttcaaggctatt
atggagaagctggagatgagcaagttccageccactctgetgaccctgeccagaatcaaggtgaccacctctcaggacatgetgageatcatggaaaag
ctggagttctttgacttttcttatgacctgaatctgtgtggectgactgaggatcetgatctgcaggtgtctgecatgcageaccagactgtgetggagetgact
gagactggggatggagactgctgctgctictgecatctetgtggccaggaccetgctggtgtttgaggtgcageageccttectgtitgtgetgtgggaccag
cagcacaagtttcctgtgttcatgggcagggtgtatgaccccagagectga

250

aatccaaatgctaccagctccagcetcccaggatccagagagtttgcaagacagaggegaagggaaggtcgecaacaacagttatctccaagatgetattcg
ttgaacccatcctggaggtticcagettgecgacaaccaactcaacaaccaattcagecaccaaaataacagcetaataccactgatgaacccaccacacaa
cceaccacagageccaccacccaacceaccatccaacccacccaaccaactacccageteccaacagattetcctacccageccactactggetcctict
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geccaggacctgttactetetgetctgacttggagagtcattcaacagaggecgtgttgggggatgctttggtagatttctccctgaagetctaccacgecttct
cagcaatgaagaaggtggagaccaacatggecttttccccattcagecatcgecagectecttacccaggtectgetcgggectggggagaacaccaaaac
aaacctggagagcatcctctcttaccccaaggacttcacctgtgtccaccaggecctgaagggcticacgaccaaaggtgteacctcagtetctcagattttc
cacagcccagacctggecataagggacacctttgtgaatgectctcggaccetgtacagecagecagecccagagtectaagcaacaacagtgacgecaac
ttggagctcatcaacacctgggtggecaagaacaccaacaacaagatcagecggctgctagacagtetgecctccgataceegecttgtectectcaatge
tatctacctgagtgccaagtggaagacaacatttgatcccaagaaaaccagaatggaaccctttcacttcaaaaactcagttataaaagtgeccatgatgaat

agcaagaagtaccctgtggeccatttcattgaccaaactttgaaagccaaggtggggcagetgcagetcteccacaatctgagtitggtgatectggtacce

cagaacctgaaacatcgtcttgaagacatggaacaggctctcagecctictgttttcaaggecatcatggagaaactggagatgtccaagttccageecact

ctcctaacactaccecgeatcaaagtgacgaccagecaggatatgetctcaatcatggagaaattggaattcticgatttticttatgaccttaacctgtgtggg

ctgacagaggaccctgatcttcaggtttctgcgatgcagecaccagacagtgetggaactgacagagactggggtggaggcggctgcagecteccgecate

tetgtggeccgeaccctgetggtetttgaagtgcageageccttecteticgtgetetgggaccageageacaagticectgtettcatggggcgagtatatg

accccagggecgacaaaactcacacatgeecaccgtgeeccageacctgaactectggggggaccgtcagtettcctettccecccaaaacccaaggaca
cccteatgatctccecggaccectgaggtcacatgegtggtggtggacgtgagecacgaagaccctgaggtcaagttcaactggtacgtggacggegtgg

aggtgcataatgccaagacaaagecgegggaggageagtacaacageacgtaccgtgtggtcagegtectcaccgtectgeaccaggactggetgaat

ggcaaggagtacaagtgcaaggtctccaacaaagecctcccageccccatcgagaaaaccatctccaaagecaaagggeagecccgagaaccacagg
tgtacaccctgeccccatcecgggatgagetgaccaagaaccaggtcagectgacetgectggtcaaaggcttctatcccagegacatcgeegtggagtg
ggagagcaatgggcagecggagaacaactacaagaccacgecteccgtgetggactccgacggcetecttettcctctacageaagetcaccgtggacaa
gagcaggtggcageaggggaacgtctictcatgetccgtgatgecatgaggetctgcacaaccactacacgcagaagagecteteectgtetcegggt

251

aatccaaatgctaccagetccagetcecaggatccagagagtttgcaagacagaggegaagggaaggtcgceaacaacagttatctccaagatgetattcg

ttgaacccatcctggaggtttccagettgecgacaaccaactcaacaaccaattcagecaccaaaataacagctaataccactgatgaacccaccacacaa

cceaccacagageccaccacccaacceaccatccaacccacccaaccaactacccageteccaacagattetcctacccageccactactgggtectitct

geccaggacctgttactetetgetctgactiggagagtcattcaacagaggecgtgttgggggatgetttggtagatttctcectgaagetctaccacgecttct
cagcaatgaagaaggtggagaccaacatggecttttccccattcageatcgecagectecttacccaggtectgeteggggctggggagaacaccaaaac
aaacctggagagcatcctctcttaccccaaggacttcacctgtgtecaccaggecctgaagggcttcacgaccaaaggtgtcacctcagtetctcagattttc
cacagcccagacctggecataagggacacctttgtgaatgectetcggaccctgtacageageagecccagagtcctaagcaacaacagtgacgecaac
ttggagctcatcaacacctgggtggecaagaacaccaacaacaagatcagecggetgctagacagtctgecctccgataccegecttgtectectcaatge
tatctacctgagtgccaagtggaagacaacatttgatcccaagaaaaccagaatggaaccctttcacttcaaaaactcagttataaaagtgcccatgatgaat

agcaagaagtaccctgtggeccatttcattgaccaaactttgaaagccaaggtggggcagetgcagetctcecacaatctgagtitggtgatectggtacee

cagaacctgaaacatcgtcttgaagacatggaacaggctctcagecctictgttttcaaggccatcatggagaaactggagatgtccaagttccageccact

ctcctaacactacceegcatcaaagtgacgaccagecaggatatgetetcaatcatggagaaattggaattcticgatttttcttatgaccttaacctgtgtggg

ctgacagaggaccctgatcticaggttictgcgatgcageaccagacagtgctggaactgacagagactggggtggagecggctgcagecteccgecatc

tetgtggeccgeaccetgetggtctitgaagtgeageageccttectettcgtgetctgggaccageageacaagticectgtettcatggggegagtatatg

accccagggecgacaaaactcacacatgeccaccgtgeccageacctgaactectggggggaccgtcagtettectctticcceccaaaacccaaggaca
cccteatgatctcccggaccectgaggtcacatgegtggtggtggacgtgagecacgaagaccctgaggtcaagttcaactggtacgtggacggegtgg

aggtgcataatgccaagacaaagecgegggaggageagtacaacageacgtaccgtgtggtcagegtectcaccgtectgeaccaggactggetgaat

ggcaaggagtacaagtgcaaggtctccaacaaageccteccageccecatcgagaaaaccatctccaaagecaaagggcagecccgagaaccacagg
tgtacaccctgeccccateccgggatgagetgaccaagaaccaggtcaatctgacctgectggtcaaaggcttctatcccagegacatcgecgtggagtg

ggagagcaatgggcagecggagaacaactacaagaccacgecteccgtgetggactecgacggcetecticttcctcaatagcaagetcaccgtggacaa
gagcaggtggcageaggggaacgtctictcatgetccgtgatgeatgaggetctgcacaaccactacacgcagaagagectetecctgtetcegggt

252

aatccaaatgctaccagetccagetcecaggatccagagagtitgcaagacagaggegaagggaaggtcgeaacaacagttatctccaagatgetattcg
ttgaacccatcctggaggtticcagettgecgacaaccaactcaacaaccaattcagecaccaaaataacagctaataccactgatgaacccaccacacaa
cccaccacagageccaccacccaacceaccatccaacccacccaaccaactacccageteccaacagattetcctacccageccactactgggtecttct
geccaggacctgttactetetgetctgacttggagagtcattcaacagaggecgtgttgggggatgetttggtagatttctcectgaagetctaccacgecttct
cagcaatgaagaaggtggagaccaacatggecttttccccattcageatcgecagectecttacccaggtectgeteggggctggggagaacaccaaaac
aaacctggagagcatcctctcttaccccaaggacttcacctgtgtecaccaggecctgaagggcttcacgaccaaaggtgtcacctcagtetctcagattttc
cacagcccagacctggecataagggacacctttgtgaatgectetcggaccctgtacageageagecccagagtcctaagcaacaacagtgacgecaac
ttggagctcatcaacacctgggtggecaagaacaccaacaacaagatcagecggetgctagacagtctgeccteccgataccegecttgtectectcaatge
tatctacctgagtgccaagtggaagacaacatttgatcccaagaaaaccagaatggaaccctttcacttcaaaaactcagttataaaagtgcccatgatgaat
agcaagaagtaccctgtggeccatttcattgaccaaactttgaaagccaaggtggggcagetgcagetctcecacaatctgagtitggtgatectggtacee
cagaacctgaaacatcgtcttgaagacatggaacaggctctcagecctictgttttcaaggcecatcatggagaaactggagatgtccaagttccageccact
ctcctaacactacceegceatcaaagtgacgaccagecaggatatgetctcaatcatggagaaattggaattcticgatttttcttatgaccttaacctgtgtggg
ctgacagaggaccctgatcticaggttictgcgatgcagcaccagacagtgctggaactgacagagactggggtggaggcggctgcagectccgecatce
tctgtggeccgeaccetgetggtctitgaagtgeageageccttecteticgtgetctgggaccageageacaagticectgtcttcatggggegagtatatg
accccagggecgacaaaactcacacatgeccaccgtgeccageacctgaactectggggggaccgteagtettectctticcceccaaaacccaaggaca
ccctcatgatctcccggaccectgaggtcacatgegtggtggtggacgtgagecacgaagaccctgaggicaagttcaactggtacgtggacggegtgg
aggtgcataatgccaagacaaagecgegggaggageagtacaacageacgtaccgtgtggtcagegtectcaccgtectgeaccaggactggetgaat
ggcaaggagtacaagtgcaaggtctccaacaaagecctcccageccccatcgagaaaaccatctccaaagecaaagggeagecccgagaaccacagg
tgtacaccaageccccatccegggatgagetgaccaagaaccaggtcagectgagetgectggtcaaaggctictatcccagegacatcgecgtgoagt
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gggagagcaatgggcagecggagaacaactacaagaccacggtgecegtgctggactcegacggctecttcagactcgecagetacetcaccgtggac
aagagcaggtggcagcaggggaacgtctictcatgetcegtgatgeatgaggetctgcacaaccactacacgeagaagagecteteectgteteegggt

253

aatccaaatgctaccagetccagetcecaggatccagagagtitgcaagacagaggegaagggaaggtcgeaacaacagttatctccaagatgetattcg

ttgaacccatcctggaggtticcagettgeccgacaaccaactcaacaaccaattcagecaccaaaataacagctaataccactgatgaacccaccacacaa

cccaccacagageccaccacccaacceaccatccaacccacccaaccaactacccageteccaacagattetcctacccageccactactgggtecttct

geccaggacctgttactetetgetctgacttggagagtcattcaacagaggecgtgttgggggatgctttggtagatttctccctgaagetctaccacgecttct
cagcaatgaagaaggtggagaccaacatggecttttccccattcagecatcgecagectecttacccaggtectgetcgggectggggagaacaccaaaac
aaacctggagagcatcctctcttaccccaaggacttcacctgtgtecaccaggecctgaagggcttcacgaccaaaggtgtcacctcagtetctcagattttc
cacagcccagacctggecataagggacacctttgtgaatgectctcggaccetgtacagecageagecccagagtcectaagcaacaacagtgacgecaac
ttggagctcatcaacacctgggtggecaagaacaccaacaacaagatcagecggetgctagacagtctgecctccgataccegecttgtectectcaatge
tatctacctgagtgccaagtggaagacaacatttgatcccaagaaaaccagaatggaaccctttcacttcaaaaactcagttataaaagtgcccatgatgaat

agcaagaagtaccctgtggeccatttcattgaccaaactttgaaagccaaggtggggcagetgcagetctcecacaatctgagtitggtgatectggtacee

cagaacctgaaacatcgtcttgaagacatggaacaggctctcagecctictgttttcaaggcecatcatggagaaactggagatgtccaagttccageccact

ctcctaacactacccegcatcaaagtgacgaccagecaggatatgetetcaatcatggagaaattggaattcticgatttttcttatgaccttaacctgtgtggg

ctgacagaggaccctgatcticaggttictgcgatgcagcaccagacagtgctggaactgacagagactggggtggaggcggctgcagectccgecatce

tctgtggeccgeaccetgetggtctitgaagtgeageageccttectettcgtgetctgggaccageageacaagticectgtettcatggggegagtatatg

accccagggecgacaaaactcacacatgeccaccgtgeccageacctgaactectggggggaccgtcagtettectctticcceccaaaacccaaggaca
ccctetacatcaccegggagectgaggtcacatgegtggtggtggacgtgagecacgaagacectgaggtcaagttcaactggtacgtggacggegteg
aggtgcataatgccaagacaaagecgegggaggageagtacaacageacgtaccgtgtggtcagegtectcaccgtectgeaccaggactggetgaat

ggcaaggagtacaagtgcaaggtctccaacaaageccteccageccecatcgagaaaaccatctccaaagecaaagggcageccegagaaccacagg
tgtacaccctgeccccatcecgggatgagetgaccaagaaccaggtcagectgacctgectggtcaaaggetictatcccagegacatcgeegtggagtg
ggagagcaatgggcagecggagaacaactacaagaccacgecteecgtgetggactecgacggcetecticttcctctacagcaagetcaccgtggacaa
gagcaggtggcagcaggggaacgtctictcatgetccgtgatgeatgaggetetgecacaaccactacacgcagaagagecteteectgtetcegggt

254

aatccaaatgctaccagctccagetcccaggatccagagagtttgcaagacagaggegaagggaaggtcgeaacaacagttatctccaagatgetattcg
ttgaacccatcctggaggttticcagettgeccgacaaccaactcaacaaccaattcagecaccaaaataacagctaataccactgatgaacccaccacacaa

cccaccacagageccaccacccaacccaccatccaacccacccaaccaactaccecagetcecaacagattctectacccageccactactgggtecttet

geccaggacctgttactctetgetctgacttggagagtcattcaacagaggecegtgttgggggatgctttggtagatttctcectgaagetctaccacgecttet
cagcaatgaagaaggtggagaccaacatggcecttttccccattcageatcgecagectecttacccaggtectgetcggggctggggagaacaccaaaac
aaacctggagagcatcctctcttaccccaaggacttcacctgtgtccaccaggecctgaagggcticacgaccaaaggtgteacctcagtetctcagattttc
cacagcccagacctggecataagggacacctttgtgaatgectetcggacectgtacageageagecccagagtcctaagcaacaacagtgacgecaac
ttggagctcatcaacacctgggtggecaagaacaccaacaacaagatcagecggcetgctagacagtetgecctccgataceegecttgtectectcaatge
tatctacctgagtgccaagtggaagacaacatttgatcccaagaaaaccagaatggaaccctttcacttcaaaaactcagttataaaagtgcccatgatgaat

agcaagaagtaccctgtggeccatttcattgaccaaactttgaaagccaaggtggggeagetgecagetcteccacaatctgagtitggtgatectggtacce

cagaacctgaaacatcgtcttgaagacatggaacaggctctcagecctictgttttcaaggcecatcatggagaaactggagatgtccaagttccageccact

ctcctaacactaccecgeatcaaagtgacgaccagecaggatatgetctcaatcatggagaaattggaaticttcgatttticttatgaccttaacctgtgtggg
ctgacagaggaccctgatcttcaggtttctgcgatgcagecaccagacagtgetggaactgacagagactggggtggaggcggctgcagectccgecate

tctgtggcccgeaccetgetggtctitgaagtgeageageccttectettcgtgetctgggaccageageacaagticectgtcttcatggggegagtatatg

accccagggecgacaaaactcacacatgeccaccgtgeccageacctgaactectggggggaccgtcagtettcctettccecccaaaacccaaggaca
ccctcatgatcteceeggacceectgaggtcacatgegtggtggtegacgtgagecacgaagaccctgaggtcaagttcaactggtacgtggacggegtgg

aggtgcataatgccaagacaaagecgegggaggageagtacaacageacgtaccgtgtggtcagegtectcaccgtectgeaccaggactggetgaat

ggcaaggagtacaagtgcaaggtctccaacaaagecctcccageccccatcgagaaaaccatctccaaagecaaagggeagecccgagaaccacagg
tgtacaccctgececccatcecgggatgagetgaccaagaaccaggtcagectgacetgectggtcaaaggcttctatcccagegacatcgeegtggagtg
ggagagcaatgggcagecggagaacaactacaagaccacgectecegtgctggactccgacggctecttettcctctacageaagetcaccgtggacaa
gagcaggtggcagcaggggaacgtcttctcatgeteegtgctgcatgaggetetgcacagecactacacgcagaagagectetecctgtetccgggt

255

aatccaaatgctaccagetccagetcecaggatccagagagtitgcaagacagaggegaagggaaggtcgeaacaacagttatctccaagatgetattcg
ttgaacccatcctggaggttticcagettgecgacaaccaactcaacaaccaattcagecaccaaaataacagctaataccactgatgaacccaccacacaa
cccaccacagageccaccacccaacceaccatccaacccacccaaccaactacccageteccaacagattetcctacccageccactactgggtecttct
geccaggacctgttactctctgetctgacttggagagtcattcaacagaggecgtgttgggggatgctttggtagatttctcectgaagetctaccacgecttet
cagcaatgaagaaggtggagaccaacatggectittccccattcageatcgecagectecttacccaggtectgeteggggctggggagaacaccaaaac
aaacctggagagcatcctctcttaccccaaggacttcacctgtgtccaccaggecctgaagggcttcacgaccaaaggtgtcacctcagtetctcagattttc
cacagcccagacctggecataagggacacctttgtgaatgectctcggaccctgtacagcageagecccagagicctaagcaacaacagtgacgecaac
ttggagctcatcaacacctgggtggecaagaacaccaacaacaagatcagecggctgctagacagtctgecctecgataccegecttgtectectcaatge
tatctacctgagtgccaagtggaagacaacatttgatcccaagaaaaccagaatggaaccctttcacttcaaaaactcagttataaaagtgeccatgatgaat
agcaagaagtaccctgtggeccatttcattgaccaaactttgaaagccaaggtggggcagetgcagetctcecacaatctgagtitggtgatectggtacee
cagaacctgaaacatcgtcttgaagacatggaacaggctctcageccttctgttttcaaggcecatcatggagaaactggagatgtccaagttccageccact
ctcctaacactacceegcatcaaagtgacgaccagecaggatatgetctcaatcatggagaaattggaattcticgatttttcttatgaccttaacctgtgtggg
ctgacagaggaccctgatcticaggttictgcgatgcageaccagacagtgctggaactgacagagactggeotepagocgoctgcagectccgecate
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tetgtggeecgeacccetgetggtetitgaagtgecageageccttecteticgtgetctgggaccageageacaagttcectgtettcatggggegagtatatg

accccagggecgacaaaactcacacatgeccaccgtgcccageacctgaactectggggggaccgtcagtcttcetettceccecccaaaacccaaggaca
cccteatgatctcecggaceectgagatcacatgegtggtggtggacgtgagecacgaagaccetgaggtcaagttcaactggtacgtggacggegteg

aggtgcataatgccaagacaaagecgegggaggageagtacaacageacgtaccgtgtggtcagegtectcaccttcctgecaccaggactggctgaatg
gcaaggagtacaagtgcaaggtctccaacaaageccteccageccecatcgagaaaaccatctccaaagecaaagggeagecccgagaaccacaggt
gtacaccctgeecccatcecgggatgagetgaccaagaaccaggtcagectgacctgectggtcaaaggettctatcccagegacatcgecgtggagtg

ggagagcaatgggcagecggagaacaactacaagaccacgectecegtgetggactecgacggctectteticetctacageaagetcaccgtggacaa
gagcaggtggcagcaggggaacgtcttctcatgetecgtgctgeatgaggetctgeacaaccactacacgecagaagagectcteectgtetecgggt

256

aaccccaatgcetacttctagetectctcaggaccetgagagectgcaggacaggggggaggecaaggtggecaccactgtgatctectaagatgetgttgt
ggagcccatcctggaggtgageagectgeeccaccaccaacageaccaccaactetgecactaagatcactgecaacaccactgatgageccaccacce
agcccactactgagcccaccacccagectactatccageccacccageccactacccagetgeccactgacagecctacccageccaccactggeaget
tetgeectgggectgtgacectgtgetcagacctggagagecactctactgaggctgtgctgggggatgecctggtggacttctetetgaagetgtatcatg
ctttctetgecatgaagaaggtggagactaacatggettttageeecttcageattgetagectgetgacecaggtgetgetgggggctggggagaacacta
agaccaacctggaatctatcctgagctaccccaaggacttcacctgtgtgecaccaggecctgaagggcetticaccaccaagggggtgacctetgtgageca
gatcttccacagecctgacctggecatcagggatacttttgtgaatgecageagaaccctgtactctictagecccagggtgctgageaataattctgatgeta
acctggagcetgatcaatacctgggtggctaagaataccaacaacaagattagcaggctgctggactctetgecttctgataccaggetggtgctgetgaatg
ccatttacctgtctgecaagtggaagaccacttttgaccctaagaagactaggatggagectttccacttcaagaactctgtcattaaggtgeccatgatgaac
agcaagaagtatcctgtggcccactttattgaccagactctgaaggecaaggtgggccagetgeagetgagecacaacctgagectggtgateetggtge
cccagaacctgaageacaggetggaggacatggageaggcetctgageccctetgtgticaaggcetattatggagaagetggagatgageaagticcage
ccactctgctgaccctgeccagaatcaaggtgaccacctctcaggacatgetgageatcatggaaaagcetggagttctttgacttticttatgacctgaatetg
tgtggectgactgaggatceetgatetgcaggtgtetgecatgcageaccagactgtgetggagetgactgagactggggtagaggctgetgetgctictge

catctetgtggccaggaccetgetggtgtttgaggtgcageageecttectgtttgtagctgtgggaccageageacaagtttectgtgttcatgggeagggte
tatgaccccagagectga

257

aaccccaatgctacttctagetcetctcaggacectgagagectgeaggacaggggggagggcaaggtggccaccactgtgatctctaagatgetgtttgt
ggagceccatcetggaggtgageagectgeccaccaccaacageaccaccaactetgecactaagatcactgecaacaccactgatgageccaccacce

agcccactactgageccaccacccagectactatccageccacccageccactacceagetgeccactgacagecctacceageecaccactggeaget
tetgeectgggectgtgaccctgtgctetgacctggagagecattctactgaggetgtgctgggggatgecctggtggacttetetetgaagetgtaccatge
tttctetgecatgaagaaggtggagactaacatggettttageeecttcageattgetagectgetgaccecaggtgctgetggggactggggagaacactaa
gaccaacctggaatctatcctgagcetaccccaaggacttcacctgtgtgcaccaggecctgaagggctticaccaccaagggggtgacctctgtgagecag
atcttccacagecctgacctggecatcagggatacttttgtgaatgeccageagaacccetgtactettctageeccagggtectgageaataattctgatgctaa
cctggagctgatcaatacctgggtggctaagaataccaacaacaagattagcaggetgetggactetetgectictgataccaggetggtgctgctgaatge
catttacctgtctgccaagtggaagaccacttttgaccctaagaagactaggatggagectttccacttcaagaactctgtcattaaggtgeccatgatgaaca
gcaagaagtatcctgtggececactttattgaccagactctgaaggecaaggtgggccagetgecagetgagecataacctgagectggtgatectggtgeee
cagaacctgaagcataggctggaggacatggagcaggctctgageecctetgtgticaaggctattatggagaagetggagatgageaagttccageeca
ctetgetgacectgeccagaatcaaggtgaccacctctcaggacatgetgageatcatggaaaagetggagttctitgacttticttatgacctgaatetgtgtg
gectgactgaggatectgatctgeaggtgtetgecatgecageaccagactgtgetggagetgactgagactggggtggaggctgctgctgcettctgecate

tctgtggccaggaccctgetggtgtitgaggtgcageageecttectgtttgtgetgtgggaccagecageacaagtttectgtgttcatgggcagggtgtatg

accccagagectga

258

aaccccaatgctacttctagetcetctcaggaccctgagagectgecaggacaggggggagggeaaggtggccaccactgtgatctctaagatgetgttigt
ggagcccatectggaggtgageagectgeecaccaccaacageaccaccaactetgecactaagatcactgecaacaccactgatgageccaccacce
agcccactactgagcccaccacccagectactatccageccacccageccactaccecagetgeccactgacagecctacceageecaccactggeaget
tetgeeetgggectgtgaceetgtgctetgacetggagagecatictactgaggetgtgctgggggatgecctggtggactictctctgaagetgtaccatge
tttctctgecatgaagaaggtggagactaacatggettttageececttcageattgetagectgetgacccaggtgctgetgggtaagacectgcttgaattct
ctccaggteatttgttggacactcccataagagtcaccaatccagacacttacaaagecatgectetgggaagaagetgtaaaaatgggctattatatattgg
gggtgggstagagggatgtatcttttcattcttgaacattccatcatttcacagtgatgtaataggecacgattgettgtaaaactctgtgactatacaagaacata
taaaataaggtcgcagccactaaccatgtttcatggcaaggagaggtgataagaaagatgaaattattatcagaagaagcagaaagcecageagectagtgt
ctgacttagtgggaggtcaaaaaaatgtaaatcctetgecatcttgagggattactgtcaagteccatttggtaattaccctaggaatggeacaaacaaattact
acaagcagtggggacagagctattactccccagagagaattctaaaaaggctacagaatctttcttgagagattgagagaacacttccagetcagatgatct
gtgatccectecaaageagggaatacccteeattccagectggtecccecaacccteattcccaaggaaggeccccgactcatcctgcaagtatetttcatetet
geectttgttgcagggectggggagaacactaagaccaacctggaatctatcctgagetaccecaaggacttcacctgtgtgecaccaggecctgaaggec
ttcaccaccaagggggtgacctetgtgagecagatcticcacageectgacctggecatcagggatacttttgtgaatgecageagaaccctgtactettcta
geeccagggtgctgageaataattctgatgetaacctggagetgatcaatacctgggtggctaagaataccaacaacaagattagcaggetgetggactct
ctgecttctgataccaggetggtegctgctgaatgecatttacctgtctgecaagtggaagaccacttttgaccctaagaagactaggatggagectttccactt
caagaactctgtcattaaggtgcccatgatgaacagcaagaagtatcctgtggeccactttattgaccagactctgaaggecaaggtgggecagetgcage
tgagccataacctgagectggtgatcctggtgcceccagaacctgaageataggetggaggacatggageaggctctgageccctetgtgticaaggctatt
atggagaagctggagatgagcaagttccageccactctgetgaccctgeccagaatcaaggtgaccacctctcaggacatgetgageatcatggaaaag
ctggagttctttgacttttcttatgacctgaatctgtgtgecctgactgaggatcetgatctgcaggtgtctgecatgcageaccagactgtgctggagetgact
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gagactggggtggaggctgctgctgcttctgecatctetgtggecaggaccetgetggtgtttgaggtgcageagececttectgtttgtgctgtgggaccag
cagcacaagtttcctgtgticatgggeagggtgtatgaccccagagectga

259 | atggctagcagactgactctgetgaccetgetgetgetgetgetggetggggacagggccageage

260 | atggccagcaggcetgacectgetgactetgetgetgetgetgetggetggggacagggccageage

261 atggctagcagactgactctgctgacectgetgetgetgetgetggetggggacagggcecageage

262 | atggctagcagactgactctgetgaccetgetgetgetgetgetggetggggacagggccageage

263 atggccagcaggcetgaccctgetgacectgetgetgcetectgetggetggggatagggecageage

264 | atggcctctaggctgactetgetgactetgetgctectgetgetggetggggacagggccagetet

265 | atggctagcaggetgaccetgetgaccetgetgetectgctgctggctggggacagggectetage

266 atggcctccaggetgaccctgetgaccctectgetgetectgetggetggggatagagectctage

267 | atggcctccaggetgaccetgetcaccetectgetgetectgetggetggggacagggcctecage

268 | atggcctccaggetgaccetgetgacectectgetgetectgctggetggggacagagecageage

269 aaccccaatgctacttctagetcetctcaggaccctgagagectgecaggacaggggggagggeaaggtggecaccactgtgatctctaagatgetgttigt
ggageccatcctggaggtgageagectgeccaccaccaacageaccaccaactetgecactaagatcactgecaacaccactgatgageccaccacce

agcccactactgageccaccacccagectactatccageccacccageccactacccagetgeccactgacagecctacccageccaccactggeaget
tetgeectgggectgtgacectgtgctetgacctggagagcecatictactgaggetgtgetgggggatgcectggtggactictetctgaagetgtaccatge
tttctctgecatgaagaaggtggagactaacatggettttageeccttcageattgetagectgetgacccaggtgetgetgggggctggggagaacactaa
gaccaacctggaatctatcctgagcetaccccaaggacttcacctgtgtgcaccaggecctgaagggctticaccaccaagggggtgacctetgtgagecag
atcttccacagecctgacctggecatcagggatacttitgtgaatgccagcagaacccetgtactettctagecccagggtgctgageaataattctgatgetaa
cctggagcetgatcaatacctgggtggctaagaataccaacaacaagattagcaggetgetggactcetetgecttctgataccaggetggtgetgetgaatge
catttacctgtctgecaagtggaagaccacttttgaccctaagaagactaggatggagectttccacttcaagaactctgtcattaaggtgcccatgatgaaca
gcaagaagtatcctgtggeccactttattgaccagactctgaaggecaaggtgggccagetgeagcetgagecataacctgagectggtgatcetggtgece
cagaacctgaagcataggctggaggacatggagcaggctctgageccctetgtgticaaggctattatggagaagetggagatgageaagttccagecca
ctetgetgaccctgeccagaatcaaggtgaccacctctcaggacatgetgageatcatggaaaagetggagttetttgacttttcttatgacctgaatetgtgtg
gectgactgaggatectgatctgecaggtgtctgecatgeageaccagactgtgctggagetgactgagactgggotggagactgetgetgettctgecate

tetgtggecaggaccetgetggtgtitgaggtgcageageccttcetgtttgtgetgtgggaccageageacaagtitectgtgticatgggecagggtgtatg
accccagageetga

[0327] Additional embodiments are directed to the C1-INH encoding sequence provided in
any one of SEQ ID NOs: 232-258 and 269. In certain embodiments, the polynucleotide
comprises a sequence at least 85%, at least 90%, at least 93%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99% or 100% identical to a C1-INH encoding sequence
provided in any one SEQ ID NOs: 232-258 and 269; and independently C1-INH has a
sequence identify to SEQ ID NO: 181 of at least 93%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99% or 100%. Reference to independently indicates any of the
provided sequence identities to the C1-INH encoding sequence may be combined with any of
the provided sequence identities of SEQ ID NO: 181.

[0328] A set of illustrative examples of independently include, a nucleic acid having a

sequence identity to SEQ ID NO: 236 or bases 1 to 1500 of SEQ ID NO: 236 of at least 90%,
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and encoding C1-INH having a sequence identity of at least 93%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99% or 100% to SEQ ID NO: 181; a nucleic acid having a
sequence identity to SEQ ID NO: 236 or bases 1 to 1500 of SEQ ID NO: 236 of at least 95%,
and encoding C1-INH having a sequence identity of at least 93%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99% or 100% to SEQ ID NO: 181; and a nucleic acid
having a sequence identity to SEQ ID NO: 236 of at least 99% or bases 1 to 1500 of SEQ ID
NO: 236 and encoding C1-INH having a sequence identity of at least 99% to the sequence of
SEQ ID NO: 181.

[0329] Another set of illustrative examples of independently include, a nucleic acid having a
sequence identity to SEQ ID NO: 238 or bases 1 to 1500 of SEQ ID NO: 238 of at least 90%,
and encoding C1-INH having a sequence identity of at least 93%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99% or 100% to SEQ ID NO: 181; a nucleic acid having a
sequence identity to SEQ ID NO: 238 or bases 1 to 1500 of SEQ ID NO: 238 of at least 95%,
and encoding C1-INH having a sequence identity of at least 93%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99% or 100% to SEQ ID NO: 181; and a nucleic acid
having a sequence identity to SEQ ID NO: 238 or bases 1 to 1500 of SEQ ID NO: 238 of at
least 99% and encoding C1-INH having a sequence identity of at least 99% to the sequence
of SEQ ID NO: 181.

[0330] Another set of illustrative examples of independently include, a nucleic acid having a
sequence identity to SEQ ID NO: 243 or bases 1 to 1540 of SEQ ID NO: 243 of at least 90%,
and encoding C1-INH having a sequence identity of at least 93%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99% or 100% to SEQ ID NO: 181; a nucleic acid having a
sequence identity to SEQ ID NO: 243 or bases 1 to 1540 of SEQ ID NO: 243 of at least 93%,
at least 95%, and encoding C1-INH having a sequence identity of at least 93%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99% or 100% to SEQ ID NO: 181; and a
nucleic acid having a sequence identity to SEQ ID NO: 243 or bases 1 to 1540 of SEQ ID
NO: 243 of at least 99% and encoding C1-INH having a sequence identity of at least 99% to
SEQ ID NO: 181.

[0331] In certain embodiments the encoding C1-INH further comprises a signal peptide
encoding sequence at least 95%, at least 97% or 100% identical to the sequence of any one of
SEQ ID NOs: 84-103 and 259-268; and independently and encode C1-INH having a
sequence identity of at least 93%, at least 95%, at least 96%, at least 97%, at least 98%, at
least 99% or 100% to SEQ ID NO: 192.
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[0332] The human C1-INH protein is well characterized and sequences from different species

including primates are well known in the art. The different sequences illustrate sequence

diversity of C1-INH. Examples of different C1-INH proteins are provided in the Tables

below. The percent identity in the tables below were determined using BLAST with the

default setting and numbers listed are the % pairwise identities. In different embodiments,

the percent identity provided throughout the application is determined using BLAST with the

default setting to obtain % pairwise identities.

% Identity to

Chimpanzee

Protein ID: XP_003318026.1
Mature sequence

Species Reference/SEQ ID NO Full length human C1-
INH
Human SEQ ID NO: 192 100
Rhesus Protein ID: 703928 93
93
Cynomolgus monkey | Protein ID: XP 005577905.2
) , 94
African Green Protein ID: XP_007996463.1
98
Chimpanzee Protein ID: XP_003318026.1
% Identity to
Species Reference/SEQ ID NO Mature Human C1-
INH
Human SEQ ID NO: 181 100
Protein ID: 703928 2
Rhesus
Mature sequence
Cvnomoleus monkey | Protein ID: XP_005577905.2 92
¥ gu Y | Mature sequence
. Protein ID: XP_007996463.1 94
African Green .
Mature sequence
98

EXAMPLES

Example 1 — Expression cassette overview
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[0333] C1 inhibitor expression cassettes were designed as shown in Table 1. See also FIG. 1
for a schematic of a sample expression cassette. The expression cassettes contained 5° and 3°
flanking AAV inverted terminal repeats (ITRs), a liver-specific ApoE/hAAT
enhancer/promoter sequence, a signal peptide, a human C1 inhibitor coding sequence, with or
without a P2A linker or an Fc domain, and a bovine growth hormone (bGH) polyadenylation
(poly A) sequence. Some of the expression cassettes further contained a human hemoglobin
subunit beta (HBB2) intron, an additional enhancer sequence, an miRNA binding site, and/or
a RIDD sequence.

[0334] Table 1. SERPINGI1 expression cassette components

Expression Cassette SEQ signal SEQ ¢DNA SEQ Additional SEQ
ID peptide ID D Downstream ID
NO NO NO Regulatory NO

Element

PAAV ApoE hAAT HBB2ml | 1 | SERPING | 84 | SERPINGI | 232 none

SERPING1 BGH228 1

PAAV ApoE hAAT HBB2ml | 2 SP7 85 | SERPINGI | 232 none

SP7.SERPING1 BGH228

PAAV ApoE hAAT HBB2ml | 3 ALB 90 | SERPINGI1 | 232 none

ALB.SERPING1 BGH228

PAAV_ApoE hAAT HBB2ml 4 ORMI1 91 SERPING1 | 232 none

ORMI1.SERPING1 BGH228

PAAV ApoE hAAT HBB2ml | 5 TF 92 | SERPINGI1 | 232 none

TF.SERPING1 BGH228

PAAV ApoE hAAT HBB2ml | 6 AMBP 93 | SERPINGI1 | 232 none

AMBP.SERPING1 BGH228

PAAV ApoE hAAT HBB2ml | 7 LAMP1 | 94 | SERPINGI | 232 none

LAMPI1.SERPING1 BGH228

PAAV ApoE hAAT HBB2ml | 8 | BTN2A2 [ 95 | SERPINGI | 232 none

BTN2A2.SERPING1 BGH228

PAAV ApoE hAAT HBB2ml | 9 CD300 96 | SERPINGI | 232 none

CD300.SERPING1 BGH228

PAAV ApoE hAAT HBB2ml | 10 | NOTCH2 | 97 | SERPING1 | 232 none

NOTCH2.SERPING1 BGH228

PAAV ApoE hAAT HBB2ml | 11 STRC 98 | SERPING1 | 232 none

STRC.SERPING1 BGH228

PAAV ApoE hAAT HBB2ml | 12 AHSG 99 | SERPINGI1 | 232 none

AHSG.SERPING1 BGH228

PAAV ApoE hAAT HBB2ml | 13 SYN1 100 | SERPINGI | 232 none

SYN1.SERPING1 BGH228

PAAV ApoE hAAT HBB2ml | 14 SYN2 101 | SERPINGI | 232 none

SYN2.SERPING1 BGH228

PAAV ApoE hAAT HBB2ml | 15 SYN3 102 | SERPINGI | 232 none

SYN3.SERPING1 BGH228

PAAV ApoE hAAT HBB2ml | 16 SYN4 103 | SERPINGI | 232 none

SYN4.SERPING1 BGH228

PAAV ApoE hAAT HBB2ml | 17 | SERPING | 259 | SERPINGIc | 233 none

SERPINGlcol2 BGH228 1 0l2

PAAV ApoE hAAT HBB2ml | 18 | SERPING | 260 | SERPINGIc | 234 none

SERPINGlcol3 BGH228 1 ol3

PAAV ApoE hAAT HBB2ml | 19 | SERPING | 261 | SERPINGIc | 235 none

SERPINGIlcol4 BGH228 1 ol4
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Expression Cassette SEQ signal SEQ ¢DNA SEQ Additional SEQ
ID peptide ID D Downstream 1D
NO NO NO Regulatory NO

Element

PAAV ApoE hAAT HBB2ml | 20 | SERPING | 262 | SERPINGIc | 236 none

SERPINGlcol7 BGH228 1 ol7

PAAV ApoE hAAT HBB2ml | 21 SERPING | 263 | SERPINGIc | 237 none

SERPING1col20 BGH228 1 0120

PAAV ApoE hAAT HBB2ml | 22 | SERPING | 264 | SERPINGlc | 238 none

SERPINGlco21 BGH228 1 021

PAAV ApoE hAAT HBB2ml | 23 SERPING | 265 | SERPINGIc | 239 none

SERPINGlcol24 BGH228 1 0l24

PAAV ApoE hAAT HBB2ml | 24 | SERPING | 266 | SERPINGIlc | 240 none

SERPINGIlcoH9 BGH228 1 oH9

PAAV ApoE hAAT HBB2ml | 25 | SERPING | 267 | SERPINGIlc | 241 none

SERPINGIlcoH13 BGH228 1 oH13

PAAV ApoE hAAT HBB2ml | 26 | SERPING | 268 | SERPINGlc | 242 none

SERPINGlcoBC2 BGH228 1 oBC2

PAAV ApoE hAAT HBB2ml | 27 | SERPING | 269 | SERPINGIc | 243 none

SERPINGlIcol21(- 1 ol21(-

RIDD) BGH228 RIDD)

pSwap ApoE hAAT HBB2ml | 28 SERPING | 264 | SERPINGIc | 238 none

SERPINGlcol21 BGH228 1 021

pSwap ApoE hAAT HBB2ml | 29 SERPING | 265 | SERPINGIc | 239 none

SERPINGlcol24 BGH228 1 0l24

PAAV ApoE hAAT HBB2ml | 30 | SERPING [ 84 A76.SERPI | 244 none

A76.SERPING1 BGH228 1 NG1

AAV ApoE hAAT HBB2ml 31 SERPING | 84 A98.SERPI | 245 none

A98.SERPING1 BGH228 1 NG1

pSwap ApoE hAATv18 HBB2 32 SERPING | 264 | SERPINGIc | 238 none

ml SERPINGIlcol21 BGH228 1 021

pSwap ApoE hAATv18 HBB2 33 SERPING | 265 | SERPINGIc | 239 none

ml SERPINGIlcol24 BGH228 1 0l24

pSwap 2xApoE hAAT HBB2m | 34 SERPING | 264 | SERPINGIc | 238 none

1 SERPINGlco21 BGH228 1 021

pSwap 4xApoE hAAT HBB2m | 35 SERPING | 264 | SERPINGlc | 238 none

1 SERPINGlco21 BGH228 1 021

pSwap hAAT HBB2ml SERPI 36 | SERPING | 264 | SERPINGIlc | 238 2xApoE 75

NGlco2l 2xApoE BGH228 1 021

pSwap hAAT HBB2ml SERPI 37 | SERPING | 264 | SERPINGIc | 238 4xApoE 76

NGlco2l 4xApoE BGH228 1 021

pSwap ApoE hAAT HBB2ml | 38 | SERPING | 264 | SERPINGIc | 238 hAATenh 173

SERPINGlco21 hAATenh BG 1 021

H228

pSwap ApoE hAAT HBB2ml | 39 | SERPING | 264 | SERPINGIlc | 238 | hAATenh(col | 174

SERPINGI1co21 hAATenh(col) 1 021 )

BGH228

pSwap ApoE hAAT HBB2ml | 40 | SERPING | 264 | SERPINGIlc | 238 ‘WPRE3 175

SERPINGlco21l WPRE3 BGH 1 02l

228

pSwap ApoE hAAT HBB2ml | 41 SERPING | 264 | SERPINGIc | 238 WPRE3col 176

SERPINGlco21 WPRE3col B 1 021

GH228

pSwap ApoE hAAT HBB2ml | 42 [ SERPING | 264 | SERPINGlc | 238 WPRE 177

SERPINGlco21 WPRE BGH2 1 021

28
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Expression Cassette SEQ signal SEQ cDNA SEQ | Additional SEQ
ID peptide ID D Downstream 1D
NO NO NO Regulatory NO
Element
pSwap ApoE hAAT HBB2ml | 43 SERPING | 264 | SERPINGIc | 238 WPREco1 178
SERPINGlco21 WPREcol BG 1 021
H228
pSwap ApoE hAAT HBB2ml( 44 SERPING | 264 | SERPINGIc | 238 none
- 1 021
ATG) SERPINGIlco21 BGH22
8
pSwap ApoE hAAT SERPING 45 SERPING | 264 | SERPINGIc | 246 none
Ico21(Intron 1-2, 2-3) BGH228 1 021(Intron
1-2,2-3)
pSwap ApoE hAAT HBB2ml | 46 | SERPING | 264 | SERPINGIlc | 247 none
SERPINGl1co21(Intron 2- 1 021(Intron
3) BGH228 2-3)
pSwap ApoE hAAT HBB2ml | 47 SERPING | 264 | SERPINGIc | 248 none
SERPINGlco21(Intron 3- 1 021(Intron
4) BGH228 3-4)
pSwap ApoE hAAT HBB2ml | 48 SERPING1c021.P2A .SERPINGlco24 none
SERPINGlco21.P2A.SERPING (SEQ ID NO: 158)
1co24 BGH228
PAAV_ApoE hAAT HBB2ml | 49 SERPING | 84 SERPINGL. | 250 none
SERPING1.Fc BGH228 1 Fc
PAAV ApoE hAAT HBB2ml | 50 | SERPING [ 84 SERPINGL. | 251 none
SERPING1.Fc(Ishino) BGH228 1 Fc(Ishino)
PAAV ApoE hAAT HBB2ml | 51 SERPING | 84 SERPINGL. | 252 none
SERPINGI .Fc(Ying) BGH228 1 Fc(Ying)
PAAV ApoE hAAT HBB2ml | 52 | SERPING | 84 SERPINGL. | 253 none
SERPING1.Fc(YTE) BGH228 1 Fc(YTE)
PAAV _ApoE hAAT HBB2ml | 53 SERPING | 84 SERPINGL. | 254 none
SERPING1 Fc(LS) BGH228 1 Fc(LS)
PAAV ApoE hAAT HBB2ml | 54 | SERPING [ 84 SERPINGL. | 255 none
SERPING1.Fc(IFL) BGH228 1 Fc(IFL)
pSwap ApoE hAAT HBB2ml | 55 | SERPING | 264 | SERPINGIc | 238 | 4xmir-142-3p | 179
SERPINGlco21 (4x mir-142- 1 02l
3p) BGH228
PAAV ApoE hAAT HBB2ml | 56 | SERPING | 264 | SERPINGlc | 256 none
SERPINGlco21 BGH228 (- 1 021(-ORFs)
ORFs)
pSwap ApoE hAAT SERPING 57 | SERPING | 264 | SERPINGIc | 238 (SERPING1 180
1co21(SERPING1 1 021 5"UTR)
5’UTR) BGH228
pSwap ApoE hAAT HBB2ml | 58 SERPING | 264 | SERPINGIc | 257 none
SERPINGl1co21(Intron 2- 1 021(Intron
3) BGH228 — SINES LINES 2-
3)(SINES L
INES)
pSwap ApoE hAAT HBB2ml | 59 SERPING | 264 | SERPINGIlc | 172 none
SERPINGl1co21(Intron 3- 1 021(Intron
4) BGH228 — SINES LINES 3-
4)(SINES L
INES)
pSwap ApoE hAAT SERPING | 60 | SERPING | 264 | SERPINGlc | 238 SERPING1 181
1co21(SERPING1APRE/ 1 02l APRE/5’UTR
5’UTR) BGH228
pSwap ApoE hAAT (SERPIN 61 SERPING | 264 | SERPINGIc | 238 SERPING1 182
G1 APRE) 1 021 APRE
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Expression Cassette SEQ signal SEQ cDNA SEQ | Additional SEQ
ID peptide ID D Downstream 1D
NO NO NO Regulatory NO

Element

HBB2ml SERPINGlco2l BG

H228

pSwap ApoE hAAT HBB2ml | 62 | SERPING | 264 | SERPINGlc | 238 | SAA25'UTR | 183

SERPINGlco21 BGH228 1 021

(SAA2 5°UTR)

pSwap ApoE hAAT HBB2ml | 63 | SERPING | 264 | SERPINGIlc | 238 | SAA23’UTR | 184

SERPINGlco21 BGH228 1 021

(SAA2 3’ UTR)

pSwap ApoE hAAT HBB2ml | 64 | SERPING | 264 | SERPINGIlc | 238 | SAA25'&3” | 183,

SERPINGlco21 BGH228 1 021 UTR 184

(SAA2 5°&3’ UTR)

pSwap ApoE hAAT(APRE- 65 | SERPING | 264 | SERPINGlc | 238 SAA2 S’ 183

SAA2) HBB2ml (SAA2 1 021

5°)SERPINGIco21 BGH228

pSwap (2x 66 SERPING | 264 | SERPINGIc | 238 none

ADRES)ApoE hAAT HBB2ml 1 021

SERPING1co21 BGH228

pSwap_ApoE hAAT HBB2ml_ | 67 SERPING | 264 | SERPINGlc | 238 RIDD1x 185

SERPING1co21(+RIDD1x) BG 1 021
H228

pSwap ApoE hAAT HBB2ml | 68 | SERPING | 264 | SERPINGlc | 238 RIDD3x 186
SERPING1co21(+RIDD3x) BG 1 021

H228

pSwap ApoE hAAT HBB2ml | 69 | SERPING | 264 | SERPINGIc | 238 | RIDD1xBlos | 187
SERPING1co21(+RIDD1xBlos) 1 021

BGH228

pAAV =5"ITR SEQ ID NO: 70, 3° ITR SEQ ID NO: 71; pSWAP = 5" ITR SEQ ID NO: 72,
3’ ITR SEQ ID NO: 73; ApoE = SEQ ID NOs: 225, 74-76; SSA2 APRE = SEQ ID NO: 77;
2x ADRES= SEQ ID NO: 78; hAAT = SEQ ID NO: 79; hAATv18 = SEQ ID NO: 80;
HBB2m1 = SEQ ID NO: 81; HBB2m1(-ATG) = SEQ ID NO: 82; BGH228 = SEQ ID NO:
83.

[0335] Expression cassettes are packaged in an AAV viral particle by being encapsidated in
an AAV capsid, e.g., AAV-4-1 capsid variant, described in International Patent Application
publication WO 2016/210170, the contents of which are incorporated by reference herein in
their entirety, or LKO3 capsid variant, described in US9169299, the contents of which are
incorporated by reference herein in their entirety. Viral particles are generally produced using
the triple transfection protocol well-known in the art.

Example 2 — Assessment of vector potency of SERPING1-expressing vectors
encapsidated in AAV in C5S7BL/6J mice at 2 doses

Objective

[0336] In an effort to develop a SERPING] transgene with improved secretion from the liver,
the endogenous SERPINGI signal peptide was replaced with a panel of naturally occurring
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and synthetic peptides that were selected from initial iz vitro screening studies. The naturally
occurring signal peptides corresponded to those of alpha-2-HS-glycoprotein (AHSG) and
chymotrypsinogen B2 (sp7); the synthetic peptides, referred to as Synthetic 1 (Synl) and
Synthetic 4 (Syn4), were derived through rational design. A non-GLP study was performed in
C57BL/6J mice to evaluate the potency of 5 SERPINGI-expressing vectors with different
signal peptide sequences at two doses via intravenous injection (Vector SEQ ID NOs: 1, 13,
16, 12, and 2).

[0337] The study included 100 male C57BL/6J wild-type mice aged 11-12 weeks. Four
candidate cassettes containing heterologous signal peptides were benchmarked against the
native human SERPING1 signal peptide. All expression cassettes contained the native
SERPINGI cDNA sequence. Other regulatory elements of the cassette that were common for
the 5 vectors included an apolipoprotein E hepatic control region 1 (ApoE HCR-1) enhancer,
a human alpha-1 antitrypsin (hAAT) promoter, a modified human hemoglobin § (HBB)-
derived synthetic intron (HBB2), and a CpG-reduced bovine growth hormone (bGH)
polyadenylation (poly A) signal sequence. All cassettes were packaged in a bioengineered
AAYV capsid. The vectors utilized in this study are detailed below in Table 2. Mice (n=10-
11/group) were injected with a low (1.0x10'? vg/kg) or high (4.0x10'? vg/kg) dose of the
specified vector (Table 3). Animals were monitored over the course of either 18 weeks for
Groups 7-11 (low dose cohort) or 28 weeks for Groups 1-5 (high dose cohort). Human C1-
INH antigen levels, C1-INH activity, and liver transduction were assessed as detailed in
Table 4.

[0338] Table 2: Characteristics of 5 vectors evaluated in this study

SERPINGI1 sequence Vector SEQ ID NO | signal peptide (sp) | sp length (bp)
Native SERPING 1 1 SERPINGI 66
c¢cDNA SEQ ID NO: 104; 13 Synl 63
without signal peptide 16 Syn4 66
coding sequence (SEQID | 12 AHSG 54
NO: 232) 2 sp7 54

[0339] Table 3: Group designation and dose level
Dose (vg/kg)* Vector SEQ ID NO Group | No. of Males

1 1 10
4.0x10" 13 2 10
16 3 10

133



WO 2022/165027 PCT/US2022/014091

12 4 10
2 5 10
1 7 10
13 8 10
1.0x10"2 16 9 11
12 10 10
2 11 11

2 The vector dose was estimated based on the assumed mouse body weight of 25 g.

[0340] Table 4: Analyses performed

Analysis Parameter Assay Timepoints
Kit-based: Weeks 3, 6,
ELISA
Circulating Human | Human C1-INH , 12, 14, 16, 18, 20, 22, 25,
o (Kit-based
C1-INH Antigen in Plasma and 27
and custom)
Custom: Weeks 8, 28
Functional Human Human C1-INH , Weeks 22, 25, 27
o Enzymatic .
C1-INH Activity in Plasma (high dose cohort only)

) ) Vector Genome )
Liver Transduction o qPCR Terminus?
Concentration in Liver

aTerminus was defined as Week 18 for the low dose cohort (1.0x10"* vg/kg, Groups 7-11),
and Week 28 for the high dose cohort (4.0x10'? vg/kg, Groups 1-5).

ELISA, enzyme-linked immunosorbent assay; qPCR, real-time quantitative polymerase chain
reaction.

Results

Human C1-INH Antigen Levels in Mouse Plasma

[0341] To assess the production and secretion of protein encoded by the SERPINGI
expression cassette, C1-INH antigen levels were assessed in plasma of animals administered
one of the 5 vectors at a low (1.0x10" vg/kg) or high (4.0x10"? vg/kg) dose starting at Week
3 until terminus of study, either at Week 18 (low dose cohort, Groups 7-11) or Week 28 (high
dose cohort, Groups 1-5).

[0342] C1-INH antigen levels were quantified using a kit-based ELISA Kit (Molecular
Innovations, #HC1INHKIT-TOT) and also using a custom sandwich-style ELISA capture
assay using plates coated with anti-human C1-INH IgG (Affinity Biologicals, #GACINH-
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AP) and anti-human C1-INH HRP-conjugated IgG (Affinity Biologicals, #GACINH-HRP)
for detection.

[0343] Regardless of dose, mice that received AAV-encapsidated SEQ ID NO: 1 (Group 7,
low dose cohort or Group 1, high dose cohort) consistently expressed the highest mean levels
of detectable human C1-INH antigen compared with all other groups (FIG. 2). In the low
dose cohort, only mice treated with AAV-encapsidated SEQ ID NO:1 had levels of C1-INH
consistently greater than pooled normal human plasma. Conversely, administration of all
signal peptide variants at the high vector dose resulted in sustained, supraphysiologic levels
of plasma C1-INH for at least 28 weeks following vector administration. Over the 6 month
experiment, expression levels were 9-fold greater than normal and no morbidity or mortality
were observed.

[0344] Steady-state C1-INH antigen levels, defined as no significant difference in mean
antigen levels across assessed timepoints (linear regression analysis, not shown), were
significantly greater in animals that received AAV-encapsidated SEQ ID NO: 1 compared
with animals that received AAV-encapsidated SEQ ID NOs: 13, 16, and 12 at both vector
doses (FIG. 3). In animals treated with AAV-encapsidated SEQ ID NO: 1 at the low and high
dose, mean = SD human C1-INH levels in plasma remained stable at 315.01 + 32.98 ug/mL
and 1321.79 £ 302.97 pg/mL, respectively; these steady-state levels corresponded to a 1.58-
to 3.27-fold higher level of plasma C1-INH antigen relative to all other constructs across both
dose cohorts.

[0345] In summary, the vector cassette containing the native SERPINGI signal peptide
(AAV-encapsidated SEQ ID NO: 1) outperformed the other 4 vectors in vivo in terms of C1-
INH antigen production and secretion, regardless of dose.

Activity of Human C1-INH in Mouse Plasma

[0346] To assess human C1-INH function in plasma, samples from the high dose cohort
(Groups 1-5) were tested for activity via a chromogenic assay at Weeks 22, 25, and 27 using
a modified version of the Technochrom C1-INH kit (Diapharma, 5345003). In the assay,
plasma C1-INH was titrated against an excess of Cl-esterase, and the residual C1-esterase
activity was measured. Activity levels were reported as percentage of activity relative to a
coagulation reference standard.

[0347] Steady-state human C1-INH activity levels were significantly elevated in animals
dosed with AAV-encapsidated SEQ ID NO: 1 compared with the other signal peptide
variants (p<0.0001) (FIG. 4). Activity levels in animals dosed with AAV-encapsidated SEQ
ID NO: 1 at 4.0x10'2 vg/kg reached a steady-state value of 766.30% activity. Additionally,
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human C1-INH activity had a positive correlation with antigen levels, suggesting a direct
linear relationship and that functional C1-INH was produced (Pearson #=0.8778, p<0.0001,
R’=0.771) (FIG. 5).

[0348] Normalized vector genome concentration in liver tissue-qPCR

[0349] To assess target tissue transduction following intravenous AAV vector administration,
terminal liver samples were analyzed for vector genome concentration using a real-time
quantitative PCR (qPCR) assay. DNA was extracted from terminal liver samples using a
modified DNA extraction method with the QlAamp Fast DNA Tissue Kit (Qiagen, Cat#
51404).

[0350] The bGH polyA signal was selected as the AAV target, as it was a component of all
candidate expression cassettes. Mouse forkhead box P1 (Foxp/) was targeted to measure
genomic DNA concentration between samples and to remove non-biological variation. Final
copy numbers for bGH poly A were normalized to Foxp! and were reported as bGH poly A
copies per Foxpl copies (FIG. 6). As expected, vector genome copies in terminal liver were
greater in animals that received the higher vector dose compared with the lower vector dose
(FIG. 5). In both dose cohorts, animals administered AAV-encapsidated SEQ ID NO: 1
consistently displayed the highest mean vector genome concentration in the target tissue, with
significantly greater levels compared with animals administered AAV-encapsidated SEQ ID
NOs: 16 and 12. Additionally, C1-INH antigen levels had a positive correlation with relative
vector genome copies across both dose cohorts, demonstrating the expected direct
relationship between these two parameters (Pearson #=0.9306, p<0.0001, R?=0.866) (FIG. 7).
Vector Potency of Signal Peptide Variants

[0351] To compare the potency of the signal peptide variants, steady-state C1-INH antigen
levels were normalized to terminal liver vector genome copies in both low and high vector
dose cohorts (FIG. 8). While no difference in vector potency was observed across animals in
the low vector dose groups, animals that received the high vector dose of AAV-encapsidated
SEQ ID NO: 16 displayed an increase in normalized steady-state C1-INH antigen levels
compared with AAV-encapsidated SEQ ID NO: 1; variability in vector genome copies for
AAV-encapsidated SEQ ID NO: 1 may have contributed to the observed difference in
potency.

[0352] Conclusions

[0353] This study evaluated C1-INH antigen levels, C1-INH activity, and vector genome

copies derived from 5 candidate expression cassettes containing unique signal peptide
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encoding sequences. Out of the 5 vectors tested, the vector containing the native human
SERPINGI signal peptide-encoding sequence in its transgene cassette (AAV-encapsidated
SEQ ID NO: 1; Groups 7 and 1) exhibited the highest steady-state C1-INH antigen, C1-INH
activity levels, and terminal vector genome concentration, irrespective of dose. As differences
in potency were minimal, the results indicate that AAV-encapsidated SEQ ID NO: 1 had the
strongest response compared with vectors containing other signal peptides in the context of
the AAV capsid in wild-type mice.

Example 3 — Assessment of vector potency of optimized SERPING1-expressing vectors
encapsidated in AAV in CS7BL/6J mice at a single dose

Objective

[0354] Two non-GLP studies (A and B) were performed in C57BL/6J mice to evaluate the
vector potency of 13 unique human SERPING I-expressing vectors via intravenous injection.
The SERPING transgene variants were generated using codon optimization (Integrated
DNA Technologies (IDT) Codon Optimization Tool, Codon Harmonizer, and Best Codon
scripts) as well as truncation strategies (Table 5). The selected variants previously
demonstrated high C1-INH secretion in an in vitro screening study.

[0355] The two studies included a total of 80 male C57BL/6J wild-type mice aged 9-10
weeks. Twelve candidate cassettes were evaluated against the native human SERPING 1
cDNA sequence. Other regulatory elements of the cassette that were maintained in all vectors
included an apolipoprotein E hepatic control region 1 (ApoE HCR-1) enhancer, a human
alpha-1 antitrypsin (hAAT) promoter, a modified human hemoglobin § (HBB)-derived
synthetic intron (HBB2), and a CpG-reduced bovine growth hormone (bGH) polyadenylation
(polyA) signal sequence. All cassettes were packaged in a bioengineered AAV capsid. Five
animals per group were injected with a 1.0x10"? vg/kg dose of the specified vector (Tables 6
and 7) and animals were monitored over the course of either 7 weeks in Study A or 6 weeks
in Study B. Human C1-INH antigen, bradykinin antigen, and vector genome concentration
were assessed as detailed in Table 8.

[0356] Table 5: Characteristics of 13 vectors evaluated in studies A and B

Vector . . Codon Optimization
SEQ ID NO c¢cDNA Transgene Modification Script
1 SERPING1 - -
18 I3 Codon Optimized IDT
19 14 Codon Optimized IDT
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20 17 Codon Optimized IDT
21 120 Codon Optimized IDT
22 121 Codon Optimized IDT
23 124 Codon Optimized IDT
17 12 Codon Optimized IDT
24 H9 Codon Optimized Harmonized
25 H13 Codon Optimized Harmonized
26 BC2 Codon Optimized Best Codon
30 AT6 76 amino aci(’i truncation )
from 5 end
31 A98 98 amino aci(’i truncation )
from 5 end

[0357] Table 6: Group designation and dose level for Study A

C Vector SEQ | No. of Animals | Dose Level Dose Concentration
roup
ID NO (Male) (vg/kg) (vg/mouse)?
1 1 5 1.0x10"? 2.5x101°
2 18 1.0x10"? 2.5x101°
3 19 5 1.0x10"? 2.5x1010
4 20 5 1.0x10"? 2.5x101°
5 21 5 1.0x10!2 2.5x101°
6 22 5 1.0x10"? 2.5x101°
7 23 5 1.0x10"2 2.5x101°
8 Excipient 5 n/a n/a

2 The vg/kg vector dose was estimated based on the assumed mouse body weight of 25 g.

[0358] Table 7: Group designation and dose level for Study B

Vector SEQ | No. of Animals Dose Level Dose Concentration
Group ID NO (Male) (vg/kg) (vg/mouse)?
1 1 5 1.0x10" 2.5x10'°
2 17 5 1.0x10" 2.5x10%
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3 24 5 1.0x10"2 2.5x101°
4 25 5 1.0x10"? 2.5x1010
5 26 5 1.0x1012 2.5x10%0
6 30 5 1.0x10"2 2.5x1010
7 31 5 1.0x10"2 2.5x101°
8 Excipient 5 n/a n/a

2 The vg/kg vector dose was estimated based on the assumed mouse body weight of 25 g.

[0359] Table 8: Analyses performed

Analysis Parameter Assay Timepoints

Circulating  Human Human C1-INH

‘ ) ELISA Weeks 1,2,3,4,5,6,7*
CI-INH in Plasma Antigen

Circulating . )
o Bradykinin Antigen ELISA Week 72
Bradykinin in Plasma

) ) Vector Genome _
Liver Transduction o qPCR Terminus®
Concentration in Liver

2Time point was evaluated in Study A only. For circulating bradykinin in plasma, only
Groups 4, 6, and 8 from Study A were included in the analysis.

> Terminus was defined as Week 7 for Study A and Week 6 for Study B.

ELISA, enzyme-linked immunosorbent assay; qPCR, quantitative polymerase chain reaction.
Results

C1-INH Antigen in Plasma

[0360] To assess the in vivo production of C1-INH antigen from the modified (codon
optimized or truncated) SERPING [ expression cassettes, circulating C1-INH antigen levels
were assessed by ELISA (Molecular Innovations, #HC1INHKIT-TOT). C1-INH antigen
assessments began 1 week following vector administration and continued weekly until study
terminus.

[0361] The candidate vectors in Study A generally yielded higher levels of plasma C1-INH
antigen compared with Study B and are the focus of Example 3. Following vector
administration, levels of mean plasma C1-INH peaked around Week 3 (= 1 week) in most
groups, followed by a decline (FIG. 9). The highest peak antigen level at Week 3 (= 1 week)
reached a mean + SD of 722.31 + 242.03 pg/mL in mice that received AAV-encapsidated
SEQ ID NO: 22. Compared with the parental cassette (AAV-encapsidated SEQ ID NO: 1),
mice administered AAV-encapsidated SEQ ID NOs: 22, 23, 20, and 18 displayed similar or
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higher levels of plasma C1-INH throughout the course of the study; the vectors also exceeded
mean + SD levels of pooled normal human plasma (179.2 £+ 20.88 ug/mL) by Week 2 that
persisted for the duration of the study.

[0362] In Study A, the relative steady-state (i.e., no significant difference in mean antigen
levels across all timepoints tested, one-way ANOV A analysis not shown) C1-INH antigen
levels in animals that received either AAV-encapsidated SEQ ID NO: 22 or AAV-
encapsidated SEQ ID NO: 23 was significantly greater than in animals that received AAV-
encapsidated SEQ ID NO: 1 (1.75-fold and 1.3-fold greater, respectively) (FIG. 9).

[0363] In Study B, steady-state C1-INH antigen levels were similar in animals that received
AAV vectors containing codon-optimized SERPING variants relative to AAV-encapsidated
SEQ ID NO: 1 (FIG. 9). However, animals that received AAV-encapsidated SEQ ID NO: 24
exhibited a 50% reduction in steady-state C1-INH antigen levels compared with AAV-
encapsidated SEQ ID NO: 1 (119.89 + 69.29 ug/mL versus 237.10 + 55.88 pg/mL,
respectively). An initial peak in C1-INH levels was observed around Weeks 3 and 4 in most
groups, followed by a decline in antigen levels (FIG. 10). The highest peak antigen levels at
Weeks 3 and 4 reached a mean + SD of 299.19 + 110.92 pg/mL in mice dosed with AAV-
encapsidated SEQ ID NO: 17, followed by 289.45 £ 56.12 ug/mL in the AAV-encapsidated
SEQ ID NO: 25 group. Both variants expressed higher mean = SD peak levels of C1-INH
antigen relative to the parental cassette (287.32 = 76.21 ug/mL). Similar to Study A, an
increase in circulating C1-INH levels was observed in several groups following the initial
decline in antigen levels. At study terminus, the highest mean + SD levels of C1-INH antigen
were 347.69 + 139.64 ug/mL in the AAV-encapsidated SEQ ID NO: 17 and 297.57 + 56.74
pug/mL in the AAV-encapsidated SEQ ID NO: 25 groups. Although peak C1-INH levels in
these groups exceeded both the parental cassette and PNP values, the highest antigen levels
observed in Study B were less than those displayed by the 3 highest C1-INH-expressing
variants in Study A. In animals that received AAV vectors containing truncated SERPING ]
variants (A76 and A98), the levels of C1-INH antigen declined and remained below the limit
of quantitation from Week 4 through study end.

[0364] Taken together, administration of several codon-optimized, SERPING I-expressing
variants resulted in steady-state C1-INH antigen levels 1.13-fold to 1.75-fold greater than the
parental cassette across both studies as well as the pooled normal human plasma range.
Across both studies, AAV-encapsidated SEQ ID NO: 22, AAV-encapsidated SEQ ID NO:
23, and AAV-encapsidated SEQ ID NO: 20 from Study A displayed the highest levels of
plasma C1-INH antigen.
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Bradykinin Levels in Plasma

[0365] To evaluate the downstream effect of C1-INH, plasma bradykinin was assessed by
ELISA at study terminus (Enzo Life Sciences, product #ADI-900-206, at room temperature).
Bradykinin was measured in 2 variants with higher levels of C1-INH antigen, AAV-
encapsidated SEQ ID NO: 22 and 20 (Study A), at Week 7.

[0366] At study terminus, circulating bradykinin levels were significantly reduced in mice
administered either AAV-encapsidated SEQ ID NO: 22 or 20, reaching levels less than 3% of
plasma bradykinin in excipient-treated mice (FIG. 11). As expected, levels of plasma
bradykinin were inversely correlated with plasma C1-INH, with a stronger inverse correlation
observed in the AAV-encapsidated SEQ ID NO: 22 group (Pearson r=-0.9417, p<0.0168,
R?=0.8867) compared with the AAV-encapsidated SEQ ID NO: 20 group (Pearson r=-
0.6383, p=ns, R’=0.4074). Taken together, sustained supraphysiologic levels of human C1-
INH were associated with significant reductions in plasma bradykinin in wild-type mice.
Normalized Vector Genome Concentration in Liver Tissue

[0367] To assess target tissue transduction following intravenous AAV vector administration,
vector genome concentration in terminal liver samples was evaluated using a real-time
quantitative PCR (qPCR) assay. Copy numbers of the shared polyadenylation signal (bGH
poly A) were normalized to copies of the mouse Foxp! gene.

[0368] There was no statistical difference in normalized vector genome concentration at
terminus among AAV-encapsidated SEQ ID NO: 1 and the six codon-optimized variants in
Study A (FIG. 12A).

[0369] In Study B, mean terminal liver vector genome copies among AAV-encapsidated SEQ
ID NO: 1 and the six codon-optimized or truncated SERPING ! variants ranged from 0.0388
to 0.0936 BGHpA copies per Foxpl copies in the AAV-encapsidated SEQ ID NO: 24 and 17
groups, respectively. Subsequent to the AAV-encapsidated SEQ ID NO: 17 group, vector
genome concentration was highest in animals administered AAV-encapsidated SEQ ID NO:

1 and 26 (0.0829 and 0.0785 BGHpA copies per Foxpl copies, respectively). There was no
statistical difference in normalized vector genome concentration at terminus between all
SERPING [-expressing vectors (FIG. 12B). Terminal vector genome concentration in animals
that received AAV-encapsidated SEQ ID NO: 30 and 31 (0.0417 and 0.0606, respectively)
indicated that liver transduction occurred and was comparable to remaining vectors in the
study. AAV encapsidated SEQ ID NO: 30 and 31 provided lower levels of circulating C1EI

(data not shown).
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[0370] A positive correlation between C1-INH antigen and relative vector genome copies
was observed for AAV-encapsidated SEQ ID NO: 1 and the codon-optimized variants with
the highest C1-INH antigen expression (SEQ ID NOs: 20, 22, and 23) (Pearson #=0.8510,
p<0.0001, R’=0.7243), demonstrating a direct relationship between these two parameters
(FIG. 13).

Vector Potency of Codon Optimized Variants

[0371] To evaluate the effect of codon-optimization on vector potency, steady-state C1-INH
antigen levels were normalized to relative vector genome copies in terminal liver samples
(FIG. 14). With the exception of mice that received AAV-encapsidated SEQ ID NO: 21, no
differences in vector potency were observed between the parental cassette (AAV-
encapsidated SEQ ID NO: 1) and the codon optimized variants in Study A; mice that
received AAV-encapsidated SEQ ID NO: 21 showed a reduction in vector potency.
Conclusions

[0372] Taken together, AAV-mediated delivery of codon optimized SERPING transgenes
resulted in elevated and sustained levels of functional C1-INH in wild-type mice.

Example 4 — Dose range assessment of codon-optimized SERPING1 vectors
encapsidated in AAYV in Serpingl knockout mice

Objective

[0373] A non-GLP study was performed in 129/S5 x C57BL/6J-Tyrc-Brd (Serpingi~-or C1-
INH knockout or C1-INH null) mice to evaluate the vector potency of a codon-optimized
human SERPING1-expressing vector (AAV-encapsidated SEQ ID NO: 20) at three doses via
intravenous injection in a disease model.

[0374] The current study included 20 male and 19 female C1-INH knockout mice aged 13-18
weeks. Up to five animals per group were injected with one of three doses (1.0x10'2,
4.0x10'2, or 1.0x10" vg/kg) of AAV-encapsidated SEQ ID NO: 20 (Table 9). In addition to
the codon-optimized transgene, regulatory elements of the cassette included an
apolipoprotein E hepatic control region 1 (ApoE HCR-1) enhancer, a human alpha-1
antitrypsin (hAAT) promoter, a modified human hemoglobin 3 (HBB)-derived synthetic
intron (HBB2), and a CpG-reduced bovine growth hormone (bGH) polyadenylation (poly A)
signal sequence. The cassette was packaged in the AAV-4-1 capsid. Animals were monitored
over the course of 8 weeks. Plasma C1-INH antigen levels, C1-INH activity, liver vector
genome concentration, and SERPING mRNA expression were assessed as detailed in Table

10.
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[0375] Table 9: Group designation and dose level

PCT/US2022/014091

Approximate Dose
Vector No. of Dose Level
Sex Group Age at Dosing Concentration
sequence Animals (vg/kg)
(Weeks) (vg/mouse) ?
SEQID
1 NO: 20 3 18 1.0x10" 2.5x10'
SEQID
2 NO. 20 5 16 4.0x10%? 1.0x10"
SEQ ID
Male |3 NO. 20 5 16 1.0x10" 4.0x10"
4 Excipient 1 14 n/a n/a
SEQ ID
5 NOQZO 2 13 1.0x10"2 2.5x10"°
6 Excipient |4 13 n/a n/a
SEQ ID
7 NO: 20 5 14-16 1.0x10"? 2.5x10'
SEQID
8 5 13-14 4.0x10"2 1.0x10!!
Female NO: 20
SEQ ID
9 NO. 20 5 13 1.0x10" 4.0x10"
10 Excipient |4 13 n/a n/a

2 The vg/kg vector dose was estimated based on the assumed mouse body weight of 25 g.

n/a, not applicable.

[0376] Table 10: Analyses performed

Analysis Parameter Assay Timepoints
4 , ELISA (Kit-
Circulating Human C1- | Human C1-INH Kit-based: Weeks 1, 4, and 5
' ' based and
INH in Plasma Antigen Custom: Weeks 6, 7, and 8
custom)
Functional Human C1- | Human C1-INH )
‘ o Enzymatic | Weeks 5, 8
INH in Plasma Activity
' ' Vector Genome )
Liver Transduction } qPCR Terminus?
Concentration
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AAV Transcription in mRNA Expression )
. RT-qPCR Terminus?
Liver Levels

& Terminus was defined as Week 8.

AAV, adeno-associated virus; C1-INH, C1 inhibitor; ELISA, enzyme-linked immunosorbent
assay; qPCR, quantitative polymerase chain reaction; RT-qPCR, quantitative reverse
transcription polymerase chain reaction.

Results

[0377] CI-INH Antigen in Plasma

[0378] C1-INH antigen levels were quantified using a kit-based ELISA and custom
sandwich-style ELISA capture assay, as described in Example 2.

[0379] Circulating C1-INH antigen was assessed by ELISA beginning 1-week post-injection
and was monitored weekly from Week 4 to Week 8 (study terminus). A dose-dependent
increase in mean plasma C1-INH antigen levels was observed in male and female mice from
Week 4 to Week 8 (FIG. 15). At the intermediate (4.0x10'2 vg/kg) and high (1.0x10" vg/kg)
vector doses, all animals displayed detectable levels of C1-INH by Week 4. Regardless of
sex, mice that received the intermediate or high dose vector displayed mean plasma C1-INH
levels at or above pooled normal human plasma (PNP; mean + SD = 175.4 + 41.3 ug/mL) by
Week 4 that persisted to study terminus. Male mice displayed higher mean antigen levels
compared with female mice at the intermediate and high vector doses, which may be
attributed to higher hepatic transduction following AAV administration in male mice
compared with female mice (Davidoff et al., Blood. 2003; 102(2):480-488).

[0380] Taken together, administration of AAV-encapsidated SEQ ID NO: 20 yielded a dose-
dependent increase in C1-INH antigen levels, with higher absolute antigen levels observed in
males than females.

[0381] An orthogonal approach was used to compare methods of human C1-INH antigen
detection. At Week 5, C1-INH antigen was assessed by ELISA as well as an additional
capillary electrophoretic immunoassay (Wes) in male mice administered the low or
intermediate vector dose.

[0382] At the low vector dose (1.0x10'? vg/kg), mean C1-INH values and variation (standard
deviation) were comparable across ELISA and Wes approaches, although the relative levels
of C1-INH antigen between animals was not consistent between quantification methods. At
the intermediate vector dose (4.0x10'? vg/kg), an increase in C1-INH values was observed

using both techniques compared with the lower vector dose. However, mean C1-INH values
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detected by ELISA were nearly twice the levels quantified by Wes (1063.99 ug/mL vs
547.25 pg/mL); the sample variability using Wes was also greater than ELISA at the
intermediate vector dose.

[0383] Correlation analysis of C1-INH antigen and activity using two different methods of
antigen detection revealed a slightly stronger correlation when C1-INH antigen was assessed
by ELISA (R2=0.995) compared with Wes (R?=0.993) (data not shown). As the sample size
for this comparison was relatively small (n=9 total samples) and limited by vector dose and
animal sex, a larger and more comprehensive sample population may provide further insight
on the utility of each antigen detection method.

CI-INH Antigen vs. Activity in Mouse Plasma Correlation

[0384] To determine the biological activity of the transgene product encoded by SEQ ID NO:
20, C1-INH activity was assessed by a chromogenic assay in which C1-INH is titrated
against an excess of Cl-esterase and residual C1-esterase activity is measured. C1-INH
activity was assessed in male and female mice of all dose cohorts on Weeks 5 and 8 post-
vector administration. C1-INH activity, reported as a percentage of activity relative to a
coagulation reference standard, was compared with C1-INH antigen levels.

[0385] A positive correlation was observed between C1-INH activity and C1-INH antigen
across all SEQ ID NO: 20 treatment groups (R’=0.981; FIG. 16). Consistent with antigen
levels, male mice that received the high vector dose had the greatest levels of C1-INH
activity. In addition, male mice in the high and intermediate vector dose cohorts often
displayed higher levels of C1-INH activity compared with dose-matched females.
Normalized Vector Genome Concentration in Liver Tissue-gPCR

[0386] To assess target tissue transduction following vector administration, terminal (Week
8) liver samples were analyzed for vector genome concentration as previously described.
[0387] A dose-dependent increase in vector genome concentration was observed in the liver
of male and female mice, confirming functional transduction of the target organ (FIG. 17).
Higher levels of hepatic transduction were observed in male mice administered AAV-
encapsidated SEQ ID NO: 20 compared with dose-matched female mice, consistent with
previous reports of sex influencing AAV transduction of the murine liver (Davidoff et al.,
Blood. 2003; 102(2):480-488). The mean liver vector genome concentrations in male mice
administered the high and intermediate dose of AAV-encapsidated SEQ ID NO: 20 were

approximately twice the concentration observed in dose-matched females.
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Normalized mRNA Expression Levels in Liver Tissue

[0388] SERPINGI mRNA expression was quantified using qRT-PCR in terminal (Week 8)
liver samples. SERPING I mRNA was normalized to mouse peptidyl-prolyl cis-trans
isomerase E (Ppie) and was reported as SERPING 1 copies per Ppie copies.

[0389] Consistent with vector genome concentration, a dose-dependent increase in transgene
expression was observed in male and female mice (FIG. 18). Furthermore, average transgene
expression in males was greater than females administered the same vector dose.

[0390] A comparison of vector dose with vector are stabilized in the null mice (C1-INH
knockout) study.

Conclusions

[0391] Administration of AAV-encapsidated SEQ ID NO: 20 at doses of 4.0x10'? vg/kg
(intermediate dose) and 1.0x10"? vg/kg (high dose) were capable of restoring circulating
levels of C1-INH antigen to physiologic or supraphysiologic levels in C1-INH knockout male
and female mice. Consistent with previous reports in mice, a sex-specific response was
observed following AAV-mediated, liver-directed gene delivery.

Example S - Characterization of Serpingl deficiency on a B6.SJL mouse background
(FIG. 20)

[0392] Serpingl” mice on the C57BL/6xSJL background (Molecular Innovations) were used
as a model of HAE. In experiments conducted to characterize the commercially available
mouse model, no vascular permeability differences were observed between the strain-
matched wild-type control and the Serping1”- mice, as assessed by Evan’s blue dye
extravasation (data not shown and FIG. 20A) paw volume plethysmography. Clear
differences were observed in FIG. 20B) plasma C1-INH, FIG. 20C) bradykinin, FIG. 20D)
C4a, and FIG. 20 E) tissue plasminogen activator (tPA). While C1-INH, C4a, and tPA
followed an expected relationship with C1-INH, bradykinin levels appeared to be increased,
rather than decreased, in the presence of endogenous mC1-INH.

Example 6 - 121 (SEQ ID NO: 22) drives dose-dependent, durable hC1-INH antigen
levels in plasma of HAE model mice (FIG 21)

[0393] Plasma hC1-INH levels in FIG. 21A) B6/SJL 72! */+. FIG. 21B) B6/SJLSrpingl /-
and FIG. 21C) B6/SJLSPingl"- male mice were injected with one of three doses of AAV-
encapsidated 121 (SEQ ID 22), ranging from 1.0x10'2 to 3.16x10" vg/kg in quarter-log
increments. These doses were intended to span a potential threshold of functional C1-INH in
the presence of varied levels of endogenous mC1-INH, under which it is theoretically

possible that constitutive low-level complement activation would result in accelerated C1-
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INH catabolism. While no overt differences were observed in peak circulating C1-INH,
Serpingl”- animals exhibited delayed time-to-threshold kinetics. Differences in peak
expression were found to be derived from variation in dosing formulation, rather than driven
by genotype (data not shown).

Example 7 - C1-INH expression and pharmacodynamics (FIG. 22)

[0394] Data comparing hC1-INH expression in different Serping/ genotypes indicated a
potential effect of endogenous mC1-INH on hC1-INH dose response (FIG. 22A & FIG. 22B),
however a clear relationship was not established. Circulating plasma hC1-INH had a clear
and consistent negative correlation with plasma bradykinin (FIG. 22C) and tPA activity (FIG.
22D), indicating functional regulation of elements of the contact system and hemostasis.
Example 8 - 121 (SEQ ID NO: 22) drives dose-dependent, durable hC1-INH antigen
levels in plasma of HAE model mice (FIG. 23)

[0395] B6/SILSP2!"- male mice were injected with one of five doses of 121 (SEQ ID NO
22), ranging from 9.5x10* t0 3.0x10" vg/kg. (FIG. 23A) Plasma C1-INH levels as measured
by ELISA as a function of time. Values are in units of IU/mL and presented as mean + SD.
(FIG. 23B) Steady-state C1-INH antigen levels in B6/SJLS7"!”- male mice as a function of
vector dose. All values were logio transformed and a linear fit was generated using regression
analysis (R’=0.88). C1-INH activity as measured by C1-esterase inhibition exhibited a linear
dose-response and correlated with antigen levels (data not shown).

Example 9 - 121 (SEQ ID NO: 22) mediated reduction in bradykinin, the primary driver
of angioedemic attack, in HAE disease model mice (FIG. 24)

[0396] FIG. 24A) Individual and mean = SD plasma bradykinin levels in each dose cohort.
With the exception of the lowest vector dose cohort, animals that received 121 vector
displayed significant reductions in mean plasma bradykinin relative to excipient-treated mice.
Statistical comparison relative to excipient was performed by one-way ANOV A with post-
hoc Dunnett’s multiple comparisons test (**, p<0.01; *** p<0.001). FIG. 24B). Plasma C1-
INH levels were inversely correlated with plasma bradykinin levels and exhibited a linear
relationship with respect to C1-INH antigen (R?>=0.81).

Example 10 - 121 (SEQ ID NO: 22) mediated C1-INH rescues C4 levels in the mouse
model of HAE (FIG. 25)

[0397] Plasma C4 was analyzed at study terminus by an automated capillary-based
immunoassay system (Wes™, ProteinSimple). FIG. 25A) Individual and mean = SD relative
C4 expression in each dose cohort. FIG. 25B) Individual relative plasma C4 values plotted

relative to each animal’s respective C1-INH antigen level at Week 31. All values were logio
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transformed and a linear fit was generated using regression analysis (R’=0.87). The level of
C4 was also examined as a function of plasma C1-INH (FIG. 25C).

Example 11 - Toxicology Study

[0398] AAV-encapsidated 121 (SEQ ID NO: 22) toxicology was assessed in C57BL/6J male
and female mice. Male mice were dosed with AAV-encapsidated 121 at 2.5 x 10" vg/kg, 5.0
x 10" vg/kg, or 1.0 x 10", Female mice were dosed with AAV-encapsidated 121 at 1.0 x
105 vg/kg, 5.0 x 1013 vg/kg, or 9.9 x 10" vg/kg. All dosed mice survived to term (30 days)
and no microscopic findings in a histopathological evaluation were considered to be directly
related to administration of AAV-encapsidated 121. C1-INH levels in the dosed mice
exceeded 100% of normal by >30 to 60 fold (FIG. 26A and FIG. 26B).

Example 12 — Non-Human Primate (NHP) Dose Study

[0399] The objectives of this NHP dose estimation study was to assess AAV-encapsidated
121 vector safety and to elucidate a range of doses to achieve therapeutic levels of human C1-
INH to inform the starting clinical dose. Three ascending vector doses of 1.0 x 10" vg/kg, 3.2
x 10'% vg/kg, and 1.0 x 10'* vg/kg were aimed to target 20%, 70%, and 200% of normal
circulating C1-INH in both male and female cynomolgus macaques.

[0400] Table 11

Group No.

1 Vehicle 0 6 6

2 AAV- 1.0x 108 4 4
encapsidated 121 (Low)

3 AAV- 3.2x 10" (Mid) 4 4
encapsidated 121

4 AAV- 1.0x 10™ 3 3
encapsidated 121 (High)

[0401] Human C1-INH Antigen Levels in NHP Plasma: Human C1-INH was quantified using
a LC-MS/MS method. Plasma-derived human C1-INH (Molecular Innovations, #HC1INH-
1.0MG) was used to prepare standards that ranged from 10 ug/mL to 0.1 pg/mL and QC samples
targeting 30 and 300 ug/mL following a 50-fold dilution. Samples were diluted up to 5-fold prior
to quantification.

[0402] Activity of Human C1-INH in NHP Plasma: C1-INH activity was quantified using
a modified version of the Technochrom C1-INH kit (Diapharma, 5345003), a chromogenic
Cl-esterase inhibitor assay in which C1-INH is titrated against an excess of Cl-esterase and

the residual Cl-esterase activity is measured. Provided vials of C1-esterase and substrate
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were reconstituted with the indicated, on each vial, volume of nuclease-free water, and
National Institute for Biological Standards and Control (NIBSC) concentrate (08/256) was
reconstituted in cell culture grade water to obtain a stock concentration of 19.2 TU/mL
(1920% Normal Activity). The provided Buffer B was placed in a water bath at 37 °C to
allow equilibration to the appropriate temperature prior to use. In a 96-well tissue culture
plate, samples were diluted 1:10 in provided Buffer A. A standard curve was prepared using
NIBSC concentrate (08/256) in Buffer A, ranging from 200% Normal Activity to 17.3%
Normal Activity for a total of 8 reference points, with the final point consisting of buffer
alone (0% of normal C1-INH activity). A 1:6 dilution of substrate was prepared in Buffer B
and QC samples were prepared consecutively in Cyno Normal Pooled Plasma and Buffer A
to achieve 75% and 3-0% Normal Activity. 20 uL. of Human C1-esterase was added to a
fresh 96-well tissue culture plate. 20 uL of standard, QCs and samples were added to all
wells containing human C1-esterase in duplicate and the plate was incubated at 37 °C for 5
minutes and 30 seconds, after which, 120 uL of diluted prewarmed substrate was added to
each well and the plate was incubated for an additional 20 minutes at 37 °C. Following the 20
minute incubation, the plate was immediately read every 54 seconds for 5 minutes on a
SpectraMax 13x plate reader (Molecular Devices) set to 37 °C for optical density at 405 nm.
The SoftMax Pro software was used to plot standards using a Log-Log transformed fit and
calculations were performed automatically. Reported results are the back-calculated dilutions
obtained from interpolation using this standard curve and reported as percentage of normal
CI1-INH activity following normalization for % normal C1-INH activity obtained in pre-dose
Day 1 plasma samples.

[0403] FIG. 27A and FIG. 27B illustrate the results of the dosing study looking at different
timepoints. AAV-encapsidated 121 (SEQ ID NO: 22) generated a sustained increase in both
hCI1-INH antigen and activity. In addition, C1-INH expression spanned the therapeutic
range.

[0404] FIG. 28A and FIG. 28B illustrates hC1-INH antigen level and peak percent normal
C1-INH activity produced with different doses of AAV-encapsidated 121. Two-way ANOVA
of logio-trasnsformed data was performed for both analysis. Antigen and activity correlated
well over all doses tested, regardless of sex. No statistical difference was observed in the

expression between males and females.
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[0405] Example 13 — In Vitro hC1-INH Expression from Plasmids

PCT/US2022/014091

[0406] Huh7 cells were transfected in vitro with different SERPING1 expression plasmids

and hC1-INH antigen levels in supernatant were measured. The different expression

plasmids contained the AAV expression cassettes as indicated in Table 12.
[0407] Table 12

[0408] List of plasmids along with their abbreviations:

SEQ Figure 29

D Abbreviated Plasmid
NO Name

22 pAAV ApoE hAAT HBB2ml SERPINGlco21 BGH228 pAAV SERPINGI 121

SINES LINES -CpG

28 pSwap ApoE hAAT HBB2ml SERPINGlcol21 BGH228 pSwap-SERPINGI1 121
34 pSwap 2xApoE hAAT HBB2ml SERPINGlco2l BGH228 2xApoE 5’
35 pSwap 4xApoE hAAT HBB2ml SERPINGIlco2l BGH228 4xApoE 5'
36 pSwap hAAT HBB2ml SERPINGlco2l 2xApoE BGH228 2xApoE 3'
37 pSwap_hAAT_HBB2m1_SERPING1co21_4xApoE_BGH228 4xApoE 3’
38 pSwap ApoE hAAT HBB2ml SERPINGlco2l hAATenh BGH228 hAAT enh 3'
39 ggwapiApoEihAATiHBBZml7SERPING 1co21 hAATenh(col) BGH2 hAAT enh (col) 3'
42 pSwap ApoE hAAT HBB2ml SERPINGlco2l WPRE BGH228 WPRE
43 pSwap ApoE hAAT HBB2ml SERPINGlco2l WPREcol BGH228 WPRE(col)
40 pSwap ApoE hAAT HBB2ml SERPINGlco2l WPRE3 BGH228 WPRE3
41 pSwap ApoE hAAT HBB2ml SERPINGlco2l WPRE3col BGH228 | WPRE3(col)
56 pAAV ApoE hAAT HBB2ml SERPINGIlco21 BGH228 (-ORFs) (-ORFs)
44 pSwap ApoE hAAT HBB2ml(-ATG) SERPINGIco2l BGH228 HBB2 -ATG
27 PAAV _ApoE hAAT HBB2ml SERPINGlcol21(-RIDD) BGH228 (-RIDD)
229 | pAAV_ApoE hAAT HBB2ml(-ATG) SERPINGIlcol21(- ) E
RIDD) BGH228 (HBB2 -ATG/ -RIDD)
57 pSwap ApoE hAAT SERPINGIlco2l1(SERPINGI 5'UTR) BGH228 SERPINGI 5'UTR
61 pSwap ApoE hAAT (SERPINGI1 APRE)
HBB2ml SERPINGIlco21 BGH228 SERPINGI APRE
60 g%zv%;%pc}ogz};?ATisERPlNGlmZI(SERPINGIAPRE/ SERPING1 APRE & 5SUTR
62 E%NT?II{))?ApoEihAATiHBBZmI7SERPING100217BGH228 (SAA2 SAA2 SUTR
63 %Sﬂfv;%piApoEihAATiHBBZml7SERPING1coZliBGHZZS (SAA23 SAA2 3'UTR
64 %Spfv;fl)piApoEihAATiHBBZml7SERPING1cozliBGH228 (SAA2 5'&3 SAA2 5'&3' UTR
65 pSwap ApoE hAAT(APRE-SAA2) HBB2ml (SAA2 \
S"YSERPINGlco21 BGH228 SAAZ APRE & SUTR
66 pSwap (2x ADRES)ApoE hAAT HBB2ml SERPINGIco21 BGH228 | 2xADRES
67 pSwap ApoE hAAT HBB2ml SERPINGIlco21(+RIDD1x) BGH228 RIDD1x
68 pSwap ApoE hAAT HBB2ml SERPINGIlco21(+RIDD3x) BGH228 RIDD3x
69 ggwapiApoEihAATiHBB2ml7SERPING1c02l(+RIDDlelos)7BGH2 RIDD IxBlos
45 pSwap ApoE hAAT SERPINGIlco2l(Intron 1-2,2-3) BGH228 Intron 1-2, 2-3
46 pSwap ApoE hAAT HBB2ml SERPINGlco2l(Intron 2-3) BGH228 Intron 2-3
47 pSwap ApoE hAAT HBB2ml SERPINGlco2l(Intron 3-4) BGH228 Intron 3-4
58 pSwap ApoE hAAT HBB2ml SERPINGlco21(Intron 2-3) BGH228 - a
SINES LINES Intron 2-3 -LINES/SINES
227 | pSwap_ApoE hAAT HBB2ml SERPINGlco2l(Intron2-3) BGH228 -

Intron 2-3 -LINES/SINES(-
CpG)
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59

pSwap ApoE hAAT HBB2ml SERPINGlco21(Intron 3-4) BGH228 -
SINES LINES

Intron 3-4 -LINES/SINES

228

pSwap ApoE hAAT HBB2ml SERPINGlco2l(Intron 3-4) BGH228 -
SINES LINES-CpG

Intron 3-4 -LINES/SINES(-
CpG)

[0409] The results are shown in Figure 29. Results are the average of biological replicates

n=3. Error bars represent standard deviation. Nearly all plasmids demonstrated increased

expression levels of secreted human C1-INH compared to a control plasmid having green

fluorescent protein (GFP) driven by CAG (pCAG_GFP), indicating that these plasmids

resulted in expression of the SERPING1 transgene product.

[0410] Huh7 cells were transfected in vifro with different SERPING1 expression plasmids
containing SEQ ID NOs: 49, 50, 51, 52, 53, or 54; and C1-INH antigen levels in the

supernatant were undetectable (data not shown).

[0411] Example 14 - SERPING1 Expression Plasmid With miR-142-3p Target Site

[0412] Huh7 cells were transfected in vifro with plasmid containing a nucleic acid of SEQ ID
NO: 28 (pSwap-SERPING1 121), SEQ ID NO: 55 (mir 142-3p), or control plasmid

pCAG_GFP; and hC1-INH antigen secreted into the supernatant was assayed. The results are

shown in Figure 30. Results are the average of biological replicates n=3. Error bars represent

standard deviation.

[0413] The miR-142-3p target site plasmid demonstrated increased expression levels of secreted

human C1-INH compared to a green fluorescent protein (pCAG_GFP) control plasmid,

indicating that it resulted in expression of the SERPINGI transgene product. In addition, the

miR-142-3p plasmid yielded levels of human C1-INH relatively similar to those of pSwap-
SERPINGI I21.

[0414] The instant invention is generally disclosed herein using affirmative language to

describe the numerous embodiments of the instant invention. The instant invention also

specifically includes embodiments in which particular subject matter is excluded, in full or in

part, such as substances or materials, method steps and conditions, protocols, or procedures.

For example, in certain embodiments of the instant invention, materials and/or method steps

are excluded. Thus, even though the instant invention is generally not expressed herein in

terms of what the instant invention does not include, aspects that are not expressly excluded

in the instant invention are nevertheless disclosed herein.
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CLAIMS

I/we claim:

1. A polynucleotide comprising a nucleic acid encoding a C1 inhibitor, wherein the nucleic
acid is CpG-reduced and/or codon optimized compared to the wild-type coding sequence of

the C1 inhibitor.

2. The polynucleotide of claim 1, wherein said polynucleotide comprises a nucleic acid
sequence at least 85% identical to SEQ ID NO: 238, 236 or 243 and said C1 inhibitor
comprises a sequence at least 93% identical to SEQ ID NO: 181.

3. The polynucleotide of claim 2, wherein said polynucleotide comprises a nucleic acid
sequence at least 85% identical to SEQ ID NO: 238 said C1 inhibitor comprises a sequence at
least 95% identical to SEQ ID NO: 181.

4. The polynucleotide of claim 3, wherein said polynucleotide comprises a nucleic acid
sequence at least 95% identical to SEQ ID NO: 238 and said C1 inhibitor comprises a
sequence at least 95% identical to SEQ ID NO: 181.

5. The polynucleotide of claim 4, wherein said polynucleotide comprises a nucleic acid
sequence at least 97% identical to SEQ ID NO: 238 said C1 inhibitor comprises SEQ ID NO:
181.

6. The polynucleotide of any one of claims 2-5, wherein said polynucleotide further
comprises a signal peptide sequence at the 5° end of said nucleic acid sequence and said

signal peptide sequence is at least 95% identical to the nucleic acid of SEQ ID NO: 264.

7. The polynucleotide of claim 1, wherein the nucleic acid is selected from the group
consisting of: (1) a polynucleotide having at least 83% sequence identity to the sequence of
SEQ ID NO: 105; (2) a polynucleotide having at least 83% sequence identity to the sequence
of SEQ ID NO: 106; (3) a polynucleotide having at least 80% sequence identity to the
sequence of SEQ ID NO: 107; (4) a polynucleotide having at least 80% sequence identity to
the sequence of SEQ ID NO: 108; (5) a polynucleotide having at least 83% sequence identity
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to the sequence of SEQ ID NO: 109; (6) a polynucleotide having at least 84% sequence
identity to the sequence of SEQ ID NO: 110; (7) a polynucleotide having at least 80%
sequence identity to the sequence of SEQ ID NO: 111; (8) a polynucleotide having at least
83% sequence identity to the sequence of SEQ ID NO: 112; (9) a polynucleotide having at
least 82% sequence identity to the sequence of SEQ ID NO: 113; (10) a polynucleotide
having at least 82% sequence identity to the sequence of SEQ ID NO: 114; (11) a
polynucleotide having at least 82% sequence identity to the sequence of SEQ ID NO: 115;
(12) a polynucleotide having at least 80% sequence identity to the sequence of SEQ ID NO:
116; (13) a polynucleotide having at least 80% sequence identity to the sequence of SEQ ID
NO: 117; (14) a polynucleotide having at least 83% sequence identity to the sequence of SEQ
ID NO: 118; (15) a polynucleotide having at least 80% sequence identity to the sequence of
SEQ ID NO: 119; (16) a polynucleotide having at least 80% sequence identity to the
sequence of SEQ ID NO: 120; (17) a polynucleotide having at least 80% sequence identity to
the sequence of SEQ ID NO: 121; (18) a polynucleotide having at least 83% sequence
identity to the sequence of SEQ ID NO: 122; (19) a polynucleotide having at least 93%
sequence identity to the sequence of SEQ ID NO: 123; (20) a polynucleotide having at least
92% sequence identity to the sequence of SEQ ID NO: 124; (21) a polynucleotide having at
least 89% sequence identity to the sequence of SEQ ID NO: 125; (22) a polynucleotide
having at least 86% sequence identity to the sequence of SEQ ID NO: 126; (23) a
polynucleotide having at least 92% sequence identity to the sequence of SEQ ID NO: 127,
(24) a polynucleotide having at least 89% sequence identity to the sequence of SEQ ID NO:
128; (25) a polynucleotide having at least 89% sequence identity to the sequence of SEQ ID
NO: 129; (26) a polynucleotide having at least 91% sequence identity to the sequence of SEQ
ID NO: 130; (27) a polynucleotide having at least 92% sequence identity to the sequence of
SEQ ID NO: 131; (28) a polynucleotide having at least 93% sequence identity to the
sequence of SEQ ID NO: 132; (29) a polynucleotide having at least 93% sequence identity to
the sequence of SEQ ID NO: 133; (30) a polynucleotide having at least 87% sequence
identity to the sequence of SEQ ID NO: 134; (31) a polynucleotide having at least 89%
sequence identity to the sequence of SEQ ID NO: 135; (32) a polynucleotide having at least
93% sequence identity to the sequence of SEQ ID NO: 136; (33) a polynucleotide having at
least 93% sequence identity to the sequence of SEQ ID NO: 137; (34) a polynucleotide
having at least 87% sequence identity to the sequence of SEQ ID NO: 138; (35) a
polynucleotide having at least 86% sequence identity to the sequence of SEQ ID NO: 139;
(36) a polynucleotide having at least 86% sequence identity to the sequence of SEQ ID NO:
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140; (37) a polynucleotide having at least 86% sequence identity to the sequence of SEQ ID
NO: 141, optionally, the C1 inhibitor comprises the amino acid sequence of SEQ ID NO: 181
or 192.

8. The polynucleotide of claims 1-7, wherein the nucleic acid contains fewer than 24 CpG

dinucleotides, optionally 0 CpG dinucleotides.

9. The polynucleotide of claim 1, wherein the nucleic acid has a polynucleotide sequence of
any one of SEQ ID NOs: 105-142, 145-147, 156, 171 and 172.

10. A polynucleotide comprising a nucleic acid encoding a variant C1 inhibitor, wherein the
nucleic acid is selected from the group consisting of SEQ ID NOs: 143-144, 158, and 165-
170, optionally the variant C1 inhibitor comprises an amino acid sequence of any one of SEQ
ID NOs: 193-201.

11. A polynucleotide comprising a nucleic acid encoding a C1 inhibitor, wherein the nucleic
acid comprises a sequence of SEQ ID NO: 119, and wherein the C1 inhibitor comprises the

amino acid sequence of 192.

12. The polynucleotide of any one of claims 1-5 and 7-11, comprising a nucleic acid
encoding a signal peptide sequence operably linked to the 5 end of the polynucleotide

sequence encoding the C1 inhibitor or the variant C1 inhibitor.

13. The polynucleotide of claim 12, wherein the signal peptide is selected from the group
consisting of C1 inhibitor signal peptide, human chymotrypsinogen B2 signal peptide, ALB
signal peptide, ORM1 signal peptide, TF signal peptide, AMBP signal peptide, LAMP1
signal peptide, BTN2A2 signal peptide, CD300 signal peptide, NOTCH2 signal peptide,
STRC signal peptide, AHSG signal peptide, SYN1 signal peptide, SYN2 signal peptide,
SYN3 signal peptide, and SYN4 signal peptide.

14. The polynucleotide acid of claim 13, wherein the signal peptide has the polynucleotide
sequence of one of SEQ ID NOs: 84-103.
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15. An expression cassette comprising the polynucleotide of any one of claims 1-14, operably

linked to an expression control element.

16. The expression cassette of claim 15, further comprising a polyadenylation sequence

operably linked to the 3’ end of the nucleic acid encoding the C1 inhibitor.
17. The expression cassette of claim 15 or 16, wherein the expression control element or
polyadenylation sequence is CpG-reduced compared to the wild-type expression control

element or polyadenylation sequence.

18. The expression cassette of any one of claims 15-18, wherein the expression control

element comprises an ApoE/hAAT enhancer/promoter sequence.

19. The expression cassette of any one of claims 15-18, wherein the polyadenylation

sequence comprises a bovine growth hormone (bGH) polyadenylation sequence.
20. The expression cassette of claim 18 or 19, wherein the ApoE/hAAT enhancer/promoter
sequence or the bGH polyadenylation sequence is CpG-reduced compared to wild-type

ApoE/hAAT enhancer/promoter sequence or bGH polyadenylation sequence.

21. The expression cassette of any one of claims 18-20, wherein the ApoE enhancer sequence

comprises the polynucleotide sequence of one of SEQ ID NOs: 225 and 74-76.

22. The expression cassette of any one of claims 18-21, wherein the hAAT promoter

sequence comprises the polynucleotide sequence of SEQ ID NOs: 79 or 80.

23. The expression cassette of any one of claims 18-22, wherein the bGH polyadenylation

sequence comprises the polynucleotide sequence of SEQ ID NO: 83.

24. The expression cassette of any one of claims 15-23, further comprising an intron.

25. The expression cassette of claim 24, wherein the intron comprises a human hemoglobin f3

(HBB)-derived intron.
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26. The expression cassette of claim 25, wherein the human hemoglobin f (HBB)-derived

intron sequence comprises the polynucleotide sequence of SEQ ID NOs: 81 or 82.

27. The expression cassette of any one of claims 15-26, further comprising one or more

enhancers.

28. The expression cassette of claim 27, wherein the enhancer is selected from the group

consisting of ApoE, 2xApoE, 4xApoE, hAAT, WPRE3, and WPRE.

29. The expression cassette of claim 28, wherein the enhancer sequence is codon optimized.

30. The expression cassette of claim 28 or 29, wherein the enhancer comprises the

polynucleotide sequence of one of SEQ ID NOs: 225 and 74-78 and 173-178.

31. The expression cassette of any one of claims 15-28, further comprising one or more
response elements selected from the group consisting of an miRNA binding site, a regulated
Irel-dependent decay (RIDD) sequence, an acute phase response element (APRE), a 5° UTR,
and a3” UTR.

32. The expression cassette of claim 31, wherein the expression cassette further comprises an
miRNA binding site, optionally the miRNA binding site comprises the polynucleotide
sequence of SEQ ID NO: 179.

33. The expression cassette of claim 31, wherein the expression cassette further comprises a
RIDD sequence, optionally the RIDD sequence comprises the polynucleotide sequence of

one of SEQ ID NOs: 185-187.
34. The expression cassette of claim 31, wherein the expression cassette further comprises an
APRE sequence, optionally the APRE sequence comprises the polynucleotide sequence of

one of SEQ ID NOs: 77, 78, 180, 182 and 183.

35. The expression cassette of claim 31, wherein the expression cassette further comprises a

3> UTR, optionally the 3° UTR comprises the polynucleotide sequence of SEQ ID NO: 184.
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36. An adeno-associated virus (AAV) vector comprising the polynucleotide or expression

cassette of any one of claims 1-35.

37. The AAV vector of claim 36, wherein the AAV vector comprises: (a) one or more of an
AAYV capsid, and (b) one or more AAV inverted terminal repeats (ITRs), wherein the AAV

ITR(s) flanks the 5° or 3” terminus of the polynucleotide or the expression cassette.

38. The AAV vector of claim 37, wherein at least one or more of the ITRs is modified to

have reduced CpGs.

39. The AAV vector of any one of claims 36-38, wherein the AAV vector has a capsid
serotype comprising a modified or variant AAV VP1, VP2 and/or VP3 capsid having 90% or
more sequence identity to AAV1, AAV2, AAV3, AAV4, AAVS, AAV6, AAV7, AAVS,
AAV9, AAV10, AAV11, AAVI12, Rh10, Rh74 (SEQ ID NO: 188), AAV3B, AAV-2i8, SEQ
ID NO: 226, SEQ ID NO: 189, SEQ ID NO: 190, and/or SEQ ID NO: 191; or a capsid
having 95% or more sequence identity to AAV1, AAV2, AAV3, AAV4, AAVS5, AAV6,
AAV7, AAVS, AAV9, AAV10, AAV11, AAV12, Rh10, Rh74 (SEQ ID NO: 188), AAV3B,
AAV-2i8, SEQ ID NO: 226, SEQ ID NO: 189, SEQ ID NO: 190, and/or SEQ ID NO: 191; or
a capsid having 100% sequence identity to AAV1, AAV2, AAV3, AAV4, AAVS, AAV6,
AAV7, AAVS, AAV9, AAV10, AAV1I1, AAV12, Rh10, Rh74 (SEQ ID NO: 188), AAV3B,
AAV-2i8, SEQ ID NO: 226, SEQ ID NO: 189, SEQ ID NO: 190, and/or SEQ ID NO: 191.

40. The AAV vector of any one of claims 36-39, wherein the ITRs comprise one or more
ITRs of any of AAV1, AAV2, AAV3, AAV4, AAVS, AAV6, AAVT, AAVE, AAV9,
AAV10, AAV11, AAV12, Rh10, Rh74, AAV3B, AAV serotypes, or a combination thereof.

41. An AAV vector comprising,

(1)a5 AAV ITR, optionally a 5* ITR of AAV2, optionally a 5° ITR comprising the
polynucleotide sequence of SEQ ID NO: 70 or 72;

(2) one or more tissue specificity elements, wherein the tissue specificity element is a
promoter, optionally the promoter comprises the polynucleotide sequence of SEQ ID NO: 79
or 80,

(3) one or more potency elements, wherein the one or more potency elements are

enhancers or poly A sequences, optionally wherein the one or more potency elements have a
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polynucleotide sequence selected from the group consisting of SEQ ID NOs: 225, 74-76, 83,
and 173-178;

(4) one or more response elements, wherein the one or more response elements are
miRNA binding sites, regulated Irel-dependent decay (RIDD) sequences, acute phase
response elements (APREs), introns, or 5° or 3’ UTR sequences, optionally wherein the one
or more response elements have a polynucleotide sequence selected from the group
consisting of SEQ ID NOs: 77-78, 81-82, and 179-187;

(5) anucleic acid encoding a signal peptide, optionally the signal peptide comprising
an amino acid sequence selected from the group consisting of SEQ ID NOs: 203-218,
optionally a polynucleotide sequence selected from the group consisting of SEQ ID NOs: 84-
103:

(6) anucleic acid encoding at least one of a C1 inhibitor, a variant C1 inhibitor, and a
fusion or combination thereof,

(a) optionally, a C1 inhibitor having the amino acid sequence of SEQ ID NO:
181 or 192, optionally a polynucleotide sequence selected from the group consisting of SEQ
ID NOs: 104-142, 145-147, 156, and 171-172;

(b) optionally, a variant C1 inhibitor having an amino acid sequence selected
from the group consisting of SEQ ID NOs: 193-201, optionally a polynucleotide selected
from the group consisting of SEQ ID NOs: 143, 144, 158, and 165-170; and

(7) a3” AAV ITR, optionally a 3’ ITR of AAV2, optionally a 3° ITR comprising the
polynucleotide sequence of SEQ ID NO: 71 or 73.

42. The AAV vector of claim 36 comprising a polynucleotide sequence having at least 99%

identity to a sequence selected from the group consisting of SEQ ID NOs: 1-69 and 227-229.

43. The AAV vector of any one of claims 36-42 , wherein said polynucleotide is encapsidated

by a capsid comprising VP1 of SEQ ID NO: 226.

44. The AAV vector of claim 43, wherein said capsid comprises VP1 of SEQ ID NO: 226,
VP2 of SEQ ID NO: 189 and VP3 of SEQ ID NO: 190.

45. The AAV vector of claims 43 or 44, wherein said polynucleotide comprises a nucleic acid
sequence at least 99% identical to SEQ ID NO: 22, provided that said nucleic acid sequence
encodes the sequence of SEQ ID NO: 192.
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46. The AAV vector of claims 43 or 44, where said polynucleotide comprises the nucleic acid

sequence of SEQ ID NO: 22.

47. An AAV vector comprising the polynucleotide sequence of SEQ ID NO: 22.

48. A pharmaceutical composition comprising one or a plurality of AAV vectors of any of

claims 36-47 in a biologically compatible carrier or excipient.

49. The pharmaceutical composition of claim 48, further comprising empty AAV capsids.

50. The pharmaceutical composition of claim 49, wherein the ratio of said empty AAV
capsids to the AAV vector is from about 100:1 to about 50:1, from about 50:1 to about 25:1,
from about 25:1 to about 10:1, from about 10:1 to about 1:1, from about 1:1 to about 1:10,
from about 1:10 to about 1:25, from about 1:25 to about 1:50, or from about 1:50 to about
1:100.

51. The pharmaceutical composition of any one of claims 48-50, further comprising a

surfactant.

52. A method of treating a subject in need of C1 inhibitor, comprising administering to the
subject a therapeutically effective amount of the polynucleotide or expression cassette of any
one of claims 1-35, or the AAV vector of any one of claims 36-47, or the pharmaceutical

composition of any one of claims 48-51, wherein the C1 inhibitor is expressed in the subject.
53. The method of claim 52, wherein the subject has hereditary angioedema (HAE).

54. The method of claim 42 or 53, wherein the polynucleotide, expression cassette, AAV
vector, or pharmaceutical composition is administered to the subject intravenously,
intraarterially, intra-cavity, intramucosally, or via catheter.

55. The method of any one of claims 52-54, wherein the AAV vector is administered to the

subject in a range from about 1x10% to about 1x10'* vector genomes per kilogram (vg/kg) of

the weight of the subject.
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56. The method of any one of claims 52-55, wherein said subject is a human and the method
reduces, decreases or inhibits one or more symptoms of the need for C1 inhibitor or of HAE;
or prevents or reduces progression or worsening of one or more symptoms of the need for C1
inhibitor or of HAE; or stabilizes one or more symptoms of the need for C1 inhibitor or of

HAE; or improves one or more symptoms of the need for C1 inhibitor or of HAE.

57. A cell comprising the polynucleotide or expression cassette of any one of claims 1-35.
58. A cell that produces the AAV vector of any one of claims 36-47.

59. A method of producing the AAV vector of any one of claims 36-47, comprising (a)
introducing the AAV vector into a packaging helper cell; and (b) culturing the helper cell

under conditions to produce the AAV vector.

60. A polypeptide comprising a sequence at least 95%, or 100% to identical to any one of
SEQ ID NOs: 215, 216, 217, and 218.

61. A nucleic acid comprising a sequence encoding the polypeptide of claim 60.
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