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CYCLIC ADENOSINE MONOPHOSPHATE-INCOMPETENT
ADENYLYL CYCLASE AND COMPOSITIONS AND
METHODS FOR TREATING HEART FAILURE AND

INCREASING CARDIAC FUNCTION

RELATED APPLICATIONS
This Patent Convention Treaty (PCT) International Application claims the benefit
of priority under 35 U.S.C. § 119(e) of U.S. Provisional Application No. 61/832,759, filed
June 07, 2013. The aforementioned application is expressly incorporated herein by

reference in its entirety and for all purposes.

TECHNICAL FIELD
This invention relates generally to cellular and molecular biology, gene therapy
and medicine; and more specifically, to compositions methods for treating a subject
having or at risk of having heart failure or heart disease by administering a cyclic
adenosine monophosphate-incompetent (cCAMP-incompetent) adenylyl cyclase type 6
(AC6) protein or polypeptide (also called “an AC6mut”), or an AC6mut -encoding

nucleic acid sequence.

BACKGROUND

Adenylyl cyclase, a transmembrane protein in cardiac myocytes and other cells, is
the key effector molecule that transduces p-adrenergic signaling by generation of
intracellular cAMP. Cyclic-AMP is the second messenger for downstream events
including protein kinase A activation. Heart failure is associated with impaired cAMP
production, which is tightly linked to heart function. It has been shown that increased
cardiac AC type 6 (AC6), a dominant AC isoform expressed in mammalian cardiac
myocytes, has protean beneficial effects on the failing left ventricle (LV). These include:
1) increased survival in cardiomyopathy and in acute myocardial infarction, 2) reduced
action potential duration and facilitation of atrio-ventricular conduction associated with
reduction of AV block, 3) reductions in both LV dilation and pathological hypertrophy, 4)
beneficial effects on calcium handling through improved SERCA2a activity, increased
phospholamban activity, and 5) increased cardiac troponin I phosphorylation.

Consequently, several drugs have been generated which increase intracellular

levels of cAMP, and have been tested in patients with heart failure. However, these drugs
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typically increase mortality. The current dogma dictates that drugs and proteins that
increase levels of intracellular cAMP are deleterious to the failing heart, and therefore,

are unsuitable for the treatment of heart failure.

SUMMARY
In alternative embodiments, the invention provides methods for treating,
ameliorating or protecting (preventing) an individual or a patient against heart disease or
decreased cardiac function, comprising: providing a cyclic adenosine monophosphate-
incompetent (CAMP-incompetent) adenylyl cyclase type 6 (AC6) protein or polypeptide
(also called “an AC6mut”), or an AC6mut -encoding nucleic acid or a gene operatively
linked to a transcriptional regulatory sequence; or an expression vehicle, a vector, a
recombinant virus, or equivalent, having contained therein an AC6mut -encoding nucleic
acid or gene, and the expression vehicle, vector, recombinant virus, or equivalent can
express the an AC6mut -encoding nucleic acid or gene in a cell or iz vivo; and
administering or delivering the AC6mut, or the AC6émut-encoding nucleic acid or gene
operatively linked to a transcriptional regulatory sequence, or the expression vehicle,
vector, recombinant virus, or equivalent, to an individual or a patient in need thereof,
thereby treating, ameliorating or protecting (preventing) the individual or patient against
the heart disease or decreased cardiac function. In alternative embodiments, the AC6mut
comprises an adenylyl cyclase (AC) polypeptide having a substitution of an uncharged or
non-polar amino acid for a charged or an acidic amino acid in the catalytic core of the AC
polypeptide.
In alternative embodiments, the invention provides methods, and an in vivo
method for or method of:
(1) treating a subject having or at risk of having a heart disease or a heart failure;
(2) treating, ameliorating, reversing the effects of, protecting or preventing an
individual or a patient against:
a heart disease,
a heart failure,
a decrease in heart function or cardiac output,
a decrease in heart function or cardiac output due to a heart infection or a

heart condition,
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(3) enhancing calcium handling in intact cardiac myocytes by increasing
sarcoplasmic reticulum (SR) Ca”" uptake and/or increased Ca”" transients with reduced
time of relaxation in intact cardiac myocytes,

(4) inhibiting the generation of intracellular cAMP levels in cardiac myocytes,

(5) protecting a cardiac myocyte from a programmed cell death (apoptosis) signal,
or decreasing the number of cardiac myocytes signaled to programmed cell death
(apoptosis) subsequent to an apoptotic signal, or

(6) in heart failure patients or in individuals having a heart infection or a heart
condition resulting in a decrease in heart function or cardiac output: increasing heart
function or cardiac output, reducing symptom and/or decreasing mortality; or reducing
the frequency of hospitalizations for heart failure,

comprising:

(a) providing:

(1) a cyclic adenosine monophosphate-incompetent (cAMP-incompetent)
adenylyl cyclase type 6 (AC6) protein or polypeptide (also called “an
AC6mut”),

wherein optionally the AC6mut is a recombinant, a synthetic, a
peptidomimetic or an isolated AC6mut polypeptide or peptide; or

(i1) a AC6mut-encoding nucleic acid or gene:

wherein optionally the AC6mut-encoding nucleic acid or gene is
operatively linked to a transcriptional regulatory sequence, wherein optionally
the transcriptional regulatory sequence is a promoter and/or an enhancer, or a
cardiac cell-specific promoter or a myocyte-specific promoter; or

wherein optionally the AC6émut-encoding nucleic acid or gene is
operatively linked to a transcriptional regulatory sequence, and optionally the
AC6mut-encoding nucleic acid or gene is contained in a delivery vehicle, a
vector, an expression vector, a recombinant virus, or an equivalent, and the
delivery vehicle, expression vehicle, vector, recombinant virus, or equivalent
can express the AComut-encoding nucleic acid or gene in a cell or in vivo,

wherein optionally the cell is a cardiac cell or a myocyte;

wherein the AC6mut does not catalyze the breakdown of ATP to cAMP, or has
impaired ability to catalyze the breakdown of ATP to cAMP, and optionally the impaired
ability to catalyze the breakdown of ATP to cAMP is defined as the AC6mut having only

3
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about 1%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or 95% of the ATP to
cAMP catalytic activity of wild type AC6,

and when the AC6mut is expressed in a cardiac myocyte iz vivo left ventricular
(LV) function is not affected or does not decrease or LV function is substantially not
affected or decreased,

and optionally AC6émut expression in a cardiac myocyte increases sarcoplasmic
reticulum Ca®" uptake,

and optionally AC6mut expression in a cardiac myocyte reduces the EC50 for
SERCAZ2a activation,

and optionally AC6mut expression in a cardiac myocyte reduces expression of a
phospholamban protein, ,

and optionally the substitution inhibits Mg®* binding and alters the efficiency of
Gsa-mediated activation of the catalytic core;

(b) delivering or administering the AC6mut, or the ACémut-encoding nucleic acid
or gene, to a cardiac cell or a cardiac myocyte, or expressing the ACémut in a cardiac cell
or a cardiac myocyte, or expressing the AC6émut-encoding nucleic acid or gene in a
cardiac cell or a cardiac myocyte,

wherein optionally the AC6mut-encoding nucleic acid is operatively linked to a
transcriptional regulatory sequence, or optionally the delivery vehicle, vector, expression
vector, recombinant virus, or equivalent, is delivered or administered to a cardiac
myocyte cell, or to an individual or a patient in need thereof,

and optionally the delivering or administering of the AC6mut-encoding nucleic
acid or gene to the cardiac cell or myocyte ix vivo is a targeted delivery to a heart muscle
or a cardiac myocyte, or comprises direct delivery or administration to a heart, or
comprises an intracardiac injection or an infusion,

thereby:

treating the subject having or at risk of having a heart disease or a heart failure,

treating, ameliorating or protecting (preventing) an individual or a patient against
a heart disease, a heart failure, a decrease in heart function or cardiac output, a decrease in
heart function or cardiac output due to a heart infection or a heart condition,

enhancing calcium handling in intact cardiac myocytes by increasing sarcoplasmic
reticulum (SR) Ca®" uptake and/or increased Ca”" transients with reduced time of

relaxation in intact cardiac myocytes,
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inhibiting the generation of intracellular cAMP levels in cardiac myocytes,

protecting a cardiac myocyte from a programmed cell death (apoptosis) signal, or
decreasing the number of cardiac myocytes signaled to programmed cell death
(apoptosis) subsequent to an apoptotic signal, or

in heart failure patients or in individuals having a heart infection or a heart
condition resulting in a decrease in heart function or cardiac output: increasing heart
function or cardiac output, reducing symptom and/or decreasing mortality.

In alternative embodiments, the AC6mut comprises an adenylyl cyclase (AC)
polypeptide having a substitution of an uncharged or non-polar amino acid for a charged
or an acidic amino acid in the catalytic core of the AC polypeptide,

wherein optionally the uncharged or non-polar amino acid is an alanine (Ala), and
optionally the acidic amino acid is an aspartic acid (Asp), or optionally the uncharged or
non-polar amino acid is an Ala and the acidic amino acid is an Asp.

In alternative embodiments, the AC6mut comprises:

a murine adenylyl cyclase (AC) polypeptide having a substitution of an Ala for an
Asp at position 426 in the catalytic core of the AC polypeptide based on SEQ ID NO:16,
where SEQ ID NO:17 is the polypeptide amino acid sequence after the D => A
substitution (SEQ ID NO:16 is the amino acid sequence before the D => A substitution);
or

a murine AC6mut polypeptide having a substitution of an alanine, or Ala for an
Asp at position 436 in the catalytic core of the AC polypeptide based on SEQ ID NO:11,
where SEQ ID NO:12 is the polypeptide amino acid sequence after the D => A
substitution (SEQ ID NO:11 is the amino acid sequence before the D => A substitution).

In alternative embodiments, the AC6 is a mammalian AC6 polypeptide, or the
AC6 is a human AC6 polypeptide. In alternative embodiments, the human AC6
polypeptide comprises a human AC6 polypeptide having a substitution of an Ala for an
Asp at position 426 in the catalytic core of the AC polypeptide based on SEQ ID NO:10,
where SEQ ID NO:13 is the polypeptide amino acid sequence after the D => A
substitution (SEQ ID NO:10 is the amino acid sequence before the D => A substitution).

In alternative embodiments of the methods:

(a) the AComut-encoding nucleic acid or gene is stably inserted into a

chromosome of a cell;



WO 2014/197624

10

15

20

25

30

(b) the delivery vehicle, vector, expression vector, recombinant virus, or
equivalent, is or comprises: an adeno-associated virus (AAV); a recombinant AAV virus
or vector; an AAV virion, or an adenovirus vector, or any pseudotype, hybrid or
derivative thereof;

(¢) the method of (b), wherein the adeno-associated virus (AAV), recombinant
AAV virus or vector, AAV virion, or adenovirus vector, is or comprises: an AAV
serotype AAVS5, AAV6, AAV7, AAVSE or AAVY; a rhesus macaque AAV (AAVrh), or
an AAVrhl0; or any hybrid or derivative thereof;

(d) the AC6mut -encoding nucleic acid or gene is operatively linked to a regulated
or inducible transcriptional regulatory sequence;

(e) the method of (d), wherein the regulated or inducible transcriptional regulatory
sequence is a regulated or inducible promoter;

(f) the method of any of (a) to (¢), wherein administering the AC6mut -encoding
nucleic acid or gene operatively linked to a transcriptional regulatory sequence, or the
delivery vehicle, vector, expression vector, recombinant virus, or equivalent, to an
individual or a patient in need thereof results in: targeted delivery and expression of the
AC6mut in a cardiac myocyte, or a AC6mut being released into the bloodstream or
general circulation; or

(g) the method of any of (a) to (f), wherein a disease, infection or condition
responsive to an increased ACoémut level in vivo is a cardiac contractile dysfunction; a
congestive heart failure (CHF); a cardiac fibrosis; a cardiac myocyte disease; a cardiac
myocyte dysfunction or a cardiac myocyte apoptosis.

In alternative embodiments of the methods:

(a) the AC6mut -encoding nucleic acid or gene operatively linked to the
transcriptional regulatory sequence; or the delivery vehicle, vector, expression vector,
recombinant virus, or equivalent, is administered or delivered to the individual or a
patient in need thereof, by oral administration, by intramuscular (IM) injection, by
intravenous (IV) injection, by subcutancous (SC) injection, by intradermal injection, by
intrathecal injection, by intra-arterial (IA) injection, by intracoronary or intracardiac
injection, by intraocular injection or application, by inhalation, or by a biolistic particle
delivery system, or by using a “gene gun”, air pistol or a HELIOS™ gene gun (Bio-Rad

Laboratories, Hercules, CA),

PCT/US2014/040948
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wherein optionally the AC6mut -encoding nucleic acid or gene is delivered by
intravenous (IV) injection of an AAV vector, or AAV-9 vector; or

(b) the AC6mut -encoding nucleic acid or gene operatively linked to the
transcriptional regulatory sequence; or the expression vehicle, vector, recombinant virus,
or equivalent, is administered or delivered to the individual or a patient in need thereof,
by introduction into any cell, organ, tissue or fluid space within the body that is adjacent
to or is drained by the bloodstream, such that the encoded AC6mut protein may be
secreted from cells in the tissue and released into the bloodstream.

In alternative embodiments of the methods:

(a) the individual, patient or subject is administered a stimulus or signal that
induces expression of the AC6mut -expressing nucleic acid or gene, or induces or
activates a promoter (e.g., a promoter operably linked to the AC6mut -expressing nucleic
acid or gene) that induces expression of or up-regulates expression of the AC6mut -
expressing nucleic acid or gene;

(b) the individual, patient or subject is administered a stimulus or signal that
induces synthesis of an activator of a promoter, wherein optionally the promoter is an AC
gene promoter, or a myocyte cell-specific promoter;

(c) the individual, patient or subject is administered a stimulus or signal that
induces synthesis of a natural or a synthetic activator of the AC6mut -expressing nucleic
acid or gene or the AC6mut -expressing nucleic acid or gene-specific promoter,

wherein optionally the natural activator is an endogenous transcription factor;

(d) the method of (¢), wherein the synthetic activator is a zinc-finger DNA binding
protein designed to specifically and selectively turn on an endogenous or exogenous
target gene, wherein optionally the endogenous target is an AC6mut -expressing nucleic
acid or gene or an activator of an AC6mut, or a AC6mut -expressing nucleic acid or gene,
or an activator of a promoter operatively linked to a AC6mut -expressing nucleic acid or
gene;

(e) the method of any of (a) to (c¢), wherein the stimulus or signal comprises a
biologic, a light, a chemical or a pharmaceutical stimulus or signal,;

(f) the individual, patient or subject is administered a stimulus or signal that
stimulates or induces expression of a post-transcriptional activator of an AC6mut, or a
AC6mut -expressing nucleic acid or gene, or an activator of a promoter operatively linked

to a AC6mut -expressing nucleic acid or gene, or

7
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(g) the individual, patient or subject is administered a stimulus or signal that
inhibits or induces inhibition of a transcriptional repressor or a post-transcriptional
repressor of a AC6-expressing nucleic acid or gene.

In alternative embodiments: the chemical or pharmaceutical that induces
expression of the ACémut, or the AC6mut -expressing nucleic acid or gene, or induces
expression of the regulated or inducible promoter operatively linked to the AC6mut -
expressing nucleic acid or gene, is or comprises an oral antibiotic, a doxycycline or a
rapamycin; or a tet-regulation system using doxycycline is used to induce expression of
the AC6mut, or the AC6mut -expressing nucleic acid or gene, or an equivalent thereof.

In alternative embodiments: the AC6mut, or the AC6mut -expressing nucleic acid
or gene, or the delivery vehicle, vector, expression vector, recombinant virus, or
equivalent, is formulated in or as a lyophilate, a liquid, a gel, a hydrogel, a powder, a
spray, an ointment, or an aqueous or a saline formulation.

In alternative embodiments: the AC6mut, or the AComut -expressing nucleic acid
or gene or the delivery vehicle, vector, expression vector, recombinant virus, or
equivalent, comprises, or is formulated in, a vesicle, a hydrogel, a gel, a liposome, a
nanoliposome, a nanoparticle or a nanolipid particle (NLP).

In alternative embodiments: the AC6mut, or the AC6mut -expressing nucleic acid
or gene or the delivery vehicle, vector, expression vector, recombinant virus, or
equivalent, is formulated in an isolated or cultured cell, and optionally the cell is a
mammalian cell, a cardiac cell, or a human cell, a non-human primate cell, a monkey cell,
a mouse cell, a rat cell, a guinea pig cell, a rabbit cell, a hamster cell, a goat cell, a bovine
cell, an equine cell, an ovine cell, a canine cell or a feline cell.

In alternative embodiments: the AC6mut, or the AC6mut -expressing nucleic acid
or gene, or the delivery vehicle, vector, expression vector, recombinant virus, or
equivalent, is formulated as a pharmaceutical or sterile.

In alternative embodiments: the AC6mut, or the AC6mut -expressing nucleic acid
or gene or the delivery vehicle, vector, expression vector, recombinant virus, or
equivalent, is formulated or delivered with, on, or in conjunction with a product of
manufacture, an artificial organ or an implant.

In alternative embodiments: the AC6mut, or the AC6mut -expressing nucleic acid
or gene or the delivery vehicle, vector, expression vector, recombinant virus, or

equivalent expresses a AComut polypeptide ir vitro or ex vivo.
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In alternative embodiments, the invention provides methods for treating,
ameliorating, reversing, protecting or preventing an individual or a patient against a
AC6mut -responsive pathology, infection, disease, illness, or condition, comprising
practicing a method of the invention.

In alternative embodiments, the invention provides methods for treating,
ameliorating, reversing, protecting or preventing a cardiopathy or a cardiovascular disease
in an individual or a patient in need thereof, comprising practicing a method of the
invention. In alternative embodiments, the cardiopathy or cardiovascular discase
comprises: a coronary artery disease (CAD); an atherosclerosis; a thrombosis; a
restenosis; a vasculitis, an autoimmune or a viral vasculitis; a polyarteritis nodosa; a
Churg-Strass syndrome; a Takayasu's arteritis; a Kawasaki Disease; a Rickettsial
vasculitis; an atherosclerotic aneurism; a myocardial hypertrophy; a congenital heart
disease (CHD); an ischemic heart disease; an angina; an acquired valvular or an
endocardial disease; a primary myocardial disease; a myocarditis; an arrhythmia; a
transplant rejection; a metabolic myocardial disease; a myocardiomyopathy; a congestive,
a hypertrophic or a restrictive cardiomyopathy; and/or, a heart transplant.

In alternative embodiments, the invention provides uses comprising:

an AC6mut; an AComut -expressing nucleic acid or gene; a delivery vehicle, a
vector, an expression vector, a recombinant virus, or equivalent; an adeno-associated
virus (AAV); a recombinant AAV virus or vector; or an adenovirus vector, or any
pseudotype, hybrid or derivative thereof, as set forth in any of claims 1 to 16,

wherein optionally the AAV or recombinant AAV virus or vector comprises an
AAYV serotype AAVS, AAV6, AAVT, AAVSE or AAVY; a rhesus macaque AAV
(AAVrh), or an AAVrh10; or any hybrid or derivative thereof, or an AC6mut-expressing
cell or cardiac myocyte,

in the preparation of a medicament for:

(1) treating a subject having or at risk of having a heart disease or a heart failure;

(2) treating, ameliorating, reversing the effects of, protecting or preventing an
individual or a patient against:

a heart disease,
a heart failure,

a decrease in heart function or cardiac output,
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a decrease in heart function or cardiac output due to a heart infection or a
heart condition,

(3) enhancing calcium handling in intact cardiac myocytes by increasing
sarcoplasmic reticulum (SR) Ca”" uptake and/or increased Ca”" transients with reduced
time of relaxation in intact cardiac myocytes,

(4) inhibiting the generation of intracellular cAMP levels in cardiac myocytes,

(5) protecting a cardiac myocyte from a programmed cell death (apoptosis) signal,
or decreasing the number of cardiac myocytes signaled to programmed cell death
(apoptosis) subsequent to an apoptotic signal,

(6) in heart failure patients or in individuals having a heart infection or a heart
condition resulting in a decrease in heart function or cardiac output: increasing heart
function or cardiac output, reducing symptom and/or decreasing mortality; or reducing
the frequency of hospitalizations for heart failure;

(7) a cardiopathy or a cardiovascular disease; or

(8) a coronary artery disease (CAD); an atherosclerosis; a thrombosis; a
restenosis; a vasculitis, an autoimmune or a viral vasculitis; a polyarteritis nodosa; a
Churg-Strass syndrome; a Takayasu's arteritis; a Kawasaki Disease; a Rickettsial
vasculitis; an atherosclerotic aneurism; a myocardial hypertrophy; a congenital heart
disease (CHD); an ischemic heart disease; an angina; an acquired valvular or an
endocardial disease; a primary myocardial disease; a myocarditis; an arrhythmia; a
transplant rejection; a metabolic myocardial disease; a myocardiomyopathy; a congestive,
a hypertrophic or a restrictive cardiomyopathy; and/or, a heart transplant.

In alternative embodiments, therapeutic formulations as used or as set forth
herein, or as in any methods of the invention, for use in the treatment of or for:

(1) a heart disease, a heart failure, a decrease in heart function or cardiac output, a
decrease in heart function or cardiac output due to a heart infection or a heart condition,

(2) enhancing calcium handling in intact cardiac myocytes by increasing
sarcoplasmic reticulum (SR) Ca”" uptake and/or increased Ca®” transients with reduced
time of relaxation in intact cardiac myocytes,

(3) inhibiting the generation of intracellular cAMP levels in cardiac myocytes,

(4) protecting a cardiac myocyte from a programmed cell death (apoptosis) signal,
or decreasing the number of cardiac myocytes signaled to programmed cell death

(apoptosis) subsequent to an apoptotic signal,

10
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(5) in heart failure patients or in individuals having a heart infection or a heart
condition resulting in a decrease in heart function or cardiac output: increasing heart
function or cardiac output, reducing symptom and/or decreasing mortality; or reducing
the frequency of hospitalizations for heart failure;

(6) a cardiopathy or a cardiovascular disease; or

(7) a coronary artery disease (CAD); an atherosclerosis; a thrombosis; a
restenosis; a vasculitis, an autoimmune or a viral vasculitis; a polyarteritis nodosa; a
Churg-Strass syndrome; a Takayasu's arteritis; a Kawasaki Discase; a Rickettsial
vasculitis; an atherosclerotic aneurism; a myocardial hypertrophy; a congenital heart
disease (CHD); an ischemic heart disease; an angina; an acquired valvular or an
endocardial disease; a primary myocardial disease; a myocarditis; an arrhythmia; a
transplant rejection; a metabolic myocardial disease; a myocardiomyopathy; a congestive,

a hypertrophic or a restrictive cardiomyopathy; and/or, a heart transplant.

The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and
advantages of the invention will be apparent from the description and drawings, and from
the claims.

All publications, patents, patent applications cited herein are hereby expressly

incorporated by reference for all purposes.

DESCRIPTION OF DRAWINGS

Figure 1 illustrates the design, expression, activity and cellular distribution of the
exemplary AC6mut of the invention:

Fig. 1A schematically illustrates a diagram depicting the site of substitution of
alanine (ala) for aspartic acid (asp) (a D => A substitution) at position 426 (position
number based on SEQ ID NO:17, where SEQ ID NO:16 is the sequence before the D =>
A substitution) in the C1 domain (intracellular loop) in the construction of an exemplary
murine ACémut of the invention;

Fig. 1B graphically illustrates AC6mut mRNA expression as assessed by qRT-
PCR using primers common to endogenous AC6 and transgene AC6mut;

Fig. 1C illustrates an immunoblot detecting AC6mut protein using anti-AC5/6
antibody and confirmed using anti-AU1 tag antibody;

11
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Fig. 1D graphically illustrates cyclic AMP production in isolated cardiac
myocytes from AC6mut and control mice, before (Basal) and after stimulation with
isoproterenol, as measured by cAMP Enzyme immunoassay;

Fig. 1E illustrates a double immunofluorescence staining of AC6mut protein in
cardiac myocytes isolated from AC6mut vs control mice using anti-AU1 antibody (red);
anti-caveolin 3 (Cav-3) antibody (green, for caveolae); anti-protein disulphide-isomerase
(PDI) antibody (green, for sarcoplasmic reticulum); anti-lamin A antibody (green, for
nuclear envelope), and anti-voltage dependent anion selective channel protein (VDAC)
antibody (green, for mitochondria); Nucleus is blue;

as discussed in detail in Example 1, below.

Figure 2 illustrates the activities and expression of PKA, PKS and PDE:

Fig. 2A Upper Graph graphically illustrates levels of PKA activity in isolated
cardiac myocytes without stimulation (Basal) or stimulated with isoproterenol or
NKH477; and Fig. 2A Lower illustration illustrates a gel immunoblot showing PKA
protein in left ventricle (LV) homogenates;

Fig. 2B illustrates immunoblots showing the phosphorylation of key signaling
proteins using left ventricular homogenates from AC6mut and control mice; shown are
phospho (P) and Total (T) PKA regulatory subunits II-a and II-B, PKCa, phosphor-
diesterase type 3A (PDE3A), phospho-troponin I (P22/23-Tnl), and total Tnl;

Fig. 2C illustrates immunoblots showing the phosphorylation of RyR2, PLB and
Tnl before and after isoproterenol stimulation was assessed in cultured cardiac myocytes
isolated from each group;

Fig. 2D graphically illustrates the data from Fig. 2C indicating that isoproterenol
stimulation in AC6émut mice was associated with increased phosphorylation of RyR2,
PLB, and Tnl in cardiac myocytes; data is normalized for loading (GAPDH);

as discussed in detail in Example 1, below.

Figure 3 graphically illustrates Left Ventricular Contractile Function: isolated
hearts from AC6mut TG mice (closed circles) showed preserved LV dP/dt in response to
isoproterenol stimulation through a wide range of isoproterenol doses; open circles
represent transgene negative control mice; as discussed in detail in Example 1, below.

Figure 4 illustrates SR Ca®" uptake, Ca’" signaling proteins, and transcriptional

factors:
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Fig. 4A Upper graph, graphically illustrates Ca>" uptake activity in pooled LV
samples from AComut and TG negative sibling control mice; and Fig. 4A Lower graph,
graphically illustrates expression of AC6mut decreased SERCA2a affinity for Ca®’;

Fig. 4B Upper graph graphically illustrates AComut expression was associated
with decreased LV phospholamban (PLB) expression; and Fig. 4B Lower graph
graphically illustrates AC6mut expression was associated with increased LV CREM-1
protein expression; and Fig. 4B lower illustration illustrates immunoblots of the gels
showing protein levels; data is normalized for loading (GAPDH);

Fig. 4C Upper graph graphically illustrates AComut expression was associated
with increased LV S100A1 protein expression; and Fig. 4C Lower graph graphically
illustrates AC6mut expression was associated with increased LV P133-CREB protein
expression; and Fig. 4C lower illustration illustrates immunoblots of the gels showing
protein levels; data is normalized for loading (GAPDH);

Fig. 4D illustrates immunoblots of the gels showing AC6mut expression did not
affect LV expression of SERCA?2a, calreticulin, calsequestrin or phospho-S16-PLB
proteins;

Fig. 4E illustrates a double immunofluorescence staining of AC6mut protein in
isolated cardiac myocytes from AC6mut and control mice using anti-AU1 antibody (red)
and anti-CREM-1 antibody (green) or anti-AU1 and anti-phospho-CREB (S133, green);
nucleus was showing in blue;

as discussed in detail in Example 1, below.

Figure 5 illustrates cytosolic Ca®" transients in isolated cardiac myocytes from
AC6mut and control mice:

Fig. 5A graphically illustrates data showing that basal Ca" released (systolic-
diastolic Ca*") showed no group difference between AC6mut and control;

Fig. 5B graphically illustrates data showing that representative Indo-1 Ca?"
transient recordings in cardiac myocytes stimulated with isoproterenol were higher in
cardiac myocytes from AC6mut mice; summary data are displayed in Fig. 5C;

Fig. 5C graphically illustrates data showing that Ca®" released in the presence of
isoproterenol was increased in cardiac myocytes from AC6mut mice;

Fig. 5D graphically illustrates data showing that time-to-peak Ca’" transient in

the presence of isoproterenol was decreased in cardiac myocytes from AC6mut mice;
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Fig. SE graphically illustrates data showing that time to 50% relaxation (tau) in
the presence of isoproterenol was decreased in cardiac myocytes from AC6mut mice; as
discussed in detail in Example 1, below.

Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION

The invention provides compositions and in vivo and ex vivo methods comprising
administration of a cyclic adenosine monophosphate-incompetent (cAMP-incompetent)
adenylyl cyclase type 6 (AC6) protein or polypeptide (also called “an AC6mut”), or an
AC6mut-encoding nucleic acid or a gene to treat, ameliorate or protect (as a preventative
or a prophylaxis) individuals with a heart disease, a decreased cardiac function or output,
or a heart infection or a condition responsive to decreased cAMP, increased sarcoplasmic
reticulum (SR) Ca®" uptake and/or increased Ca”" transients with reduced time of
relaxation in intact cardiac myocytes in vivo.

In alternative embodiments, the invention provides an AC6mut that inhibits or
substantially reduces amounts of, or does not catalyze generation of, intracellular
cAMP. In alternative embodiments, the AC6mut of the invention alters intracellular
signaling in a manner that 1) enhances calcium handling in intact cardiac myocytes, 2)
inhibits generation of intracellular cCAMP levels in cardiac myocytes, and 3) protects
cardiac myocytes from programmed cell death (apoptosis). In alternative embodiments,
when the AC6omut is expressed in or delivered to the failing hearts of patients, heart
function increases, symptoms are reduced, and mortality decreases. Therefore, delivery
of the AC6mut of the invention to the heart increases cardiac function with no deleterious
effects due to cAMP generation. Thus, in alternative embodiments, the invention
provides an ideal therapy for heart failure and decrease heart function.

In alternative embodiments, the invention provides compositions and methods for
the delivery and expression (e.g., a controlled expression) of an AC6mut-encoding
nucleic acid or gene, or an expression vehicle (e.g., vector, recombinant virus, and the
like) comprising (having contained therein) an AC6émut-encoding nucleic acid or gene,
that results in an AC6mut protein selectively expressed in a cardiac myocyte, or only
delivered to cardiac myocytes, or alternatively, released into the bloodstream or general
circulation where it can have a beneficial effect on in the body, e.g., such as the heart in

the case of treating cardiovascular disease.
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In alternative embodiments, the invention provides delivery vehicles, vectors,
expression vectors, recombinant viruses and the like for in vivo expression of an AC6mut
-encoding nucleic acid or gene to practice the methods of this invention. In alternative
embodiments, the delivery vehicles, vectors, expression vectors, recombinant viruses and
the like expressing the AC6mut or the AC6mut nucleic acid or gene can be delivered by
intramuscular (IM) injection, direct injection into the heart, by intravenous (IV) injection,
by subcutaneous injection, by inhalation, by a biolistic particle delivery system (e.g., a so-
called “gene gun”), and the like, e.g., as an outpatient, e.g., during an office visit.

In alternative embodiments, AC6mut -encoding nucleic acids or genes (for
example, including delivery vehicles (such as e.g., liposomes), vectors, expression
vectors, recombinant viruses and the like carrying them as a “payload”) are targeted to
myocytes, cardiac myocytes or delivered directly to cardiac myocytes for directed cAMP-
incompetent AC expression, or expression directly in the target heart organ.

In alternative embodiments, this “peripheral” mode of delivery, e.g., delivery
vehicles, vectors, expression vectors, recombinant viruses and the like, are injected IM or
1V, can circumvent problems encountered when genes or nucleic acids are expressed
directly in an organ (e.g., the heart, lung or kidney) itself. Sustained secretion of a
desired AC6mut protein(s), or delivery vehicles, vectors, expression vectors, recombinant
viruses and the like, in the bloodstream or general circulation also circumvents the
difficulties and expense of administering proteins, delivery vehicles, vectors, expression
vectors, recombinant viruses and the like, by infusion, which can be particularly
problematic for many proteins, delivery vehicles, vectors, expression vectors,
recombinant viruses and the like, which exhibit very short half lives in the body.

In alternative embodiments, the invention provides methods for being able to turn
on and turn off AC6mut -expressing nucleic acid or gene expression easily and efficiently
for tailored treatments and insurance of optimal safety.

In alternative embodiments, the AC6mut protein or proteins expressed by the
AC6mut-expressing nucleic acid(s) or gene(s) have a beneficial or favorable effects (e.g.,
therapeutic or prophylactic) on a tissue or an organ, e.g., the heart, blood vessels, lungs,
kidneys, or other targets, even though secreted into the blood or general circulation at a
distance (e.g., anatomically remote) from their site or sites of action.

In an exemplary embodiment of the invention AC6mut -expressing nucleic acids

or genes encoding cAMP-incompetent AC are used to practice methods of this invention,
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including but not limited to, e.g., treating a heart disease, a heart failure, a congestive
heart failure (CHF), any decrease in cardiac output or function, or any combination
thereof.

For example, in alternative embodiments, delivery vehicles, vectors, expression
vectors, recombinant viruses and the like, e.g., a long-term virus or viral vector, can be
injected, e.g., in a systemic vein (e.g., [V), or by intramuscular (IM) injection, by
inhalation, or by a biolistic particle delivery system (e.g., a so-called “gene gun”), e.g., as
an outpatient, e.g., in a physician's office. In alternative embodiments, days or weeks
later (e.g., four weeks later), the individual, patient or subject is administered (e.g.,
inhales, is injected or swallows), a chemical or pharmaceutical that induces expression of
the AComut -expressing nucleic acids or genes; for example, an oral antibiotic (e.g.,
doxycycline or rapamycin) is administered once daily (or more or less often), which will
activate the expression of the gene. In alternative embodiments, after the “activation”, or
inducement of expression (e.g., by an inducible promoter) of the nucleic acid or gene, an
AC6mut protein is synthesized and released into the subject's circulation (e.g., into the
blood), and subsequently has favorable physiological effects, e.g., therapeutic or
prophylactic, that benefit the individual or patient (e.g., benefit heart function). When the
physician or subject desires discontinuation of the treatment, the subject simply stops
taking the activating chemical or pharmaceutical, e.g., antibiotic.

In alternative embodiments, applications of the present invention include: the
treatment of severe, low ejection fraction heart failure; the treatment of pulmonary
hypertension; the treatment of heart failure with preserved ejection fraction; replacement
of current therapies that require hospitalization and sustained intravenous infusions of
vasoactive peptides for the treatment of a pulmonary hypertension and heart failure; and,
the treatment of other conditions in which controlled expression of an AC6mut or an

AC6mut nucleic acid or gene to promote favorable effects in the body.

Generating and Manipulating Nucleic Acids

In alternative embodiments, to practice the methods of the invention, the invention
provides isolated, synthetic and/or recombinant nucleic acids or genes encoding AC6mut
polypeptides. In alternative embodiments, to practice the methods of the invention, the

invention provides AC6mut -expressing nucleic acids or genes in recombinant form in an
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(e.g., spliced into) an expression vehicle for in vivo expression, e.g., in a vector, ¢.g., an
AAV, or any pseudotype, hybrid or derivative thereof, or a recombinant virus.

In alternative embodiments, a mammalian, ¢.g., human or murine, AC6mut can
be used to practice this invention, wherein the AC6mut comprises an adenylyl cyclase
(AC) polypeptide having a substitution of an uncharged or non-polar amino acid for a
charged or an acidic amino acid in the catalytic core of the AC polypeptide. The catalytic
core (also called the catalytic region 1 (C1)) of human AC6 polypeptide (SEQ ID NO:10)
is from amino acid residue 307 to 675. The catalytic core of murine AC6 polypeptide
(SEQ ID NO:11) is from amino acid residue 315 to 683.

In alternative embodiments, the uncharged or non-polar amino acid is an alanine
(Ala), and optionally the acidic amino acid is an aspartic acid (Asp), or optionally the
uncharged or non-polar amino acid is an Ala and the acidic amino acid is an Asp.

In alternative embodiments, the invention provides a (murine) AC6mut
polypeptide (SEQ ID NO:12) comprising a murine adenylyl cyclase (AC) polypeptide
having a substitution of an alanine, or Ala (or “A”) for an aspartic acid, or Asp (or “D”) at
position 436 in the catalytic core of the AC polypeptide; i.e., in this embodiment, the
murine adenylyl cyclase (AC) polypeptide has a substitution D => A, or of an Ala for an
Asp, at position 436 in the catalytic core of the murine AC polypeptide (SEQ ID NO:11
is the amino acid sequence before the D => A substitution).

In alternative embodiments, the invention provides a (murine) AC6mut
polypeptide (SEQ ID NO:17) comprising a murine adenylyl cyclase (AC) polypeptide
having a substitution of an alanine, or Ala (or “A”) for an aspartic acid, or Asp (or “D”)
(i.e., a D => A substitution) at position 426 in the catalytic core of the AC polypeptide.
The SEQ ID NO:17 polypeptide differs from the SEQ ID NO:12 polypeptide in that the
SEQ ID NO:17 polypeptide is missing the first ten amino acids of the SEQ ID NO:12
polypeptide; otherwise the polypeptides are identical. SEQ ID NO:16 is the murine
amino acid sequence before the D => A substitution. The isoform lacking the amino
terminal is believed to be the wild type murine polypeptide, with the first ten amino acids
of SEQ ID NO:11 and SEQ ID NO:12 being untranslated.

In alternative embodiments, the invention provides a (human) AC6mut
polypeptide (SEQ ID NO:13) comprising a human adenylyl cyclase (AC) polypeptide
having a substitution of an alanine, or Ala (or “A”) for an aspartic acid, or Asp (or “D”) at

position 428 in the catalytic core of the AC polypeptide; i.c., in this embodiment, the
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murine adenylyl cyclase (AC) polypeptide has a substitution D => A, or of an Ala for an
Asp, at position 428 in the catalytic core of the murine AC polypeptide.

Human AC6 nucleic acid coding sequence (SEQ ID NO:14) vs murine coding
sequence: 86% homology (SEQ ID NO:15). Human AC6 polypeptide (SEQ ID NO:10)
vs murine AC6 polypeptide (SEQ ID NO:11) at amino acid levels: 94% homology.

The ACémut D => A substitution is in the exact same relative structural position
in the catalytic core of the human AC6mut as the murine AC6émut, as illustrated below

(showing the wild type still having the aspartic acid, or “D” residue, as underlined below:

Human 1 MSWFSGLLVPKVDERKTAWGERNGQKRSRRRGTRAGGFCTPRYMSCLRDAEPPSPTPAGP 60

Murine 11 MSWEFSGLLVPKVDERKTAWGERNGOKRPRH-ANRASGFCAPRYMSCLKNAEPPSPTPAAH 69

Human 61 PRCPWQDDAFIRRGGPGKGKELGLRAVALGFEDTEVTTTAGGTAEVAPDAVPRSGRSCWR 120
Murine 70 TRCPWQDEAFIRRAGPGRGVELGLRSVALGFDDTEVTTPMG-TAEVAPDTSPRSGPSCWH 128
Human 121 RLVQVFQSKQFRSAKLERLYQRYFFQOMNQSSLTLLMAVLVLLTAVLLAFHAAPARPQPAY 180
Murine 129 RLVQVFQSKQFRSAKLERLYQRYFFQMNQSSLTLLMAVLVLLMAVLLTFHAAPAQPQPAY 188
Human 181 VALLACAAALFVGLMVVCNRHSFRQDSMWVVSYVVLGILAAVQVGGALAADPRSPSAGLW 240
Murine 189 VALLTCASVLFVVLMVVCNRHSFRQDSMWVVSYVVLGILAAVQVGGALAANPHSPSAGLW 248
Human 241 CPVFFVYIAYTLLPIRMRAAVLSGLGLSTLHLILAWQLNRGDAFLWRQLGANVLLFLCTN 300
Murine 249 CPVFFVYITYTLLPIRMRAAVLSGLGLSTLHLILAWQLNSSDPFLWKQLGANVVLFLCTN 308
Human 301 VIGICT HYPAEVSQRQAFQETRGYIQARLHLQHENRQQERLLLSVLPQHVAMEMKEDINT 360
Murine 309 AIGVCT HYPAEVSQRQAFQETRGYIQARLHLOHENRQQERLLLSVLPQHVAMEMKEDINT 368
Human 361 KKEDMMFHKIYIQKHDNVSILFADIEGFTSLASQCTAQELVMTLNELFARFDKLAAENHC 420
Murine 369 KKEDMMFHKIYIQKHDNVSILFADIEGFTSLASQCTAQELVMTLNELFARFDKLAAENHC 428

Human 421 LRIKILGDCYYCVSGLPEARADHAHCCVEMGVDMIEAISLVREVTGVNVNMRVGIHSGRV 480

Murine 429 LRIKILGECYYCVSGLPEARADHAHCCVEMGVDMIEAISLVREVTGVNVNMRVGIHSGRV 488
Human 481 HCGVLGLRKWQFDVWSNDVTLANHMEAGGRAGRIHITRATLQYLNGDYEVEPGRGGERNA 540
Murine 489 HCGVLGLRKWQFDVWSNDVTLANHMEAGGRAGRIHITRATLQYLNGDYEVEPGRGGERNA 548
Human 541 YLKEQHIETFLILGASQKRKEEKAMLAKLOQRTRANSMEGLMPRWVPDRAFSRTKDSKAFR 600
Murine 549 YLKEQCIETFLILGASQKRKEEKAMLAKLQRTRANSMEGLMPRWVPDRAFSRTKDSKAFR 608
Human 601 OMGIDDSSKDNRGTQDALNPEDEVDEFLSRAIDARSIDQLRKDHVRRFLLTFQREDLEKK 660
Murine 609 QMGIDDSSKDNRGAQDALNPEDEVDEFLGRAIDARSIDQLRKDHVRRFLLTFQREDLEKK 668
Human 661 YSRKVDPRFGAYVACALLVFCFICFIQLLIFPHSTLMLGIYASIFLLLLITVLICAVYSC 720

Murine 669 YSRKVDPRFGAYVACALLVFCFICFIQLLVFPYSTLILGIYAAIFLLLLVTVLICAVCSC 728
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Human 721 GSLFPKALQRLSRSIVRSRAHSTAVGIFSVLLVFTSAIANMFTCNHTPIRSCAARMLNLT 780
Murine 729 GSFFPKALQRLSRNIVRSRVHSTAVGIFSVLLVFISATANMETCNHTPIRTCAARMLNLT 788
5 Human 781  PADITACHLQQLNYSLGLDAPLCEGTMPTCSFPEYFIGNMLLSLLASSVFLHISSIGKLA 840
Murine 789 PADVTACHLQQOLNYSLGLDAPLCEGTAPTCSFPEYFVGNVLLSLLASSVFLHISSIGKLA 848
10 Human 841  MIFVLGLIYLVLLLLGPPATIFDNYDLLLGVHGLASSNETFDGLDCPAAGRVALKYMTPV 900
Murine 849 MTFILGFTYLVLLLLGPPAAIFDNYDLLLGVHGLASSNETFDGLDCPAVGRVALKYMTPV 908
Human 901  ILLVFALALYLHAQQOVESTARLDFLWKLOATGEKEEMEELQOAYNRRLLHNILPKDVAAHF 960
15 Murine 909 ILLVFALALYLHAQQOVESTARLDFLWKLQATGEKEEMEELQAYNRRLLHNILPKDVAAHF 968
Human 961  LARERRNDELYYQSCECVAVMFASIANFSEFYVELEANNEGVECLRLLNEIIADFDEILS 1020
-0 Murine 969 LARERRNDELYYQSCECVAVMFASIANFSEFYVELEANNEGVECLRLLNEITADFDEIIS 1028
Human 1021 EERFRQLEKIKTIGSTYMAASGLNASTYDQVGRSHITALADYAMRLMEQMKHINEHSENN 1080
Murine 1029 EERFRQLEKIKTIGSTYMAASGLNASTYDQVGRSHITALADYAMRLMEQMKHINEHSFNN 1088
25 Human 1081 FOMKIGLNMGPVVAGVIGARKPQYDIWGNTVNVSSRMDSTGVEDRIQVTTDLYQVLARKG 1140
Murine 1089 FQMKIGLNMGPVVAGVIGARKPQYDIWGNTVNVSSRMDSTGVPDRIQVITDLYQVLAAKG 1148
Human 1141 YQLECRGVVKVKGKGEMTTYFLNGGPSS 1168 (SEQ ID NO:10)
30
Murine 1149 YQLECRGVVKVKGKGEMTTYFINGGPSS 1176 (SEQ ID NO:11)
S

In alternative embodiments, both the human ACmut nucleic acid coding sequence
35 (SEQ ID NO:13) and the murine ACmut nucleic acid coding sequence (SEQ ID NO:12)
were made by changing an adenosine (or “A”) to a cytosine (or “C”), as indicated below,
where the “A” residue before its change to “C” is underlined, below; i.e., illustrated

below is the wild type human AC6 (SEQ ID NO:10) and wild type murine AC6 (SEQ ID

NO:11):
40 Murine 90 CCTCCCAGCAGcmTCATGGTTTAGTGGCCTCCTGGTTCCCAAAGTGGATGAACGGAAA 149
Bumen 619 COTACCAGCARCRRTCATE AT T TACT OO TCO T T TAAACTCCATCAR AR 108
45 Murine 150 ACAGCTTGGGGGGAACGCAATGGGCAGAAGCG--C-CCACGCCACGCGAATCGAGCCAGT 206
fuman 705 ACAGUCTCEAMTGAMCCCARTGMOCACAACCOTTCONGECECCCTORCACTCHGOEACET  T68
Murine 207 GGCTTCTGCGCACCTCGCTACATGAGCTGCCTCAAGAATGCGGAGCCACCCAGCCCCACT 266
SO fman 769 GAETIETEEACEOCCUCTATAT AT LT O AT ARG CAC A CACe 52
Murine 267 CCTGCAGCTCACACTCGGTGCCCCTGGCAGGATGAAGCCTTCATCAGGAGGGCGGGCCCG 326
og o o2 OO T T A AT AT TCA T O A bbeeen 886
Murine 327 GGCAGGGGTGTGGAGCTGGGGCTGCGGTCAGTGGCCTTGGGGTTTGACGACACTGAGGTG 386
Buren 850 CCRARECAA AT T AT OO T AT O AG AT ARG o
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AC--C-ACACCGATGGGCACAGCTGAAGTGGCACCGGATACATCGCCTCGGAGCGGTCCG

[ RN [ I T e B I T I B [ N
ACAACGACAGCGGGCGGGACGGCTGAGGTGGCGCCCGACGCGGTGCCCAGGAGTGGGCGA

TCCTGCTGGCACCGGCTTGTGCAGGTGTITCCAGTCTAAGCAGTTCCGCTCTGCCAAGCTG

[ N R
TCCIGCTGGCGCCGTICTGGTGCAGGTGTTCCAGTCGAAGCAGTTCCGTTCGGCCAAGCTG

GAGCGGCTGTACCAGCGGTACTTCTTCCAGATGAACCAGAGCAGCCTCACGCTGCTCATG

FEEEE Frrrrrrrrrrrerrr et e e e e et e e
GAGCGCCTGTACCAGCGGTACTTICTTCCAGATGAACCAGAGCAGCCTGACGCTGCTGATG

GCGGTGCTGGTGCTGCTCATGGCTGTACTGTTGACTT TCCACGCTGCGCCTGCCCAGCCT

RN e e e R N N RN
GCGGTGCTGGTGCTGCTCACAGCGGTGCTGCTGGCTTTCCACGCCGCACCCGCCCGCCCT

CAGCCTGCTITACGTGGCCCTGCTGACCTGTGCCTCTGTCCTTTTTIGTGGTACTCATGGTG

RN e e e R
CAGCCTGCCTATGTGGCACTGTTGGCCTGTGCCGCCGCCCTGT TCGTGGGGCTCATGGTG

GTGTGTAACCGACACAGCTTCCGCCAGGACTCCATGTGGGTGGTGAGCTATGTGGTCCTG

FEEEEErrrrr e rrrrrrrr e e e e e e e et rerer e
GTGTGTAACCGGCATAGCTTCCGCCAGGACTCCATGTGGGTGGTGAGCTACGTGGTGCTG

GGCATCCTAGCAGCCGTGCAAGTCGGGGGTGCCCTGGCAGCCAATCCACACAGCCCCTICG
R R e e N N R R R
GGCATCCTGGCGGCAGTGCAGGTCGGGGGCGCTCTCGCAGCAGACCCGCGCAGCCCCTICT

GCGGGCCTTTGGTGCCCCGTGTTCTTCGTCTACATCACCTACACTCTTCTTCCCATTCGC

RN R e R R R
GCGGGCCTCTGGTGCCCTGTIGTTICTTTGTCTACATCGCCTACACGCTCCTCCCCATCCGC

ATGCGAGCCGCAGTACTCAGCGGCCTGGGCCTCTCTACTCTGCATTTGATTTTGGCCTGG

R e R e RN R ey
ATGCGGGCTGCCGTCCTCAGCGGCCTGGGCCTCTCCACCTTGCATTTGATCTIGGCCTGG

CAGCTCAACAGCAGCGACCCCTTCCTTTGGAAGCAGCTCGGTGCTAACGTGGTGCTCTTC

R [ FEEEErr rrrrrrrrrrerrre e e v ekl
CAACTTAACCGTIGGTGATGCCTTCCTICTGGAAGCAGCTCGGTGCCAATGTGCTGCTGTTC

CTCTGCACCAATGCCATCGGTGTCTGCACACACTACCCTGCTGAAGTGTCTCAGCGCCAA

RN e R R R AR R
CTCTGCACCAACGTCATTGGCATCTGCACACACTATCCAGCAGAGGTGTCTCAGCGCCAG

GCTTTTCAGGAGACCCGAGGTTACATCCAGGCGCGGCTGCACCTGCAGCATGAGAACCGT

CEorrrrrrrrrr et rrrrrrrrrr et et e e e e e
GCCTTTCAGGAGACCCGCGGTTACATCCAGGCCCGGCTCCACCTGCAGCATGAGAATCGG

CAGCAGGAACGGCTGCTGCTATCGGTGTTGCCCCAGCACGTTGCCATGGAGATGAAAGAA

FEErrrrr rrrr e rerrr trrrr e e e e e e e e e e e
CAGCAGGAGCGGCTGCTGCTGTCGGTATTGCCCCAGCACGTTGCCATGGAGATGARAGAR

GACATCAACAC2 52502 3GAGCGACATGATGTTCCATAAGATCTACATCCAGAAGCATGAT

FEEEErrrrrrrrrrrr et eeer e e rrrr trrr e e
GACATCAACACAAAAAAAGAAGACATGATGTTCCACAAGATCTACATACAGAAGCATGAC

AATGTCAGCATCCTGTTTGCGGACATTGAGGGCTTCACCAGCCTGGCCTCCCAGTGCACT
Frrrrrrrrrrrrrrrreer rrrrrrr e e e e e e e rrr e
AATGTCAGCATCCTGTTTGCAGACATTGAGGGCTTCACCAGCCTGGCATCCCAGTGCACT
GCACAGGAACTGGTCATGACCTTGAATGAGCTCTTTGCCCGGTTTGACAAGCTGGCTGCG

CEorrrrr et rrerr rrr e e e e e e e e e
GCGCAGGAGCTGGTCATGACCCTGAATGAGCTCTTTGCCCGGTTTGACAAGCTGGCTGCG

GAGAATCACTGTCTGAGGATCAAGATCTTAGGAGACTGTTACTACTGCGTGTCAGGGCTG
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FEEEEEErrrr e rerrrer e et v et trrrr e
GAGAATCACTGCCTGAGGATCAAGATCTTGGGGGACTGTTACTACTGTGTGTCAGGGCTG

CCCGAGGCCCGGGCAGATCACGCCCACTGCTGTIGTGGAGATGGGGGTAGACATGATCGAA
FEorrrrrrrreer et rrrrrr e e e e e e e e
CCGGAGGCCCGGGCCGACCATGCCCACTGCTGTIGTIGCAGATGCCGCTAGACATGATTCGAG

GCCATCTCGCTGGTGCGTGAGGTAACAGGTGTGAACGTGAACATGCGTGTGGGCATCCAC

Crrrrrrrrrrrr e terrrr e rrrr e e rrrr e e rrr e
GCCATCTCGCTGGTACGTGAGGTGACAGGTGTGAATGTGAACATGCGCGTGGGCATCCAC

AGCGGACGTGTGCATTGCGGCGTCCTTGGCCTACGGAAATGGCAGTTTGATGTCTGGTCA

FErre e v e et e e e e rrr
AGCGGGCGCGTGCACTGCGGCGTCCTTGGCTTGCGGAAATGGCAGTTCGATGTGTIGGTCC

AACGATGTGACCCTGGCTAACCACATGGAGGCCGG-GGGC-GGCCGG-CGCATCCACATC
LEorrrrrrrrrrer et reeerrrrrrrer ettt e rrer e
AATGATGTGACCCTGGCCAACCACATGGAGGCAGGAGGCCGGGCTGGCCGCATCCACATC

ACTCGGGCTACACTGCAGTACTTGAACGGGGACTATGAGGTGGAGCCAGGCCGTGGTGGT

FEEEEErr e rerr rerr e e e e et
ACTCGGGCAACACTGCAGTACCTGAACGGGGACTACGAGGTGGAGCCAGGCCGTGGTGGL

GAACGCAATGCGTACCTCAAGGAGCAGTGCATTGAGACCTTCCTCATACTTGGCGCCAGC
CEorrrrr vt e e et et FEETEEET
GAGCGCAACGCGTACCTCAAGGAGCAGCACATTGAGACTTTCCTCATCCTGGGCGCCAGC

CAAAAACGGAAAGAGGAGAAAGCCATGCTGGCCAAGCTTCAGCGGACACGGGCCAACTCC

FEorrrrrrrrrr e err e rerrrr e et e e e trrr e e e
CAGAAACGGAAAGAGGAGAAGGCCATGCTGGCCAAGCTGCAGCGGACTCGGGCCAACTCC

ATGGAAGGACTGATGCCCCGCTGGGTTCCTGACCGTGCCTTCTCCCGGACCAAGGACTCT
Leererrr reeerrrr rrrrrrrrrrrerr rrrrrrr e e e e
ATGGAAGGGCTGATGCCGCGCTGGGTTCCTGATCGTGCCTTCTCCCGGACCAAGGACTCC

AAGGCATTCCGCCAGATGGGCATTGATGATTCTAGCAAAGACAACCGGGGTGCCCAAGAT

Crerrrrrrreeerrrrrrerrrrrrrre et rrrrrrr e e e et
AAGGCCTTCCGCCAGATGGGCATTGATGATTCCAGCAAAGACAACCGGGGCACCCAAGAT

GCTCTGAACCCTGAAGATGAGGTGGATGAGTTCCTGGGCCGAGCCATCGATGCCCGAAGC

CEorrrrrrrrr e terrrrrrrrrrr e et et e e e el
GCCCTGAACCCTGAGGATGAGGTGGATGAGTTCCTGAGCCGTGCCATCGATGCCCGCAGC

ATCGACCAACTGCGTAAGGACCATGTGCGCCGGTTCCTGCTCACCTTCCAGAGAGAGGAT

e RN,
ATTGATCAGCTGCGGAAGGACCATGTGCGCCGGTTTCTGCTCACCTTCCAGAGAGAGGAT

CTTGAGAAGAAGTATTCACGGAAAGTAGATCCTCGCTTCGGAGCCTACGTCGCCTGTGCC
Leererrrrreeer e rrrrr e rrrr e rrrrrr e e e e rrr e
CTTGAGAAGAAGTACTCCCGGAAGGTGGATCCCCGCTTCGGAGCCTACGTTGCCTGTGCC

CTCCTGGTITTTTGCTTCATCTIGTTTTATCCAGCTCCTTGTIGTTCCCATACTCCACCCTG

[ R e e R A R R
CTGTTGGTCTTCTGCTTCATCTGCTTCATCCAGCTTCTCATCTTCCCACACTCCACCCTG

ATACTCGGGATTTATGCC-GCTATCTTCCTGCTGTTGCTGGTCACTGTGCTGATCTGTGC

R e e RN R R RN
ATGCTTGGGATCTATGCCAGC-ATCTTCCTGCTGCTGCTAATCACCGTGCTGATCTGTGC

CGTGTGCTCCTGCGGTTCTTTCTTCCCCAAGGCCCTGCAACGCCTGTCCCGCAATATTGT

LI ERRN NERRERRERREEN [T
TGTGTACTCCTGTGGTTCTCTGTTCCCTAAGGCCCTGCAACGTCTGTCCCGCAGCATTGT

CCGCTCACGGGTGCACAGCACCGCGGTITGGAATCTTCTCGGTTICTGCTTGTGTTCATCTC
R R e R R e R R NN
CCGCTCACGGGCACATAGCACCGCAGTTGGCATCTTTTCCGTCCTGCTTGTGTTTACTTC
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TGCCATCGCCAACATGTTTACCTGTAATCACACCCCAATAAGGACCTGCGCGGCCCGGAT

R R R R R e R AR
TGCCATTGCCAACATGTTCACCTGTAACCACACCCCCATACGGAGCTGTGCAGCCCGGAT

GCTGAACTTAACACCAGCGGATGTCACCGCCTGCCACCTACAACAGCTCAATTACTCTICT

[ N
GCTGAATTTAACACCTGCTGACATCACTGCCTGCCACCTGCAGCAGCTCAATTACTCTCT

GGGACTGGATGCTCCCCTGTGTGAGGGCACCGCACCCACCTGCAGCTTCCCTGAGTACTT

FEEPErrrrrrrrrrrrrrrrr e FEEEEErrrrrrrr trrrrrrrrrd
GGGCCTGGATGCTCCCCTGTGTGAGGGCACCATGCCCACCTGCAGCTTTCCTGAGTACTT

CGTCGGGAACGTGCTGCTGAGTCTTCTAGCCAGCTCTGTCTTCCTACACATCAGCAGCAT

e rrrrrrrrr et e rerr e e e e b
CATCGGGAACATGCTGCTGAGTCTCTTGGCCAGCTCTGTCTTCCTGCACATCAGCAGCAT

CGGCAAGCTGGCCATGACCTTCATCTTGGGGTTCACCTACTTGGTGCTGCTTTTGCTGGG

R R N e Ry
CGGGAAGTTGGCCATGATCTTTGTCTTGGGGCTCATCTATTTGGTGCTGCTICTGCTGGG

TCCCCCGGCCGCCATCTTTGACAACTATGATCTACTGCTTGGCGTCCATGGCTTGGCTTC

FEEEEE e rrrrrrrerrrre e et e e e e e
TCCCCCAGCCACCATCTTTGACAACTATGACCTACTGCTTGGCGTCCATGGCTTGGCTTC

CTCCAATGAGACCTTTGATGGGCTGGACTGCCCAGCTGTGGGGAGGGTAGCGCTCAAATA

FErrrrrrrrrrerr e e e et rerrrt e rrrrrr e et
TTCCAATGAGACCTTITGATGGGCTGGACTGTCCAGCTGCAGGGAGGGTGGCCCTCAAATA

TATGACCCCCGTGATTCTGCTGGTGTTTGCCCTGGCACTGTATCTGCATGCACAACAGGT

Crrrrrrrr rerrrrrerrrrrrrrer e rerrr rer e e e e
TATGACCCCTGTGATTCTGCTGGTIGTTTGCGCTGGCGCTGTATCTGCATGCTCAGCAGGT

GGAATCGACTGCCCGCCTGGACTTCCTGTGCAAGTTACAGGCAACAGGGCAGAAGGAGGA

FEErrrrrrrrr e e errrrerr et b e e e e e e e
GGAGTCGACTGCCCGCCTAGACTTCCTCTGGAAACTACAGGCAACAGGGGAGAAGGAGGA

GATGGAGGAGCTACAGGCATACAACCGGAGGTTGCTGCATAACATTCTTCCCAAGGACGT

Leerrrrrrrrreerrrrrrerrrrrrrr et rrr e rrr et re e
GATGGAGGAGCTACAGGCATACAACCGGAGGCTGCTGCATAACATTCTGCCCAAGGACGT

GGCCGCCCACTTCCTGGCCCGGGAACGCCGCAACGATGAGCTGTACTACCAGTCGTGTIGA

R R e e R AR R RN
GGCGGCCCACTTCCTGGCCCGGGAGCGCCGCAATGATGAACTCTACTATCAGTCGTGTGA

ATGTGTGGCTGTCATGTTTGCCTCCATCGCCAATTTCTCGGAGTTCTACGTGGAGCTCGA

FPEEEErrrrrr rrrrrrr et e e verer rrert e e e
GTGTGTGGCTGTTATGI TTGCCTCCATTGCCAACTTCTCTGAGT TCTATGTGGAGCTGGA

GGCAAACAACGAGGGCGTGGAGTGCCTGCGGCTGCTCAATGAGATCATCGCAGACTTTGA

FEErrrrrr rerrr errrrrrrrr e et e e e e e e et e
GGCAAACAATGAGGGTGTCGAGTGCCTGCGGCTGCTCAACGAGATCATCGCTGACTTTGA

CGAGATCATCAGTGAGGAGAGATTCCGGCAGTTGGAGAAGATCAAGACCATCGGTAGCAC

R e R
TGAGATTATCAGCGAGGAGCGGTTCCGGCAGCTGGAAAAGATCAAGACGATTGGTAGCAC

CTACATGGCCGCCTCTGGGCTARATGCCAGCACCTATGACCAGGTCGGCCGCTCACACAT
AT G e OO TCAGGEC TEAAC ECCACACCTAC AT CAGETGRCCECTCCCACAT
CACGGCGCTGGCTGACTATGCCATGCGGCTCATGGAGCAGATGAAACACATCAATGAACA
ACTaCCTERC I GACTAC GO TS SaCTCAT CACACTEAAGCACATCARTGACCA

CTCTTTCAACAATTTCCAGATGAAGATCGGGTTGAACATGGGTCCGGTTGTAGCAGGCGT
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L e s A B A B O R B B R R
Human 3888 CTCCITCAACAATTTCCAGATGAAGATTGGGCTGAACATGGGCCCAGTICGTGGCAGGTGT 3947

Murine 3380 CATTGGGGCCCGAAAGCCACAGTATGACATCTGGGGAAATACCGTIGAATGTTTCCAGICG 3439
umen 3948 CATCRGGSCTCBCAAGCCACAGTATCACATCTGRGGCAACACACTEART GTCTCTAGTCE 4007
Murine 3440 TATGGACAGCACTGGAGTTCCTGACCGAATACAGGTGACTACGGACCTATACCAGGTTICT 3499
umen 4008 TATGGACAGCACCAGGHTCCCOBACCRAATCCAGGTGACCACGEACCTGTACCAGETICT 40T
Murine 3500 AGCTGCCAAGGGCTACCAGCTGGAGTGTCGAGGGGTGGTCAAGGTGAAGGGAAAGGGGGA 3559

FErrrrrrrrererrrrrrrrrrr e e e e e e et
Human 4068 AGCTGCCAAGGGCTACCAGCTGGAGTGTCGAGGGGTGGTCAAGGTGAAGGGCAAGGGGGA 4127

Murine 3560 GATGACCACCTACTTCCTCAACGGGGGCCCCAGCAGT 3596 (from SEQ ID NO:10)
RN RN AR R R RN R AR RN RN

Human 4128 GATGACCACCTACTTCCTCAATGGGGGCCCCAGCAGT 4164 (from SEQ ID NO:11)

In alternative embodiments, nucleic acids of the invention are made, isolated
and/or manipulated by, e.g., cloning and expression of cDNA libraries, amplification of
message or genomic DNA by PCR, and the like. The nucleic acids and genes used to
practice this invention, including DNA, RNA, iRNA, antisense nucleic acid, cDNA,
genomic DNA, vectors, viruses or hybrids thereof, can be isolated from a variety of
sources, genetically engineered, amplified, and/or expressed/ generated recombinantly.
Recombinant polypeptides (e.g., cCAAMP-incompetent AC chimeric proteins used to
practice this invention) generated from these nucleic acids can be individually isolated or
cloned and tested for a desired activity. Any recombinant expression system can be used,
including e.g. bacterial, fungal, mammalian, yeast, insect or plant cell expression systems
or expression vehicles.

Alternatively, nucleic acids used to practice this invention can be synthesized in
vitro by well-known chemical synthesis techniques, as described in, e.g., Adams (1983) J.
Am. Chem. Soc. 105:661; Belousov (1997) Nucleic Acids Res. 25:3440-3444; Frenkel
(1995) Free Radic. Biol. Med. 19:373-380; Blommers (1994) Biochemistry 33:7886-
7896; Narang (1979) Meth. Enzymol. 68:90; Brown (1979) Meth. Enzymol. 68:109;
Beaucage (1981) Tetra. Lett. 22:1859; U.S. Patent No. 4,458,066.

Techniques for the manipulation of nucleic acids used to practice this invention,
such as, e.g., subcloning, labeling probes (e.g., random-primer labeling using Klenow
polymerase, nick translation, amplification), sequencing, hybridization and the like are
well described in the scientific and patent literature, see, e.g., Sambrook, ed.,
MOLECULAR CLONING: A LABORATORY MANUAL (2ND ED.), Vols. 1-3, Cold
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Spring Harbor Laboratory, (1989); CURRENT PROTOCOLS IN MOLECULAR
BIOLOGY, Ausubel, ed. John Wiley & Sons, Inc., New York (1997); LABORATORY
TECHNIQUES IN BIOCHEMISTRY AND MOLECULAR BIOLOGY:
HYBRIDIZATION WITH NUCLEIC ACID PROBES, Part I. Theory and Nucleic Acid
Preparation, Tijssen, ed. Elsevier, N.Y. (1993).

Another useful means of obtaining and manipulating nucleic acids used to practice
the methods of the invention is to clone from genomic samples, and, if desired, screen and
re-clone inserts isolated or amplified from, e.g., genomic clones or cDNA clones.
Sources of nucleic acid used in the methods of the invention include genomic or cDNA
libraries contained in, e.g., mammalian artificial chromosomes (MACs), see, e.g., U.S.
Patent Nos. 5,721,118; 6,025,155; human artificial chromosomes, see, e.g., Rosenfeld
(1997) Nat. Genet. 15:333-335; yeast artificial chromosomes (Y AC); bacterial artificial
chromosomes (BAC); P1 artificial chromosomes, see, e.g., Woon (1998) Genomics
50:306-316; P1-derived vectors (PACs), see, e.g., Kern (1997) Biotechniques 23:120-
124; cosmids, recombinant viruses, phages or plasmids.

In alternative embodiments, to practice the methods of the invention, AC6mut
fusion proteins and nucleic acids encoding them are used. Any AC6mut polypeptide can
be used to practice this invention. In alternative embodiments, the AC6mut protein can
be fused to a heterologous peptide or polypeptide, such as a peptide for targeting the
polypeptide to a desired cell type, such a cardiac myocyte.

In alternative embodiments, a heterologous peptide or polypeptide joined or fused
to a protein used to practice this invention can be an N-terminal identification peptide
which imparts a desired characteristic, such as fluorescent detection, increased stability
and/or simplified purification. Peptides and polypeptides used to practice this invention
can also be synthesized and expressed as fusion proteins with one or more additional
domains linked thereto for, e.g., producing a more immunogenic peptide, to more readily
isolate a recombinantly synthesized peptide, to identify and isolate antibodies and
antibody-expressing B cells, and the like. Detection and purification facilitating domains
include, e.g., metal chelating peptides such as polyhistidine tracts and histidine-
tryptophan modules that allow purification on immobilized metals, protein A domains
that allow purification on immobilized immunoglobulin, and the domain utilized in the
FLAGS extension/affinity purification system (Immunex Corp, Seattle WA). The

inclusion of a cleavable linker sequences such as Factor Xa or enterokinase (Invitrogen,
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San Diego CA) between a purification domain and the motif-comprising peptide or
polypeptide to facilitate purification. For example, an expression vector can include an
epitope-encoding nucleic acid sequence linked to six histidine residues followed by a
thioredoxin and an enterokinase cleavage site (see e.g., Williams (1995) Biochemistry
34:1787-1797; Dobeli (1998) Protein Expr. Purif. 12:404-414). The histidine residues
facilitate detection and purification while the enterokinase cleavage site provides a means
for purifying the epitope from the remainder of the fusion protein. Technology pertaining
to vectors encoding fusion proteins and application of fusion proteins are well described
in the scientific and patent literature, see e.g., Kroll (1993) DNA Cell. Biol., 12:441-53.

Nucleic acids or nucleic acid sequences used to practice this invention, e.g.,
AC6mut-encoding nucleic acids, can be an oligonucleotide, nucleotide, polynucleotide, or
to a fragment of any of these, to DNA or RNA of genomic or synthetic origin which may
be single-stranded or double-stranded and may represent a sense or antisense strand, to
peptide nucleic acid (PNA), or to any DNA-like or RNA-like material, natural or
synthetic in origin. Compounds use to practice this invention include “nucleic acids” or
“nucleic acid sequences” including oligonucleotide, nucleotide, polynucleotide, or any
fragment of any of these; and include DNA or RNA (e.g., mRNA, rRNA, tRNA, iRNA)
of genomic or synthetic origin which may be single-stranded or double-stranded; and can
be a sense or antisense strand, or a peptide nucleic acid (PNA), or any DNA-like or RNA-
like material, natural or synthetic in origin, including, e.g., iRNA, ribonucleoproteins
(e.g., e.g., double stranded iRNAs, e.g., iIRNPs). Compounds use to practice this
invention include nucleic acids, i.e., oligonucleotides, containing known analogues of
natural nucleotides. Compounds use to practice this invention include nucleic-acid-like
structures with synthetic backbones, see e.g., Mata (1997) Toxicol. Appl. Pharmacol.
144:189-197; Strauss-Soukup (1997) Biochemistry 36:8692-8698; Samstag (1996)
Antisense Nucleic Acid Drug Dev 6:153-156. Compounds use to practice this invention
include “oligonucleotides” including a single stranded polydeoxynucleotide or two
complementary polydeoxynucleotide strands that may be chemically synthesized.
Compounds use to practice this invention include synthetic oligonucleotides having no 5'
phosphate, and thus will not ligate to another oligonucleotide without adding a phosphate
with an ATP in the presence of a kinase. A synthetic oligonucleotide can ligate to a

fragment that has not been dephosphorylated.
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In alternative aspects, compounds used to practice this invention include genes or
any segment of DNA involved in producing an AC6mut polypeptide; it can include
regions preceding and following the coding region (leader and trailer) as well as, where
applicable, intervening sequences (introns) between individual coding segments (exons).
“Operably linked" can refer to a functional relationship between two or more nucleic acid
(e.g., DNA) segments. In alternative aspects, it can refer to the functional relationship of
transcriptional regulatory sequence to a transcribed sequence. For example, a promoter
can be operably linked to a coding sequence, such as a nucleic acid used to practice this
invention, if it stimulates or modulates the transcription of the coding sequence in an
appropriate host cell or other expression system. In alternative aspects, promoter
transcriptional regulatory sequences can be operably linked to a transcribed sequence
where they can be physically contiguous to the transcribed sequence, i.e., they can be cis-
acting. In alternative aspects, transcriptional regulatory sequences, such as enhancers,
need not be physically contiguous or located in close proximity to the coding sequences
whose transcription they enhance.

In alternative aspects, the invention comprises use of "expression cassettes”
comprising a nucleotide sequences used to practice this invention, which can be capable
of affecting expression of the nucleic acid, e.g., a structural gene or a transcript (e.g.,
encoding AC6mut protein) in a host compatible with such sequences. Expression
cassettes can include at least a promoter operably linked with the polypeptide coding
sequence or inhibitory sequence; and, in one aspect, with other sequences, e.g.,
transcription termination signals. Additional factors necessary or helpful in effecting
expression may also be used, e.g., enhancers.

In alternative aspects, expression cassettes used to practice this invention also
include plasmids, expression vectors, recombinant viruses, any form of recombinant
“naked DNA” vector, and the like. In alternative aspects, a "vector” used to practice this
invention can comprise a nucleic acid that can infect, transfect, transiently or permanently
transduce a cell. In alternative aspects, a vector used to practice this invention can be a
naked nucleic acid, or a nucleic acid complexed with protein or lipid. In alternative
aspects, vectors used to practice this invention can comprise viral or bacterial nucleic
acids and/or proteins, and/or membranes (e.g., a cell membrane, a viral lipid envelope,
etc.). In alternative aspects, vectors used to practice this invention can include, but are

not limited to replicons (e.g., RNA replicons, bacteriophages) to which fragments of

26



WO 2014/197624 PCT/US2014/040948

5

10

15

20

25

30

DNA may be attached and become replicated. Vectors thus include, but are not limited to
RNA, autonomous self-replicating circular or linear DNA or RNA (e.g., plasmids,
viruses, and the like, see, e.g., U.S. Patent No. 5,217,879), and can include both the
expression and non-expression plasmids. In alternative aspects, the vector used to
practice this invention can be stably replicated by the cells during mitosis as an
autonomous structure, or can be incorporated within the host's genome.

In alternative aspects, “promoters” used to practice this invention include all
sequences capable of driving transcription of a coding sequence in a cell, e.g., a
mammalian cell such as a heart, lung, muscle, nerve or brain cell. Thus, promoters used
in the constructs of the invention include cis-acting transcriptional control elements and
regulatory sequences that are involved in regulating or modulating the timing and/or rate
of transcription of a gene. For example, a promoter used to practice this invention can be
a cis-acting transcriptional control element, including an enhancer, a promoter, a
transcription terminator, an origin of replication, a chromosomal integration sequence, 5'
and 3’ untranslated regions, or an intronic sequence, which are involved in transcriptional
regulation. These cis-acting sequences typically interact with proteins or other
biomolecules to carry out (turn on/off, regulate, modulate, etc.) transcription.

In alternative embodiments, “constitutive” promoters used to practice this
invention can be those that drive expression continuously under most environmental
conditions and states of development or cell differentiation. In alternative embodiments,
“Inducible” or “regulatable” promoters used to practice this invention can direct
expression of the nucleic acid of the invention under the influence of environmental

conditions, administered chemical agents, or developmental conditions.

Adenovirus Vector and Adeno-associated virus (AAV) delivery

In alternative embodiments, delivery vehicles, vectors, expression vectors,
recombinant viruses, or equivalent are or comprise: an adeno-associated virus (AAV); a
recombinant AAV virus, vector or virion; or, an adenovirus vector. In alternative
embodiments, the AAV, recombinant AAV virus or vector, or adenovirus vector, is or
comprises: an AAV serotype AAVS, AAV6, AAV7, AAVS or AAVY; a rhesus macaque
AAV (AAVrh), or an AAVrh10; or any pseudotype, hybrid or derivative thereof.

In alternative embodiments, any of these vectors (or any delivery vehicle of the

invention) is tropic for, or is designed for specific delivery to, a particular cell, tissue or
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organ. For example, in alternative embodiments, an AAV used to practice the invention
(or any vector or delivery vehicle used to practice the invention) is tropic (or has tropism)
for the heart. In other embodiments, an AAV used to practice the invention (or any
vector or delivery vehicle) is tropic for, or is designed for specific delivery another tissue
or organ, for example, the liver. In alternative embodiments, this “peripheral” mode of
delivery, e.g., delivery vehicles, vectors, recombinant viruses and the like, are injected IM
or [V, can circumvent problems encountered when genes or nucleic acids are expressed
directly in an organ (e.g., the heart, lung or kidney) itself. For example, AAVS5, AAV6,
and AAV9 have been found to be tropic for the heart, see e.g., Fang et al., Hum Gene
Ther Methods 2012 Oct 17; Zincarelli, et al., Clin Transl Sci. 2010 Jun;3(3):81-9.

Adeno-associated virus (AAV) used to practice the invention can be any non-
pathogenic member of the Parvoviridae family of small, non-enveloped, single-stranded
DNA animal viruses. AAV require helper virus (e.g., adenovirus) for replication and,
thus, AAVs used to practice the invention do not replicate upon administration to a
subject. AAV can infect a relatively wide range of cell types and stimulate only a mild
immune response, particularly as compared to a number of other viruses, such as
adenovirus. AAYV serotypes used to practice this invention include, e.g., AAV1, AAV2,
AAV3, AAV4, AAVS, AAV6, AAVT, AAVS, AAVY, AAV10, AAV1I, and AAV12.
AAV used to practice the invention can be from other animals, including: e.g., birds (e.g.,
avian AAV, or AAAV), bovines (e.g., bovine AAV, or BAAV), canines, equines, ovines,
and porcines.

In alternative embodiments, AAV vectors used to practice the invention are
recombinant nucleic acid molecules in which at least a portion of the AAV genome is
replaced by a heterologous nucleic acid molecule; one can replace about 4.7 kilobases
(kb) of AAV genome DNA, e.g., by removing the viral replication and capsid genes. In
alternative embodiments, the heterologous nucleic acid molecule is simply flanked by
AAV inverted terminal repeats (ITRs) on each terminus. The ITRs serve as origins of
replication and contain cis acting elements required for rescue, integration, excision from
cloning vectors, and packaging. In alternative embodiments AAVs used to practice the
invention comprise a promoter operatively linked to the heterologous nucleic acid
molecule to control expression.

An AAV vector can be packaged into an AAV capsid in vitro with the assistance

of a helper virus or helper functions expressed in cells to yield an AAV virion. The
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serotype and cell tropism of an AAV virion are conferred by the nature of the viral capsid
proteins. AAV vectors and AAV virions can transduce cells efficiently, including both
dividing and non-dividing cells. AAV vectors and virions have been shown to be safe and
to lead to long term in vivo persistence and expression in a variety of cell types.

In alternative embodiments, an [TR joined to 5' terminus of the AC6mut-encoding
nucleic acid molecule, and an ITR joined to the 3' terminus of the AC6mut-encoding
nucleic acid molecule. Examples of ITRs include, but are not limited, to AAV1, AAV2,
AAV3, AAV4, AAVS, AAV6, AAV7, AAVE, AAV9, AAV10, AAV11, AAVI2,
AAAV,BAAYV, and other AAV ITRs known to those skilled in the art. In one
embodiment, an AAV ITR is selected from an AAV2 ITR, an AAV5 ITR, an AAV6 ITR,
and a BAAV ITR. In one embodiment, an AAV ITR is an AAV2 ITR. In one
embodiment, an AAV ITR is an AAVS5 ITR. In one embodiment, an AAV ITR is an
AAVO6ITR. In one embodiment, an AAV ITR is a BAAV ITR.

In alternative embodiments, AAV vectors (and other vectors, recombinant viruses
and the like) used to practice the invention comprise other sequences, such as expression
control sequences, e.g., a promoter, an enhancer, a repressor, a ribosome binding site, an
RNA splice site, a polyadenylation site, a transcriptional terminator sequence, and a
microRNA binding site. Examples of promoters include, but are not limited to, an AAV
promoter, such as a p5, p19 or p40 promoter, an adenovirus promoter, such as an
adenoviral major later promoter, a cytomegalovirus (CMV) promoter, a papilloma virus
promoter, a polyoma virus promoter, a respiratory syncytial virus (RSV) promoter, a
sarcoma virus promoter, an SV40 promoter, other viral promoters, an actin promoter, an
amylase promoter, an immunoglobulin promoter, a kallikrein promoter, a metallothionein
promoter, a heat shock promoter, an endogenous promoter, a promoter regulated by
rapamycin or other small molecules, other cellular promoters, and other promoters known
to those skilled in the art. In one embodiment, the promoter is an AAV promoter. In one
embodiment, the promoter is a CMV promoter. Selection of expression control
sequences to include can be accomplished by one skilled in the art.

In alternative embodiments, AAV vectors of different serotypes (as determined by
the serotype of the ITRs within such vector) are used, e.g.,: an AAV1 vector, an AAV?2
vector, an AAV3 vector, an AAV4 vector, an AAVS vector, an AAV6 vector, an AAV7
vector, an AAVS8 vector, an AAVY vector, an AAV10 vector, an AAV11 vector, an AAV
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12 vector, an AAAYV vector, and a BAAV vector. In alternative embodiments the AAV
vector is an AAV2 vector, an AAVS vector, an AAV6 vector or a BAAV vector.

In alternative embodiments, chimeric, shuffled or capsid-modified AAV
derivatives are used to provide one or more desired functionalities for the viral vector.
alternative embodiments, these derivatives may display increased efficiency of gene
delivery, decreased immunogenicity (humoral or cellular), an altered tropism range and/or
improved targeting of a particular cell type compared to an AAV viral vector comprising
a naturally occurring AAV genome. In alternative embodiments increased efficiency of
gene delivery is achieved by improved receptor or co-receptor binding at the cell surface,
improved internalization, improved trafficking within the cell and into the nucleus,
improved uncoating of the viral particle and/or improved conversion of a single-stranded
genome to double-stranded form. In alternative embodiments an altered tropism range or
targeting of a specific cell population results in increased efficiency, such that the vector
dose is not diluted by administration to tissues where it is not needed.

In alternative embodiments, capsid-free AAV vectors are used as described e.g.,
in U.S. patent app. No. 20140107186. In alternative embodiments, AAV9 vectors that
are heart- or liver-tropic are used as described e.g., in U.S. patent app. No. 20140056854.
In alternative embodiments, AAV vectors are described in e.g., in U.S. patent app. Nos.
20130310443; 20130136729, are used to practice the invention.

In alternative embodiments, AAV vectors are pseudotyped for e.g., improved or
altered performance, e.g., to improve or alter the tropism or other features of the virus, as
described e.g., in U.S. patent app. No 20120220492. For example, specific or improved
targeting allows the delivery vehicle (e.g., the AAV viral particle) to infect and deliver
the therapeutic nucleic acid (e.g., an AC6mut) only to those cells intended to be infected,
thus decreasing the risk of unwanted side effects from gene therapy and increasing the
efficacy of the gene therapy.

In alternative embodiments, dosages of the viral vector are determined by factors
such as the condition being treated, the age, weight and health of the patient, and may
thus vary among patients. For example, a therapeutically effective human dosage of a
viral vector is generally in the range of from about 0.1 ml to about 100 ml of solution
containing concentrations of from about 1 x10” to 1 x10' genomes virus vector. An
exemplary human dosage for delivery to large organs (e.g., liver, muscle, heart and lung)

may be about 5 x 10", t0 5 x 10 AAV genomes per 1 kg, at a volume of about 1 to 100
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mL. The dosages are adjusted to balance the therapeutic benefit against any side effects
and such dosages may vary depending upon the therapeutic application for which the
recombinant vector is employed. The levels of expression of the transgene can be
monitored to determine the frequency of dosage resulting in viral vectors, e.g., AAV

vectors.

Formulations

In alternative embodiments, the invention provides compositions and methods for
delivering and expressing AC6mut iz vivo in a cardiac myocyte cell. In alternative
embodiments, these compositions comprise AC6mut -encoding nucleic acids formulated
for these purposes, e.g., expression vehicles or ACo6mut -encoding nucleic acids
formulated in a buffer, in a saline solution, in a powder, an emulsion, in a vesicle, in a
liposome, in a nanoparticle, in a nanolipoparticle and the like.

In alternative embodiments, the compositions can be formulated in any way and
can be applied in a variety of concentrations and forms depending on the desired in vivo
or ex vivo conditions, including a desired in vivo or ex vivo method of administration and
the like. Details on techniques for in vivo or ex vivo formulations and administrations are
well described in the scientific and patent literature.

Formulations and/or carriers of the AC6émut -encoding nucleic acids used to
practice this invention are well known in the art. Formulations and/or carriers used to
practice this invention can be in forms such as tablets, pills, powders, capsules, liquids,
gels, syrups, slurries, suspensions, etc., suitable for in vivo or ex vivo applications.

In alternative embodiments, AC6mut -encoding nucleic acids used to practice this
invention can be in admixture with an aqueous and/or buffer solution or as an aqueous
and/or buffered suspension, e.g., including a suspending agent, such as sodium
carboxymethylcellulose, methylcellulose, hydroxypropylmethylcellulose, sodium
alginate, polyvinylpyrrolidone, gum tragacanth and gum acacia, and dispersing or wetting
agents such as a naturally occurring phosphatide (e.g., lecithin), a condensation product of
an alkylene oxide with a fatty acid (e.g., polyoxyethylene stearate), a condensation
product of ethylene oxide with a long chain aliphatic alcohol (e.g., heptadecaethylene
oxycetanol), a condensation product of ethylene oxide with a partial ester derived from a
fatty acid and a hexitol (e.g., polyoxyethylene sorbitol mono-oleate), or a condensation

product of ethylene oxide with a partial ester derived from fatty acid and a hexitol
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anhydride (e.g., polyoxyethylene sorbitan mono-oleate). The aqueous suspension can
also contain one or more preservatives such as ethyl or n-propyl p-hydroxybenzoate.
Formulations can be adjusted for osmolarity, e.g., by use of an appropriate buffer.

In practicing this invention, the compounds (e.g., formulations) of the invention
can comprise a solution of AC6mut -encoding nucleic acids or genes dissolved in a
pharmaceutically acceptable carrier, e.g., acceptable vehicles and solvents that can be
employed include water and Ringer's solution, an isotonic sodium chloride. In addition,
sterile fixed oils can be employed as a solvent or suspending medium. For this purpose
any fixed oil can be employed including synthetic mono- or diglycerides, or fatty acids
such as oleic acid. In one embodiment, solutions and formulations used to practice the
invention are sterile and can be manufactured to be generally free of undesirable matter.
In one embodiment, these solutions and formulations are sterilized by conventional, well
known sterilization techniques.

The solutions and formulations used to practice the invention can comprise
auxiliary substances as required to approximate physiological conditions such as pH
adjusting and buffering agents, toxicity adjusting agents, e.g., sodium acetate, sodium
chloride, potassium chloride, calcium chloride, sodium lactate and the like. The
concentration of active agent (e.g., AC6mut -encoding nucleic acids or genes) in these
formulations can vary widely, and can be selected primarily based on fluid volumes,
viscosities and the like, in accordance with the particular mode of iz vivo or ex vivo
administration selected and the desired results, e.g., increasing in vivo AComut
expression.

The solutions and formulations used to practice the invention can be lyophilized;
for example, the invention provides a stable lyophilized formulation comprising AC6mut
-encoding nucleic acids or genes. In one aspect, this formulation is made by lyophilizing
a solution comprising AC6mut -encoding nucleic acid or gene and a bulking agent, e.g.,
mannitol, trehalose, raffinose, and sucrose or mixtures thereof. A process for preparing a
stable lyophilized formulation can include lyophilizing a solution about 2.5 mg/mL
protein, about 15 mg/mL sucrose, about 19 mg/mL NaCl, and a sodium citrate buffer
having a pH greater than 5.5 but less than 6.5. See, e.g., U.S. patent app. no.
20040028670.

The compositions and formulations of the invention can be delivered by the use of

liposomes (see also discussion, below). By using liposomes, particularly where the
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liposome surface carries ligands specific for target cells, e.g., cardiac myocytes, or are
otherwise preferentially directed to a specific tissue or organ type, e.g., a heart, one can
focus the delivery of the active agent into a target cell, e.g., a cardiac myocyte, in an in

vivo or ex vivo application.

Nanoparticles, Nanolipoparticles and Liposomes

The invention also provides nanoparticles, nanolipoparticles, vesicles and
liposomal membranes comprising compounds (e.g., AComut or AC6mut -encoding
nucleic acids or genes) used to practice the methods of this invention, e.g., to deliver
AC6mut or ACémut -encoding nucleic acids or genes to cardiac myocyte cells in vivo or
ex vivo. In alternative embodiments, these compositions are designed to target specific
molecules, including biologic molecules, such as polypeptides, including cell surface
polypeptides, e.g., for targeting a desired cell type, e.g., a mammalian cardiac cell, a
cardiac myocyte and the like.

The invention provides multilayered liposomes comprising compounds used to
practice this invention, e.g., as described in Park, et al., U.S. Pat. Pub. No. 20070082042.
The multilayered liposomes can be prepared using a mixture of oil-phase components
comprising squalane, sterols, ceramides, neutral lipids or oils, fatty acids and lecithins, to
about 200 to 5000 nm in particle size, e.g., to entrap a cAMP-incompetent AC-encoding
nucleic acid or gene.

Liposomes can be made using any method, e.g., as described in Park, et al., U.S.
Pat. Pub. No. 20070042031, including method of producing a liposome by encapsulating
an active agent (e.g., AC6mut -encoding nucleic acids or genes), the method comprising
providing an aqueous solution in a first reservoir; providing an organic lipid solution in a
second reservoir, and then mixing the aqueous solution with the organic lipid solution in a
first mixing region to produce a liposome solution, where the organic lipid solution mixes
with the aqueous solution to substantially instantaneously produce a liposome
encapsulating the active agent; and immediately then mixing the liposome solution with a
buffer solution to produce a diluted liposome solution.

In one embodiment, liposome compositions used to practice this invention
comprise a substituted ammonium and/or polyanions, e.g., for targeting delivery of a
compound (e.g., AC6émut -encoding nucleic acids or genes) used to practice this invention

to a desired cell type, as described e.g., in U.S. Pat. Pub. No. 20070110798.

33



WO 2014/197624 PCT/US2014/040948

10

15

20

25

30

The invention also provides nanoparticles comprising compounds (e.g., AComut -
encoding nucleic acids or genes) used to practice this invention in the form of active
agent-containing nanoparticles (e.g., a secondary nanoparticle), as described, e.g., in U.S.
Pat. Pub. No. 20070077286. In one embodiment, the invention provides nanoparticles
comprising a fat-soluble active agent of this invention or a fat-solubilized water-soluble
active agent to act with a bivalent or trivalent metal salt.

In one embodiment, solid lipid suspensions can be used to formulate and to
deliver AC6mut -encoding nucleic acids or genes used to practice the invention to a

mammalian cell in vivo or ex vivo, as described, e.g., in U.S. Pat. Pub. No. 20050136121.

Delivery vehicles

In alternative embodiments, any delivery vehicle can be used to practice the
methods or compositions of this invention, e.g., to deliver AC6mut or AC6mut -encoding
nucleic acids or genes to practice the methods of the invention in vivo or ex vivo. For
example, delivery vehicles comprising polycations, cationic polymers and/or cationic
peptides, such as polyethyleneimine derivatives, can be used e.g. as described, e.g., in
U.S. Pat. Pub. No. 20060083737.

In one embodiment, a dried polypeptide-surfactant complex is used to formulate a
composition of the invention, wherein a surfactant is associated with a nucleic acid via a
non-covalent bond e.g. as described, e.g., in U.S. Pat. Pub. No. 20040151766.

In one embodiment, a nucleic acid used to practice this invention can be applied to
cells as polymeric hydrogels or water-soluble copolymers, e.g., as described in U.S.
Patent No. 7,413,739; for example, a nucleic acid can be polymerized through a reaction
between a strong nucleophile and a conjugated unsaturated bond or a conjugated
unsaturated group, by nucleophilic addition, wherein each precursor component
comprises at least two strong nucleophiles or at least two conjugated unsaturated bonds or
conjugated unsaturated groups.

In one embodiment, a nucleic acid is applied to cells using vehicles with cell
membrane-permeant peptide conjugates, e.g., as described in U.S. Patent Nos. 7,306,783;
6,589,503. In one aspect, the nucleic acid itself is conjugated to a cell membrane-
permeant peptide. In one embodiment, a nucleic acid and/or the delivery vehicle are

conjugated to a transport-mediating peptide, e.g., as described in U.S. Patent No.
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5,846,743, describing transport-mediating peptides that are highly basic and bind to poly-
phosphoinositides.

In one embodiment, electro-permeabilization is used as a primary or adjunctive
means to deliver AC6mut -encoding nucleic acids or genes to a cell, e.g., using any
electroporation system as described e.g. in U.S. Patent Nos. 7,109,034; 6,261,815;
5,874,268.

Implanting cells in vivo

In alternative embodiments, the methods of the invention also comprise
implanting or engrafting cells, e.g., cardiac or cardiac myocyte cells, comprising or
expressing AC6mut -encoding nucleic acids or genes used to practice the invention; and
in one aspect, methods of the invention comprise implanting or engrafting the AC6mut -
encoding nucleic acids or genes (or cells expressing them) in a vessel, tissue or organ ex
vivo or in vivo, e.g., a heart or a cardiac myocyte, or implanting or engrafting the re-
programmed differentiated cell in an individual in need thereof.

Cells can be removed from an individual, treated using the compositions and/or
methods of this invention, and reinserted (e.g., injected or engrafted) into a tissue, organ
or into the individual, using any known technique or protocol. For example, de-
differentiated re-programmed cells, stem cells, or re-programmed differentiated cells, can
be re-implanted (e.g., injected or engrafted) using e.g., microspheres e.g., as described in
U.S. Pat. No. 7,442,389; e.g., in one aspect, the cell carrier comprises a bulking agent
comprising round and smooth polymethylmethacrylate microparticles preloaded within a
mixing and delivery system and an autologous carrier comprising these cells. In another
embodiment, the cells are re-administered to a tissue, an organ, e.g., a heart, and/or to an
individual in need thereof in a biocompatible crosslinked matrix, as described e.g., in U.S.
Pat. App. Pub. No. 20050027070.

In another embodiment, the cells of the invention (e.g., cells made by practicing
the methods of this invention) are re-administered (e.g., injected or engrafted) to a tissue,
an organ and/or an individual in need thereof within, or protected by, a biocompatible,
nonimmunogenic coating, e.g., as on the surface of a synthetic implant, e.g., as described
in U.S. Pat. No. 6,969,400, describing ¢.g., a protocol where AC6mut can be conjugated
to a polyethylene glycol that has been modified to contain multiple nucleophilic groups,

such as primary amino or thiol group.

35



WO 2014/197624 PCT/US2014/040948

10

15

20

25

30

In one embodiment, the cells of the invention (e.g., cells made by practicing the
methods of this invention) are re-administered (e.g., injected or engrafted) to a tissue, an
organ and/or an individual in need thereof using grafting methods as described e.g. by
U.S. Pat. Nos. 7,442,390; 5,733,542.

Any method for delivering polypeptides, nucleic acids and/or cells to a tissue or
organ (e.g., a cardiac myocyte, heart) can be used, and these protocols are well known in
the art, e.g., as described in U.S. Patent No. (USPN) 7,514,401, describing e.g., using
intracoronary (IC), intravenous (IV), and/or local delivery (direct myocardial injection) of
polypeptides, nucleic acids and/or cells to a heart in situ. For example, in alternative
embodiments, acrosol drug particles into the lungs and into the bloodstream, gene
therapy, continuous infusions, repeated injections and/or sustained release polymers can
be used for delivering polypeptides, nucleic acids and/or cells to a tissue or organ (e.g., a
lung, kidney, heart). In alternative embodiments, nucleic acids and/or cells can be given
through a catheter into the coronary arteries or by direct injection into the left atrium or
ventricular myocardium via a limited thoracotomy; or delivered into the myocardium via
a catheter passed during cardiac catheterization; or delivered into the pericardial space.

In alternative embodiments, nucleic acids used to practice this invention, or a
vector comprising a nucleic acid used to practice the invention (e.g., an adenovirus-
associated virus or vector (AAV), or an adenoviral gene therapy vector), or a vesicle,
liposome, nanoparticle or nanolipid particle (NLP) of the invention, and the like, to a
tissue or organ (e.g., a lung, kidney, heart); e.g. as described in USPN 7,501,486.

Compositions used to practice this invention can be used in combination with
other therapeutic agents, e.g. angiogenic agents, anti-thrombotic agents, anti-
inflammatory agents, immunosuppressive agents, anti-arrhythmic agents, tumor necrosis
factor inhibitors, endothelin inhibitors, angiotensin-converting enzyme inhibitors, calcium
antagonists, antibiotic agents, antiviral agents and viral vectors.

Compositions used to practice this invention can be used for ameliorating or
treating any of a variety of cardiopathies and cardiovascular diseases, e.g., cardiopathies
and cardiovascular diseases, e.g., coronary artery disease (CAD); atherosclerosis;
thrombosis; restenosis; vasculitis including autoimmune and viral vasculitis such as
polyarteritis nodosa, Churg-Strass syndrome, Takayasu's arteritis, Kawasaki Disease and
Rickettsial vasculitis; atherosclerotic aneurisms; myocardial hypertrophy; congenital

heart diseases (CHD); ischemic heart disease and anginas; acquired valvular/endocardial
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diseases; primary myocardial diseases including myocarditis; arrhythmias; and transplant
rejections; metabolic myocardial diseases and myocardiomyopathies such as congestive,

hypertrophic and restrictive cardiomyopathies, and/or heart transplants.

Kits and Instructions

The invention provides kits comprising compositions and methods of the
invention, including instructions for use thereof. As such, cells, delivery vehicles,
vectors, expression vectors, recombinant viruses and the like, of the invention, can also be
provided.

For example, in alternative embodiments, the invention provides kits comprising
compositions comprising (a) AC6mut -encoding nucleic acid, (b) delivery vehicles,
vectors, expression vectors, recombinant viruses and the like, of the invention, (¢) a liquid
or aqueous formulation of the invention, or (d) the vesicle, liposome, nanoparticle or
nanolipid particle of the invention. In one aspect, the kit further comprising instructions
for practicing any methods of the invention, e.g., in vitro or ex vivo methods for
delivering a desired AC6mut or ACémut-expressing nucleic acid, vector, and the like, to

a cardiac myocyte cell.

The invention will be further described with reference to the following examples;

however, it is to be understood that the invention is not limited to such examples.

EXAMPLES
EXAMPLE 1: Delivery of cAMP-incompetent AC increases cardiac function

This example demonstrates the effectiveness of an exemplary embodiment of the
invention: delivery of cAMP-incompetent AC to cardiac myocytes for the treatment of
heart failure. In this study, we asked whether an AC mutant molecule that reduces LV
cAMP production would have favorable effects on left ventricle (LV) function through its
effects on Ca>" handling alone.

So many clinical trials of positive inotropes have failed, that it is now axiomatic
that agents that increase cAMP are deleterious to the failing heart. An alternative strategy
is to alter myocardial Ca>" handling or myofilament response to Ca’" using agents that do

not affect CAMP. Although left ventricular (LV) function is tightly linked to adenylyl
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cyclase (AC) activity, the beneficial effects of AC may be independent of cAMP and
instead stem from effects on Ca>" handling.

In this study, we generated transgenic mice with cardiac-directed expression of a
cyclic adenosine monophosphate-incompetent (cCAMP-incompetent) adenylyl cyclase
type 6 (AC6) polypeptide, the so-called “AC6 mutant”, or “AC6émut”. Cardiac myocytes
of these AC6mut transgenic mice showed impaired cAMP production in response to
isoproterenol (74% reduction; p<0.001), but LV size and function were normal. Isolated
hearts showed preserved LV function in response to isoproterenol stimulation. AC6mut
expression was associated with increased sarcoplasmic reticulum Ca®” uptake and the
EC50 for SERCAZ2a activation was reduced. Cardiac myocytes isolated from AC6mut
mice showed increased amplitude of Ca’" transients in response to isoproterenol
(p=0.0001). AC6mut expression also was associated with increased expression of LV
S100A1 (p=0.03) and reduced expression of phospholamban protein (p=0.01). This study
determined that LV AC mutant expression is associated with normal cardiac function
despite impaired cCAMP generation. The mechanism appears to be through effects on
Ca”" handling — effects that occur despite diminished cAMP.

Data from previous studies indicated that increased cardiac AC type 6 (AC6), a
dominant AC isoform expressed in mammalian cardiac myocytes [6], has protean
beneficial effects on the failing left ventricle (LV) [7],[8],[9],[10],[11],[12]. These
unexpected beneficial effects must be reconciled with the dire consequences on the heart
of beta (B) adrenergic receptor (BAR) stimulation and elevations in intracellular cAMP
[13],[14],[15],[16],[17],[18]. Indeed, the apparent benefits of AC6 expression in the
failing heart is paradoxical. Using pharmacological inhibitors, data from previous studies
suggest that some of the beneficial effects of increased cardiac AC6 expression do not
depend upon increased cAMP generation [2],[3]. Because of the inherent limitations of
studies using pharmacological inhibition in cultured cardiac myocytes, we generated a
catalytically inactive murine AC6 mutant (AC6mut) molecule by substitution of Ala for
Asp at position 426 in the catalytic core (position 426: position number based on SEQ ID
NO:16), a change predicted to alter Mg”" binding but not influence G-protein dynamics
[4]. This murine AC6mut molecule, when studied in vitro, markedly impairs cAMP
generation, but retains the cellular distribution pattern associated with AC6 [4]. Such in
vitro studies fall far short of establishing how such a molecule might influence cardiac

function in vivo.
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We therefore generated transgenic murine lines with cardiac-directed expression
of ACémut. Our hope was that such lines would provide additional insight vis-a-vis
differentiation of cCAMP vs Ca>" handling effects on the function of the intact normal
heart. Furthermore, such studies might indicate whether AC6mut provides inotropic
stimulation free from the potentially deleterious effects of increased cAMP. Our
hypothesis was that LV function, despite marked diminution in cAMP generating
capacity, would remain normal, through beneficial counterbalancing effects conferred by

AC6 on Ca”>" handling.

Methods

Generation of AC6mut Transgenic Mice (Fig. 1A). The use of animals was in

accordance with Association for Assessment and Accreditation of Laboratory Animal
Care guidelines and was approved by the Institutional Animal Care and Use Committee
of VA San Diego Healthcare System. To generate mice with cardiac-directed expression
of AC6mut, the murine AC6mut cDNA [4] with an AUI tag at the C-terminus, was
subcloned between the a.-myosin heavy chain promoter and SV40 polyA. A 9.2-kb
fragment containing the expression cassette was used for pronuclear injection, carried out
in the transgenic mouse facility at University of California, San Diego (inbred C57BL/6).
Founder mice were identified by polymerase chain reaction (PCR) of genomic DNA
prepared from tail tips.

The ACémut gene was detected using a primer homologous to the a-MHC
promoter (forward: 5' CACATAGAAGCCTAGCCCACACC) (SEQ ID NO:1); the
reverse primer was for the AC6 region (5' CAGGAGGCCACTAAACCATGAC) (SEQ
ID NO:2).

AC6mut mRNA was detected using the following primers: (forward: 5'
TGGGCCTCTCTACTCTGCAT (SEQ ID NO:3); reverse: 5'
TGGATGTAACCTCGGGTCTC) (SEQ ID NO:4) enabling quantification of fold
increase of ACo6mut mRNA over endogenous AC6 mRNA.

Endogenous AC6 mRNA was detected using primers homologous to its 3'-
untranslated region (forward: 5' GGCATTGAGTGGGACTTTGT (SEQ ID NO:5);
reverse: ' TCTGCATCCAAACAAACGAA) (SEQ ID NO:6). This 3’ untranslated
region was not present in the ACo6mut cDNA, enabling quantification of endogenous
AC6.

39



WO 2014/197624 PCT/US2014/040948

10

15

20

25

30

Founder animals were crossbred with wild-type mice of the same strain, and
selected animals were used for analysis of cardiac transgene expression. We documented
variable transgene expression in independent lines and selected a line with a 17-fold
increase in AC6mut protein expression (vs endogenous AC6) for our studies. LV
expression levels of AC types 2 - 9 were determined using quantitative RT-PCR as
previously described [5].

Echocardiography. Anesthesia was induced with 5% isoflurane (at a flow rate of 1

L/min oxygen) and maintained with 1% isoflurane in oxygen. Images were obtained
using a 16L MHz linear probe and Sonos 5500® Echocardiograph system (Philips
Medical Systems, Bothell, WA), as previously reported [7]. Data were acquired and
analyzed without knowledge of group identity.

Isolated Perfused Hearts: LV Contractile Function. Cardiac function was assessed

in isolated perfused hearts to assess LV contractile function in a manner unaffected by
reflex activation or anesthesia, as previously reported [7]. An intraventricular balloon
catheter was deployed to measure isovolumic LV pressure (LV end-diastolic pressure 10
mmHg; 1.7 mM ionized Ca”"). Tsoproterenol was delivered in bolus doses (from 0.1 nM
to 300 nM) at five-minute intervals as LV pressure was recorded. Subsequently, the first
derivative of the LV pressure (LV dP/dt) was derived and used as a surrogate of LV
contractile function. Data were acquired and analyzed without knowledge of group
identity.

Calcium Uptake. Initial rate of ATP-dependent sarcoplasmic reticulum (SR) Ca**

uptake in LV homogenates was measured by the modified Millipore filtration technique
as described previously [11].

Calcium Transient. Cytosolic calcium transients were measured using Indo-1, as

described previously [19]. Cardiac myocytes were plated onto laminin-coated glass cover
slips and loaded with indo-1/AM (3 uM, Calbiochem, La Jolla CA) and dispersing agent,
pluronic F-127 (0.02 mg/ml, Calbiochem, La Jolla CA) for 30 min. Following dye
loading, cover slips were mounted in a superfusion chamber, rinsed to remove excess
indo-1/AM, and mounted on a Nikon DIAPHOT™ epifluorescence microscope equipped
with a 40x objective interfaced to a Photon Technologies photometry system
(Birmingham NJ) with the excitation wavelength set to 365 nm via a monochromator.
Fluorescence emission was split and directed to two photomultiplier tubes through 20-nm

band-pass filters centered at 405 and 485 nm, respectively. The ratio F405/F485
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represents a measure for [Ca’]i. During these measurements, cardiac myocytes were
superfused with 25 mM HEPES (pH 7.3) containing 2 mM CaCl,. Myocytes were field-
stimulated at 0.3 Hz. Isoproterenol-stimulated Ca®" transient was determined by adding
isoproterenol (10 uM) to the buffer. Calcium transients were recorded from at least 20
cells per heart and for at least 3 hearts per group. Diastolic and systolic intracellular Ca**
levels were obtained from the basal and maximal F405/F485 ratio per cycle, respectively.

Cardiac Myocyte Isolation. Cardiac myocyte isolation was performed as

previously described [4].

Cyclic AMP Measurement. Isolated cardiac myocytes were stimulated with

isoproterenol (10 uM, 10 min) or the water-soluble forskolin analog NKH477 (10 uM, 10
min), and then lysed (2.5% dodecyltrimethylammonium bromide, 0.05 M sodium acetate,
pH 5.8, and 0.02% bovine serum albumin). Cyclic AMP was measured using the cAMP
BIOTRAK™ enzyme immunoassay system (GE Healthcare, Pittsburgh,

PA) as previously reported [4].

PKA Activity Assay. Isolated cardiac myocytes were stimulated with

isoproterenol (10 uM, 10 min) or NKH477 (10 uM, 10 min). Cardiac myocytes were
homogenized in buffer A: 20 mM Tris-HCI (pH 7.4), 0.5 mM EGTA, 0.5 mM EDTA,
and protease inhibitor cocktail from Invitrogen) and centrifuged (14,000 x g, 5 min, 4°C).
The supernatant was incubated with PKA biotinylated peptide substrate (SignaTECT®
(SIGNATECT®) cAMP-Dependent Protein Kinase Assay System (Promega, Madison
WTI)) in the presence of [y->’P]JATP. The **P-labeled, biotinylated substrate was recovered
with a streptavidin matrix, and the specific activity of PKA determined.

Isoproterenol-Stimulated Phosphorylation of Ryanodine Receptor-2, PLB. and

Troponin I in Cardiac Myocytes. To determine dynamic phosphorylation of key Ca*"

regulating proteins, we conducted studies of basal and isoproterenol-stimulated
phosphorylation of RyR2, PLB and Tnl in cultured cardiac myocytes isolated from each
group (Fig. 2C). Cultured cardiac myocytes (100,000 cells per well) were used in these
studies and immunoblotting performed before and after incubation with isoproterenol (10
uM, 10 min). Cells were lysed in lysis buffer: 20 mM Tris-HCI (pH 7.5), 150 mM NacCl,
1 mM Na2EDTA, 1 mM EGTA, 1% Triton, 2.5 mM sodium pyrophosphate, 1 mM [3-
glycerophosphate, 1 mM Na3VO4, 1 ug/ml leupeptin). Protein concentration was
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measured using the Bradford method. Immunoblots were normalized to GAPDH and
compared (Fig. 2D).

PDE Activity Assay. Phosphodiesterase activity was assayed using the Cyclic

Nucleotide Phosphodiesterase Assay Kit (Enzo). LV tissues were homogenized in buffer
containing 10 mM Tris-HCI (pH 7.4), 1 mM PMSF, 10 mM activated orthovanadate, 1x
protease inhibitor cocktail (Life Sciences) and centrifuged at 10,000 rpm (10 min) in a
microfuge. Tissue homogenates were desalted by gel filtration using Desalting Column
Resin (Enzo). Twenty ug of protein (Bradford) was added to each well and PDE activity
measured.

Immunofluorescence. Isolated cardiac myocytes were attached to laminin coated
2-well chamber slides for 1 hr, washed, fixed (10% formalin, 15 min, 23°C), blocked with
normal goat serum (1 hr) and incubated (4°C, overnight) with: anti-AU1 antibody
(Fitzgerald, 1:300; for detecting AC6mut transgene protein); anti-Cav3 antibody (BD
Pharmagen, 1:100; for detecting caveolae); anti-PDI antibody (Invitrogen, 1:1000; for
detecting SR); anti-lamin A (Abcam, 1:200; for detecting nuclear envelope); anti-CREM-
1 antibody (Santa Cruz, 1:50); or anti-phospho-CREB antibody (Upstate, 1:100). Cardiac
myocytes were washed with PBS and then incubated with secondary antibodies (Alexia
Fluo 488 or 594 conjugated, 1:1000 dilution) for 1 hr. To identify the nucleus, cells were
incubated with Hoechst dye (1:1000 dilution, 20 min). Cardiac myocytes then were
imaged as previously described [2].

Detection of mRNA and Immunoblotting. Quantitative reverse transcription

polymerase chain reaction (RT-qPCR) was used to quantify mRNA and immunoblotting
was used to quantify protein content [4]. The primers for RyR2 included (forward:
S'AACCTACCAGGCTGTGGATG) (SEQ ID NO:7); and (reverse: 5'
GACTCGATGGGCAAGTCAAT) (SEQ ID NO:8).

We used the anti-AC5/6 antibody to identify endogenous AC6 and AC6mut
(Santa Cruz, 1:200 dilution). The epitope for the AC5/6 antibody is at the C-terminus of
AC6 and AComut (sequence: KGYQLECRGVVKVKGKGEMTTYFLNGGPSS (SEQ
ID NO:9); protein accession #043306 and #Q01234). We used AU1 antibody
(Fitzgerald, 1:2,000) to detect AC6mut protein. Additional antibodies used included:
calreticulin (ABR Affinity, 1:1,000); calsequestrin (Novus Biologicals, 1:1,000); GAPDH
(Fitzgerald, 1:20,000); PDE3A (Advam); PKA catalytic subunit (BD Transduction,
1:1,000); p-PKA catalytic subunit (Cell Signaling, 1:1,000); PKA-RIIo and PKA-RIIB
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(BD Transduction, 1:1,000); phospho-PKA-RIla (S96) and phospho-PKA-RIIB (S114)
(Santa Cruz, 1:200); PKCa catalytic subunit (Santa Cruz, 1:200); PLB (Affinity
Bioreagents, 1:5,000); phospho S16-PLB (Badrilla, 1:3,000 dilution); phospho-RyR2
(S2808) (Abcam, 1:1,000); S100A1 (Epiyomics, 1:1,000); SERCA2a (Enzo, 1:1,000);
troponin I and phospho-Tnl (S22/23) (Cell Signaling, 1:1,000 each)

Statistical Analysis. Data represent mean = SE; group differences were tested for

statistical significance using either ANOVA, followed by Bonferroni #testing, or, when
appropriate, Student’s ¢ test (unpaired, 2-tailed). The null hypothesis was rejected when p
<0.05.

Results

AC6mut Transgenic Mice. AC6mut mice were physically indistinguishable from

their transgene negative siblings. Necropsy of adult mice showed that body weight, tibial
length, LV weight, and lung weight showed no group differences. (Table 1).
LV Expression of AComut. AC6mut mRNA was increased 62-fold and protein

was increased 17-fold over the levels of endogenous AC6, which were detected using
primers and antibody to the common regions on both endogenous AC6 and transgene
AC6mut in RT-PCR and immunoblotting (Figs. 1B and 1C).

LV Expression of Endogenous AC Types. The mRNA of endogenous AC types 2

- 9 showed no group differences (data not shown).

LV cAMP Production. LV samples from AC6mut mice showed reduced cAMP

production when stimulated with isoproterenol (74% reduction; p<0.001) or NKH477, a
water-soluble forskolin analog (52% reduction; p = 0.05) (Fig. 1D); basal cAMP
production was unchanged. Thus, the transgenic line was suited to test the overall effect
of reduced BAR-stimulated cAMP production in the presence of increased AC6mut
expression on LV function.

PKA Activity and Expression. Cardiac myocytes isolated from AC6mut mice

showed a 48% reduction in basal PKA activity (p=0.01). In addition there were
reductions in PKA activity stimulated by isoproterenol (38% reduction; p=0.006); and
NKH477 (38% reduction; p=0.001) (Fig. 2A, upper). AC6mut expression did not alter
LV expression of the PKA catalytic subunit (Fig. 2A, lower) or expression or
phosphorylation of PKA-RII-a and 8 (phospho-PKA-RIIa: AC6mut, 0.324+0.04 du; Con,
0.30+0.03 du, p=0.7; phospho-PKA-RIIB: ACémut, 7.1%1.1 du; Con, 10.6+01.4 du;
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p=0.09; Fig. 2B). PKC catalytic subunit expression also showed no group difference
(PKCa: AC6mut, 0.8+0.1 du; Con, 0. 7+0.1 du, p=0.4; Fig. 2B)

Isoproterenol-Stimulated Phosphorylation of Ryanodine Receptor-2. PLB and

Troponin [ in Cardiac Myocytes. Basal phosphorylation of RyR2, PLB and Tnl showed
no group differences (P-RyR2: ACémut, 4.4+0.6 vs Con, 2.4£0.5 du, p=0.06; P-PLB:
AC6mut, 0.3+0.03 vs Con, 0.2+0.1 du, p=0.8; P-Tnl: AC6mut, 0.8+0.2 vs Con, 1.0+0.01

du, p=0.24, Fig. 2C). Isoproterenol stimulation was associated with increased
phosphorylation of RyR2, PLB, and Tnl in both groups (vs un-stimulated), but the extent
of phosphorylation generally was greater in LV from AC6émut mice (P-RyR2: AC6mut,
30.0+1.1vs Con, 7.4£1.1 du, p=0.001,; P-PLB: AC6mut, 16.8+2.4 vs Con, 5.3+0.1 du,
p=0.01; P-Tnl: AC6mut, 5.8+1.4 vs Con, 2.240.7 du, p=0.07; Fig. 2C). Tnl protein
expression was not different between groups (AC6mut, 0.9+0.1 vs Con, 0.7+0.2 du;
p=0.5; Fig. 2B. RyR2 mRNA expression showed no group difference.

PDE Activity and PDE3A Expression. There was no group difference in PDE

activity in LV samples (AC6mut: 1252423 Units/mg, n=7; Control: 1293439 Units/mg,
n=6; p=0.38). LV PDE3A protein expression showed no group difference (AC6mut:
0.3+0.1 vs Con, 0.4£0.1 du, p=0.6. Fig.2B).

Intracellular Distribution of AC6mut. AC6mut protein was identified in

association with caveolae (mainly associated with plasma membrane), SR, and nuclear
envelope (Fig. 1E).

Echocardiography. Echocardiography showed that basal cardiac structure and

function were unchanged by cardiac-directed expression of AC6mut. LV dimensions
were not different between groups, and basal LV ejection fraction and the velocity of
circumferential fiber shortening were similar (Table 2). Thus, despite marked diminution
of LV cAMP generating capacity in AComut mice, L'V structure and basal function were
unaltered.

LV Contractile Function in Response to Isoproterenol. To assess cardiac

contractility in a manner independent of autonomic nervous influence, endogenous
catecholamines, and anesthesia, LV pressure development was measured in
isolated perfused hearts. Basal and isoproterenol-stimulated LV dP/dt showed no group
differences (Fig. 3), despite marked diminution in LV cAMP generating capacity.

Ca’’ Uptake and Ca”" Related Proteins. ATP-dependent SR Ca®" uptake rate in

pooled LV homogenates from AC6mut and transgene-negative sibling control mice was
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determined. Increased AC6mut expression was associated with increased SR Ca”" uptake
(Fig. 4A, upper panel). In addition, an increased affinity of SERCA2a for Ca®* was
reflected in a reduced Ca”" concentration required for a half maximal effect (EC50:
AC6mut 1.1 umol/L; Control 3.7 umol/L, n=6, Fig. 4A, lower panel).

Associated with these physiological changes in Ca”" handling was altered LV
expression of proteins that regulate SR Ca’" uptake. For example, AC6mut expression
was associated with a 43% reduction in LV PLB protein expression (p=0.01), and a 73%
increase in LV S100A1 protein content (p=0.03) (Figs. 4B and 4C). The contents of LV
SERCA2a, calreticulin, and calsequestrin were unchanged, and PLB phosphorylation at
Ser16 was unchanged (Fig. 4D).

Transcription Factors. AC6mut expression was associated with a 2-fold increase
in LV expression of CREM-1 (p=0.03, Fig. 4B) and a 1.7-fold increase in
phosphorylation of CREB at Ser133 (p=0.01, Fig. 4C); total CREB protein content was

unaltered. To determine whether increased CREM-1 and phospho-CREB were present in
the nuclei, immunofluorescence staining of isolated cardiac myocytes was performed
using anti-CREM-1 and anti-phospho-CREB (S133) antibodies. We detected increased
nuclear localization of CREM-1 and phospho-CREB in AC6mut mice (Fig. 4E).

Calcium Transients: To determine whether increased SR Ca®" uptake associated

with AC6mut expression would affect cytosolic [Ca®']i, cardiac myocyte real-time [Ca®'Ji
was assessed using the ratiometric dye Indo-1. Basal Ca®" release during contraction was
unchanged (Fig. 5A). However, AC6mut expression was associated with increased peak
systolic Ca’" transient amplitude after isoproterenol stimulation (p=0.0001, Figs. 5B and
5C), and time to peak amplitude was decreased (p=0.03, Fig. 5D). In addition, time to
50% relaxation (tau) was decreased (p=0.04) in cardiac myocytes from AC6mut mice
(Fig. SE). Thus, SERCA2a activity, expression of PLB and S100A1, and isoproterenol-
stimulated Ca”" transients all were altered by AC6mut expression in a manner that would

favorably influence LV function.

Discussion

The most surprising and important finding of this study is that cardiac-directed
expression of a mutant AC6 molecule that markedly impairs BAR-stimulated cAMP
production is associated with preserved L'V function in response to isoproterenol

stimulation. This was confirmed by echocardiography and studies of contractile function
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in isolated perfused hearts. Marked diminution of cardiac cAMP generation in other
settings is associated with proportional reductions in LV contractile function. For
example, most models of heart failure, where cCAMP impairment typically is 50%
reduced, there is a similar reduction in LV dP/dt and in BAR-responsiveness
[10],[11],[12],[13],[14]. Furthermore, deletion of AC6, which is associated with a 60%
reduction in cAMP generating capacity, was also associated with a similar reduction in
LV contractile function [5]. What then explains preservation of isoproterenol-stimulated
LV contractile function?

The proximate mechanisms for preserved LV function despite markedly impaired
cAMP generation in the AC6mut line were favorable changes on Ca® handling. We
previously reported that cardiac-directed expression of AC6 increased function of the
failing heart, but because of pronounced effects of AC6 on BAR signaling, it was
impossible to determine the degree to which these beneficial effects reflected augmented
BAR signaling per se vs Ca®" handling [10],[11]. Supporting the link of AC6 to Ca’"
handling is the observation that AC6 deletion has striking adverse effects on Ca®"
handling [5], but since cAMP-generating capacity was reduced following AC6 deletion,
the independent effects of AC6 on Ca”>" handling were difficult to ascertain. What is new
in the present study, however, is the demonstration in TG mice that an AC6 mutant
molecule appears to mimic the parent molecule’s favorable effects on Ca® handling,
thereby preserving LV function even whilst cAMP generating capacity is markedly
diminished. It appears that the effects of AC6 on Ca®" handling does not require cAMP
generation, and must therefore occur through alternative mechanisms.

We found that AC6mut expression is associated with increased SR Ca”" uptake in
LV homogenates and increased Ca”" transients with reduced time of relaxation in intact
cardiac myocytes. Associated with these physiologically favorable effects of AComut
expression was reduced PLB expression, a Ca>" regulator that inhibits SERCA2a activity.
Reduced PLB content or increased PLB phosphorylation at Ser16 is associated with
reduction of its inhibitory effects, which increases SERCAZ2a activity [20],[21],[22]. We
previously found that PLB expression is reduced in cultured cardiac myocytes expressing
AC6 or AC6émut [4], but the current study is the first to demonstrate that this effect is also

seen in vivo (Fig. 4B). Increases in the degree of isoproterenol-stimulated
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phosphorylation of RyR2, PLB, and to a lesser extent, Tnl (Fig. 2C) in cardiac myocytes
isolated from AC6mut mice would be predicted also to increase LV contractile function.

AC6mut expression was associated with increased expression and nuclear
translocation of CREM-1 (Figs. 3B and 3E), a transcriptional suppressor in the
CREB/ATF family [23]. We previously identified that, in the setting of AC6 expression,
the PLB promoter was negatively regulated by increased ATF3 in neonatal rat cardiac
myocytes through the CRE site in the PLB promoter [2]. In the present study we did not
see increased ATF3 expression associated with AC6mut expression. However, both
ATF3 and CREM-1 recognize the same CRE sites, so it is plausible that the AComut-
related increased CREM-1 may be mechanistically important in reduced PLB expression.
This will require additional study.

AC6mut expression was associated with an unanticipated increase in LV
expression of the Ca”" sensitizing protein, SI00A 1, which increases contractile function
through modulation of RyR2 and SERCA2a [24]. How might AC6mut expression be
linked with increased LV S100A1 expression? AC6mut expression was associated with
increased phosphorylation and nuclear translocation of CREB (Figs. 4C and 4E),
processes that are required for CREB activation. CREB is a transcriptional activator that
regulates many genes through CRE site(s) in their promoters [25]. The SI00A1 promoter
possesses a CRE site [26], indicating that SIO0A1 expression could plausibly have been
activated by AC6mut expression. In addition, compartmentalization of PKA and cAMP
may also be factors [27],[28].

The substantial improvements in Ca*" handling appear to have preserved LV
function despite marked diminution in cAMP generation. The precise pathways by which
increased amounts of AC6mut influence transcriptional regulation and ultimately the
physiological behavior of cardiac myocytes and LV function will require additional
studies. Histological studies (Fig. 1E) confirm that substantial amounts of transgene
AC6mut are present in multiple intracellular compartments, not just in the plasma
membrane. This enables AC6omut protein to interact with important intracellular proteins
that influence intracellular signaling and thereby affect physiological function.

The importance of AC6 vis-a-vis Ca>” handling was recently underscored by AC6
deletion [5]. In this setting, cCAMP generating capacity was reduced, albeit not by as much
as in the present study, but Ca’" handling was markedly impaired. In the present study,

we see more marked impairment of cAMP generation, but Ca>” handling is increased, not
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decreased. This is because, unlike in AC6 deletion, the AC6 molecule, albeit one
deficient in cAMP generating capacity, is present in the cytoplasm where it may influence
Ca®" handling,

We did not examine transgenic lines that expressed reduced amounts of AComut
to determine if the physiological effects were proportional to level of AC6mut expression.
One could argue that a 17-fold increase in AC6mut protein (vs endogenous AC6) might
affect signaling in a non-specific manner. While our data cannot discount this possibility,
it is important to recognize that endogenous AC6 is an exceedingly low abundance
protein—approximately 100-fold less abundant, for example, than Gsa [29]. Therefore,
even expressed at 17-fold higher level than endogenous AC6, it still is considerably less
abundant than Gsa. Furthermore, similar increases in the catalytically active (normal)
AC6 are associated with marked increases in recruitable cAMP production [30]. These
observations suggest that the findings are specific.

Conclusions. Substantial improvements in Ca®" handling appear to preserve LV
function despite marked diminution in cAMP generation. Immunofluorescence indicates
that AC6mut is located on the nuclear envelope, providing an opportunity for AComut to
influence transcription factor expression and function. Increased CREM-1, a
transcriptional suppressor and increased phospho-CREB (Fig. 4E) may be involved in
altered expression of PLB and S100A1 respectively. We conclude that AC6mut preserves
cardiac function through increased Ca®" handling and altered protein expression, despite
reduced cAMP generation. These results provide insight regarding the interplay between
Ca”" handling and PAR signaling vis-a-vis LV function, and indicate that AC6mut may
provide inotropic stimulation free from the potentially deleterious effects of increased
cAMP. Data indicated reduced cardiac myocyte apoptosis associated with AC6mut

expression in the failing heart, which is a focus of an ongoing study in our laboratory.

FIGURE LEGENDS

Figure 1. AC6mut Design, Expression, Activity and Cellular Distribution

A. The diagram depicts the site of substitution of alanine (ala) for aspartic acid (asp) at
position 426 (position number based on SEQ ID NO:16) in the C1 domain
(intracellular loop) in the construction of AC6mut. The substitution inhibits Mg2+
binding and alters the efficiency of Gsa-mediated activation of the catalytic core,

which impairs the enzymatic activity of AC6, resulting in reduced cAMP production.
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M1 and M2, transmembrane domains of AC6; C1 and C2, cytoplasmic domains of
AC6, which form the catalytic core; BAR, B-adrenergic receptor; BY and a,

components of the guanosine 5'-triphosphate (GTP)-binding protein, Gs

. AC6omut mRNA expression was assessed by qRT-PCR using primers common to

endogenous AC6 and transgene AC6mut. Primers for detecting GAPDH mRNA were
used for internal control of the qRT-PCR reaction. ACémut mRNA was increased 62-
fold vs endogenous AC6. Animal number in bars +SE; Student’s t-test, unpaired, 2

tails

. AC6mut protein was detected in immunoblotting using anti-ACS5/6 antibody and

confirmed using anti-AU1 tag antibody. AC6mut protein was increased 17-fold vs

endogenous AC6.

. Cyclic AMP production in isolated cardiac myocytes from AC6mut and control mice,

before (Basal) and after stimulation with isoproterenol (Iso; 10 uM, 10 min) or
NKH477 (NKH; 10 uM, 10 min); cAMP Enzymeimmunoassay. Cardiac myocytes
from AC6mut mice (M vs C, control) showed impaired cAMP production in response
to Iso and NKH477, a forskolin analog. Bars denote mean +SE; p values from 1-way

ANOVA followed by Bonferroni post test (n=6, each group).

. Double immunofluorescence staining of AC6émut protein in cardiac myocytes isolated

from AC6mut vs control mice using anti-AU1 antibody (red); anti-caveolin 3 (Cav-3)
antibody (green, for caveolae); anti-protein disulphide-isomerase (PDI) antibody
(green, for sarcoplasmic reticulum); anti-lamin A antibody (green, for nuclear
envelope), and anti-voltage dependent anion selective channel protein (VDAC)
antibody (green, for mitochondria). Nucleus is blue. AC6mut transgene was detected

in caveolae, SR, and nuclear envelope, but was not associated with mitochondria.

Figure 2. Activities and Expression of PKA, PKS and PDE

A. Upper Graph: PKA activity in isolated cardiac myocytes without stimulation (Basal)

or stimulated with isoproterenol (Iso; 10 uM, 10 min) or NKH477 (NKH; 10 uM, 10
min). AC6émut expression reduced basal PKA activity (p=0.01) and both Iso
(p=0.001) and NKH (p=0.001) activities were reduced as well (n=3, each group).
Lower Gel: PKA protein in LV homogenates. LV PKA catalytic subunit protein

expression was unaltered by AC6mut expression.
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B. The expression of key signaling proteins and their phosphorylation are shown in
immunoblots using left ventricular homogenates from AC6mut and control mice. No
group differences were observed. Shown are phospho (P) and Total (T) PKA
regulatory subunits II-a and II-3, PKCa, Phosphodiesterase type 3A (PDE3A),
phospho-troponin I (P22/23-Tnl), and total Tnl.

C. Phosphorylation of RyR2, PLB and Tnl before and after isoproterenol stimulation was
assessed in cultured cardiac myocytes isolated from each group. Basal
phosphorylation of RyR2, PLB and Tnl showed no group differences. Isoproterenol
stimulation was associated with increased phosphorylation of RyR2, PLB, and Tnl in
both groups, but was more extensive in cardiac myocytes from AC6mut mice (Fig.
2C).

D. The data from Fig. 2C indicating that isoproterenol stimulation was associated with
increased phosphorylation of RyR2, PLB, and Tnl in cardiac myocytes from AC6mut
mice are shown in graphic format, normalized for loading (GAPDH). The increase in
Tnl phosphorylation was not statistically significant (p=0.07).

Figure 3. Left Ventricular Contractile Function

Isolated hearts from AC6mut TG mice (closed circle; n=11) showed preserved LV
dP/dt in response to isoproterenol stimulation through a wide range of isoproterenol
doses. Data were acquired and analyzed without knowledge of group identity. Open
circles, transgene negative control mice (n=12). There was no group difference (2-way
ANOVA). Data points denote mean +SE.

Figure 4. SR Ca*>" uptake, Ca’' signaling proteins, and transcriptional factors

A. Upper: Ca®>" uptake activity in pooled LV samples from AC6mut and TG negative
sibling control mice (n=6, both groups)

Lower:  Expression of AC6mut decreased SERCA?2a affinity for Ca>". The
effective concentration of Ca>” for 50% maximal effect (ECso) was calculated from
the initial ATP-dependent Ca®" uptake rate at different free Ca*" concentrations.

B. Upper: AC6mut expression was associated with decreased LV phospholamban
(PLB) expression.
Lower: ACO6mut expression was associated with increased LV CREM-1 protein
expression.

C. Upper: ACO6mut expression was associated with increased LV S100A1 protein

expression.
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Lower: ACO6mut expression was associated with increased LV P133-CREB protein
expression. Total CREB expression was similar in both groups.

ACo6mut expression did not affect LV expression of SERCA?2a, calreticulin,
calsequestrin or phospho-S16-PLB proteins. (n=4, both groups).

. Double immunofluorescence staining of AC6mut protein in isolated cardiac

myocytes from AC6mut and control mice using anti-AU1 antibody (red) and anti—
CREM-1 antibody (green) or anti-AU1 and anti-phospho-CREB (S133, green).
Nucleus was showing in blue. AC6mut expression increased nuclear localizations of
CREM-1 and phospho-CREB.

In graphs (A,B,C), bars denote mean +SE; numbers in bars indicate group size;

members above bars indicate p values from Student’s t-test (unpaired, 2 tailed)

Figure 5. Cytosolic Ca®' transients in isolated cardiac myocytes from AC6mut

and control mice

A.
B.

Basal Ca”" released (systolic-diastolic Ca>") showed no group difference.
Representative Indo-1 Ca”" transient recordings in cardiac myocytes stimulated with
isoproterenol (Iso; 10 uM) were higher in cardiac myocytes from AC6mut mice.

Summary data are displayed in Panel C.

+ . . . . .
. Ca”" released in the presence of isoproterenol was increased in cardiac myocytes

from AC6mut mice.

Time-to-peak Ca”” transient in the presence of isoproterenol was decreased in cardiac
myocytes from AC6mut mice.

Time to 50% relaxation (tau) in the presence of isoproterenol was decreased in

cardiac myocytes from AC6mut mice.

Experiments were repeated four times. Bars denote mean +SE; numbers in bars indicate

number of cardiac myocytes; numbers above bars indicate p values from Student’s t-

test (unpaired, 2-tailed).
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Table 1. Body, LV, and Lung Weight

AC6mut (23) TG- Control (16) p
Body (g) 25.5+0.7 25.0£1.2 0.7
LV (mg) 91+2.7 89+3.4 0.6
Tibial Length (mm) 17£0.1 16.7£0.2 0.3
LV/Body (mg/g) 3.6£0.1 3.610.1 0.9
LV/TL (mg/mm) 5.4%0.1 5.340.2 0.7
Lung (mg) 150+4.9 149+6.7 0.9
Lung/Body (mg/g) 6.0+0.2 6.010.2 0.9

LV, left ventricle; TL, tibial length. Values represent mean + SE; Student’s # test (unpaired, 2-

tailed).
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Table 2. Echocardiography (Basal)

AC6mut (8) TG- Control (12) p

HR (bpm) 501426 506+17 0.9

EDD (mm) 4.240.2 4.3£0.1 0.7
ESD (mm) 2.9+0.2 3.0£0.1 0.4
PW Thickness (mm) 0.6+0.1 0.6£0.1 0.5
Septal Thickness (mm) 0.6+0.1 0.6£0.1 0.4
EDV (uL) 7647 78+4 0.8
ESV (uL) 25+4 2742 0.6
EF (%) 69£3 6542 0.2
CO (uL/min) 2642 2642 0.8
Vcf (circ/sec) 7.0+£0.7 6.2+0.3 0.2

5
10 A number of embodiments of the invention have been described. Nevertheless, it

will be understood that various modifications may be made without departing from the
spirit and scope of the invention. Accordingly, other embodiments are within the scope of

the following claims.
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WHAT IS CLAIMED IS:

L. A method, or an iz vivo method for or method of:

(1) treating a subject having or at risk of having a heart disease or a heart failure;

(2) treating, ameliorating, reversing the effects of, protecting or preventing an

5 individual or a patient against:
a heart disease,
a heart failure,
a decrease in heart function or cardiac output,
a decrease in heart function or cardiac output due to a heart infection or a
10 heart condition,

(3) enhancing calcium handling in intact cardiac myocytes by increasing
sarcoplasmic reticulum (SR) Ca”" uptake and/or increased Ca”" transients with reduced
time of relaxation in intact cardiac myocytes,

(4) inhibiting the generation of intracellular cAMP levels in cardiac myocytes,

15 (5) protecting a cardiac myocyte from a programmed cell death (apoptosis) signal,
or decreasing the number of cardiac myocytes signaled to programmed cell death
(apoptosis) subsequent to an apoptotic signal, or

(6) in heart failure patients or in individuals having a heart infection or a heart

condition resulting in a decrease in heart function or cardiac output: increasing heart
20 function or cardiac output, reducing symptom and/or decreasing mortality; or reducing

the frequency of hospitalizations for heart failure,

comprising:
(a) providing:
(1) a cyclic adenosine monophosphate-incompetent (cAMP-incompetent)
25 adenylyl cyclase type 6 (AC6) protein or polypeptide (also called “an
AC6mut”),

wherein optionally the AC6mut is a recombinant, a synthetic, a
peptidomimetic or an isolated AC6mut polypeptide or peptide; or
(i1) a AC6mut-encoding nucleic acid or gene:
30 wherein optionally the AC6mut-encoding nucleic acid or gene is
operatively linked to a transcriptional regulatory sequence, wherein optionally
the transcriptional regulatory sequence is a promoter and/or an enhancer, or a

cardiac cell-specific promoter or a myocyte-specific promoter; or

56



WO 2014/197624 PCT/US2014/040948

10

15

20

25

30

wherein optionally the AC6émut-encoding nucleic acid or gene is
operatively linked to a transcriptional regulatory sequence, and optionally the
AC6mut-encoding nucleic acid or gene is contained in a delivery vehicle, a
vector, an expression vector, a recombinant virus, or an equivalent, and the
delivery vehicle, expression vehicle, vector, recombinant virus, or equivalent
can express the AComut-encoding nucleic acid or gene in a cell or in vivo,
wherein optionally the cell is a cardiac cell or a myocyte;

wherein the AC6mut does not catalyze the breakdown of ATP to cAMP, or has
impaired ability to catalyze the breakdown of ATP to cAMP, and optionally the impaired
ability to catalyze the breakdown of ATP to cCAMP is defined as the AC6mut having only
about 1%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or 95% of the ATP to
cAMP catalytic activity of wild type AC6,

and when the AC6mut is expressed in a cardiac myocyte in vivo left ventricular
(LV) function is not affected or does not decrease or LV function is substantially not
affected or decreased,

and optionally AC6mut expression in a cardiac myocyte increases sarcoplasmic
reticulum Ca”" uptake,

and optionally AC6mut expression in a cardiac myocyte reduces the EC50 for
SERCAZ2a activation,

and optionally AC6mut expression in a cardiac myocyte reduces expression of a
phospholamban protein, ,

and optionally the substitution inhibits Mg binding and alters the efficiency of
Gsa-mediated activation of the catalytic core;

(b) delivering or administering the AC6mut, or the ACoémut-encoding nucleic acid
or gene, to a cardiac cell or a cardiac myocyte, or expressing the AC6mut in a cardiac cell
or a cardiac myocyte, or expressing the AC6émut-encoding nucleic acid or gene in a
cardiac cell or a cardiac myocyte,

wherein optionally the AC6mut-encoding nucleic acid is operatively linked to a
transcriptional regulatory sequence, or optionally the delivery vehicle, vector, expression
vector, recombinant virus, or equivalent, is delivered or administered to a cardiac
myocyte cell, or to an individual or a patient in need thereof,

and optionally the delivering or administering of the AC6mut-encoding nucleic

acid or gene to the cardiac cell or myocyte in vivo is a targeted delivery to a heart muscle
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or a cardiac myocyte, or comprises direct delivery or administration to a heart, or
comprises an intracardiac injection or an infusion,

thereby:

treating the subject having or at risk of having a heart disease or a heart failure,

treating, ameliorating or protecting (preventing) an individual or a patient against
a heart disease, a heart failure, a decrease in heart function or cardiac output, a decrease in
heart function or cardiac output due to a heart infection or a heart condition,

enhancing calcium handling in intact cardiac myocytes by increasing sarcoplasmic
reticulum (SR) Ca®" uptake and/or increased Ca”" transients with reduced time of
relaxation in intact cardiac myocytes,

inhibiting the generation of intracellular cAMP levels in cardiac myocytes,

protecting a cardiac myocyte from a programmed cell death (apoptosis) signal, or
decreasing the number of cardiac myocytes signaled to programmed cell death
(apoptosis) subsequent to an apoptotic signal, or

in heart failure patients or in individuals having a heart infection or a heart
condition resulting in a decrease in heart function or cardiac output: increasing heart

function or cardiac output, reducing symptom and/or decreasing mortality.

2. The method of claim 1, wherein the AC6mut comprises an adenylyl
cyclase (AC) polypeptide having a substitution of an uncharged or non-polar amino acid
for a charged or an acidic amino acid in the catalytic core of the AC polypeptide,

wherein optionally the uncharged or non-polar amino acid is an alanine (Ala), and
optionally the acidic amino acid is an aspartic acid (Asp), or optionally the uncharged or

non-polar amino acid is an Ala and the acidic amino acid is an Asp.

3. The method of claim 2, wherein the AC6mut comprises:

a murine adenylyl cyclase (AC) polypeptide having a substitution of an Ala for an
Asp at position 426 in the catalytic core of the AC polypeptide based on SEQ ID NO:16,
where SEQ ID NO:17 is the polypeptide amino acid sequence after the D => A
substitution (SEQ ID NO:16 is the amino acid sequence before the D => A substitution);
or

a murine AC6mut polypeptide having a substitution of an alanine, or Ala for an

Asp at position 436 in the catalytic core of the AC polypeptide based on SEQ ID NO:11,
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where SEQ ID NO:12 is the polypeptide amino acid sequence after the D => A
substitution (SEQ ID NO:11 is the amino acid sequence before the D => A substitution).

4, The method of claim 1, wherein the AC6 is a mammalian AC6

polypeptide.

5. The method of claim 4, wherein the AC6 is a human AC6 polypeptide.

6. The method of claim 5, wherein the human AC6 polypeptide comprises
a human AC6 polypeptide having a substitution of an Ala for an Asp at position 426 in
the catalytic core of the AC polypeptide based on SEQ ID NO:10, where SEQ ID NO:13
is the polypeptide amino acid sequence after the D => A substitution (SEQ ID NO:10 is

the amino acid sequence before the D => A substitution).

7. The method of claim 1, wherein:

(a) the AComut-encoding nucleic acid or gene is stably inserted into a
chromosome of a cell;

(b) the delivery vehicle, vector, expression vector, recombinant virus, or
equivalent, is or comprises: an adeno-associated virus (AAV); a recombinant AAV virus
or vector; an AAV virion, or an adenovirus vector, or any pseudotype, hybrid or
derivative thereof;

(c) the method of (b), wherein the adeno-associated virus (AAV), recombinant
AAYV virus or vector, AAV virion, or adenovirus vector, is or comprises: an AAV
serotype AAVS, AAV6, AAV7, AAVS or AAVY; a rhesus macaque AAV (AAVrh), or
an AAVrh10; or any hybrid or derivative thereof;

(d) the AC6mut -encoding nucleic acid or gene is operatively linked to a regulated
or inducible transcriptional regulatory sequence;

(e) the method of (d), wherein the regulated or inducible transcriptional regulatory
sequence is a regulated or inducible promoter;

(f) the method of any of (a) to (e), wherein administering the AC6mut -encoding
nucleic acid or gene operatively linked to a transcriptional regulatory sequence, or the
delivery vehicle, vector, expression vector, recombinant virus, or equivalent, to an

individual or a patient in need thercof results in: targeted delivery and expression of the

59



WO 2014/197624 PCT/US2014/040948

10

15

20

25

30

AC6mut in a cardiac myocyte, or a AC6mut being released into the bloodstream or
general circulation; or

(g) the method of any of (a) to (f), wherein a disease, infection or condition
responsive to an increased AComut level in vivo is a cardiac contractile dysfunction; a
congestive heart failure (CHF); a cardiac fibrosis; a cardiac myocyte disease; a cardiac

myocyte dysfunction or a cardiac myocyte apoptosis.

8. The method of claim 1, wherein:

(a) the AC6mut -encoding nucleic acid or gene operatively linked to the
transcriptional regulatory sequence; or the delivery vehicle, vector, expression vector,
recombinant virus, or equivalent, is administered or delivered to the individual or a
patient in need thereof, by oral administration, by intramuscular (IM) injection, by
intravenous (IV) injection, by subcutaneous (SC) injection, by intradermal injection, by
intrathecal injection, by intra-arterial (IA) injection, by intracoronary or intracardiac
injection, by intraocular injection or application, by inhalation, or by a biolistic particle
delivery system, or by using a “gene gun”, air pistol or a HELIOS™ gene gun (Bio-Rad
Laboratories, Hercules, CA),

wherein optionally the AC6mut -encoding nucleic acid or gene is delivered by
intravenous (IV) injection of an AAV vector, or AAV-9 vector; or

(b) the AC6mut -encoding nucleic acid or gene operatively linked to the
transcriptional regulatory sequence; or the expression vehicle, vector, recombinant virus,
or equivalent, is administered or delivered to the individual or a patient in need thereof,
by introduction into any cell, organ, tissue or fluid space within the body that is adjacent
to or is drained by the bloodstream, such that the encoded AC6mut protein may be

secreted from cells in the tissue and released into the bloodstream.

9. The method of any of claims 1 to 8, wherein:

(a) the individual, patient or subject is administered a stimulus or signal that
induces expression of the AComut -expressing nucleic acid or gene, or induces or
activates a promoter (e.g., a promoter operably linked to the AC6mut -expressing nucleic
acid or gene) that induces expression of or up-regulates expression of the AC6mut -

expressing nucleic acid or gene;
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(b) the individual, patient or subject is administered a stimulus or signal that
induces synthesis of an activator of a promoter, wherein optionally the promoter is an AC
gene promoter, or a myocyte cell-specific promoter;

(c) the individual, patient or subject is administered a stimulus or signal that
induces synthesis of a natural or a synthetic activator of the AC6mut -expressing nucleic
acid or gene or the AC6mut -expressing nucleic acid or gene-specific promoter,

wherein optionally the natural activator is an endogenous transcription factor;

(d) the method of (c¢), wherein the synthetic activator is a zinc-finger DNA binding
protein designed to specifically and selectively turn on an endogenous or exogenous
target gene, wherein optionally the endogenous target is an AC6mut -expressing nucleic
acid or gene or an activator of an AC6mut, or a ACémut -expressing nucleic acid or gene,
or an activator of a promoter operatively linked to a AC6mut -expressing nucleic acid or
gene;

(e) the method of any of (a) to (c), wherein the stimulus or signal comprises a
biologic, a light, a chemical or a pharmaceutical stimulus or signal;

(f) the individual, patient or subject is administered a stimulus or signal that
stimulates or induces expression of a post-transcriptional activator of an AC6mut, or a
AC6mut -expressing nucleic acid or gene, or an activator of a promoter operatively linked
to a AC6mut -expressing nucleic acid or gene, or

(g) the individual, patient or subject is administered a stimulus or signal that
inhibits or induces inhibition of a transcriptional repressor or a post-transcriptional

repressor of a AC6-expressing nucleic acid or gene.

10.  The method of claim 9, wherein the chemical or pharmaceutical that
induces expression of the AC6mut, or the AC6mut -expressing nucleic acid or gene, or
induces expression of the regulated or inducible promoter operatively linked to the
AC6mut -expressing nucleic acid or gene, is or comprises an oral antibiotic, a
doxycycline or a rapamycin; or a tet-regulation system using doxycycline is used to
induce expression of the ACémut, or the AC6mut -expressing nucleic acid or gene, or an

equivalent thereof.

11.  The method of any of claims 1 to 10, wherein the AC6mut, or the AC6mut

-expressing nucleic acid or gene, or the delivery vehicle, vector, expression vector,
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recombinant virus, or equivalent, is formulated in or as a lyophilate, a liquid, a gel, a

hydrogel, a powder, a spray, an ointment, or an aqueous or a saline formulation.

12.  The method of any of claims 1 to 11, wherein the AC6mut, or the AC6mut
-expressing nucleic acid or gene or the delivery vehicle, vector, expression vector,
recombinant virus, or equivalent, comprises, or is formulated in, a vesicle, a hydrogel, a

gel, a liposome, a nanoliposome, a nanoparticle or a nanolipid particle (NLP).

13. The method of any of claims 1 to 11, wherein the AC6mut, or the AC6mut
-expressing nucleic acid or gene or the delivery vehicle, vector, expression vector,
recombinant virus, or equivalent, is formulated in an isolated or cultured cell, and
optionally the cell is a mammalian cell, a cardiac cell, or a human cell, a non-human
primate cell, a monkey cell, a mouse cell, a rat cell, a guinea pig cell, a rabbit cell, a
hamster cell, a goat cell, a bovine cell, an equine cell, an ovine cell, a canine cell or a

feline cell.

14.  The method of any of claims 1 to 13, wherein the AC6mut, or the AC6mut
-expressing nucleic acid or gene, or the delivery vehicle, vector, expression vector,

recombinant virus, or equivalent, is formulated as a pharmaceutical or sterile.

15.  The method of any of claims 1 to 14, wherein the AC6mut, or the AC6mut
-expressing nucleic acid or gene or the delivery vehicle, vector, expression vector,
recombinant virus, or equivalent, is formulated or delivered with, on, or in conjunction

with a product of manufacture, an artificial organ or an implant.

16. The method of any of claims 1 to 15, wherein the wherein the AC6mut, or
the AC6mut -expressing nucleic acid or gene or the delivery vehicle, vector, expression
vector, recombinant virus, or equivalent expresses a AComut polypeptide irn vitro or ex

Vivo.

17. A method for treating, ameliorating, reversing, protecting or preventing an
individual or a patient against a AC6mut -responsive pathology, infection, disease,

illness, or condition, comprising practicing the method of any of claims 1 to 16.
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18. A method for treating, ameliorating, reversing, protecting or preventing a
cardiopathy or a cardiovascular disease in an individual or a patient in need thereof,

comprising practicing the method of any of claims 1 to 16.

19.  The method of claim 18, wherein the cardiopathy or cardiovascular disease
comprises: a coronary artery disease (CAD); an atherosclerosis; a thrombosis; a
restenosis; a vasculitis, an autoimmune or a viral vasculitis; a polyarteritis nodosa; a
Churg-Strass syndrome; a Takayasu's arteritis; a Kawasaki Discase; a Rickettsial
vasculitis; an atherosclerotic aneurism; a myocardial hypertrophy; a congenital heart
disease (CHD); an ischemic heart disease; an angina; an acquired valvular or an
endocardial disease; a primary myocardial disease; a myocarditis; an arrhythmia; a
transplant rejection; a metabolic myocardial disease; a myocardiomyopathy; a congestive,

a hypertrophic or a restrictive cardiomyopathy; and/or, a heart transplant.

20.  Useof:
an AC6mut; an AC6mut -expressing nucleic acid or gene; a delivery vehicle, a
vector, an expression vector, a recombinant virus, or equivalent; an adeno-associated
virus (AAV); a recombinant AAV virus or vector; or an adenovirus vector, or any
pseudotype, hybrid or derivative thereof, as set forth in any of claims 1 to 16,
wherein optionally the AAV or recombinant AAV virus or vector comprises an
AAYV serotype AAVS, AAV6, AAVT, AAVSE or AAVY; a rhesus macaque AAV
(AAVrh), or an AAVrh10; or any hybrid or derivative thereof, or an ACo6mut-expressing
cell or cardiac myocyte,
in the preparation of a medicament for:
(1) treating a subject having or at risk of having a heart disease or a heart failure;
(2) treating, ameliorating, reversing the effects of, protecting or preventing an
individual or a patient against:
a heart disease,
a heart failure,
a decrease in heart function or cardiac output,
a decrease in heart function or cardiac output due to a heart infection or a

heart condition,
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(3) enhancing calcium handling in intact cardiac myocytes by increasing
sarcoplasmic reticulum (SR) Ca”" uptake and/or increased Ca”" transients with reduced
time of relaxation in intact cardiac myocytes,

(4) inhibiting the generation of intracellular cAMP levels in cardiac myocytes,

(5) protecting a cardiac myocyte from a programmed cell death (apoptosis) signal,
or decreasing the number of cardiac myocytes signaled to programmed cell death
(apoptosis) subsequent to an apoptotic signal,

(6) in heart failure patients or in individuals having a heart infection or a heart
condition resulting in a decrease in heart function or cardiac output: increasing heart
function or cardiac output, reducing symptom and/or decreasing mortality; or reducing
the frequency of hospitalizations for heart failure;

(7) a cardiopathy or a cardiovascular disease; or

(8) a coronary artery disease (CAD); an atherosclerosis; a thrombosis; a
restenosis; a vasculitis, an autoimmune or a viral vasculitis; a polyarteritis nodosa; a
Churg-Strass syndrome; a Takayasu's arteritis; a Kawasaki Disease; a Rickettsial
vasculitis; an atherosclerotic aneurism; a myocardial hypertrophy; a congenital heart
disease (CHD); an ischemic heart disease; an angina; an acquired valvular or an
endocardial disease; a primary myocardial disease; a myocarditis; an arrhythmia; a
transplant rejection; a metabolic myocardial disease; a myocardiomyopathy; a congestive,

a hypertrophic or a restrictive cardiomyopathy; and/or, a heart transplant.

21. A therapeutic formulation as used or set forth in any of claims 1 to 16, for use in
the treatment of or for:

(1) a heart disease, a heart failure, a decrease in heart function or cardiac output, a
decrease in heart function or cardiac output due to a heart infection or a heart condition,

(2) enhancing calcium handling in intact cardiac myocytes by increasing
sarcoplasmic reticulum (SR) Ca”" uptake and/or increased Ca’" transients with reduced
time of relaxation in intact cardiac myocytes,

(3) inhibiting the generation of intracellular cAMP levels in cardiac myocytes,

(4) protecting a cardiac myocyte from a programmed cell death (apoptosis) signal,
or decreasing the number of cardiac myocytes signaled to programmed cell death

(apoptosis) subsequent to an apoptotic signal,
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(5) in heart failure patients or in individuals having a heart infection or a heart
condition resulting in a decrease in heart function or cardiac output: increasing heart
function or cardiac output, reducing symptom and/or decreasing mortality; or reducing
the frequency of hospitalizations for heart failure;

(6) a cardiopathy or a cardiovascular disease; or

(7) a coronary artery disease (CAD); an atherosclerosis; a thrombosis; a
restenosis; a vasculitis, an autoimmune or a viral vasculitis; a polyarteritis nodosa; a
Churg-Strass syndrome; a Takayasu's arteritis; a Kawasaki Discase; a Rickettsial
vasculitis; an atherosclerotic aneurism; a myocardial hypertrophy; a congenital heart
disease (CHD); an ischemic heart disease; an angina; an acquired valvular or an
endocardial disease; a primary myocardial disease; a myocarditis; an arrhythmia; a
transplant rejection; a metabolic myocardial disease; a myocardiomyopathy; a congestive,

a hypertrophic or a restrictive cardiomyopathy; and/or, a heart transplant.
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INTERNATIONAL SEARCH REPORT International application No.
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Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing filed or furnished:

a. (means)

I:] on paper

in electronic form

b. (time)
m in the international application as filed
D together with the international application in electronic form
I:] subsequently to this Authority for the purposes of search
2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required

statements that the information in the subsequent or additional copies is identical to that in the application as filed or does
not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

SEQID NvOs: 1-17 were searched.

Form PCT/ISA/210 (continuation of first sheet (1)) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. I:I Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

N/
3. Claims Nos.: 11-21
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)
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Wt 1) 5 I R N R R N R A N R

(1)VRYT A O B0 32 v R BB C IR 93 B0 g 36 38 1) XU 1R 322

(2)EEXT LA RV TT B e N ORI BT AR Bl

O

NYAB=372 N

O T e BCo il H & ) AR

F T o JUE J% 4 B0 0o 9 4 BT 50T 20 U T BB 5o 1 (Y PR A1

(3) 38 3t 39 0 5 30 L2 Pt b B R (SR ) Ca® 45 HUAI/ 8 B A 44 6 P A Btk S 1] £ 488 m )
Ca™ I A8 SR 1 i 5 B O ULAH B AR A A5 A

(4) Fatt) o JULZH Pt H 240 P c AMPIK S A2 B

(5) PRI O LA S0 52 2 AL A ZE T (P TOME T3, sl R T 55 2 GG
SRR T (T O E E, Bk

(6) 75 77 3% vy 1835 H B JB A5 35000 I T /8 B30 Co i H 58 40 AR P O U JR R B30 R 95 4
AN 2 38 00 JIE Dl i B Co a0 HH &, PR AICRE IR AN / BB IR AE T2 28 s Bl PR AR 00 ) 22 3 1 A3 e

BTk 77 12 A4

(a) F2 Ak

(DABEF= A PR R 1) (ANBE T~ A2 cAMPFR ) B R PR 1L 6 784 (AC6 ) B A i sk 22 ik (2
BEFRHA “AC6mut” ),

Horp ARt , FrifACOmut A2 B 4H 1) A B S FUUTK I B 73 S R ACBmu t 22 K B IK 5 B

(11) ZmAACEmut A% B Bl L A -

FLrP AT I, BT IR 4 A ACOmu t [ A% IR B A5k R ] 48 F b 32 42 30 e s i 4% 172 1), Ho AT 0k
iy, i 3 s 32 7 21 2 I B R/ Bl 5 1 B0 4 ARE S 4 B EOUL AN R R 1 R B
T84

Forp T ak th, BT gm A ACEmu t 1) A% IR B 28 DAL mT 8/ Mo 12 31 4% s iR 4% 13 91, BLAT 3+
T i 4 i ACOmu t P A% PR B2 DR B, 13 T8 8 s AR L R L SRR A A i 2, BEE R
I H AT %18 3R AR FRK IS 3R A« 20 995 745 B 25 [|) 49 ] DACE &1 i Pp B4 Y 30k ik
HiGACEmut 1) A% BR Bl K]

ForP AR et , P 248 s o 240 0 LA D 5

Horb iR AC6mut ANMEALATP A3 i A c AMP , B LA AL ATP 43 fif N c AMPFA 32 35388 1, I HL
FEdethy, Bk (AL ATP 43 fif D9 c AMP IR 32 45 B8 48 8 SN PIT iR ACGmu t A HL A B 4= B ACE I ATP
ZcAMPHIEAL TR TR 291 % . 10% .20 % . 30%6 .40 % 50 % 60 % .70% .80% .90 % 595 % ,

I H 24 Arid AC6mut ZEAA P o ULZH P kB, 2200 %8 (LV) B S AN 52 50 B AN P& A, 1%
LVINREIEAR FAZ R B A AR,

I AT 1y, O JULZH A 1 AC6mu t & 34 38 L3 M Ca 152 B

FE HATE L, O VLA A A 1 AC6mu t FRIA [ A FH - SERCA2a 3% HIEC50 ,

FH HAT 61y, O L0 R AC6mut FEIA RS2 i B R [ R R,

I AT, T B HiMg® 25 & FLi AR Gsadt T A A AU AZ o RO B A 250

(b)) i) oo 4 A O AL B 336 32% Bt P 9 iRk AC6mu t B i ik 2 i AC6mu t 0 A% 8 Bl I K] , 1%

2
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5 U 20 P B0 LT D HR 28 5K TSR AC6mu t , B /U 200 AR B0 LT i F 22525 BT 3R 2 i AC6mu t
IR IE A,

For AT, BTk G i ACOmu t I A% R P $5 4'E Hh 3% 82 1) S % P 31, kAT i, [ O UL
S0 it ) 5 L ) A R Bl R 2% e P T I8 2% 18 AR L B R IA B AL R
EEZR

I ELAT e 1, [ 4% P BT o 200 L sl L 00 i 3 2% e P T 3R 4 S ACOmu t 1) A% R il 22 [R] &
[ea) o FULER o L2 PR S 1 3 326, B0 0 1 O U P L 8 306 e P Bl 0, 00 P 3 5 e

ot

TEYT FTIA B O M 73 5o 1 5 oy il LA RO I 973 B 1 8 0y P XU 1) 52 R 3

B O U 97 4O 0 2 9« oo WU T 8 B8O i HE 2 PR BRI R 0 JE J e o T 95 10 T 3
0o IE THRE B o HH BB AR T s B AR (IR ) A ek B

T I B0 5 B O LT H L R (SR) Ca® B AN/ B LA 406 6 F4D o Bt s () ) 388 o Ca ™
5 A% Sk 1 5 5 B LA P O A AL

o JUL A HH 200 B N c AMP KPR 2B

R4 VLA AR G 52 F2 AL I PE T (P T2 A5 5 5o, sl PR TR T (5 5 2 e #i (5 5 1%
SEREFYIFET (R T RO VLT AR, 51

E U 77 5 5 B o vh ol 7 ER AT 5 3000 JE T Rl o iy Y R A 1 10 o J% 4 o JFE 95 4 PO
AN IO I T B8 5o HE L BRARCRE IR RN/ PR ARIE T 3R

2 HR A BRI B SR 1 AT ad () 77325, Horb TR ACGmut A, 2 78 IR T R FA AL i (AC) 2 Ik 1) T ik
AL AZ O FL AT AN L a7 10D 0 35 I A A M 2 32 I 0o 7 1Y) i R PR v S TR 110 T
fRIFACE ik,

Horp T ik b, FriR ANy o fof 1) E S R B AR M R R 2 TN AR (Ala) , I HAT &, B
R ERME R 2 R A ZR (Asp) , BAT M , B Ay v fir (1) & 25 R AR AR 1 R TR A Al a
I H TR BR M Z R 2 Asp.

3 ARIEBCRE R 2B iR I 75 v, Fodh Frid ACGmu t L5

FE2TSEQ 1D NO: 16/ SR ERIMLEG (AC) 2 BRI AL AZ O 1 5542647 A AlaXfAsp
BRI BRACE i, FLHFSEQ ID NO: 17/2D=>AB{R 2 J5 1 £ k& 3L W 5% (SEQ 1D NO: 16
D=>ARURZ AT Z R 741 5 5%

FE3ET-SEQ ID NO: 11HJACE R B A AZ O 1) 5543647 B A TN Z IR BLA La Xt Asp ) HUAR
[f)FRAC6mut 2 ik, FeFHSEQ 1D NO:12/2D=>AHUZ J5 1M 2 Ik Z 2L 7 41 (SEQ 1D NO: 112
D=>ABUR Z AT Z LR 7 41) o

4 ARYEBCREL R LFTIR 1 7515, Forb BTk ACG & Wi L B IAC6 2 Ik o

5. MRAE BRI E R AT IR R 77, Horb BT AC6 2 AAC6Z ik

6 . MR 3 BUR) FE SR 5 BT I (1) 5 16, Jerp BT ik AAC6 22 ik A, & 7E 5L T-SEQ 1D NO: 10f¢ IR T R
IMLEE (AC) Z BRI AL AZ O (1) 25426 6 A Alaxf Asp I HUAR 1 NAC6 2 ik , L HSEQ 1D
NO: 132D=>AHRZ Ja i) 2 IR E R /7 51 (SEQ 1D NO: 102D =>ARUX Z Hi i & IR 7
H1) .

7 RYEBCRIE R TR R i, Hodp

(a) ¥ ik Zm it ACOmu t ) 2% R Bl 3 IR % s b4 N 21 40 e A e Ak o

3
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(b) BT i 33 1% 38 B AR AR AR L FRIE F A« 2 21975 55 B S5 [F) 4 A2 a0 45 « IR AH SO0 B (AAV)
H2H AAVE B3 B A s AAVIRR BT BN o3 B3 B0 AR B AR AT (B 2\ Z B AR AT AR

(c) (b) R 5 ¥, Horr AT iR R AR 559 25 (AAV) « 25 ZH ANV B B3R A4 L AAVIR 3507 1 B5IR
FREA R AL  AAVILIE Y AAVS L AAVE L AAVT L AAVSERAAV s fE AT HEAAV (AAVTh ) BRAAVTh10
B HATAT 2 B AR B AT A 5

(d) AT & gm A3 ACEmu t 1 A% IR B 2 ] ] 4 4 e 82 31 32 R 1 8l T i S I i R 7
H;

(e) (d) I TT%, ot BT iR 52 i 428 1 5 AT 5 3 1 7 3% 17 91 52 A% 1 B n] 5 510 A
BN

(£) (a) 2 (e) FAE—ANR J7 %, o 1) 75 22 1R /A Bl e o Tk FH PT84 b 328 2 380 3 5
VAR T FU ) BT A G A ACEmu t Y A% IR B S PR B BT iR 18 326 18 Ak L ik R IB Ak  ELAH i Rl
LAY T3 : BT ACOmu t 75 /Co JUL A AR HH 14D L 1) 328 326 AN 208 L A COmu t 4 R JC 2] i 7L B 4%
a5

(g) (a) B () HFAE—N I 7325, o Hp i AR P 38 I AT ACEmu t 7K ~F- T 5 9 S e B O A2
CoIEW 4 DI RE RS 5 78 I 2 O 77 35 38 (CHF ) 5 Co iR £F- AE A, 5 O LAR B 95 5 O LA AR D RE [ 1
B IR T

8 . MR HE AR B SR Ll i) v, Fopr

(a) a8k 7 AR FH < 38t LA CIMO) v 5 o Ak P (TV) v 5 Il J2 R (SC) v S il
B PRV S IR A PN R S SR Sk S (TA) VRS Ja et e bR 2 ik P 350 P 45 a3k R P9 9
S Bt 0 e e W N B ok AR ) A R T 2k R G Bl i R AR LR TF A ER
HELTOS™3L K4 (Bio—Rad Laboratories,Hercules,CA), [A) 78 B ¥ B ik 44 B¢ 58 3 1it FH
B 18 T P A b T 42 3 BT IR B S 1R 4% 7 B 1) BTk B AC6mu t ) A% IR B L AT 5 BR TR 1B 1% 38
AR ERAR  RIA AR A B EE R,

Horp Tk, B ER K (TV) 7 5 AAVER AR BRAAV-9 %8 A4 SR i 126 i 1A R B AC6mu t [ A% TR
B[R] 5L

(b) 38t 51 N 2 By A P A2 I 30 B sl i 3 HE TSR AR AT 40 M 38 B A R sl Ak s [a]
[ri) e B FL (1) P 3R A A Bl A 5 it FH B3 308 T R A 5 2 3 P ok e s) R4 91 1) P O G
ACOmut A% IR B L K] ; BU T IR Rk 18 24  #044 B 4 i s 5 (R 470, S 15 4 i A R ACEmu t
AT LA BTk 21 23 A 1) 4 B e 0 WA R TR BT I if

9. ARIEAUR) R 1 -8 E— T TR i 775, Hodr

(a) [m] iR AN | 28 25 B2 3 it TR AE 5, BT id Il EE 515 5 ik Rk AC6mu t
FR) A% IR B L TR R 2R, 5805 5 B0GE 5 5 8L 1 BT i IR AC6mu t Y AZ R BR 3 IR 1) F Ik 1 J
B (i, TR % B2 B PR RIAAC6mut I A% BR B2E R I J3 3 F) 5

(b) [ Fra AN 5838 B80S 35 it R 5, Frid i3 El (S 5 35 5 B3l FEeE 1
[ B, S HR AR IR b, BT IR 3 302 ACKE R J5 Bl B4 B 41 Mo A 14 3 3 75

(e) [m] iR ANk | 28 5 B 32 3 it TR AE 5, BT id I EE 515 5 ik Rk AC6mu t
) A% TR 8k 32 K] B B ik 3Rk AC6mut (1) 4% R B 35k DRI 5 S 2 J 3 1 R AR IS - B B il B 7
[ Rk

FLr AT b, BT R AR BE T2 A PR 3 S R 7

4
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(d) Ce) B 7%, I B & BB 72 B W 1T e 57 1 b ELge 3 O 5 N YR 54
R B[R] PR B FEDNASE & B8 1 o, LA AT e, Brik P 050 0 A A2 R IE ACOmu t P A% iR B 3k
EACEmuU t B F TEACOmuUt A% R B DR (1) 380G 1 B AT 5 /F 0 12 3 R IA AC6mu t I A% iR
BICHE DR (1) A 307 B0 1 5

(e)(a) B (c) FAE—AI 7%, o BTk JlEE S 5 L4 A YRS 5 6 R ER
5T TR EAE 5 B Y RS

(f) 1) BT AN B2 B2 K3 it RS 5, BT IR I3RS 5 ek 5 AC6mu t B
FIEACOmUt I A% R B2 AT 1) 4 5% i VTG 7 1) 3028 L B AT 5 b e 12 31 R IR ACEmu t 1) A% R B
LRI 8 30T s T I0 3R0E , 85

(g) WM B ANk B85 B2 i 35 it RIBERE 5 5 BT IR TSR 5 # 1) R IB ACE 1) A% R
g 35 [R] 1) 2 SR L 3 7 8 e 3% I P 3 40 535 5 0 SR TR ACE 1) A% 2 ik 22 [R] 11 % S BEL 38 47 i e
3% J B 3B P ) o

10 AR AR ZE R OFTIR I 775, oA 15 5 i AC6mu t B BT ik 2R 45 AC6mu t 1 A% FR B (A
(1) 2235 L B 5 AT B AR M2 4 3 T 3R 22 1A AC6mu t 11 A% 1% B 35 R (1) T 3R 52 1428 1) B AT 15 S5 1
JE TR IE R TR AL 22 s 25 W 2 BB 45 D IRPTAE &R i D B R TR A R ol fE AR
Rl 11 B 2 tet— % R4 K 5 TR ACEmu t B T ik 22 15 AC6mu t 1) 4% 1 B 35k PR B¢ L 24 ]
YI2RIL .

11 AR BRI BR 1- 109 AT — TR IR F 7 7%, o BT iR AC6mu t B T ik ik AC6mut i %
i kg 3 K] B T 3R 350 306 3 A L R AAR L Rk A L 2 95 7 I ) A A A R T D R AR
B K BRI B R SR R B P BER ZK R AR BRI ) D R R AR SRR LK
310 i N = N o0 S L

12 AR BRI BRI 11 AT —TRTIR F 7 7%, o BT iR AC6mu t B AT ik ik AC6mut i 7%
PR il 2 [R] B AT I 33 308 0 AR L B AR L R A | EE 4 0 B S R ) B RS B KRR R
Ji AR < 4K i A L g Kor 1 B 40 K g ok 7 (NLP ) 3540k Fic 1) 76 B8 30 L /K Bk e < vk 2« i I
P SRR IR TR R AE T B K A R 7 (NLP)

13 AR BRNER 1I- 11 AT —TRTIR F 7 9%, o rp BT iR AC6mu t B AT ik ik AC6mut i %
iR g 3 [ B T 3R 350 306 3 A L R AR L Rk A L 2 5 7 I ) A 0 S ) 4 i
TR, H HAT R b, B A8 240 M 2 0 L3 A O A B3N 4B 3R N R KRB 4l
FEL AR A 0 BT K R A R 2 P SR 4D B SR A S L SR A A R sh P dm i |
ik /e IR ES A I NE RN LY/ TR Y S i

14 AR BRI BR 1- 139 AT —TRTIR F 7 7%, o rp BTiR AC6mu t B AT ik ik AC6mut ) %
PR ol S K] T 3R 33 1 B A B L FRK F A FE 4 0 B S R gt B L R 25 P B T TR D

15 MR 4 BRI BR 1 - 149 AT — TR IR F 7 7%, o BT iR AC6mu t B T ik ik AC6mut i 7%
PR il 2 [R] B T I 33 328 18 AR LB RIE IR (B A R E S R S i N LA e A
WA C 1 B 3 L 78 5 N D28 B SO N B ) B %, s A N DAY B el
N4k e | B 2%

16 . FR 4 BRI BLR 1- 159 A —TRTIR F 7 7%, o FTiR AC6mu t B T ik ik AC6mut i %
PR ol 35 K] B BT R 36 35502 A R AR L Rk A L 2 2 995 5 5 S R W0 TE AR A B3 R R IA ACEmu t
Z K.
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17— Fb T % ACOmu t 1 7 P4 75 B JBG G 507 I BB B I VA T B0 38 I A LR 4 Bk
T AR B 0 7%, FALHE S AR AR B SR 1-16 R AR — Tk 1 792

18. —Ff TR T o0 3 e OR3P BRI 75 22 3 1) A A B A 5 1) o U 9 A8 B 1L
I 1 77 425 » FELHE St AR A AR B SR 116 HF AT — TR IR (1) 77 Vs

19 AR AR ZE SR 18 BTk 1 73 5 o A Bt o0 JE 99 728 B0 I 95 975 L5 « e WK Bl ik o
(CAD) ; BBk SR FEREAL s AR T B s PR 5 IV 48« I B S e PR L4 28 B B 14k I8 2% 5 579
PEZ BNk 98 5 728 IV PR 28 i I 9 5 v 22 Bk 48 5 JVIURHIpg 5 7 5 URAAR LA 98 5 Sl ik s e hsi Ak 1k
SRR 5 0o ILAE K 5 51 R 0 I 2 993 (CHD ) 5 S5 XL O 2 998 5 4880 5 3 7 A 9 FEE 0 8 P
PRI 5 i R PR OO LIS 5 OO UL 5 CVERANTE s BE A HE ST 5 AR o LI 5 o LR 22 5 78 I 0o UL
T8 IERAHE O JILS 22 B RR A O LI AL 5 A/ B8 IE RS A

20 . WAL R FE SR 1-16H 4T — TH BT ik (FIAC6mu t ; A AC6mut [ 4% FR Bl 32 [R] 5 8326 38 #5044
AR AR H A | 2 R B R A 5 R AE DG EE (AAV) 5 L ZH AAVY B BRI 5 B 0 75 4%
A, AR RS S SR AT A,

FLrP AT b, B AAVES, B 2H AAVYR 75 B E AR B HEAAV IMLIE Y AAVS L AAV6E LAAVT LAAVBE,
AAVO; TETRIEAAV (AAVYh ) BRAAVTh10 5 B HATAR 2% A AR AT A2 4 L B IR AC6mu t ) 41 i 5
L4H i,

TE & T LA B I 259+ 1) & -

(1)VRIT A ORI B 732 i B AT RO I3 B0 77 35 0t 1) XU 1 322

(2)BFXF LR SRV TT O3 I FLAONE ORGP BT 7 A B 2

WWAB=32 N

O IE T RE O Far B I PRI

FH 0o JUE % B30 Co JUE 9 450, B B30T 2 U T 3 B3 i 1 B E) P A1

(3 )83k 184 fin 5¢ %0 L AR AR L X (SR) Ca 5 HURN / 55 2L A5 406 4 14D o Bt s 1) 1) 388 g
Ca™ I A8 SR 1 i 5 B UL AR B AR I A A

(4) Fatl o JULZH L H 240 P c AMPIK P A2 B

(5) R4 0o UL 0 5 32 F2 R AL A AE T (T2 ) (5 5 5, BB R AE 1205 5 2 5 (S
LS ER AL IAE T (T 0L

(6) 75 L 7] 3% v B3 v Bl AE B 5 500 JIE DI e 5500 H 52 3% AR PR o Co JUE J 4% B30 U 95 41
AN A FR < 380000 Uk D B B0 HE B PR ARGSRE DR AN/ B AR A T2 26 s BB IO 77 3 0 1 A B

(7)o 975 28 B T8 95975 5 R

(8) TR BNk 9% (CAD) s BBk S ARERE AL 5 AR TR A s PR A4S 5 LA 48« 1 B H 2 P I A 8
BRI I 98 5 65 1 22 Bk 98 5 28 Rt PR SF LA 98 5 v 2 Bk 98 5 )V 995 5 32 S R AR I
B BRI AR ALAE Zh kR 5 o LA R s 6 R M 0o 92 993 (CHD ) 5 SR ML P2 oo JURE 076 5 0 5 3K
73 1 2 3 o P S 5 R T O LS 5 o UL 8 5 o R AT s BEAELHE T 5 AR O L
Co VLIPS 5 78 ML Co L 8  RE R O LI AR B PR )P O LI A% 5 /B8 Co IIE RS A o

21 . QAR B =R 1-16 AT — T it FH (B9 SR IR I Y6 7 il 371, 3 B TR 97 BL R i E A T
PLNEM



CN 105452458 A W F ZE Kk B 6/6 i

(L) R IR Lo 73 5 35 < Lo JEE T 6 B3O i 580 107 AR ALKy o IR 08 o R 9 10 T
0o I T E B Co i H B P AIG

(2) 388 3 6 m 76 B o ULt o LR 90 (SR ) Caa™ S R/ B8R A 46 6L 1 s Bl 1 £ 386 A )
Ca™ it A2 SF 38 7 50 RO LA M Hh 1 45 b

(3) ) Co UL 2R ff o 4 AT CAMP KT Y ZE S

(4) BRI 0o WL L 5 32 75 e AL AR AE T (P T2) A5 5 52 e, B ARAE P 125 5 S5 #AE
TR PSR AR,

(5) 10 75 35 FB 3 HH BLAE B 3 B0 IE 2 8 B Co i HH B AU 10 oo APk AR 4 B3 R 9 2
FRI A 2 B O U 2 9 B0 il ) R S PR AIRRE IR AT/ BB RSB T 3R 5 A AR g 2 3 1) B

(6) 4L JIE 75 2% B0 I A5 92996+ B

(7) 7 IR Bk 595 (CAD ) s BHITK S REAEAL ; AR I B s FE 2R 5 I8 % B 5 S e VE L8 %
B R AL 98 5 25 2 Bk 98 5 ALk A 2 LA 8 5 v e SR A 5 U9 5 3 e IR A L
B R SRR SRR 5 Lo LA 5 S R Lo I (CHD) 5 S5 Ao BEE 98 5 6008 5 3K
5P I B o PN 00 5 SR A PO UL 5 Lo LR 5 o BRSNS s BB AR S AR o LG
Lo UL AL 5 78 LA LI AE IR A o LS A2 B PR F 1 oo UL 22 5 A1/ B A A
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R a7 0 RBFIIE MO AR TIRERY AN BE A= SRR EER AU AR
HERIMLEERIE S IR

[0001]  AHICHAIE

[0002]  AREFIAEA1ESKL (PCT) E R HERHE35U.S.C.8119(e) ER201346 HTH#EALM
5 E IS G 561/832, TH9RIAL S B 2 o b3 B 1 4 SCH i B 1 LA 51 D7 =X g
FHANASCH

ARG

[0003] AT W] KA L0 K 4R AN o3 5 AE W 2 BRI AR 5 s HOBE BRI Kl i it
FIASRE T A R IR N (N BE P~ 2E cAMPR ) B H R AL B 6 7L (AC6 ) 2R 11 o B2 ik (48P
“AC6mut” ) B ASACOmut FRIAZ IR Fr S1IR T A L 70 3 35 o I 00 B AT B 0 3 3 Bl
FIEZRIR IR RS (1) 5218 A S 007 1%

EEEAR

[0004]  JiE 1 R PR AL I (O ML A AR RH JHE e 40 AR H 1) 395 T 2 11 ) 2 o 0 A A 4t B P c AMP 3%
Sp-'F LARFBEAS 5L T I BN 2 T - AMPE B0 H5 8 1 TS ARG 7E N 1 R iR
PRI EE ZABAE 0 J1 32 0 5 52 10 cAMPF= AR AHOG , cAMPF= A 5.0 JIE Dh Rl 58 2 G Bk . & S/ 1Y
BRfCAC 62 (AC6) (FEM FL3H 4 Co LZH i Hh A 1 2 AR AC T Y A ) X S i 1) A0 25 (LV) B
B LR RAE X B AFE 1) 78O A8 Al 2o U BT UASE ZE b (1 98 K A7 L 2) 5 AVBH VPR A
FHOR B ek 2D (1) S A F AL F2 0 5 2545 S 10 0 4 < 3) LV 5 g 21 A K 9 & (1) 987N < 4) @
I SO Y SERCA2a 7% P 38 N AR 2 1 B 11 ¥l P o 485 Ak B ) A 20801 RN S ) 38 im o LU 25
H TR AL -

[0005]  [A[ UL, L84 B T 3G DAL N cAMP/K I T 254, I L& 78 BB O 1 3 i 1)
SR O AT 7 D AR, 1K L 2 W S AR T S HT A E S 040 R P cAMP
I 25 Ve 1 % 32 ol 1) O IE A 55, BRI AN TR T 0 T35 08

REAAE

[0006] 5 A St 75 S AR W S (R B0t o JUEE 5 0 2 AR PR 20 BEE DD BE VR 7 503 B
ORI (P ) AR BB 1 7 1%, HA 3 - SR PEANRE P A SR B IR ) (AN BE 7 A c AMPI ) Ji 7
R A6 28 (AC6 ) B 1 T BR 22 Ik (B B AR Dy “AC6mut” ) Bl AT 5 A/ by 126 3z 1) S5 Y 4 2 471 19
ZmAGACEmu t 1) A% R B[R] 5 Bl Hh 45 G A ACEmu t (1 A% TR B 35 [ (1) SRR I8 Bk kA L2
i B B [F Y, IF HOIT IR 0K T8 Bk U L B2 5 AR R P e] DLAE 20 A A A
TR G RS ACGEmuU t PR 2% PR B H DA 5 AR i 75 L AR B30 it FH B34 328 BT iR ACGmu t B3 T ik ] 45k
P33 33 3 e 5 R 42 77 41 11 G RS ACEmu t 1) A% P2 B [A] BRI IR SRIB I8 3R L B i FL AL 25
B[R] A0 5 P I T 3R o B Y 9 B ARG PR 0o BEE DI RE VR T B0 BRART (FEBIT ) ik 4> 4R B
B AT ARSI T =, iR ACGmu t 5 72 B H BRI L (AC) 2 Ik AL A% o By
AT LAy 10 2 R A AR 1 R RO i L AT ) 2 22 PR IR P IR ) AR AC R
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[0007]  FEEAIE S T7 Zrh , AR BHHR AL H T DA B9 7V AR N 73 B B 1 79
[0008]  (1)V67 A /0o JUE 2 I B g 5 vt B E A A U 9 0 B0 1 368 B () IR ) 52 1k
s

[0009]  (2)%F5%F PA N RIATT B0 I 58 SR AR 3P B TR AN A ol B

(00101 a5

[0011] .0y JJ3E

[0012]  CofIETHRE B Co i B A PRI

[0013]  p J+Co I 4% B3 o MU T 490 P 01 5o JUE T R 0o 0 HH PRI PAAIK

[0014] (3 )ik 384 fin 5 B0 LM A H ALK 9 (SR ) Ca® $5 URN / 55 2L A5 4 4 40 s Bt 1] f 13
TINFRI Ca™ ik A% K 1 i e B O LA HH R A5 A 1

(00151 (4)#fil.C L4 A 41 B PN c AMP /K- (49 A2 %

[0016]  (5)fRF LU S s2 F2 P AL A BB T2 (P TS Z s, BB R E R TS 5 2 5
WlE 51 S 2R P pEst T (T O UL $ i, ok

[0017]  (6)7E L 773 vt F8 35 A B 7E KB AT 3 8000 I D e B 0oty HE 2 P80 ARG P 00 JUE JB6 2 B8O
T DL A vh s 38 0o i Dy R B0 B HH B PR ARG R R/ BRI AR T 2 5 B AIG0 3 3 1)
ERTE

[0018]  Frik 77 i B :

[0019]  (a)ffit:

[0020] (1) ANAEF A 3R AR T BRI (R RE P2 A2 c AMPHY ) SR HF R AL 6 7 (AC6 ) 25 (1 7 B 22 fik
(IR 9 “AC6mut” ),

[0021]  H.rAp{Tidkth , FTiAACOmut & E 20 ) A i)~ FLBR IR B 23 B8 i AC6mu t 22 ik Bl K 5 8%
[0022]  (ii)ZmhBAC6mutfr)F%EE B AL A -

[0023] i fFizih , Fridk S A AC6Omu t () 1% 1R Bl [R] AT 45 4 i 3% 2 31 4 s i 4% 7 41), Horp
FEIGE L , B I 3 S VR 5 7 21 2 Ja 301 R0/ B 53k 1 B0 A B R S5 2 3 307 B0V 400 A e
JABNT 5 B,

[0024] . fFik b, Fridk g b ACOmu t [ 4% PR Bl Ak (R ] 458 47F i3 22 21 s R4 P 31, HAT:
EHN , FTIR 4 A ACEmu t ¥ A% BR B A5k R 4 B0 2 T 188 1608 A L A R IB B Ak L B 2 i B Bl AS
[, I B TR IS5 I8 R R IB I8 HMR B | E 41 05 75 B R 4 mT DAE 4 e =l
F 35 TR GRS AC6mu t 1) A% R B L A

[0025]  JLARAT3deth , BT ik 291 o 2 o 200 B L 400

[0026]  H ATk AC6mut ASEALATP 43 fif A c AMP , BB AT i AL ATP 43 fi# Jy c AMPI) 52 451 R

It HATIL 1, P (AL ATP 73 fif 8 c AMP ) 32 B 8 7345 3 R BT AC6mu t X FL A B A= B AC6 (1)
ATPZE c AMP AL VE T B 291 % . 10% .20% 30 % 40 % 50 % .60% .70% .80 % .90 % H{
95%,

[0027]  Jf H M Fri AC6mu t 7E {4 P o LA M Hp SRAK B, 76400 5 (LV) THREAN 52 5 W B A %
I, BRLVIDRE A EAZ fmm Bl A EAEAR,

[0028]  Jf HATikHh , Lo AN AL A (I ACOmut FIA B AL W Ca® S5 N,

[00291  Jf HAT e, 0o ULAH A P AT AC6mut 32 5 A FH T SERCA2a 3% I EC50,

[0030] 3 HATi&H , o LZH I P (K ACEmu t 3632k [P A2 il 2 19 2 1 R A

9



N 105452458 A W OB P 3/37

[0031] I HAT ik L, Frid B HiMeg™ 45 & I HLek AR Gsaf S A AUAZ O B BE F 350R
[0032] (b)) [vi] «C 24 0 B8 o JUL 410 L 328 325 B0t FH BT I8 AC6mu t B BT 3R 4w B ACOmu t 1Y) % R B ik
) BRLE U 40 B B 0o JULAH B P 3538 BT R AC6mu t , B 76 O 240 i 35 o JUL 200 o 2 326 i 3 4
AC6mut [P i FR B L [A]

[0033] A (Tt , BT iR ZmtE ACOmu t F A% R ] 45 1 0% 42 1) i s A% 7 1), BRAT ikt , ]
O LR B B ) 75 22 L P A B R s 1R Bt FH PR a8 18 8 A ik SRR A L B A i
Y,

[0034]  Jf HATHEH , w4 P O 40 B S 4T Al i3 325 B0 it FH T3k 4 R ACOmu t 14 A% T B 226 [R) A
[ O JLESCo JL 2 PR P 2808 ) 328 325, B30 45 1) /o AR 1) 82056 38 B0t FH B30 O Y R B B
[0035] Hytt:

[0036]  y&Y7 v i A A O I 5 03 B0 77 52 v BB A R0 I 5 03 B0 17 208 v 110) XS ) 52 K
A

[0037] 4t Stof o 7 o 7 2 38 o I T R B Co i HH 5 ) PR AR |l 0 JUFE B 4 8o 975 10
FIT S5O I T i 8 Co i HE B A B AR T 5B BRAR 9 (TR ) MR B B

(00381 ik 38 52 40 JUL 2 i UL I (SR) Ca 455 BRI / B¢ JEL A5 4 657 (1) s Tk s 1) £ 388
iy Ca™ i A8 SR 48 5 5 B OO LT A R D A5 A

(00391 il ALZH P 400 B A c AMPZK P 1) A

[0040] {4 .Co LY AR 5 52 FE P AL AR AL T (TS S50, SR E R T 5 5 2 Ja Wi (s
S S ERE AN RIET (T B LA K, B

[0041] 7500 7735 vl 8 35 Hh Bl 7E FB A 5 B000 AT T B8 50 iy HE 2 2R AR 1 o0 JUEJ5% 4 800 T 97
BRI R 38 00 I D) RE B Co i HH 1, B AR IR AN/ BB AR B T2 %

[0042]  FEE ML R, FriRACemut B & 7E R ER PR AL (AC) 2 BRI AL 0 b B
A AT B A7 PR B 2 R B A e SR R A FE A (1) 2 B PR B M U R R U ACZ IR
[0043]  JLH T3k, TR AN 7 L faf 11 220 2 PR B AR A 1 24 IR 2 N &R (Ala) , - HATI%
Hh, FTIR R 1 IR e K AR (Asp) » BT b , BT IR AN B 47 1) S IR Bl A P = B TR
FEAladf H TR R 1 2 I L & Asp.

[0044]  FEE AL T EH , iR AC6mut B,

[0045]  7EX:T-SEQ ID NO: 16/ 3 H EE ML (AC) 2 BRI AL IZ O I 2R 426 6 A A la
XFAspIBUR AT BRACZ ik, HirSEQ 1D NO: 172 D=>ABURZ J5 1) £ Ik & K BR £ 51 (SEQ 1D
NO: 16/2D=>AHUAR 2 A IR T 1) 5 5K

[0046]  7EHET-SEQ ID NO:11MJACZ BRI MEAAZ Lo I 55436 7 HA TH AR LA laXf AspiY
HUAR A BRAC6mut 22 ik, FeFSEQ ID NO: 12/2D=>AHU 2 5 1 £ Ik 2 582 7 41 (SEQ 1D NO:
11&D=>ARRZ AT R R R T ) -

[0047]  FEEARMESLIE T R, FTIRACG 2 M FLANYIACE £ Ik , BRETIRACE /& NAC6 2 ik . 755
RS2 5 b, BTk AAC6Z2 kA0 & 72 FE T-SEQ 1D NO: 10AIACE R A AL AZ 0 rh i) 55426
AL E A AlasTAspAI BRI ANAC6 £ ik, HiARSEQ 1D NO: 13/2D=>AHUR 2 J5 I £ Ik &I R 7
FI(SEQ ID NO:10/2&D=>AHR B &I 1)) .

[0048]  {EFTid J7 ¥ B AR St 7 6

(00491 (&) id 4 i ACEmu t 1) A% R B 25k DRI S i b N\ 280 4 B 1 G B fk o

10
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(00501 (b)) Frididakis 4k B4k R IA %A H 243 55 55 (R 1) 72 B IR AH DG i 55
(AAV) ; FZH AAVYR B2 A AR s AAVIS B0 1 BIOME o8 25 AR B AR AT R Y L R S AR BT AR 40 5
(00511 (c) (b)) 7732, Horp Bk B AH 5C o 25 (AAV) L B ZH AAV 25 B A4 L AAVIR B3 H 1B
U975 B A 2 LR < AAV I U AAVS L AAVE L AAVT JAAVSERAAVO s fE I JEAAV (AAVTh) 85,
AAVrh10; BEHATAR] 8 B A4 BT A 5

[0052]  (d)Ffrid Zw A ACEmu t A% IR B Ik DR AT A/ bz 452 2] 52 1R 455 1) B mT 15 3 1) 3 S 1R 4%
30

00531  (e)(d)HIT7i5 , Horb BT il 52 Y42 1 BURT 5 5 1 2 s 428 7 2 A 52 1A 48 ) Bl mT 15
1) SR

[0054]  (f)(a)®(e)FAE—NI T, Horbra) 75 S H 0 A 42 Bl 2 Tt FH AT #5 b T 42 3
e S AR5 7 B ) BTk G B AC6mu t %) A% IR B 25 AT B i it b 18348 B4  #4  SRak # 4k L E5 41
BRI T B : AT IR ACEmut 7E /Co JULZH A (17 3L 7] 3 38 FH R 3A L BRACEmu t B R TR 2 if it B
2 B EFA ;L

[0055]  (g)(a)Z(£)HHAE—AN T3, e drma B 3 3G T AC6mu t 7K ~F- RT3 9 Sk 4L Bl
WA Oy IF S 48 ThRE i 5 70 ML VE O 73235 (CHF ) 5 o BT 4E AL 5 O ULAR A2 95 O LN i Th
b A B8 Co LA R T2

[0056] 7 Ffrid 5 v 1 B AR St 7 S8 -

(00571 (a)idist 11 kit FH e ok LA (IMD) 558 @ 3 Bk A (TV) 93 53 Sl o 52 T (SC) v 48
TR R PN S 28 P 9 S S JE e B K P (TA) v 5 e o et PR 3l bk P B30 P 9 S 3 ek HR
PN 3 S Bt o e sk e N BlGE ik AR s i (biolistic ) ki ¥k R ge sld i Af H “FE A
7 R FHERHELTOS™L A 4 (Bio—Rad Laboratories,Hercules,CA), ] 75 2 H () A ik A4S
A Bl 28 5 Tt FH B 38 T R 4R 5 38 T 0 e sy U4 7 91T T 3 2 B ACOmu £ 1) % R B L AT
1B BT e oo N N v = A N EA E b = e A R K )

(00581  HCrp ATt , e i F K P (TV) 33 S AAVER AR BRAAV-9 A Sk 1B 12 BT ik s i3 AC6mu t /)
IR B A 5 B

(00591 (b)ididt 51 N 2B A P A1 Iy B p i i HE TR AR AT 40 A L 2% B - 2H 2R Bm A4 2 [
HH () 75 P I IR A R B Tt FH B0 16 T R AR M 2 2 i IR e S R I S BT IR e B
ACOmut A% IR B L K] ; BU T IR Rk 18 24  #044 B 4 i s 5 (R 470, S 15 4 i A R ACEmu t
AT LU BT IR 2 23 A (1) 4 B 0 A R TR R BT I If i

[0060] 7 Ffrid 5 v 1 B AR St 7 S

(00611 (a) ] Frad AN | B8 3 B2 3 25 it FH RS 5, Bk JIBERAE 5 15 S Frid Rk
AC6mut 1) A% IR Bl J AT (1) 3Rk 575 5 s (175 3 B IR BT iR R IA AC6mu t (1) 1% IR B0 S (R 1 3%
L) JE B (1, P ER AR i 3% 42 21 ik 2B ACGmu t I A% R B R J3 80 1) 5

[0062] (D) [m] FriR AN | 285 S it FH RIS 5, Bk RIS 515 3 B 3l T 1
T ARG H AT, BT IR J8 222 ACTE K] J3 3+ B3 UL 20 A 20 i e e 14 SR 31

[0063]  (c) ) Frads ANk | B8 3 52 3 35 it FH RS 5, B i JIBERAE 5 15 S Frid Rk
ACOmu t I A% IR B 35k PR B T 1R Ak ACBmu t Y A% IR B 35 (R s e 1 3 3 1R R SR B0 1 B il
BOETIHE R

[0064]  HHR AT et , Bk R SR A2 N TR 3% S R 1

11
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[0065]  (d)(c)BI77i%, Horb il & s 1 =4 B v By e 14 i FLde 2 i J3 o D
AN S DR 1 B PR DNAZE 5 2 1 5, AR AT ade hy , ik P YR PR AR & 2R AKX AC6mu t ) 1% 1R
B[R] L BRAC6mu t B IE AC6mu t 1) A% R B2 D] ) 30 1 B ] 45 b e 422 31 R IA AC6mu t Y
IR B PRI ) 3 Bl R B0 1 5

[0066]  (e)(a)®(c)HFAE—AN T, Hod Biridk Bl el A5 5 38 A 0 5m alA5 5 el
BEE T AR EE 5 B YIS 5

(00671 () ) Fir i AN | i 38 Bl 52 3K 35 it RSB ERAE 5, B 3 3 BB 5 R T =
AC6mut B I ACOmu t 1) A% R B J2E [R] 1 7 S J WG T A 3R L B T 458 A b % 482 31 3R X AC6mu t
(R AZ% IR Bl L AT () JE 3 IR0 1 () R A , B

[0068]  (g)[n] Ffrad A4 B8 3 B2 138 It FH RIS 5, B I kA5 5 4 i1 SR 1K ACE 1Y
K% B2 (R 1) e S BH 1B W) B8 S S BEL B ) « 5075 5 % 3R IR ACG 1) 1% R B3 22 IR 1) 2 s PHL 3 4
B S Ja B & P ) Al .

[0069]  7EEACHESL i )5 & T - 15 5 PR AC6mu t B I ik 22 A AC6mu t {1 4% 1% Bl 3k IR ) 2 35
B T AT 4R M 42 B Pk SR IR AC6mu t 1) 1% IR B PR 1) i i 52 Y4 1 5 n] 5 R ) R Bl 1
1) 23 () i i Ak 27 50 B 24 ) o R0 FE 1 iRt AR 2R V9 U8 &R (doxyeyeline) BT A% &=
(rapamycin) ; BB A H o8 DB R tet-1ATE KRGk % T Frid AC6mut 5 Frid KX AC6mut
(AL IR B L R B L S R M ) R IA

[0070]  7E AL TT 2 « BTk AC6mut B BT iR Rk AC6mu t ) A% IR Bl 2[R B pfr iR i 1% 12
AR AR R IE B A 21 5 5 B R A E 1 7R R T 105 (1yophi late ) R 6B L 7K
EEI By AR R R K B ER K R R BRI ) D R R VA BRI KRR R
AR S BOK M B K I

(00711  7E B AL TT 2 « BTk AC6mut BT iR ek AC6mu t f) A% IR Bl 2[R Bl B iR i 1% 12
B B RIE B | E A 0 R Bl R DB A SR KRR B IR AR L K T oA L 4
KL F BN KR TR T~ (NLP) B FC ) 75 296 L A IR e J i oA« 9 oK MR T AR 0 K ki
T EGK NG Bk (NLP) H o

[0072]  7E BT 2 « BTk AC6mut BT iR Rk AC6mu t ) A% IR Bl 2[R B pfr iR i 1% 12
AR B  RIE R | E 2 e B AR R R I R E 43 B 4R B B SR Al R, R BLAT I
Hhy, BTk 41 B 2T FLBh P 4i AL o 4R AR BRI N R SRS 40 B 40 A /) B 2T
PN O I R o e AN o211 I e R e A R RS AN 0 R o
F R S 40 B R Sh A 4

[0073]  7E BN TT 2 « BTk AC6mut B BT iR ek AC6mu t ) A% IR B 2[R B Bl iR i 1% 12
AR FAR RIS B | F2H s E S R AR A A 25 B R

[0074]  7E B AL TT 2« BTk AC6mut B BT iR Rk AC6mu t ) A% IR Bl 2 IR B pfr iR i 1% 12
B B RIE B A R SR A N AR R B N P B ) B 5 7E
i~ N C28 B BB e ) sl ik , Bah & il N 28 B SR Pk 0 i 5 2
(00751  7E B AL TT 2« BTk AC6mut B BT iR ek AC6mu t ) A% IR Bl 2 IR B i iR i 1% 12
AR B RIB B AR | E A 3 B B R AR AR AP B R AR R IE ACEmu t £ JIK

[0076]  7E & AR St 77 S, AN U B 4 A A T R ACOmu t M 714 J 3 | J2% 4% L 2 0 i A,
BORGLIATT O VI ORI BRI A A B S 1 v, SLALFE STt AR R B IR 7

12
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[0077]  FEE ARSI TT b, AR B3R At T 78 7 B H MR BUESE TRy oG 1
e R BT A0 95 22 B8 XL A8 950908 1) 7 4 FL AR St AR U BH 1) 7 1 o AE B AR St 7
ZErR, BT IR U I 9 A B0 LA 9 3 A0S < et IR Zh k5 9 (CAD) s BBk SR AR AR AL, 5 1A T2 1% s F
AR S MUAE 98 H B o 11 I8 98 Bs B 14k AL/ 4% 5 &5 19 14k 22 Bk ¢ 5 738 IS ) 25 i L 7 %
(Churg—Strass syndrome) ;& &3k % (Takayasu’s arteritis); JI[I& % (Kawasaki
Disease) ; MLILIRARIMEE & (Rickettsial vasculitis);ZhBKEEFEREAL M 2 Bk O ILAE
K s e R A OS5 95 (CHD ) 5 S5l M 12 4 JUEE 00 5 800 5 SR A 1A R B o P B2 0 5 Ji R 1
OV ILIR 5 o ULHE 5 OV RANTE s A HE T s AR PE L 5 O LK AR (myocardiomyopathy) ; 78I
PO LI A IR O JU L 2 R o UL 22 5 A/ B0 RS 7

[0078]  FEFANME ST Zorh , AR IR AL AFELLT -

[0079] AR R 1-16- AT — T AT ik A ACEmut ; R IEXACOmu t 1A% FR Bl 3 [A] 5 1 15 18 FAA
B FRB AR B A R EEE R s R AH DS EE (AAV) 5 B AL AAVYR B A A ; BB 6 55 2 14
BHATAT R AL A S AR BT A

[0080]  JLrp Tty , Brid AAVER H A AAVIH 75 A A G AAV LG Y AAVS L AAVE L AAVT (AAVS
BAAVO ; TEVATARAAV (AAVrh ) BRAAVTh10 5 BREAE A 2% S AR BT AE A L BRARIA AC6mut ) 4H Y 5L
CoIL4m A

o081l  7Edil#¢ HT LA B MBI 2549+ i g

[0082]  (1)V697 A 0o JUE 2 I3 B g 5 vt B E A A U 5 0 B 1 368 8 (1) PRI ) 52 1k
OB

(00831  (2)EFXTLA N RIATY e 00 e LR L PR AP B Tl A Bl R

[0084] Lol H5 7

[0085] .0y F7EENA .

[0086]  .Coff T RE B oy H B AT AR

(00871 pH T+ Co I 4% B3 o M T 490 P 0P 5O JUE T R B0 0 HH 2 PRI BAAIR

[0088] (3 ik 384 fin 5 B0 UL At H WL 9 (SR ) Ca® H5% HURN / 5 EL A5 4 46 140 s Bt 1] i 13
TN Ca™ ik A% SR 15 e B O LA HH R A5 A 1

(00891  (4)4fil.CoJULZH AL HH 40 A P c AMP7ZK P (1) AE

(00901  (5) Ry 0o WLARAE S 32 72 AL 4R B AR T (P T2 )5 5 i, SRR IRE R T E 5 2 )G
Wl 5% F 2R Pt T (T O LR i 2 &

(00911 (6)7ECr J73E v A 35 Hh BAE A T 800 Dy e B3 Co i HH 2 A AR 4D o0 JE J26 44 B30
T DL A vh s 3o i Dy R B0 B B PR ARG R R/ BRI AE T 2 5 B AIG0 3 3 (1)
BN ;

[0092] (7). I P 28 B o I 9175 5 B

(00931 (8) 7R BNk (CAD) s SRk S FEREAL, 5 AR TR B s PR 78 5 I %% - H & S e 14
B R U EEVE IMVE 28 s 85151 2 Bk 5 s 28 NP PRI 28 I 87 2% 5 = e Sk 48 5 )10 g 5 3750 IR
PRI 5 s SR A A A 12 B NK IR 5 /0o LRI K 5 506 R A o 2 5 (CHD ) 5 5t L 2 oo JUE 07 5 2
I8 5 SRAT A P9 9 O PR S5 5 B R PR OO LG 5 o L8 5 o AN 5% s B A e 5 AR 4 o0
LI 5 Co VLI AL 5 78 LA o LS 28 B DR SO UL 22 B PR o) o LS 78 5 1/ B Co IE RS A
[0094]  7E &AM SLTt T 22, G AR ST IR BBk 19 B 40 4 & BH I AE AR 7 3 vh B 96 T i

13
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7, H T N BOR B U H Y

(00951 (1)L IR + o 3 3% 36 « /o JUE Ty E B i HE B0 B0 B I Hr T o JUE G 08 S JUFE D 150
FIT U O I T BE Lo L BRI FARAI

[00961  (2) ieict 3 Jon e 5 o UL AH AL H VLR 9 (SR ) Ca™ B HRURI/ BIEL AT 445 6 1 A2 B[R] 4 3
TN Ca® Tk A2 SR J i 56 B O LA A P ) 45 40

(00971 (3) kil Co LA M o 4 S AT cAMPZK T R A A

[0098]  (4)fR3 Lo ILAHNE G 52 A2 PP AL AL AE T CR T A5 5 52, SR T (E 5 2 )a
PAs T3 BRIt T () A Co L0 K

(00991 (5)fEL g3 s f 3 o BAE B 3 20000 JIE T E 0o H 5 P IR A O R RS e B0
TR AR 2 O U T B B ol 1 R S PR AR IR AT/ BB AIRSE T3 5 BB AR 7 3 35 1Y)
FEBEA ;

(01001 (6 )Lk I A2 B Lo ML 5 75 5 B

[o101]  (7)JEARBHIKI (CAD) s SHBK s FEREAL ; AR L B FE 3R s LS K B B ey R I
B RBUFRFIENLE 25 8512 SR 28 MNVE PR 27 B iU 8 5% 5 vy 2 Bk 2% 5 )10 9 5 S50 iR
PRI R 5 B FEREALAE SRR IR 5 Lo UAE K 5 S R A Lo IR 97 (CHD) 5 S5 28 O R SR 5 42
o« BRAT A I P o A R0 5 SR A Ao LIS 5 /o LR 5 oA S s BB R AR I 5 AR O
JUUIA 5 oL AL 5 T8 I Lo UL AR IR AE 0 UL A2 B BIR A 2 Ca L 28 5 A/ B BE RS A
[0102] B AT i 0 Ui W 5 R R 1 A Y AR — AN B S St 5 SR 1 40 o AR s U
AR 1] 5 ELAR S ASUR) B SR A5 30 1 2 WA W 0 L B AR AL  H A AL s

[0103]  ASCHr I A A IR/ AT SRR LM HEE R T E H i35 DT X
RN AN

Mt &1 B

[0104] [ 1 30 W A & WA P 5 491 1 ACEmut PR ¥ T 2k vl ek AN 40 A -

[0105] & 1 A7 it e b 3 B 41 22 7 A% R BH B4 7~ 49144 BR ACBmu t 1) 74 3 Hh AEC L 25 R 33 (AR L Y
)R AE 426407 (f7 B 4% 5 3L T-SEQ ID NO:17,HH1SEQ ID NO:1642D=>AHU 2 B ) F#
1) NEIR (ala) X KA G (asp) BTHR (D=>AHUR) A7 551 B i

[0106] || 1B i i BH i ik qRT—PCRASE FH A 5 14 AC6 1% JE [ AC6mu t 2 [R] (1) 51 44 e A
HJAC6mut mRNAFRIZX ;

[0107] P 1CUa B AE FHHLACS /6 F0 A4S MIACEmut 2% (1 )5 3 ELAE F AU AR 2 HiAAR Bl 1 %
925 13K 5

01081 [ IDEI AR, F 7 T ERR R A /T (R LR) Al 2 Jo , anid it c AMPE 6 %
I B & R ACGmut 7)N BRI B /N B 29 B 1o LA B A ) PR AMP = A

(01091 B 1EU B FHHTAULIUAR (L0 E8) s Hi/h 58 B 3 (Cav—3) Pk (L €, F 5 4 A Joia /i
TR s PUER B BT b Al (PDTD) Judk (SR &, 5 TR R UL) s HTAZ 41 )2 SR E AL
A (G, S0 TAZ B SR U ) AT R He AR 14 B 88 126 438 1 38 1 2 3 Joid (VDAC) ifs (4 f, % T
AR R ) % AACOmu t /) BR AT HE /N BR 43 15 147 0o L4 A A 9 AC6mu t 2 3 J5 %) LB 47 928 ¢
TGt AL W

[0110]  4n ST St ol 1 BT R AR IA
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(01111 [&I23i W PKA \PKSAIPDE )3 4 Al ik -

(0112] &I 2A) b P& I i 10 BH 3 A TR0 (2 28) B FH 7 PR B iR 3R BONKHA 7 7 313811 43 5 1
O VLA AL B PRATE MK s I HLIEI2A1%) T B B 27 70 2 (LV) 35 5 P Hh (R PRA R B
58 T8 952 I

[0113] & 2B BH 18 K H AC6mut /)N B3 A HE/INER 1 A2 O BB R Bon R BE 516 S5
5 P R B A ) S S BV s SR 1 B R A (P PKAFIL & (T) PKATR % W 837 T T-a AT I-B . PKCa
WL - e 3AZY (PDE3A) R ALWLAS B2 9 T(P22/23-Tnl ) F1A T 5

[0114] P 2C U8 B B /s 75 A4 20 38 i 85 2% Oo LA i R A S T B IR R mir 2
JE IRYR2 W PLBAATN T (1) B2 B A4 1T S 928 BV 328 5

[0115] PR 2DIEIfi Ut BH >k H B 20K s , H R B AC6mut /)N B A A 57 I B IR 2 5 0 L
211 AR TRy R2  PLBAN TR T F 358 11 0 B R A4 AH O 5 304 1 X 48 fr (GAPDH) 2 U5 — 4. 5

(01161 Lu1 I ST S it ] 1 e VR AR IR o

(01171 [RI3PIARUE B 22 0 S IS 4 D - MACEmut TG /N (SO ) 43 B FRY 40 U S5 7% W 7 368
o FEVE R A BRI RTINS B AR R R SREFILY dP/dt s 20 R R R
S DRT B P HEIN B, 5 2T SR SE it A5 1 B FE RIS R

[0118] P4 BHSR Ca® #HL .Ca®™ {5 516 S A AR 7

(01191 P 4AK L P P At b BH SR 1 AC6mut /) BRI TG 1 [0 B %o 8 /N B A VR & LVAE il o )
Ca” SFHUIE 1 ; I HLEI4AR T P B 8 B AC6mu t [t 22325 [ AIK 1 SERCA2a % Ca™ [R5 A /7
[0120]  [&[4B1) I B I 156 BH AC6mu t R I8 5 RE IR LVAZ i & 1 (PLB) 3k #H% s 7 H K1 4B
)T B P At BH ACEmut 2632 538 NI LY CREM- 14 [ Bk A 06 5 3F HLIEI 4B T & 1 BE 55
N ER KT 5 FS T G 928 B2 5 B0 et % 48 A (GAPDH) #13 — 1k 5

(01211 P4CH L B @ Ui B AC6mu t ik 5 3 LV S100A18 [ iR 1A AH 5 s IF H I 4C
(R [ I A5 B AC6mu t 32 5 B NI LY P133—-CREBAE [ Ji #8145 A0 54 s 3 HLIKI4CH) T 5B
7N ER TR TR 5 s 0 4 928 B 5 R HE X6 47 (GAPDH) % U — 14k 5

[0122] 4D HH & AC6mut K 1A A R SERCA2a 45 0 23 8% 1« LA 455 2 1 Bl s R Ak —
S16-PLBEE [ Ji LV IA 1) 8 iz (1) G L BN I8

[0123]  4EUa B FHHTAUL PR (20 €8 ) FIHTCREM-1HT 44 (4R €2) Bk PT AU NPT R 16 CREB
(S133, R0 ) % NACEmut /)~ B A JE ZINER, 75 5 1O JULZH P Hh (R ACEmu t 25 1 Joi 1) R B 2 7%
FeYL e Y M A% DL € 55K 5

[0124] L1 F SCIR St ] 1 e VR AR IR o

[0125] &5 BH MACGmut /)N KR A5G R /ISR 43 B8 1 0o AL A P ) &0 PR V8 i Ca™ 5 A5
[0126]  I5AR fift 14 BH S 7~ BRI 3 £k Ca™ (O IS 47 — Oy &7 5K Ca™' ) A S Zn AC6mu t A5 5%t
18 2 A 2H 22 S B 5

[0127]  PEISBEIfA U o 57 A AR 2 A v o0 UL 400 B o ) AR 3R 14 Tndo- 1 Ca™ B A8 i
SRAE SR H AC6mut /)N B RO JULZH A H B v R 08 s e 5 80 e o T &I 6CH

[0128]  [EISCEIAUEIH BoRTE ST N FARZRAELE MR Ca® 75K H AC6mu t /)N KR (¥ 0 L 41
e A 8 ) i

[0129]  PEISDIEIfA UL Won1E 5 TN D AR AFAE T IA BG4 H Ca™ Tk AR [ B 18] 76 5K FH AC6mut
ZINBR R Ao JULZH L gl /D ) 80
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(01301 PSSR FEIff UL % 7 57 R LB 17 €5 F i 150 % ABRIT 18] () 263K F ACGmut
NGB L L A B BB < SR S o T T34
(01311 4 1of A O BB A A T

BARSHEA

[0132] A BHIE AL G W DA Jo Ak o FIBS A4 J7 2%, LA 46 it FHAS B = AR BRI EF R 1 (AN
F=AE CAMPHY ) R B BR PR LI 678 (AC6 ) £ 1 T B 22 K (AR AR “ACEmut” ) B 4w ACEmu t 1) #%
PR B LR LLYR T B Bk 37 (FE T (preventativesfprophylaxis) ) A Ol 557 B
ECFRCo JUE Ty B Bt B 0 U T % B0 50 PR A2  F 3 o I J 4% 809 100 e %7 B4 I P c AMP
180K L2 WX (SR) Ca® S5 BRUAN / B A4 P 5 30 JL 2 i v B A 448 2 1160 s Btk S ) 6] 384 i r Ca
A%

[0133]  7EE ARSI 7 S, A IR F2 (L4171 200 A P c AMP BSR4 L P c AMPFY) 2 B
AL A2 A0 Y cAMPRACEmu t o 75 B AU S il 7 27, AR BRI AC6mut DA fn s 7 =i A%
PS5 A% 50 1) 5R SE 500 LN A b A A5 AL B L 2) F0 ) O LT AR A 40 P ¢ AMP 7K T )
A NS BP0 LT AR S T RE AL A PE T (I T2) o 7E B AR St 5 26 P, 24 ACEmut 7F iR
P 5 v O U H A 0 B A 18 3 BB ) s o U R G0 JUE D RE G, SRR sk 2D 5 HLAE
T FEAR o PR L, A B R ACBmu t 3268325 210 Ik HH 388 o IE Th 8, T V%A BT c AMPZE BT 201
B ERL I, 75 B ARPE STt S, A R B Ak F T 0 77 28 s AR A 00 JUE Dy e ) B AR,
Jriko

[0134]  FEEAMESLHt T A, AR IR AE H T gmbBACOmu t 1 1% BR B L ] BB 7 (LA &5
A ) GutiBACemut (1A% R i 3 R 1) 3Rk 32 2k (9, 8 B AR B3 55 ) 1R 3028 AR (9
A RIR) WAL A YA T2, BTl 13832 R R A (45 AC6mu t 2 [ J5E 76 /Co JULZH A A e e 438 1 ¢
FAR A 328 B0 LA A, Bl e B b, ORE TR I 5l 4 B R PR, AR BT IR AC6mu t
B AT DA B A AR 4 G £ VA T O L R AR LR O I A A 2R .

[0135]  FEEAMESLHt T R, AR BHHE A FH T gm b ACOmu t I 1% IR B2 R (1) 4k A IR 1T 328
IS B BR R B | E 2 R S DL S A R B IR v A AR S i R, Rk
AC6mut [ 38325 18 FAAR B R FRIA B | B 20 5 #5 55 B AT IR ACOmu t A% R B2 (R M LA B an 721 ]
2 BRI W2 B2 B I LY CIM) v 5 BB A B0 ik A e # Ak Y (TV) VRS
IR R ST B IR i I A e i R s ik R G (N, B RROA I R R ) S
[0136]  TEEARMESLIE T B, gwiBACEmu t I A% FR Bl JE K] (1 i, ELFE 77 B eI ERN “B 2L
A R332 B AR (1, i R ) R R IA B AL B S ) Bl k) UL S 0 LT i
oY L0 3% B LT AL R T AN RE P2 AR cAMPRYACH € 1) I8 BRAESEO I 28 B v BLEE R X
[0137]  FEBARMESLH 7 b, X Fh “H1 A 3 8 AR, 49, 36308 0 AR L Bk R IE B A
T R B  IMER TV S, AT DL G 4 22 (R A R 75 88 B () dn , (O I Bl sl B ) B 5 v
BRI T 38 3 1) ) 5 3B () ACEmu t B [ R B I8 A B R L R B A
SETE M B A B A1 B Hp () R 2 0 A R 38R G 1 38 A v e FH B 1 R B IE A R AR VR IA
AR 25 2H 9 B S5 0 IR KEFARAN , BT A Bt 6t T 7E SR ) R B AR R I 2 I 2 R A
JR IR ISR AR RIEFAAR L 205 B SR U AT RS R S ) R
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[0138]  7EE M St R, AR BHIRAERE AL AT XT 2 VR T FORIE e 2 et A 2 H
A BT 2 R 5 P 2 3 ACGmu t 1) K% 1 i 5 R 63k 11 77 V2

[0139]  7EEARME L7 S, BPAE 5 B A0 — AN 2 ANE AL SRS — 2 BE & (i, i
T2 b R 78 Bt ) T 4 20 e ) LY B 4 B MG I, AC6murt 2R (1 J5 B FH R IK AC6mu t 1) 4% iR Bk 3t
IR 68 10 2 (9 o ko 2H 2 el 3 v (g, o U I A B R L e AR ) B R B
FIIAE FH (a0, v6 97 AE BB /E )

[0140]  FEA R BH I 7R 1 S i 5 2 R, 4 R IAAC6mut I A% BR B 4 A AN 8 7 AE c AMP I AC
(%) 25 AT Sk S it A i BRI 54 BLFEAEAN PR T Ay 7 Co IR0 « o0 77 35 08 L 78 ML 1o 77 32
(CHF) - -Cafiy H 5 B D B8 AT Av] PR AR B AT A 2L A5

(01411 o, 76 B ARME St 75 e, 3Bt ia # A B L R IE B A B %5 (1, K3
I3 £ B0 B B ) v ARG 40 17112 BB A9 G = 2B 1 0 8 = AR 9 Gn A 4 B PR R Rk (45
TV) R BCIE I LAY (TN 33 55 38 el MR N B3 et A e S o R 3 08 R e (81, B AR i) 28
PRIFE™ ) 3 53 o 75 B AR S it 26, BOR BB Ja (ol an s 4 FE ) ), Tl BT i ANk BB 35 852
P Mt (A, W N R S B ) 75 5 R I ACEmu t 1 A% R B 22k [R] 1) R I8 I A 2% 771 B 24
W s B, B R — Uk (ERCRE A B B8 AN A ) it B O Blepo A= 2% (9 4, o 70 85 25 B R A
), BB B 2 R (1) 3R 08 o 7R B AR STt 7 S, 75 Bl A% R B IR 1) s 05 5
Fik(Biltn, @S B T) 2 5, AC6mut 5 [ AR A& R I B3 32 R (0 15 2R ({51
un, BEN MR ) , BB f5 B 28 TR e B (B, B 25 T OREThEE) 106 FIAHEAIEH ,
Bian , 697 AE FHECHT 1E FH o 248 A2 3052 iR 38 IR 46 YR T I , 52338 (A5 1k IR A 0 1)
BB 259, Ban, ik & .

[0142]  FEEARMESLHE 7 S, AR B 1K N F AL HE < ¥ 7 B EAR S I 20 H50e 77 35 38 5 YA 7 il
BNIK T s VA TT 569 053 500 0 14 O 352 v 5 B AR R B A e ARF S ik P iy FH T YR 97 it 3l
ik i J AL g 35 Sy P L3 5 0 R RO B 797925 s AR 97 He B i o, H A AC6mu t B AC6mu t 1% 1R
B (R 1) 52 4% SRR (R AE B R N I FUE

[0143] A pRAIERAERZIR

[0144]  FEBARPESL I )7 R, 1 St A i B I 5 v, 2% K B $ 2w i AC6mu t 22 JIK I 48
I3 B B AR B TR L A ) A% T B 5k TR T/ B A ) A R B [ o 78 B AR PR St b, A
TS AR g B 5 v AR gk B DL B 2H T PR (49 G, 4 B B O ) TR Y SRR 1 (A,
BRI ) Fak iz kb, 5, 22 F Ak (40, AAVER AT AR AL L Z AR sl 7 A= 4 ) el 40,
i AL R IAACmut Y R R B LA

[0145]  7E&AMESLHt Ay 9, W FLah W (B an , NECE ) AC6mut if LA#E H TSt A & B ,
BT R AC6mu t £, F5 75 IR 1 R PR AL (AC) 22 JIR I M A A% O v B A AN 5 H 4y 1 S B PR B A A
P S R X0 i L Ay 1) 2 2 G B 1 A R 1) AR T AC 2 Ik« AAC6 2 JIK(SEQ 1D NO:10) )
FEAAZ O (BRI X 31 (CL) ) /R R R BR 5% £ 3073675 FRAC6Z K (SEQ TD NO: 11)#
TEAAZ O 2 TR R TR 3153683

[0146]  FEEAMESLIt T =9, BTk AN faf 1 R LR B AR AR M R R TN AR (Ala) , FF
HAT SRy, BT iR FR 1 Z FE R & K A R (Asp) » BAT e , AT i ANy L faf 1) U R sl AR A 1
AR E A adf H TR R ME IR 2 Asp..

[(0147]  FEEARPESLHE 7 R, AR BH#EAE (B ) AC6mut 2 Ik (SEQ 1D NO:12), HAE 7R
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IR B AL (AC) 22 K I A AZ 0o () A5 436 A7 L T IR B A La (Bl “A” ) % K & 21 R R
Asp (B “D”) IR BRACZ Ik B, FEAZ S0 7 S8 b, I BRIt P R PR AL (AC) 22 IR AE i
BLACE KA AL A% O ) 55 43657 B A BURD=>AEkAlaxF Aspy BUAL (SEQ 1D NO: 11/2D=>
AR Z BT AR 7 51)

[0148]  FEEACHESLHE T b, AR BHHEAE (R )AC6mut £ K (SEQ 1D NO:17), HAFTER
MR R LG (AC) 22 K B A AZ O (1) BB 426 A7 B T Z R ELA La (8K “A” ) % K 4 S TR X
Asp (B “D” ) FIEAR (B, D=>AHUAR) i FRACZ ik .SEQ 1D NO: 17 ik 5SEQ 1D NO: 122 ki
ANF2Z AL AETSEQ ID NO: 17Z fikB/SEQ ID NO: 122 AT 10N S LR ; Frid 2 ke Hoe
J7 T =2 AHIF T . SEQ ID NO: 162D =">ARU 7T i R Z LR T 91 o i = 2 2 R i ) 1% S Y A
AN NAESEQ 1D NO: 11HISEQ ID NO: 12F R 105 2k B2 A B 1 1 B A2 70 R 22 Bk

[0149]  FEEARMESLHIE T R, AR BH$ZAE (N )AC6mut % Bk (SEQ 1D NO:13), HAEEFHEAN
MR R LG (AC) 22 K B M A AZ O (1) 5 42807 B TR Z R B A L a (8K “A” ) % K 4 S TR X
Asp(B“D”) BRI NACZ IR s B, FEAZ S 7 S8R, il b Ji 7 R A (AC) 22 JIRFE FRAC
Z IR A A O (1) 25 42867 HA BUARD = >AkA Ta Xt Asp ] HUAR .

[0150]  NAC6#MR4mfiS /7% (SEQ ID NO: 14 ) AHXT T 5l gwtis 7 51) : 86 % [F] 1 (SEQ 1D NO:
15) s AAC6Z Jik (SEQ ID NO:10)AHXTFFAC6Z ik (SEQ ID NO: 11)7EZFEML /K P K :94% [A]
Prtk

[0151]  AC6mut D=>AHUXTE NAC6mut FIMEALIZ O H B A X 25 A A B 5 75 fRAC6mut H 58
ZAH IR, 2T T U B A il s B AR BTSSR B 0 R TN T 2R AR R A& B B D7 Bk ik
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A 1 MSWFSGLLVPKVDERKTANGERNGOKRSRRRGTRAGGFCTPRYMSCLRDAEPPSPTPAGP 60
EL 11 MSWFSGLLVPKVDERKTANGERNGOKRFRH-ANRASGFCAPRYMSCLKNAEPFSPTPARE 69
A 61 PRCPWQDDAFIRRGGPGKGKELGLRAVALGFEDTEVTTTAGGTAEVAPDAVPRSGRSCHWR 120
EL 70 TRCEPWJDEAFIRRAGPGRGVELGLRSVALGFDDTEVITPMG-TAEVAPDTSPRSGPSCWE 128
A 121 RLVOQVFQSKQFRSAKLERLYQRYFFOMNQSSLTLLMAVLVLLTAVLLAFHAAPARPOPAY 180
EL 129 RLVOVFQSKOFRSAKLERLYQRYFFOMNQSSLTLLMAVLVLLMAVLLTFHAAFPAQPOFAY 188
A 181 VALLACAAALEVGLMVVCNRHSFRODSMWVYVSYVVLG I LAAVOVGGALAADPRSPSAGLW 240
EL 189 VALLTCASVLEVVLMVVCNRESFRODSMAWVVSYVVLGILAAVOVGGALAANPHSPSAGLW 248
AL 241 CPVFFVYIAYTLLPIRMRAAVLSGLGLSTLHLILAWQLNRGDAFLWROLGANVLLFLCTN 300
EL 24% CPVFFVYITYTLLPIRMRAAVLSGLGLSTLHLILAWQLNSSDPFLWKQLGANVVLFLCTN 308
A 301 VIGICT HYPAEVSQROAFQETRGY IQARLHLOEENRQOERLLLSVLPQHVAMEMKEDINT 360
EL 309 AIGVCT HYPAEVSQRQAFQETRGY IQARLHLQHENRQOERLLLSVLPQHVAMEMKEDINT 368

[0152] 3el KKEDMMFHEKIYIQKHDNVSILFADIEGFTSLASQCTAQELVMTLNELFARFDKLAAENHC 420
EL 369 XKKEDMMFHKIYIQOKHDNVSILFADIEGFTSLASQCTAQELVMTLNELFARFDKLAAENHC 428
A 421 LRIKILGECYYCVSGLPEARADHAHCCVEMEVDMIEAISLVREVTGVNVNMRVGIHSGRV 480
EL 429 LRIKILGECYYCVSGLPEARADHAHCCVEMGVDMIEAISLVREVTGVNVNMRVG[HSGRV 488
Ao 481 HCGVLGLRKWOFDVWSNDVTLANEMEAGGRAGRIHITRATLOYLNGDYEVEPGRGGERNA 540
EL 489 HCGVLGLREWQFDVWSNDVTLANHMEAGGRAGRIHITRATLOYLNGDYEVEPGRGGERNA 548
A 541 YLKEQHIETFLILGASQKRKEEKAMLAKLORTRANSMEGLMPRWVEPDRAFSRTKDSKAFR 400
EL 549 YLKEQCIETFLILGASQKRKEEKAMLAKLORTRANSMEGLMPRWYPDRAFSRTKDSKAFR 608
A 601 OMGIDDSSKDNRGTODALNPEDEVDEFLSRATDARSIDOLRKDHVRRFLLTFQREDLEKK 660
EL €09 OMGIDDSSKDNRGAQDALNPEDEVDEFLGRAIDARSIDOLRKDHVRRFLLTFOREDLEKK 668
A o6l YSRKVDPRFGAYVACALLVFCFICFIQLLIFPHSTIMLGIYASIFLLLLITVLICAVYSC 720
EL 869 YSRKVDPRFGAYVACALLVFCFICFIQLLVFPYSTLILGIYAAIFLLLLVIVLICAVCSC 728
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[0153]

1089

1141

By oM oy om ;- By Eo B> By B

1142

GSLFPKALORLSRSIVRSRAHRSTAVGIFSVLLVFTSATANMEFTCNATPTIRSCAARMLNLT
GSFFPEALORLSRNIVRSRVESTAVGIFSVLLVFISATANMFTCNHTPIRTCAARMLNLT
PADITACHLOQLNY SLGLDAPLCEGTMFTCSFPEYFIGNMLLSLLASSVFLHISSIGKLA
PADVTACELOQLNY SLGLDAPLCEGTAPTCSFPEYFVGNVLLSLLASSVFLHISSIGKLA
MIFVLGLIYLVLLLLGPPATIFDNY DLLLGVHGLASSNETFDGLDCPAAGRVALKYMT PV
MTFILGFTYLVLLLLGPPAAIFDNY DLLLGVHGLASSNETFDGLECPAVGRVALKYMT PV

ILLVFALALYLHAQOVESTARLDFLWKLOATGEKEEMEELOAYNRRLLHNILPKDVAAHF

ILLVFALALYLHAQOVESTARLDFLWKLOATGEKEEMEELQAYNRRLLHNILPKDVAAHF
LARERRNDELYYQSCECVAVMFASIANFSEFYVELEANNEGVECLRLLNEIIADFDEIIS

LARERRNDELYYQSCECVAVMFASIANFSEFYVELEANNEGVECLRLLNEIIADFDEIIS
EERFROLEKTKT IGSTYMAASGLNASTYDOVGRSHI TALADYAMRLMEQMKH INEHSFNN
EERFROLEKIKTIGSTYMAASGLNASTYDOVGRSHITALADYAMRLMEQMKHINEHSFNN
FOMKIGLNMGPVVAGVI GARKPQYDIRGNTVNVSSRMDSTGVPDRIQVT TDLYQVLAAKG
FOMKIGLNMGEVVAGVIGARKPQYDINGNTVNVSSRMDSTGVPDRIQVT TDLYQVLAAKG
YOLECRGVVKVKGKGEMTTYFLNGGPSS 1168 (SEQ ID NO:10)

YOLECRGVVKVKGKGEMTTYFLNGGPSS 1176 (SEQ ID NO:11)

+++H++++tHt
[0154]  FEBAMESLHE T R, NACmut R4 A% /5 %1 (SEQ 1D NO: 13) AR ACmut #% F& gt
FF%1(SEQ 1D NO:12) 7% 3 2 I8 ok B (ml “A” ) A8 S s i (B “C” ) T 45, W R SCHTR
Horp “N BRERAE HAR N “C7 Z AT AE N A I T e s R, 71 1 B A 8 A2 2 NAC6(SEQ ID NO:
10) FEF A BYFLAC6(SEQ ID NO:11):

[0155]
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A 00  ccTeccAGCAGCHliTCATGETTTAGTGGCC TCCTGETTCCCARAGTGGATGAACGGARR 149
RN NN AR NN NN AR R N A N NRRRRNAREARERNY

A 649  CCTACCAGCAACHMTCATGGTTTAGTGGCCTCCTGGTCCCTAMAGTGGATGAACGGAAR 708

=4 150 ACAGCTTGGGGGGAACGCAATGGGCAGAAGCG--C-CCACGCCACGCGAATCGAGCCAGT 206
AR R RN RN AR e e e N A e A B R R B N N

A 709  ACAGCCTGGGGTGAACGCAATGGGCAGAAGCGTTCGCGGCGCCGTGGCACTCGGECAGET 768

A 207 GGCTTCTGCGCACCTCGCTACATGAGCTGCCTCAAGAATGCGGAGCCACCCAGCCCCACT 266
RN RN NN AN R R RN IR RN RANRRARRRNAARY

A 769  GGCTTCTGCACGCCCCGCTATATGAGCTGCCTCCGGGATGCAGAGCCACCCAGCCCCACC 828

A 267 CCIGCAGCTCACACTCGGTGCCCCTGGCAGGATGAAGCCTTCATCAGGAGGGCGEGCCCG 326
PEUEE T 0 FE bbb e b ettt

A 829  CCTGCGGGCCCCCCTCGGTGCCCCTGGCAGGATGACGCCTTCATCCGGAGGGGCGGCCCA 888

A 327 GGCAGGGGTGTGGAGCTGGGGCTGCGGTCAGTGGCCT TGGGGTTTGACGACACTGAGGTG 386
A A NN AN NN AR R AR RN R IR R RN

A B89  GGCARGGGCAAGGAGCTGGGGCTGCGGGCAGTGGCCCTGGECT TCGAGGATACCGAGETG 948

g 387 AC--C-ACACCIATGGGCACAGCTGAAGIGGCACCGGATACATCGOCTCGGAGCGGTCCG 443
N e N N AR AR N A N A A TR A N A

A 949  ACAACGACAGCSGGCGGGACGGCTGAGGTGGCGCCCGACGCGETGOCCAGGAGTGGGCGA 1008

A 444 TCCTGCTGGCACCGGCTTGIGCAGGTGTTCCAGTCTAAGCAGTTCOSCTCTGCCAAGCTG 503
COEEEREEEE T 1 R e e et

A 1009 TCCTGCTGGCGCCGICTGGIGCAGGTGTTCCAGTCGAAGCAGTTCOGTTCGGCCAAGCTG 1068

A 504 GAGCGGCTGTACCAGCGGTACTTCTTCCAGATGARCCAGAGCAGCCTCACGCTGCTCATG 563
PEREE R e e e e e e e ey 1

A 1069 GAGCGCCTGTACCAGCGGTACTTCTTCCAGATGAACCAGAGCAGCCTGACGCTGCTGATG 1-28

B%‘ 564 GOCOTCCTCATICTCOTOATCCCTETACTCTTCGACTTTOCACCCTROCOCTGCCCAGCCT /23
RN RN e R A R R R AN A RN T A AR

A 1129 GCEGTGCTGGTSCTGCTCACAGCGGTGCTGCTEECTTICCACGCCOCACCCGCCCGCCCT 1288

A 624 CAGCCTGCTTACGTGGCCCIGCTGACCTGTGCCTCTGICCTTTTIGTGGTACTCATGGTG 643
N R N N T R R A R N e e N N TR N AR ARN

A 1189 CAGCCTGCCTATGTGGCACIGTTGGCCTGTGCCGCCEICCTGTTCOTGGGGCTCATGETG 1248

A 684 GTETGTAACCGACACAGCTICCGCCAGGACTCCATGT3GGTGCTGAGCTATCTGGICCTG 743
CEREEEEEEE T e e e e e e 1l

A 1249 GTGTGTAACCGGCATAGCTICCGCCAGGACTCCATGTSGGTGGTGAGCTACGTGOTGCTG 1308

g 744 GGLATCCTAGCAGCCGTGCRAGTCGGGGGTGCCCTGGIAGCCARTOCACACAGCCCCTCG 803
RN N A R R AR A A R NN A TR I RN R A AR

A 1309  CCCATCCTCCCCCCACTCCACCTCCCCCCCCCTCTCCIACCACACCCCCCEACCACCTET 1368

g 804 GCGGGCCTTTGSTGCCCCGIGTICTTCGICTACATCACCTACACTCTICTTCCCATTCGC 863
CEREEEEE TEEEEE e CE e b berreet e e i 1l

A 1369 GCEGGCCTCTGETGCCCTGIGTTCTTTGICTACATCGICTACACGCTCCTCCCCATCCGE 1428

g~ 864 ATBCGAGCCGCAGTACTCACCGGCCTGGGCCTCTCTASTCTGCATIIGATTTTGOCCIGE 923
PEREE 0 00 0 TR e e e e b

4 1429 ATECGGGCTGCCGTCCTCAGCGGCCTGGGCCTCTCCAICTTGCATTTGATCTTIGGCCTIGE 1488

g 924 CAGCTCAACAGCAGCGACCCCTTCCTTTGGAAGCAGCICGGTGCTAACGTGGTGCICITC 943

g N e e AR R R R R RN RN AR RN T N AN AN

A 1489 CAACTTAACCGTGGTGATGCCTTCCTCTGGAAGCAGCICGGTGCCAATGIGCTGCTGTTC 1548

[0156]
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& 984 CTCTGCACCAATGCCATCGGTGTCTGCACACACTACCCTGCTGAAGTGTCTCAGCGCCAA 1043
Freeeereeer e eer e rrerrrerreerr e rr rr rerrrr e

A 1549 CTCTGCACCAACGTCATTGGCATCTGCACACACTATCCAGCAGAGGTGTCTCAGCGCCAG 1608

A 1044 GCTTTTCAGGAGACCCGAGGTTACATCCAGGCGCGGCTGCACCTGCAGCATGAGRACCGT 1103
Frrreerrereerrer eeeeererreerrr rerr e rrrrerrerrrrreerr

A 1609 GCCTTTCAGGAGACCCGCGGTTACATCCAGGCCCGGCTCCACCTGCAGCATGAGAATCGG 1668

2 1104 CAGCAGGAACGGCTGCTGCTATCGGTGTTGCCCCAGCACGTTGCCATGGAGATGAAAGAA 1163
FErerrer reerrrereer eeeer rerrrrrrerrerrr e e e

A 1669 CAGCAGGAGCGGCTGCTGCTGTCGGTATTGCCCCAGCACGTTGCCATGGAGATGAAAGAR 1728

4 1164 GACATCAACAC::awoa3GAGGACATGATGTTCCATAAGATCTACATCCAGAAGCATGAT 1223
Frrreerrreerrrrerrer eereeerrreerrr ceerrerrrre rrerrrrrnd

A 1729 GACATCAACACAARAAMAGAAGACATCATGTTCCACAAGATCTACATACAGAAGCATGAC 1788

<4 1224 AATGTCAGCATCCTGTTTGCGGACATTGAGGGCTTCACCAGCCTGGCCTCCCAGTGCACT 1283
Frrreerrrrerrrrrrerr eerreerrrreerrrerrrrerrrrr rrerr e

A 1789 AATGTCAGCATCCTGTTTGCAGACATTGAGGGCTTCACCAGCCTGGCATCCCAGTGCACT 1848

4 1284 GCACAGGAACTGGTCATGACCTTGAATGAGCTCTTTGCCCGGTTTGACAAGCTGGCTGCG 1343
et rreerrrrreer terrrrb e e e e et et re e rr el

A 1849 GCGCAGGAGCTGGTCATGACCCTGAATGAGCTCTTTGCCCGGTTTGACAAGCTGGCTGCG 1908

2 1344 GAGAATCACTGTCTGAGGATCAAGATCTTAGGAGACTGTTACTACTGCGTGTCAGGGCTG 1403
Ceerrererrr reerereerrrrrrrrt re rerererrrreeer rerrerrrrrrd

A 1809 GAGAATCACTGCCTGAGGATCRAGATCTTGGGGGACTGTTACTACTGTGTGTCAGGGCTG 1968

4 1404 CCCGAGGCCCGGGCAGATCACGCCCACTGCTGTGTGGAGATGGGGGTAGACATGATCGAR 1463
CErrererrrrer e e reeerrrrerrrerrererrrrrrrrrrerrrrer

A 18969 CCGGAGGCCCGGGCCGACCATGCCCACTGCTGTIGTGGAGATGGGGGTAGACATGATTGAG 2028

A 1464 GCCATCTCGCTGGTGCGTGAGGTAACAGGTGTGAACGTGAACATGCGTGTGGGCATCCAC 1523
FEErrrrerrreer rerrreer reeerrrreer e rerrr e rrrrr e

A 2029 GCCATCTCGCTGGTACGTGAGGTGACAGGTGTGAATGTGAACATGCGCGTGGGCATCCAC 2088

2 1524 AGCGGACGTGTGCATTGCGGCGTCCTTGGCCTACGGAAATGGCAGTTTGATGTCTGGTCA 1583
FErer cereeee rerrreerrreeerr o rrrrrerrrrrrrr reeer v

B 2089 AGCGGGCGCGTGCACTGCGGCGTCCTTGGCT TGCGGARATGGCAGTTCGATGTGTGGTCC 2148

g, 1584 AACGATGTGACCCTGGCTAACCACATGCAGGCCGG=GGEC-GGCCGG=CGCATCCACATC 1640
FErrererrrererrreeerreeerrerer teerrree re rerrrrrrrrnd

K 2149 AATGATGTGACCCTGGCCAACCACATGGAGGCAGGAGGCCGGGCTGGCCGCATCCACATC 2208

4 1641 ACTCGGGCTACACTGCAGTACTTGAACGGGGACTATGAGGTGGAGCCAGGCCGTGGTGGT 1700
Ceerrere rrererrerrrr reerrrerrrrer rrerrrrrrrrrrrrrrrrrrd

A 2209 ACTCGGGCAACACTGCAGTACCTGAACGGCGACTACCAGGTGGAGCCAGGCCGTCGGTGGC 2268

2 1701 GAACGCAATGCGTACCTCAAGGAGCAGTGCATTGAGACCTTCCTCATACTTGGCGCCAGC 1760
LErrere reeeeeeereeerreret rerreeer e cerrrerr e e

A 2269 GAGCGCAACGCGTACCTCAAGGAGCAGCACATTGAGACTTTCCTCATCCTGGGCGCCAGC 2328

= 1761 CAARRACGGAAAGAGGAGAAAGCCATGCTGGCCAAGCTTCAGCGGACACGGGCCAACTCC 1820
Cerreeerrrrrerrrrrr rererrrerrrrerrr e rerrrerr rrrrrrrrrrnd

A 2329 CAGAAACGGAAAGCAGGAGAAGGCCATGCTGGCCAAGCTCCAGCGGACTCGGGCCAACTCC 2388

A 1821 ATGGAAGGACTGATGCCCCGCTGGGTTCCTGACCGTGCCTTCTCCCGGACCAAGGACTCT 1880
FEerrere rreeerrr eeerrrerrre et crrererrrrrerrrrrrrrrrrrn

A 2389 ATGGAAGGGCTGATGCCGCGCTGGGTTCCTGATCCTGCCTTICTCCCGGACCAAGGACTCC 2448
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gx 1881 AAGGCATTCCGCCAGATGGGCATTGATGATTCTAGCARAGACAACCGGGGTGCCCARGAT 1940
FEUE PR ettt terre et b e et et
A 2449 AAGGCCTTCCGCCAGATGGGCATTGATGATTCCAGCARAGACAACCGEGGCACCCARGAT 2508
g& 1941 GCTCTGAACCCTGAAGATGAGGTGGATGAGT TCCTGGCECCGAGCCATCGATGCCCG2AGC 2000
P reerreerr ceererrr reeeerrerrrr o reer o reerrerrrrrrrr ol
R 2509 GCCCTGAACCCTGAGGATGAGGTGGATGAGT TCCTGACCCGTGCCATCGATGCCCGCAGC 2568
Ee& 2001 ATCGACCARACTGCGTAAGGACCATGTGCECCGGTTCCIGCTCACCTTCCAGAGAGAGGAT 2060
(N FErreer cerrrrrr ceeerrrrrer ererrrrrrrrrrrerr e
A 2569 ATTGATCAGCTGCGZAAGGACCATGTGCECCGGTTTCIGCTCACCTTCCAGAGAGAGGAT 2628
34 2061 CTTGAGAAGAAGTATTCACGGAAAGTAGATCCTCGCTICGGAGCCTACGTCGCCTGIGCC 2120
i PErr rereerer e e reeer rrorerer o rerrrrrrrrrrrerrr orerrrertd
A 2629 CTTGAGAAGAAGTACTCCCGGAAGGTGGATCCCIGCTICGGAGCCTACGTTGCCTGTGCC 2688
&1 2121 CTCCTGGTTTTTTGCTTCATCTG " TTTATCCAGCTCCITGTGTTCCCATACTCCACCCTG 2180
|| PO Fr reerererr e re rerererr i Frrrrer rerrrrrred
A 2689 CTGT-GGTCTTCTGCTTCATCTGCTTCATCCAGCTTCICATCTTCCCACACTCCACCCTG 2748
&L 2181 ATACTCGGGATTTATGCC-GCTATCTTCCTGCTSTTGCTGGTCACTGTIGCTGATCTGTIGC 2239
(. PR teeerr et reeererrrr et FEEE FErrrrrrrrrrtd
A 2749 ATGCTTGGGATCTATGCCAGC-ATCTTCLTGCTSCTGCTAATCACCGTGCTGATCTGTGC 2807
B%{‘ 2240 CGTGTGCTCCTGCOGETTCTTTCT"CCCCAAGGCCCTGCAACGCCTGTCCCGCAATATTGT 2290
|11 PEEEeE rerer e errrrr e e rrrrr e [ 111
A 2808 TGTGTACTCCTGTGSGTTCTICTGTTCCCTAAGGCCCTGCAACGTCTGTCCCGCAGCATTGT 2867
Bﬁg‘ 2300 CCGCTCACGSGTGCACAGCACCGCGGTTGGAATSTTICICGGTTCTIGCTTIGTGITCATCTC 2359
PP rerrnd 1 U U A
A 2868 CCGCTCACGEGCACATAGCACCGCAGTTGGCATCTTTICCGTCCTGCTTGTGTTTACTTC 2927
gi 2350 TGCCATCGCCAACATCTTTACCTGTAATCACACCCCAATAAGGACCTGCGCGGCCCGGAT 2419
1 U U A U A I A A B O M R R
A 2928 TGCCATTGCCAACATCTTCACCTGTAACCACACCCCCATACGGAGCTGTGCAGCCCGGAT 2987
Eﬁi 2420 GCTGAACTTAACACCAGCGGATIGTCACCECCTGCTACCTACAACAGCTCAATTIACTCTCT 2470
FEL L EEEREEEr e tre Pttt e trr bt
A 2938 GCTGAATTTAACACCTIGCTGACATCACTCCCTGCCACCTGCAGCAGCTCAATTIACTCTCT 3047
gx 2480 GGGACTGGATGCTCCCCTGTGIGAGGGCACCGCACCCACCTGCAGCTTCCCTGAGTACTT 2539
CEE TEETEEE e e et L e el
A 3048 GGGCCTGGATGCTCCCCTGTGIGAGGGCACCATGCCCACCTGCAGCTTTCCTGAGTACTT 3107
51 2510 CGTCGGGAACGTGCTCCTGAGICTTCTAGCCAGCTCTGTCTTCCTACACATCAGCAGCAT 2599
Lt e crrrerrrerrnd e e e ettt e
A 3108 CATCGGGAACATGCTCECTGAGICTCTTGGCCAGCTCTGTCTTCCTGCACATCAGCAGCAT 31€7
Ei 2600 CGGCAAGCTGGCCATCACCTTCATCTTGEGGTTCACCTACTTGGIGCTGCTTITGCTGEG 2659
PErrrr rerrrerrr Peeeeeer rerrerorrerer rrerrorerrrnd
A 3168 CGGGAAGTTGGCCATCATCTTIGTCTTGGGGCTCATCTATTTGGTGCTGCTTCTGCTGEG 3227
&K 2650 TCCCCCGGCCGCCATCTTTGACAACTATGATCTACTGCTTGGCGTCCATGGCITGGCTIC 2719
FEE T 0 P ittt b et bl
A 3228 TCCCCCAGCCACCATCTTTGACAACTATGACCTACTGCTTSGCGTCCATGGCITGGCTIC 3287
&1 2720 CTCCAATGAGACCTTIGATGGCCTGGACTGCCCAGCTGTGEGGAGGGTAGCGCTCARATA 2779
FEEEEEEREE et et bttt bt et
A 3288 TTCCAATGAGACCTTIGATGGCCTGGACTGTCCAGCT GCAGGGAGGGTGGCCCTCARATA 3347
[0158]
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[0159]

2080

3648

3140

3708

3200

3768

3260

3440

4008

4128

TATGACCCCCGTGATTCTGCIGGTGTTTGCCCTGGCACTGTATCTGCATGCACARCAGGT
Coeererer ceeereerereererrreer creer o rerrerrer e rrrrrn
TATGACCCCTGTGAT TCTGUCTGGTGTTTGOGCTGGCGUTGTATCT GCAT GCTCAGUAGGT

GGRATCGACTGCCCGCCTGGACT TCCTGTSGAAGTTACAGGCAACAGGGGAGAAGSAGGA
FEEFrrrerrrrerrr e teerrrer reend FEEErrEr e tererr el
GGAGTCGACTGCCCGCCTAGACT TCCTCTSGAAACTACAGGCAACAGGGGAGAAGEAGGA

GATGGAGGAGCTACAGGCATACAACCGGAGGTTGCTGCATAACATTCTTCCCAAGGACGT
Crrreereeerererererreerrerreeer ceerererrrrrre rorrerrrrrrnd
GATGGAGGAGCTACAGGCATACAACCGGASGCTGCTGCATAACATTCTGCCCAAGSACGT

GGCCGCCCACTTCCTGGCCCLGGAACGCCSCAACGAT GAGCTGTACTACCAGTCGTGTGA
Crrcereerreeerreerererr eeeeeerr e e reer rerrerrrred

ATCTGTGGCTGTCATGTTTGECCTCCATCGCCAATTTCICGGAGTTCTACGTGGAGCTCGA
Crererrrerr eereeerererr e reerr rre e reerrr o rrererrr
GTCTGTGGCTGTTATGTTTGCCTCCATTGCCAACTTCICTGAGTTCTATGTGGAGETGGA

Ceeererer et reererrrrerrererre e o rerrer e rrerrrn
GGCARACAATGAGGGTGTCGAGT GCCTGCSGCTGCTCAACGAGATCATCGCTGACT TTGA

CGRAGATCATCAGTGAGGAGAGAT TCCGGCAGTTGGAGAAGATCAAGACCATCGGTAGCAC
Ferer e eeeerrroreerreeer et orerrrrrer e rrerrrnr
TGAGATTATCAGCGAGGAGCLGGT TCCCGCAGCTGCGAALACGATCAAGACGATTGGTAGCAC

Crreeerer eeeer eeeer e eeeeerrrerr re e rrrerer rrred
CT2CATGGCTGCCTCAGGGCTGAACGCCASCACCTACGATCAGGTGGGCCGCTCCCACAT

CACGGCGCTGGCTGACTATGCCATGCGGCTCATGGAGCAGATGAARACACATCAATGAACA
O rr reereeerere teerrrrererrrererererrr et rrererrrer 1
CACTGCCCTGGCTGACTACGLCATGCGGCTCATGGAGCAGATGAAGCACATCAATGAGCA

CTCTTTCAACAATTTCCAGATGAAGATCGEGTTGAACATGGGTCCGGTTGTAGCAGGCGT

Crrrereereererrrrereererer eee rerrererer e et et

CEererer e ereeeereerererrererrert et rrrererr et
CATCGGGGCTCGGAAGCCACAGTATGACATCTCGCCGEAACACACTCAATGTCTCTAGTCG

TATGGACAGCACTGGAGT TCCTGACCGAATACAGGTGACTACGGACCTATACCAGGTTCT
Crreeeeererer e eree o errerrrr rrrrrr e rerr et rrrrrrrrrd
TATGGACAGCACGGGGGTCCCCGACCGAATCCAGGTGACCACGGACCTGTACCAGGTTCT

0 AGCTGCCAAGGGCTACCAGCTGCAGTGTCCGAGCGGCGTEGTCAACGTCAAGCGGAAAGCGLGA

Crrreereerrerrrerreerreerreerterreerrrerrerrrerrrer rerrrrnd
AGCTGCCAAGGGCTACCAGCTGGAGTGTCGAGGGGTGGTCAAGGTGAAGGGCAAGGGGGA

2839

GATGACCACCTACTTCCTCAACGGGGGCCCCAGCAGT 3596 (SR EH SEQ ID NO:10)

Crerererrererrrrrer et trerrrer et

GATGACCACCTACTTCCTCAATGGGGGCCCCAGCAGT 4164 (KB SEQIDNO:11)

FE R AR St 5 58 A 5 38 3451 0 g o A 3K c DNASC I 38 i PCRAY™ 4 5 DN A B 2k

K] ZH DNASE SR | 4 40 20 FH / BB AE A U BH B AR IR » FH TSIt A 5 B 11 A% 198 R0 22 TR (.45 DNA
RNALiRNA . J SUAZIR « cDNA & PRI 41 DNA L #0443 B3 B H: 28 54 ) 1T DL Bl R il 40 B9 L &2 8t
FETSE A G AN/ BUE A R IA /A B o I A% R AE R L 2H 22 K (45, FH T STt A O BH 1)
ANRE PP A cAMPIIACHR & 8 [ J50) v] LA % H 4r B B v F , ¢ HLaC L B S8 3 1 mT DA FAE
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fIEH RIS RS, CFE G WA H o S L) R L R R EE Y A RIA R s Rk s
2NN

(01601 B3, T~ St A% & BH B A% IR 1T LA JE Ik 24 N ) 4 27 6 e AR A2 A6 B, A E 48]
Adams(1983)J.Am.Chem.Soc.105:661;Belousov(1997)Nucleic Acids Res.25:3440-
3444 ;Frenkel(1995)Free Radic.Biol.Med.19:373-380;Blommers(1994)Biochemistry
33:7886-7896;Narang(1979)Meth.Enzymol .68:90;Brown(1979)Meth.Enzymol.68:109;
Beaucage(1981)Tetra.Lett.22:1859; 3 FE & H|54,458,066 ik .

(01611 FH T 44 H T St A J B I A% R IR R, 48] V. e B b e R 4 (481, 36 1
Klenow R G B HIBEAL 51 PR ic DT 42 5 38) VP L 458 S AE R 22 AL STk b oA 7855
[l , 2 W Sambrook 24 , MOLECULAR CLONTNG:A LABORATORY MANUAL(Z52KK),1-3
%:,Cold Spring Harbor Laboratory, (1989);CURRENT PROTOCOLS IN MOLECULAR
BIOLOGY, Ausubel %%k , John Wiley&Sons, Inc.,New York(1997);LABORATORY TECHNIQUES
IN BIOCHEMISTRY AND MOLECULAR BIOLOGY:HYBRIDIZATION WITH NUCLEIC ACID PROBES,
Part I.Theory and Nucleic Acid Preparation,TijssenZwfE,Elsevier,N.Y.(1993).
(01621 SRS FNERAE F T SClti A & B B 7 VA AR 1) o — A FFBo MR AL e
R , I Han S HHER 13, e AR v e M Gn 32 PR 2 5 B B DNA b B 70 25 B 38 11 4 A0
FHF A B0 77 3 A AR BR 11D SR Y5 048 225 ] 2H B e DNASE 2, BT I SC B &5 72491 anmfg AL 3h 4
N TR (MAC) , 2 W InsE E & F)55,721,118;6,025, 1555 AR N T 4etathk, 2 WL
Rosenfeld(1997)Nat.Genet.15:333-335; BB N TR AR (YAC) s 408 N T4 44 (BAC) ;
PLA T YA, 2 LA 4nWoon (1998) Genomi cs50: 306-316 ; Y5 T-P1#I & 44 (PAC) , Z W45l
Kern(1997)Biotechniques23:120-124 ; kkHi 55 2H I B 05 B A4 B SR o

[0163]  FEEARMESL I TT =, O 1 St AR & WA 1) 77325, 4 FHAC6mu t f & 2 1 o Al i B X
ATHIAZ IR ATATACEmut 22 IR 35 AT T~ SE it A & B o 72 B AR St 77 e, AC6mu t 2 [ BT AT LA
P A 2 U5 IR B 22 K, 40 B TR B I 22 JORSEE m) S 2 1K) 400 A A 28 o JUL 4 L D R o

[0164]  FEEAMESL T R, B2 sifh & 21 FH T St A% % BRI R 3 ) e s Ik el 22 ik mT
DL A R 77 HA S8 AR 1 G 2 S R 39 7 R 1 AR/ B T A PR 0 A PR N— A i 88 1) K o FH T S it
AR B B KRN 22 ik v] LA Rl G i B B S ORI, Bk il & 28 B i i e — ek
ZANEAMN 25 R, T80 o T 77 AR e 8 D 1 B S I IR A B 5 T4 B EE A S O K
AR 45 91 FH 73 B8 oA AN SR A PR IF) BAR B &5 o {8 db A I A 4if b 1) 25 i S B 38 0 n & SR 2
K, an s VELE [ 8 1) 42 8 R Al 2 H 2 R FR2E (polyhistidine tract) FIZH Z MR — 0 2R
B s VAR E (1) S B BR B B 440 ) B 1 AZE M35 A0 FH T-FLAGS SE fift / S5 A4 Ak, R 4t
(Tmmunex Corp,Seattle WA)H [ &h a3 FEAifL 5 M3 5B & PR IREL 2 Ik 2 A B &
AR ERAR P 51 tnXa K 7 80l 8 (Invitrogen, San Diego CA)LAMEHEZEAL . 40, %
IR HAA T DL ELFE G i R AL A IR 781 2% R 7 R B 7N H a FR ik s, 2 e 2 i e b iR
R0 3l O) EIA s (3 W BnWi111ams (1995)Biochemistry 34:1787-1797;Dobeli
(1998)Protein Expr.Purif.12:404-414) .2 SRR T (2 A I AN A4k, , 1 [ ity 1 r
RIRHE T R G E )RR 5 A R AL T B o0 T s Rl B B 1 BT A4 () 2 R M
& EE PR AE RS AR R SCER A R AR, 2 W iKrol1(1993)DNA
Cell.Biol.,12:441-53,

25



N 105452458 A W OB P 19/37 B

(01651 TSt A K B I AZ IR B A% R 17 41 (A5 4, b AC6mut [P A% R ) W DL & SEA% IR
W TR RAZ TR 5 B A2 F8 X L8 rh AR ART — MR B 5 o 18 DR 20 11 B B >R Y ¥ DNA B
RNA, ‘EAITAT PA 72 B s o0 , I HLAT DLACER A SCRE Bl SUBE 5 22 48 IKEX R (PNA) 5 B 2 18
RAREL A BRI I AT AT DNARE B RNAFEY) I« F T St A % B B AL & W B 36 “IZ IR BT IR
JFA , BFE AL TR L IR SR A% IR 50X L8 AR — AN A B s 7 B HE SERI 4H 1)
A5 ORI DNATIRNA (451 4, mRNA . rRNA L tRNAiRNA) , ‘B AT TT LA S 8 X% s 9 FL T LA
R SCEE B S BURAZ IR (PNA)  BOK SR B SR YR R A A7 DNAFE BRRNAFEA) it , 4,455 151)
UniRNA R HERZ 2 A B (0 an, 450 , XUEELRNA, 41 4n, iRNP) o BTS2t A 7 BR 1) A0 & 90 BL
THRAZERE ORI LR, RN FEZEHR . H T SlA K\ Emaii i g e
FCE BRI R RE S, 2 A iiMata (1997) Toxicol . Appl.Pharmacol.144:189-197;
Strauss—Soukup(1997)Biochemistry 36:8692-8698;Samstag(1996)Antisense Nucleic
Acid Drug Dev 6:153-156. F T-SZitiA K B I A P4 “Bx TR, AR T4
JSC PR P SR It AR A TR B 2% LA B SRR IR B o FH T St AN R B A B M B dE A A
A5 BEIR LI B TR AZ H IR , R A R AE A7 AE T HATPES INBE IR I AE DL T, i & 15
BERRIAERER T — TR ER & L TR AT DUERE R AR BRI B

(01661  fE&ANET T, TSt A K AL &P B S 5 77 A AC6mu t 25 K 1) 225 (R B AT ]
DNAIX B¢ s & Al LAALFEAE G b [X 2 B A2 J5 1 X 33k (AT 3 X AR R X)) BA & (G N ) %%
Yt X B (AR F) Z AR T (N &) o “Al B IE R " o] LLIR AN B 2 AR
(510, DNA) X Bt 2 A D RE R 2 o 7E B AR J7 101, ‘& ] DA Fa e s 3% 172 91 5 4 3 s P 31U )
TIRE R R G4, an 5 5 37 P 8 755 g i P ARG G 1 fE A s L B R E R g
e sg, W AT DL AT AR M 2 B S 7 51, W T St A R BRI AR - FE B AR DT T, 24
JA Bl i S 4% 7 A ] DA S5 4 e s P A A B AR 2, RN e AT Tm] DA AE R B, U g 4T mr BA
AT 4R ATE I 2 3 BT IR 4 2 SR P A o AE B AR T T, 3 SR WA 91 A0 G 5 1 G e A B AT 4
B EATTHG SR 1) G ) 271 B 55 P G R B AR A 0 1 5 A

(01671 FEEARMETT I , A i WA A5 4 A0 & TSt A R BRI AZ B IR P A1 1) 7 Rk &7
HRE M 52 M A% TR (451 4, 25 4 R Bl ) (91 4, S A AC6mut 3 1 5T ) ) 78 5 LR 7 31 A 2%
18 F )Rk RIE G AT LTS 20— AN B3 1, % B3 1 5 2 g 7 21 s i e 31
Al ERE R s H— 07, 5B R (B, sk 210455 ) vl B R R IE B2 38 n] LUAS H
(5 e 35 7 TH A 0 B 5GBSR 1, 14, G981

(01681  7E &AM T H , H T St A% & BH 1) 3238 S G045 BURL  SRIA H Ak B4 i 55 AT AT
TE NI H 2H “BRDNA” F AR S5  AE B AR 7 T, FH T~ STt AR R BH 7 80 T DAL 3 AT DU 3 |
TR T Hh B A T A AR IR o A B ARV DT T, B T St A O BH ) A4 1T DA A A
MRk 5 8 E PR R & AR - 78 B A 7 T, FH T AR BH B #8044 mT DL A5 3 25 B A0 1
IR AN/ Bl AN/ BN (450 4, 4 T 0 B 0 D B 5% ) o 72 B A 7 T, FH T SE Tt A R
AH B AR AT LB FEEASER T & i1 (1 4, RNAKS 1) - W B 445 ) , DNA B n] DL 51Z 8 il 7 i%
P ) iR R S AE AR TRNA L B 3 H 30§ B HOIR 54 PEDNABLRNA (451 4 , Joia
PR EESE, 2 WA [E £ R55,217,879) , 3 H o] DLALHE R I JIURL R 3R I8 JIORL R 2 o
TE& A7 TH , F T STt AR & B 1) 8 AR mT CATE AR Bl A 22 93 2430 4E 0 B &5 s dn pufs e
A ], BEAT LA I NTE R
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(01691  FEB AR 7 T, TSt A R BRI “ 8 3l 45 5 8 K 3 4w 5 172 51) 75 241 i (451
W LB AR, anCo I I W ULIR S e B ) Hh 3 S BT 7 2 ERLUE , FH T AR BH I )
BT BB FE S 5 TR B R T 3 PR S5 A AN/ e 2R 4 A P A s sl oo A4
AV T F1 o A5 40 FH T STt AR & B (1) Ja 31101 DA XA R e s dss il o i, i 1 5 1
JARN T4 b B R S G EARR S F A 5T ST R X LA B TR BT
e SR 1) YA o IR 8 i AR 7 2108 5 8 o Bl e AR Y - AE AR SR S (T /9%
LI ER Rk 5

[0170]  FEFANMESLRt T Z v, T SETtA R B 1) “2H S AL Ja 3h 1 7] DL AE 2 O %A
AR B RS BRI AR S TR R SR IR B R IA I L 78 & AR STt 77 S8 b, T St A
R G5 3 A0 8L AT RTS8 B 37 AT DUAE AR 25 1 I it FH B4 27 700 5K B 2% 1 R 52
TEFAK BRI RIE

(01711 Jyps B3 SR AR RN IR AR T 25 (AAV) 1) 36 3%

(0172]  FEE STty EH , 1B 18 AR LB FRIB AR L E A B B S [R) ) B 4
BRAH IS B (AAV) s A AAVIR B B BOW B0 BN i B8 8004 £ B AR SE Tt 77 =
AAV 2 AAV B B4k A B3 B i 1R B LG AAV LB AU AAVS L AAVE L AAVT L AAVBERAAVY s
PE R HEAAV (AAVrh) BAAVTh10 ; B AT (] B 2\ A S AR EAT AR

(01731  FEEAMESL T R, IR B F AR A AR AT — Fh (BA & B AT AR 38 1508 2044 ) i ln)
THREE A A 2Bl ER B v F TR e 1 3 08 B E 58 IO A0 L A 2B ER - il an, 7
B ACHE Sty S, TS A R B A AAV (B8 T S A 2 B AT AT 3544 Bl 3% 08 AR )
 Ir] T (B O IE R A B R M) A ST R, TSRt AR K B I AAV (BT AT 2%
PR aE R IE R ) B n) T — H AR T Ban, T, sla et TR e ik 2] Oy — 4
LB T B0, AR o 7 B ARHE St 77 Z2 b, i R “Ah A 3B R A2, 451 4, 1 ik s B L 2
A L E12H i BE SR A IMER T VYRS, v DARE G > 5k (R B B AE 2 B (9, 5O I I B0 ) B &
rh 7 T2 2 TR B A 3 ) ) L L 2L R BIAAVS L AAVE FIAAVOE 7] T 0 I , 25 WL 45 UFang
2 N\ ,Hum Gene Ther Methods 20124F10 H17H ;ZincarelliZE A\ ,Clin Transl Sci.2010
6 H33(3):81-9,

(01741 FHT- St A% K B B AH DS 3 25 (AAV) BT L2 A/ s 58} (Parvoviridae) /MW TG
A BEEDNA S 0975 5 RO AT AT 998 T e 53 o AAV 75 2500 B 7 (9, i 25) 2 il
W6 FH St A A BH (/) AAVAE 5% 7] 524K it FH B AN A2 16 o AAV R DA A o 5 Y1 Bl 1 240 i 25 7Y
I BRI T G 2 B R AR AR T VR 2 e R B W B R U . T S A R B
[RIAAV I35 B AL F5 5 AAV] L AAV2 L AAV3 L AAV4A (AAV5 \AAV6 L AAV7 L AAVS \AAVI \AAV10AAV1 1 Fl
AAV12., FH T STt AR & B R AAV AT DL R B H & W, A3 « 491 a0 55 2 (5, 85 AAVERAAAY) L4+
RIS (10, 25 R shIAAVELBAAY ) R RIS RIS 40 2 FsE

[0175]  FEE AL SLHt 77 22, T~ St A i BH R AAVZR A 2 e 28 /b — 305 53 AAV B AT 2H A
FEVRILIR 5 1 B A AR 5315 o] LA anis i 22 B i B B | AR e B R R B 4 2947
THEE (kb ) I AAVEE [KI ZHDNA o 78 B A STt 77 Ze b, R AL IR 43 - AN AE A A AR g ) 38
A AAV A AR B (TTR) o TTR FAE & HlE s FF H & A KR B A M e B B AR DB A d) 3%
Jr 75 B A F 7oA o 28 B ARPE et 7 v, T STt A i BH R AAVAD, 25 AT #5 4F e 2 341 e
TEAZIR 5+ 1) JR B LA i 3Rk o
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01761 AAVER K AT £ By T 75 41 fo A 2R (1) 46 B 22 55058 Bh D B 44 (helper function)#
A AIMEL 255 B AAVAS 35 LIRS AAVIRG B0 T+ o AAVIG 507 - 140 T35 75 R0 248 i s 1) 1 o5 F5 4K
FEE I M ST T o AAVER PR RTAAVIR B 07 T 1] LA A R % 5 41 B , 045 43 24 40 g F 9k
I3 LM o AAVE AR R B2 0L O B UF B 2 2 4 9 HL 5 8070 5 Phat B SR 20 o 1 KR
R MEIL.

(01771 FEE MLt A, —FPITREE A B ZWIBACOmut A% BR 70 F-15° R , 7 H—Fh
ITREZ G B B ACOmut AR 73 T893 K ity o TR 7~ B B 5 (HASPR T-AAVL LAAV2 \AAV3
AAV4  AAV5 . AAV6 \AAVT JAAVS \AAV9 AAV10.AAV11  AAV12 AAAV . BAAVFIAAT I3 AR N £ 4
() B AAV TTRGE— ANt /7 29, AAV TTRi% [ AAV2ITR.AAVSTITR.AAVEITRFIBAAV ITR.
[E—ANSEE T =, AAV TTRAZAAV2ITR . 7E — AN 5L it /7 S, AAV. ITRAZAAVSITR o 7E—/N5E
Jiti 77 27, AAV TTRAEAAVEITR o 7E — NSt /5 2+, AAV TTRAZBAAV ITR.

[0178]  FEFANMESLHt T 22, T~ SETtiA & B AAVE R (R B 8ok A i 855 ) B &
HEFA, nFRIEE S P 5], 50, [ sh 7 35 7 BHIB Y (represssor) ZHER S G400 i
RNABTHEAT i R MR R A AL 5 S 2 1B 7 7 31 A/ INRNA S & A o 8 307 B s A Fs H
AR FAAV G BT (41p5 . p198p40 Ja 201 ) i 85 Ja sh 7 (i im s L M s 3 7) B
YA BE (CMV) JE 3T PR R B B 301 298 5 3 20 7 PRI A M s 5 (RSV) JE 31
T PR EE B3N\ SVA0 B3 e B s WahiE B Bah 1 ek i B8 1
BREB BT IR B8 7 e EiEE BT BVR R B s N B3
A 2R B B /N T IRAE N A 307 e A0 S B AR SR RN L E AT e R B
T AE— AT B, BTk B 8 T R AAV R BT AE— AN ST R, BTid A 3 T & CMV R
BN AUIBAARN G2 AT DA SE I T4 6 5 1 Ak 35 1) 7 S R I 4%

(01791 7E &AM STt 5 b, 48 FAS 7] i 375 284 (s ok b SR 30k P9 19 TTR (1 1 375 2 B
SE ) FIAAVER AR , 1140 : AAV LR AK L AAV2ER 44 L AAV3 R A4 L AAVAZR A L AAVSE A L AAV6E {4 LAAVT
FAR AAVSER AR AAVIZR AR AAVIOZRAR AAVI1EAR (AAV 123844 L AAAVER AR FIBAAVEL A4 o 7F
AR S 7 Ze , AAVERAR S AAV2 B A L AAVSER A4 L AAV6 3R 14 B BAAVER A4

[0180]  7E &AM STt 7 2 , A FH R A5 10 27 AR IV BRAC 58 50 1k T AAVATT ZE 4 e o 75 2402
At —Fhak 2 FiHEE R D Re o 78 B A St 77 R, AT R & RIRAFAE I AAVIE PR ZH [T AAV
T BE AR, IK SEAT AT LR 7 184 0 P 326 IR 328 026 3850 PR A 4D G 2 D 1 (AR 7R e 9% ik i 4
928 SR P )« 53R (1) T 2 91 LR/ 5% e 0 G SAS TR g e e o A R A S T R
Hh JE sk DA S B A 4D 2 R 366 308 25k % « 0 L R i Ak ) e 1 B2 AR B AR A2 A s A L et
(10 PN EAL S 75 200 B P AR e 200 R A 1 50t )3 B o R 1 S0 4 I 5 R/ R R R 2
[ri) SURE T 2 S0t () e A o B B ARPE SISt 7 28 vh 060 A 4 L A P 5 738 ) 1) 2 91 ]
I [ 5 52BN, 445 T IR AR (1) 7 B AN e FH 28 A 5 B AR M A T # R

(0181]  7E&ARPESL 5 e , A8 A an g dn 3 [ & R 15 520140107186 9 firid (1) LA 5%
[P AAVER A o 75 55 A STt 77 S8 HR A58 FH ] an 3 [ % R FR 35 520140056854 H i (1) i [7)
T 0 W B I BT AAVO B AR o AR B ARME S T b A A T an e 1 B R H g S
20130310443 ;201301367297 it AAVER A R S ft A 2 1 o

[0182]  7E & ARME L 7 2 , At o) 491 5 ot B 50 A8 ) 12k K AAV AR IR B A, 451 4 5 DA
3t B AR 9 B 1 [ MR B R AR, g 36 [ R R 520120220492 H TR 514,
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S5 A AR ) G e P R [ e S 325 3 AR (51 AV BT ) (S0 AL A A ek L 1 S A
Fi 5 HACEE G 7 HEAZ IR (51 2, ACOmu t ) 3632 43 AR Wi JER U ) FIS LS 211 D, by b P AR 6 DR 7 VR 1Y)
AN B RIAE FH I RS 389 0 22 R 7V K Th A%

[0183]  7E& AN SLitir 29, o3 B AR I 7R R o A BT VR T IR e 400« BB 3 TR AR08 Rk
e B 140 IR 25 R o » AT S mT DA B 283 T A4 o 490 20, 998 B3 38R B0 VR T B A N BB S TR 4
0. 1m1 FZ1100m1 )& W JE LA 1x 1095 1x 10104 J2 BRI 20 f 908 28 2R i VA VR R Ya BBl o F T
33 36 B AR B (B, FF B LAY S o U R A ) B4 s 451 N7 mT DL B 1kg £05x 1010%1] 5%
10" ANAAVIE [RIZH , PR AR A 29 ImL 21 100mL o Y 55 BT I8 551 8 AAE I6 77 2 b -S540 B AR FH AR B
7 3 HL S5 5 mT URR $i5 SR FH B i 25 40 AR IR 76 97 B2 FH T A8 4 o ] DA M 00 4% 25 PR 1) 08 7K
P DUBf E TR AT, AT 7 B0 FE A, 91 2, AAVER AR

o184]  #il7

[0185]  FEF AN SLHti 7 22, AR A A At F T 78O UL M v 4 P 356 328 AN R X AC6mu t 1 2H
BRI TG AR B AR S T R, IR S 2H A L S B ) P T I 2 H A G SRS ACEmu t i
KL S B, 75 2% P 3R 7K W B R S FLR S BRI L T B AR L 4 Ko 1 L 40 oK R Aok 1
(nanolipoparticle)&§H L il i) ik iE B AR B g ACEmut I AL IR -

[0186]  FEE ALt ZH , BTk A4 v] LIATAr] J7 =4 IC il e B o] DL &Pl ik B A X
S FH 5 326 E R T HTEE 1) A P B B AR 2% A B B 1) A P B ARt P VA R T T AR
P B A | ) R e FH B AR (R 4 1 7R R 22 AR R SCHR P B R A

[0187]  FH-T- 52 jifa A% /& BH ¥ 4w A ACEmu t ¥ A% BR 1) il 71| A/ BZ 16 A& (carrier) 7E ARSI 4
AR R0 o FH TSI it A 5 B (1) 1) 770 R/ 8500 326 R mT DA 52 06 T4 P B A 7 PR AT 4 2 91 R
P NN T % N = 3 5 AN 8 B S S L i B 7

(0188]  7E& AL LI 7 =, F TSt AR U BH (1) G A AC6mu t () 1% 8 T LA 5 7K 9 VAT / B
G MR TOIR G BUVE K M B RN /B b BV W, L B R A R R SR A R
BN RS AT R 2 PR TN R AR A R IR IR TR £ AL g o 4 AN R A R 5 ANy
BRI EGEVE A, G0 R ARAFAE R B A (19, GREAE ) 0 225 S8 A0 0 55 i 0 R () 4 & =4 (9
RACIHWENEIRNS ) Ak 40 5 K 8E AR I B2 10 46 6 =90 (Bl a0, 1 658 2 0 i g i
(heptadecaethylene oxycetanol)) & £ M 5614 H AR ER 5 CUMEEE 1 W 8 19 46 &
Y (BN, SRR L% 1L AL S R IR ) Bl AL £ 0 S AT A B e P TR AR A T T 4 s S P 4
e (N, B 20 /K L B NS B B M R TG ) o /K M BV VR o] LA — R 2 Rl
I sty ¥ 22 2R R R £ TG B0 e 22 DR R TG I A o DAl o 49 ol R 38 224 1 % e 7)ok R 1
HlFI02E M (osmolarity) .

(01891  7ESIjiti A K B , 8 BRI AL &4 (49, sl 570)) v DABL 3 W A 1 24 2 B n] 252 11
123 R R I ACmu t I A% 8 B3 R 1) 3 AR » A1) vl SR F T P B2 52 1) Ja B AR S 7R B B K
AR IR (Ringer’s solution) EEEEALEN . T4, o] LLK FHJIC TR ) T3] 5 vi AR S i 77l
BCRTE AN 9 B, wT LR BT AR [ 72 v, 046 A B H v SR e v e P I
TR o 75— AN St 7 S HR , FH TSIt A 25 BH IR s v R i 35102 I T 14 9 L mT DA A ol s o il
ANERHIER HIW I o AE— AT 7 G, T3 S 3 VBRI i 7510308 3k % FH) 300 K B A K T
(01901  FH-F~ St A i BH (1) 35 00 R i) 70 ] DAL 75 4 B2 SR el 28 3 2% AR 1 3l Bh A 5, anpHiA
RN i BRI TR B, LR EAL A FAL AT EARES  FLIRR BN S o 0 1t 7 (1)
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W, GG ACEmuUt ) A% BR B2 D] ) 7126 e 1) 771 F (0 94 B35 o] LA S92 AR Ak, FF B AT DA 2 L T
PR AR AR KGR S5 AR AR B g (%) R S 1) A R B0 A it FE A X R A0 B 1 5 SR (g, 6 04
AC6mutZRIA ) KIEFE .

(01911 FH T 52t AR i B 100 35 80 RH 1) 770w DA T 5 4910, AR i B 3 A6 5 i ACEmu t 1)
1% R 83 AT () R 12 T 1035 o 28— AN D S8 K A0 S A AC6mut ) A% TR B L IR R 1 8 71
(0, % T < VA b T P A o LR A ) B VA R T A Z 7R T s AR e
R T M 790 ) 5 3 PT LA HE K 292 . Smg/mL AR 1 5T L 291 5mg/mLEHE - £719mg /mL. NaC1FIpHK
F5. 5(H/NT6. I RN G R P I VR R T - 2 WL an 55 [ & 1 B 1545200400286 70
[0192] A< BH B 4 -G W Al 35w DLE A T A sk it ik (I 2 DL R SCRI IR IR ) « Jd e e
FARG AR , R 730 2 10 g o A 3R T s A %o S 4 B (g , o JUL AT B ) B A R S ek B DA LAtk 7 5
S % R s 2H A B B 2R A (4, o ) A AR, T DA P AR P B AR it o v £ R R
P 7138325 21 HE 20 B (51 da, O JULE ) o

[0193]  GoKHi 1 G K IE Bk F0 T B dA

[0194] AR BHIEHE At 3 BT S it A R BH 7 v A& P (4, AC6mu t B 4 ASACEmu t 1)
R B3 IR ) () 40 KR 7 909K i R A R 7 B 0 R0 A o A4 L 497, DA FE A P B 44K
AC6mu t B 4 A ACEmu t ) 1% 2 B F [R] 336 336 310 LA D o 76 5 A St 2 vp , X e 2 A Wt
BT AR 4R 2 1 0T BFR A 1, in 2 K, S 4R B 2 i 22 K, 49, FH T v T EE 1)
MY, 40, T FLBh P O A O VLA B 5

[0195] AR BHSR LA & F T it Ak B IAL A Y0 2 2 18 A, BN, anParkZE A , 3£
LR AFF520070082042H BITid « 2 2 g 44 v] LA AL 5 i e ] B L # ki R PR NI
JoR B H A VA T TR RN Il g T e A 4L TR VR A 0 il 4% K24 200nm 21500 0nm R, 451 4
PR R G F AN BE 77 AR c AMP I ACTH A% TR B EE 1A

01961 fig mifA my LA A5 anPark 55 N 5 36 8 & F A FF45-20070042031 9 Bt i (4L 77
VRIS, 03 A, P 7R (9, S RS ACEmu t ) A% R B AL IR ) ke 7= A g SR A4 1 7 16, ik
T EBFGRAE S — i 2 TR S UKW 75 28 A28 R AR AL A WL VAT, ARG S — IR A IX
HYR A BT KV V5 iR B LIRSSV VR DA 7= A I SR I W, b BT i A MU A S i
IR A AR A T I b= A= 0, 48 o v 1 750 0 I oA s I LSRG S BV BT ik i o 4
VTR 55 2% s T DA 7 A R R T i AR VA TR

(01971 fE—/NSLiita 5 &, T St AR s BR 1 T o Ak 4 & 40 5 ol B ) e /B 3R 19
BT 0, FH K T STt A A BRI AL S (45, m s ACEmu t (1) A% IR B A2k (K] ) L [ 3 125 3
TR () 41 M R R, anfell i 5 [ & R A FF-520070110798H AT ids

[(0198] 7&K BHIEFE AL & F T S AR & BH I A0 64 (451, m s AC6mu t 1) % B B 2[4 ) 1)
YKL T, R AE MR g KR (1, — gkl 1) BT andel i 26 E 5 R A TF S
20070077286 BTk o £ — AN STt 77 S, AR BH SR A A0 55 A I B 110 JI v 1A v 1 7 e R v A
KIS PRI KR T DL S A B = & B S E .

01991 FE—ANSti 7 7, [ i o2 2 v v T DA T HC il FH T S it A 7 BH ) 4 A AC6mu t
(10 A% T8 B 3 DR AR P T S0t A B (14 20 B AC Gmu t F4 A% T8 B8 32 RT3 336 3804 Py B8 85 A2 1) el 5,
DAL, anfe) i3 B & R A FF520050136121H AT ik o

[0200] i i%iEH A
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[0201] 70 & ARME St 5 R H L AT AW i3 328 32 B AR 5 ] DL T S il A i BH ) 7 1B 54
4 , DL 15 AC6mu t B i H ACOmu t 1) 2% I 5 22 R DA 75 A4 Py B0 88 A ST it A o6 B 1) 5 4 o 9
AT DA B SR BH B - PH 7 B SR S W RN/ B BH B - R IK (3R 20 W R RT A= 40) | 3 ik
BEA, BN, il an e E & R A 520060083737 H BTk .

[0202]  FE—ANSLj 5 S H , T 0 22 K- T 2 75 52 & PR FH T RC A BRI 20640
S SR T 1 R O R AN B S AR R 4 A, 49 an e an 55 [ R A JF520040151766 51 AT
[0203]  fE—ANSLti )7 S, FH TSt A i B IR R 1T AAE 9 36 /KB IR BK I PSR )
Wt 0 A, 0, inSEE B RS 7,413, 7399 Bk s 0 40, A% R AT LA SR A% 0 s i 5
S AZ AR RN L HEAN L RN B B I BT AN L RN 3 [ 2 [ 1) S SR R B, FL P B b i Ak A L 52 D
PR P SR A% AR B 2 D AN SRR ANV A B R AN T R ]

[0204] 7 —ANSjita Fy 8, A FH s A A B T2 328 P IR 4505 0 4D 38 38 A 4 A IR it o 1) 4
Ji, 5, an e E 557,306,783 6,589, 503 AITiR o 7E — AN 7 1T, A% FRAS B 45 &5 5] 241 o fie
BIEMIK AL — AT Brh AR R/ 508218 AR A BN SRS R RE, Blan, s E &
F55,846, 7437 BT il , 1236 [l LRI IR 1 FED I B4 & SRR WL )/ S s 1k
[0205]  FE—ANsijii fy S Hp , FE B AL B FAE 32 B2 B el Bh = B DA gm D ACOmu t 1 A% iR B
FE IR 3 26 20 40 BE , ) 4n L 4 FH an ol an SE [ 5 757,109, 03456, 261,815 5,874, 26871 ATk )
R H 27 fL R GEREAT

[0206]  fR Py HE A 4H AL

[0207]  7E &AM STt 7 R, AR BH ) J7 v AL FE AN BR8N 4, 487 2, O 400 PR o UL
ST, BT 200 B 7 B AR FH T St A i B 1 BB ACmu t I A% R B2 K] 5 9+ BLAE— AN D7 T
A B 7 A AR I L 2R B AR B (0, O IR B LA L ) H s A B Ak P AN B RS N
ZRlACEmut ¥ A% R B L ] (RIS BT T 4HAR ) » BU7E A b 75 B0 MR AN BURS N B AR T
I oAb 20

[0208]  WJ LA AAMAH S tH 40 A, A FH A i BR IR 2EL 6 ) R0/ B8 30T Pl i 20 B gk AT b 3, I
BAE R R0 B AR BT S FL R AE A (1, JE NBRRE N ) B2 48 B 5% M . A6l
un, A] DA FAOER R FEARLN (140, N B RSN ) 2543 A FERE AL 4B . T 4R B Bk P A2 4
o AL AR, B nan SE 8 & )57, 442, 389+ FITid s 5l i, 76— AN J7 1 , 4RI IS AR B 45 1
FILL B B0, 75 1% e 241 B 1 [ 1R I2 325 1k, Bk 338 7 741) 6 5 5 ) ol v 0 5 R R TR 0 R T OB
(H A UM VR A FIIEIE RN ) o 7E 1 — St 7 2, I 414348 8 (g, «Co i) /B 75
L) A T it T AR ) AR A 1 A B R R I BT A A 0 4 G 5B R RO A TS
20050027070 FTidk .

[0209]  7F 53— st /7 S, Ml 20 4 2% B A/ sl L i AN it FH (g, 3 N B A N)
TAE VAR 2 A O 58 B 1 % 2 PN B e AR AR A TR e g2 S PR U 2 I R B A B 1) 4
(gl 38 3t St A o BR 7 VE AR T A AR ), Bk U E 400 7 & R N AR B 2 i b, 91l i 5
[ % H) 56,969,400 FTid , %36 B L RHAR 7 Han Ll T 77 % HrhACGmut /] ALK& IR &
TR O REC AR S A 2 AR R, s R e A

[0210] 7Sty S, A H ) an3E B & R 57,442,390 5,733, 542 Frid M #2 1E
JriF R S A AN/ B R B A AR B e FH (a0, RN BRE N ) A R BH ) 4 i (45 Jd sk
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SEEAS KB T ik AR AR

02111 W LAAE FH T 1 2 2Rl 38 By (450, oo JUL R0 B oo U ) 38 32 22 O A 2 11/, 40 i )
ARAR] 735 I HAX B 7 AR ARSI N A BT F %0, 454, i 52 [ % 15 (USPN) 7,514,401 H1 Ay
A 5 %3 B RIHER T an s O E AL IR SRk Y (TC) E K P9 (TV) A1/ 255 3058 1%
(AEONES) 2 Ik AZER AN/ 5L 5, 76 85 AR St 77 b, S IR 25 R 133k N i
PR E N I3 P 32 DR Y7 v S TR Sy BB R VR B RN/ B SE R SR A W mT Ll FH T 1m0 2H 2l B
B, il B O ) 3% 22 IR AZ R AN/ BN A . 7E B AR S T Rk, AR AN/ B4 Al
AT DL T A T e IR s ko B i A TR 0 B 5RO R AT B S T A0 0 s R
O Z 0 UL 5 B I 7E O 585 e N AR U 1R 38 e 1 585 ol 326 380 o UL P 5 Bl o 326 381 00 0 Js
.

(0212]  FEE AR S 7 S, T S5t 4 5 BH 0 A% IR B0 B 15 FH T S5 it A K BH () A% TR 11 3%
A (514, J 7 75 4H 975 B B A (AAV) S B9 75 258 DRI 7V 3044 ) LB 2 B I 3230 L IR I
PR AL T BR MK M FORL T (NLP) 2%, Bl i 4nuSPN 7,501, 4869 AiTid 22 20 41 al 28 & (1,
il B O I

[0213]  FFsiitiA & R H&WmT UL 5 I e by 7 RIE A 08 F , Brd e va 97 77040 an i &
A2 BRI AR ) BT 28 711 G T2 P 351 S P Co AN S5 771 I8 SR B0 IR - 40 1) 551) P 2 2 40 1)
T I A 5 T 2 A A 551 A S A PO AR A PO B R AR R A

[0214]  FHF 5 A< A BH ) 44 0 ml LA T e85 B o 8% Ao JEE 995 28 AR I8 95 975 P 1)
AR AAT— o, 45 2y, 4o 995 28 Ao XL 95975 481 4, et tK 3 ik 9% 973 (CAD ) 5 Bh ik sl BERE AL ; if k2 T2
B PR 5 L %, A0 B 5 S e M I/ 6 s 7 I/ G, fn gt ¥ 1 22 sh ik 4 AR i 1k AL
2L 58 i 22 Bk A8 3 ) a3 RS b AR LA 8 s BRI AR A 12k B ka5 o ILAE K 5 5
A O 22 955 (CHD ) 5 855 AL 4o U2 5 AR 58 95 5 SR A 1k IR MBS 3 /o P B9 5 Ji 6 Ak o L
I3, ELFE OIS s OV T s RIS AR HE ST s AU MO L Ry LR 22, Gn 7 i 12 O UL 22 JE
A0 L5 28 B ) TG 28 5 A/ Bl R A AR

02151 A& i B 15

[0216] AR BHSR AL S A K AL & WA 5 vk BRI &, A5 A Ui 15 Rl 3B mT
1Ny S TR 5 v oo R N = R NN v = NN ER A =

(02171 gl , 72 B AR STt 7 b, A K St S H SR & Frid A& e
(a) ZRABACEmut FI LR « (b) AR J B i3 1802 A B4 W R B B 855 (¢ ) AR
(100 AR /K A 1) 70 B () AR e B 1) B9 R B AR 4l KORL - BRIK G TR - E— AN 5 T
T i a7 Gt — 0 A B F TSIt AR & B A ART 7 v B0 BA 5, BT ik D7 9248 dn A T 1m0 UL R
Jif 3283 325 9 28 [T AC6mu t B, 7% 1A AC6mu t FK) A% 8 342 455 ) Ak A1 B B8 Ak T 1 o

(0218] 22 DL S ol i3t — DR IR A & B s SR T N B MR, A B - ANBR T 8 sk
Jiti 5] o

[0219]  =sjify

[0220]1  SEZjififfil1 : ANBE 77 AL c AMPA ACH 335326 38 0o JE TH g

(02211 RS E S A A B (1) 7 5142k SI2 e 77 S8 A8 RHE < ml o LA i 36 35 AN 8 7= A c AMP
FIAC 107 O JI 38 5 AEARFH TR, FRATTIR AR DLY cAMPFZ A R ACTR AR 43 F- 7 15 2 il i

FLENS Ca2+40 B A1 A RIS 260 3 (LV) ThREEA A FIHIAE .

32



N 105452458 A W OB P 26/37 Tl

[0222] EMHLA RSG5 (positive inotrope) B Ul 22 B IIE PR IRES ) 48 5 W, IR B0 7R
AT H PR H e AMPR 24 7710 %2 vt 11 O i A 55 o — P AR SR B 72 18 AN 82 il c AMP 1) 245
PR AR O fLCa™ Ab B BRI L2 X5 Ca® FRI W N o B AR 7 00 25 (LV) T 5 IR TP R PR AL Bl (AC) 35 14
RSB  HACKHI A 28 4 H AT RE 5 cAMPIE % , T A2 Y5 T~k Ca™ 4k B A /E FH o

(02231 FEARWFFUH , FRATAERL T BAANGE A MR R I (A e 7 4 cAMPHY ) B H BR P11k
BE6 T (AC6) 2 K (B AR NI “AC6TRAE” Bl “AC6mut” ) i O I 58 [H] 1A 1 4% 3 [ /N R, o X &k
AC6Emu t % F D] /I 5% 1) /0o JUL 8 Sl 7 i 2 7 A B R 2R ) 32 403 B c AMP ™ A= (74 % P IG5 p<
0.001) , fHLVR/NAITHRE IR 5 o 853 B 0o JI S 7 g 187 e A b i 2 IR ) DR BRI LV Z R o
AC6mu t #2125 5 34 At WLZE Y Ca™ B HUAE ¢ 3 H.HI-T SERCA2a3 75 A EC5 04 B A% « AACOmu t /)
B 23 25 01 /UL L S8 0 255 PR IR 3R 1 Ca ™ T A 1Y 189 I i 22 (p=0.0001) s AC6mut
IBIEELV S100A1R 3G NI 2RI (p=0.03) A2 W 85 1 8 3 o i B AR Rk (p=0.01) #H
K AHFAAELY ACTRARRIK 5 IEH )0 IETIRE IS, A cAMPAE 32 451 o B iR Bl i LA P
I 0 Ca ik B I AE F— R c AMPREARABATI SR /A B AR F3EAT

[0224] Sk E SE HIHF 7T 1 B3 22 WA 48 N 00 AC 67 (AC6 ) (ER FLBh 4 0o UL AN i 3 11
PEFHAACTHBAL6 1) R aE i) b % (LV) BA 2 ME s EAL7],[8],09],[10],[11],[12].
XL S =R A 2 AE A A5 55O IE RS DL (beta) (B)'B b AR 25 B8 24K (BAR) Il A 41
FEL A cAMPI¥ v ) RIS SR B 0131, (141, (160,161, [17], (181 5EBx b, B3 0 ik
[RTACOZEIK I W . 2 Ak 72 7 Ji 118 o A FH 24 B 2 1001 751, >R B % Wi BIF 70 1 5040 2 W 38 hn ey o0 I
ACOZRIL 1) — LA 254 FH AN B T 38 i cAMPAE i [ 21, [3 1o T8 1 455 35 1) Lo WL 4t v fefi
FH 253 2 3 i Bt 78 1 ] PR ) O8] R AT Tl e AE A A AZ O R () 8 42667 (42647 « o7 B 2
F£T-SEQ ID NO:16)HEATALaxfAsp By AR B 1 AL TGS PR BRAC6 58 38 (AC6mut ) 731, il
IZ A A A Mg ™ 45 A B AN G- 28 (A i3 7122 (4] A R AN FU R, 1% B AC6mut 731 i
A7 T cAMPAE B, (H DR FE 5 AC6 AH I I A M 43 A AR X [ 4 1 o AR HMRIE 7 328 AT i 2 4
F-Unde] o] B R AR YO IE DD RE -

(02251  [A|tk, FATTAE A 7 B ACOmut ¥ 0o I 28 [7) R 1) 3% B IR BRL 3% - FRAN 1 BRI &
SPEICT cAMPAE XS F-Ca™ A B X6 58 HE 1E O JIF A ThE A4 I X IR AT 1 o e A, BE 2
AE 5T AT DL 2R B AC6mu t A2 75 F2 AL TC 384 0110 c AMPIY) 78 76 B 35 FH 0 2 e JUL IR AT 4 4 TR o R AT D
R, R cAMPAE B RE 17 5 B P AI% , (HE i AC6 A Ca® Ak B W T I A 25 1 4 48 FH , LVIh AT
SIRFFIER

(02261 ik

[0227]  AC6mu t % J PR /)N R ) A2 B (T LA) o S B4 A A RS2 56 2 S 0 4 BV AL OTE P
2x(Association for Assessment and Accreditation of Laboratory Animal Care)#E
I3 B4 VASE b I BF 4 5 Prfd RS A SR )P40 B A 25 5123 (Institutional
Animal Care and Use Committee of VA San Diego Healthcare System)fit#E. N T 4K
HAACOmut [0 I 58 [7] FRIK ) /N R, FEa- LK B B 4% 5 3)) 1 5 SV40po 1y A [B] MV b [ 7
C— AR H A AULFR 2 B BRAC6mut cDNA[4]. & A RIEEAI9. 2-kb v Bl FHT-1E hnFl & Je
KXW E 73 (University of California,San Diego) %% L K /N i it (1T 22
CH7BL/6 ) H <2 it 1) JER A T 55 o T8 e DA R 505 40 i ] & F) 2 X ZHL DNATR) 2% 5 il =X S B2 (PCR ) %
Al E & (Founder) /M o
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[0228]  fii F 5 a-MHC A 2[R Y& 51 % (1E R : 5 CACATAGAAGCCTAGCCCACACC) (SEQ 1D
NO: 1) KA MACEmut LA ; 2 1] 514 FHF-AC6IX (5 CAGGAGGCCACTAAACCATGAC) (SEQ ID NO:
2).

(02291 i FHUA T 514 KA MIAC6mut mRNA: (1E[H] :5° TGGGCCTCTCTACTCTGCAT(SEQ ID NO:
3); ) If] :5° TGGATGTAACCTCGGGTCTC) (SEQ ID NO:4),f#i{5-fEf% %FAC6mut mRNAFENTT- N U5
PEAC6mRNA R 3G e £ kAT 2 & o

[0230]  fif F 5 3" —AE BN X R A 51 7 (1IE19) : 5 GGCATTGAGTGGGACTTTGT (SEQ 1D NO:
5); ) If) : 5’ TCTGCATCCAAACAAACGAA) (SEQ ID NO: 6 ) SiA% il P Vi 1 AC6mRNA - 1% 3 JEFH X
AAFAETAC6mut cDNAHY, {15 RE A X A YR PEACEIEAT & & .

[0231] ¥4 @& s 5 E W KRR ATUNR 2432, 3F BB ik sh¥) O BE L 2L R 3R
IE BT FRATTIE SR 1 ST R A A AR BE R R A FF HLE B T ACEmut B [ IR AA 1745 14
(AEXTF P URPEACE ) 1) 2 FH T RATHIBE ST - QS 5T Bk [ 5 1% A & SRT-PCREHfi e AC 2-97Y
ILVRIE K.

[0232] A LI AR  F FH5 % S ke (BALL/min 48 BV shl ) 75 5 R e 3 H R F 4
H1 % SR e R RF . W Se AT FTARIERI [ 7], 4 A 161 MHzZ8PEIRET F1Sonos 5500 #E 75 0 B 4
1085 25t (Philips Medical Systems,Bothell ,WA)3REEIG . EAN T EREAHEFERI M T
PAFEARIF M7

[0233] 4l 73 B R BEVE O T - LV DhBE - WS HT AT 0 [ 7, DAAS 52 S S TG BRRR I 5
Wi P 777 ZXAE AP 23 10 1 RE ¥ o I H DA o I Dy 8 BAPEA LV 4 D e o R O BN SR E R
M2 25 LVIE /7 (LVAT 7% AR B R 10mmHg ; 1. 7aMES F-46Ca®") o 490 FELVIE SI0F, DLHE v 571 &
(0. InME|300nM) A5 53 (0] [ 125 5 A B R Bl ), S HHLVE 71— S 4 (LV dP/
dt) I HoK I FHAELVIR 4R ThRE I B AW  TEAS 1 MERFL R PE R B 00 N SR A5 20 #r o
[0234]  FHF AL ASE TR (11 ], il 242 2 Mi 11 iporeid SEF AR M ELVI Y+ 1
ATP-HKH P HILZE X (SR ) Ca® S5 ER I M1 4R K

[0235]  4#A% . ANZE R FTIR L 197, 48 FH Indo—1 & 40 M V75 5 405 % A2 . 450 JUL 4 i~ 4 1) 2
ERGEE GBS A F3F B Findo-1/AM(3uM,Calbiochem,La Jolla CA)FI4r 85
pluronic F-127(0.02mg/ml,Calbiochem,La Jolla CA)JNZ&30min.EMNE YRGB
ZAELE R I EI = (superfusion chamber) I, ¥yl 2R id &/ indo—1/AM, 3 H 22 25 7E
B 40x) 85 INikon DIAPHOT ™4 5 56 o' B 4w ei b i/ A5 23 5k B 8 (SR IO D
K% & AN365nmiPhoton Technologiesilly £4t (Birmingham NJ) . @i 45 71 PL405nm AN
485nmAy 10 R 20—nmry 18 I8 U 2 4 D8O R 43 B I HL 51 S BIPIASOCHLAS B L L #8F405/
FA854RFK[Ca®' 11 (B 5 o /£ 1% LL 2 HA 1), A & 2mM CaClaffi25mM HEPES (pH7 . 3) %t Lol
AR HEAT R ABEL o £E0 . 3Hz ™ X WLAH M 47 3 J - i 1w S P b s I e 0 B SR
(10uM) KA 52 7 I bR 2R R Ca 5 A% o WA O I 25 /D20 i i i S 45 e A5 , O B4
W ZE B3O E BFIRAE IR 23 T L 26 F 405 /F485 L 2R Al fe KF405/F485 L SR IR15 0o JIE 47 5K
S A P Ca® 7K T R0 AL 446 41 R P Ca™ 7K T o

[0236] LM UL4HAE Y B - Gn S il Bk [ 4 13647 O LA 70 55

[0237]  FRAMPII & . FHF NS F AR ZE(10uM, 10min) B /K I PEAR S RTAK (Forskolin) 284

NKH477 (10uM, 10min ) B 7> &2 Lo LA L, S8 5 K FLI AR (2. 5%+ bk = W LAk
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B 0.05MZ RN (pH 5.8)F0.02% 4 MG HEH ) ey Frik BRI (4], {8 H cAMP
BIOTRAK ™ 4% | 52 245 (GE Healthcare,Pittsburgh,PA)MEFFAMP.

[0238]  PKAVE I MIE . FHS 'S g2 (10uM, 10min) BENKHA77 (10uM, 10min ) 5l 3ok 45 55
(R0 JULEH B o 5 o JULEH I AE 22 1P A (20mM Tris—HC1(pH 7.4).0.5mM EGTA,0.5mM EDTAR
A B HFFVE A, >R H Invi trogen) 3 AL F H B0 (14,000x g,5min,4°C) ¥ EiE

WS PKAZEP) ALK 4 (SignaTECT® (SIGNATECT™) cAMP—K it I 8 (41 /57 e it 1

€ 2% (Promega,Madison WI))TEL v —SPIATPAELE FWEE o A B0 A 8 1 Bt 1 25 32 i [
2P~ C R AE ) AL B SR A » LA 2 PKAR B 3 1

[0239] % JE#f(Ryanodine )2 4&-2 . PLBFIYLES £ H T1E O LA A A 4% 7 79 b i 2 )
W BERR I - N T W2 S B Ca™ YT B (1 TR Sh A B ER AL , FRATIAE AN 454 23 B8 (R A 88 R 1) o
LR AL 2547 T RyR2PLBANT N T 1 ik 4 i IR 1 A0 S5 A b B 2 R 9B s s e £ 1) 9 (1]
2C) o fEIX SE T 55 48 A A 335 7R 1O LA G (4L 100, 0004 AR ) HF HAE 5 RN IR &R
(10uM, 10min) % & Z 07 F1Z Ja BEAT 9 9% BN I8 o K 4 B 72 ¥ il 22 v (20mM Tris—HC1 (pH
7.5).150mM NaCl.1mM Na2EDTA.1mM EGTA.1%Triton.2.5mMAERERRAN  1mMB—TH IRz 2 |
1mM Na3V04 . 1ung/ml 253000 Ik ) 7 iR o (8 FBrad ford 77 v & 2 (1 00K B o B A 2 BN 28 19 —
1L B GAPDHIE Hadk AT bt 4t (E12D) o

(02401  PDEVH P M AE o 87 IR AZ 15 IR Tl 1R — 15 il 0 5 X771 4 (Enzo ) Wl 5 T TR —— T g i 12
BLVALAE S H10mM Tris—-HC1(pH 7.4).1mM PMSF. 1OmMiSE i S5 40 6 25 - 1x 835 1 g 417 )
FVE S (Life Sciences)R 2% Mk A ¥ AL HAECE S -OHLH LL10,000rpm (10min) &5
O o 38 ok 5% J ok BB ASE P ER AR T (Enzo ) K 2H 2R 35 S W it 6 < 1) %% AL R A8 In20ng 85 H i
(Bradford)J H.Ul & PDEVE 4: .

(02411 Hu e G K4 0 25 10O LR LB 35 2B 48 2R S IR B I 2fL = 8 ik Lhr,
HEAT VRS B 2 (10 % /R B K, 15min, 23°C) , FIE S B 1L 2 1 3& & P (1hr) 7 H 5 BL R i
H(4°C, 1) : JiAUL PR (Fitzgerald, 1:300; T A MIAC6mut 3% FE K & 4 JiT) s PiCav3Pi
{4 (BD Pharmagen, 1:100; BT £ I 40 it 5 IR 13t 3E ) s PLPDIPLAE (Invitrogen, 1:1000; HT
KSR ) s L% 45 )2 8 F A(Abcam, 1:200; A A% L8R ) s PTLCREM-141/K& (Santa Cruz,1:
50) ; Sk BT BERRILCREBHUAA (Upstate, 1:100) o B0 L0 FIPBS YR , SR 5 5 — K biik
(Alexia Fluo 488EK5944%A 1, 1: 10005k )i & Lhr . N 7 S 40 % , K 4R il SHoechst
FuR(1: 10004 B, 20min) 1% & « SR J5 a0 e i ek [ 2 Mo LR B RS AR

[0242]  mRNAI 628 B 78 (%) Ao 0 o {5 FH 8 B e e 53 B 6 Pl A X S B, (RT—gPCR) % mRNAREAT
ERFHMFHeEmMENERRGESETEE4] - RyR2B 5B (IER 5’
AACCTACCAGGCTGTGGATG) (SEQ ID NO:7) s F1(Jz[7] : 5’ GACTCGATGGGCAAGTCAAT) (SEQ ID NO:
8).

[0243] A FHHTACS /6T 1A K45 1) N P PEAC6 FIAC6mut (Santa Cruz,1: 200848 ) .AC5/
6P R AL TEACE FTACEmut 1) C— K %fi (/7 51 : KGYQLECRGVVKVKGKGEMTTYFLNGGPSS (SEQ 1D
NO:9) s 8 1 i 8 3% 5 9043306 F1Q01234 ) . FRAT M FHAULHLAA (Fitzgerald,1:2,000) Al
AC6mutd H i - Pt B E /PR B35 - 85 28 (ABR Affinity,1:1,000); UL EH
(Novus Biologicals,1:1,000);GAPDH(Fitzgerald,1:20,000);PDE3A(Advam) ; PKAfEAL IV
L7 (BD Transduction,1:1,000);p-PKAf#EAL IV #A7 (Cell Signaling,1:1,000);PKA-RIT
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aFMIPKA-RTIB(BD Transduction,1:1,000) ;MR PKA-RITa(S96) FlikNZ-PKA-RIIB(S114)
(Santa Cruz,1:200);PKCaffEfb IV 84/ (Santa Cruz,1:200);PLB(Affinity Bioreagents,
1:5,000) ; R4k S16-PLB(Badrilla,1:3,000F% %) ; #i & L RyR2(S2808) (Abcam,1:1,
000) ;S100A1(Epiyomics,1:1,000);SERCA2a(Enzo,1:1,000); ULAGHEE A TA@ERRL T
(S22/23)(Cell Signaling,%1:1,000)

[0244]  Ziit24 0087 - B 3R 7~ "B 3548 = SE ; 14 FHANOVA, 2 J5fd FHFS 38 BH JE (Bonferroni )t
56, BYC7E 3T 2 I 2 A oA 56 CAS BX 114, 00U ) AR B 2H 22 S Gtk 22 i 35 M . 4 p<
0.050 , H 48 T %

[0245] #5R

[0246]  AC6mut % JE Kl /N o AC6mut /1N 5 B AT e 2 IR 9 42k [R) B 7 B Ak B AN BT X 43 o X6
B /NG ) PR SIS oA R K LV E SR R BN E R (R )

(02471 AC6mutFILVEIE o AHXT T PP PHEACE ) 7K *F- , AC6mut mRNAXE I 1 6245 I H. & 1 i
BT 1765 e AT AE B ERX PY 5 1 ACS AL B PR AC6mu t 9 b 1 ] X 35k 11 51 4 A A
FERT-PCRAN 5 3% B 78 HhoAS W %) (& IBFIE] 1C)

[0248]  PYUEPEACKRIILV R & N VEPEAC 2-97 (ImRNASR s BE4H 72 5 (B R BR)
[0249] LV cAMP/=4 . 5K H AC6mut /N FILVAE i Bon M 7 'E B R (74 % FF K s p<
0.001)BUNKHAT7 (— oK i P48 wl AR ) (52 % B# A% s p=0. 05) FIBE 1 B AR A cAMP
FEA (D) s FE 2R AMP = A AN o PRI I, 2 8 PR 0 T I 7E 38 I A AC6mu t Ik A7 AE I FEAIK
(1) 3 BAR T T c AMP = A= XLV I BE 1) S A AE FH

[0250]  PKAVE P AIRIE - ANACEmut /)N R, 73 B8 14 o JUL 20 0 35k 7w 2k 28 PKAVE 14 11 48 %6 P i (p=
0.01). 54k A1t RS LR R (38% K p=0.006) ; FINKH477 (38 % f#{K;p=
0.001 ) JI3 ¥y PRATE 12 () PR A (24, F#5)  AC6mut 3 A 25 AF PKAJHE AL T BA A7 (R LV i (&
27, N #) B PKA-RTT-a FIPKA-RTT-B) 31k st iR 4k (8 PR { PKA-RITa: AC6mut ,0.32 =
0.04du; X #8,0.30=0.03du,p=0.7; BEMR L PKA-RIIB:AC6mut,7.1+1.1du; X8 ,10.6 =
01.4du;p=0.09; & 2B) . PKCIE AL WV B A7 3R IA tH K B m #E 2H 2 5 (PKCa: AC6mut, 0.8 &
0.1du; X ,0.7+0.1du,p=0.4;2B)

(02511 2% Je g S22 PLBAILES B8 (A TAE-Co LA o A 70 ol 7R IR 3B B IR A
RyR2 \PLBAITNT (1) 2R B R AL A i /R HE2H 72 57 (P-RyR2: AC6mut , 4.4 0.6, AXS T X%, 2.4
+0.5du,p=0.06;P-PLB:AC6mut,0.3+0.03, fA%f T #,0.2+0.1du,p=0.8;P-TnI:
AC6mut,0.8+0.2, X T X HE,1.0+£0.01du,p=0.24,E2C) . F A 5 2l 5 w4
RyR2 PLBAITnT [ 3G %) 8% B A4 CORE S AR A IR ) AHOG , (H R H AC6mut /)y BR LV HH i PR
Ak P 38 % 58 K (P-RyR2:AC6mut,30.0 1.1, AHXSFXF M ,7.4+1.1du,p=0.001, ; P-PLB:
AC6mut,16.8+2.4, FH4HFHHE,5.3+0.1du,p=0.01;P-TnI :AC6mut,5.8+ 1.4, FEX} T}
f,2.240.7du,p=0.07;E2C) B M Tl & A FiRIAHTLAFE (AC6mut,0.9+0. 1, FXS
TAE,0.7£0.2du;p=0.5; E2B. RyR2mRNA R iA A TR BELH 2 .

[0252]  PDEYE P FIPDESAZE 1A o LVAE S o I PDEYE P V4 6 BEA 25 R (AC6mut : 1252+ 238457 /
mg,n="7;%f & :1293 39847 /mg,n="6;p=0.38) . LV PDE3AT [ i KiE K BnHEdl % 7
(AC6mut:0.3+0.1, X F*FH&,0.4+0.1du,p=0.6.2B).

[0253]  AC6mut (1) 41 AL P 43 A - 42 7 AC6mu t & 1 )it 45 6 41 e o M 1 2 ( = 245 5 i ) W SR
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Ak AL (E1E)

[0254] A CaBIHEICAR B OB AR B R ACemut I 0o I 52 ] 3328 A 25028 A0 I 45
KRNI RE LA (LY R F I TEASE] , ELEEZELV IR I 43 B0R0 ) 2 2T 24 4 4 3 155 2 AR ABL I (%
2) AL, R ACmut /N LY cAMPAE JliRE 77 . PR AIC  (HLVES M FIIE AR T REAE .
[0255] a3 S5 P9 R R LIS AR DhE - O 1 DUIRAZ T B ARG 52 Y YR L 2SI i
FRRIAE I 7 2P A O A 4 P, PR 20 B8 B FE S Co i A M SR LV S0 R e o BV cAMPAE i
e 0 BB A (B ZRLY dP/dt AR NS _E IR Z RIS ALY dP/dtk SR gl 2 7 (3) .
[0256]  Ca* BEHXANCa™ #HI% R M Jii - i 72 AACOmut FNEE F R —BH 14 [ g %o B /N BRI SE LY
A FIATPAR A SR Ca® SR EIH 2 . 38 I AC6mu t Rk S5 4 INAISR Ca® $HUAH 5% (B
40, LEREE) « 541, SERCA2a 5% Ca® () 3 N 515 1 7 s e 1 Si 80— 2 55 K380 B 75 B P A1
[f)Ca” ¥R & | (EC50: AC6mut 1.1umol/L ;%83 7umol/L,n=6,4A, F#EIE).

[0257]  EjCa™ 4 B FA)IX £ 4= H AR AL AR G A A2 A2 SR Ca BREN A &R A A AR LV R IA
1, AC6mut F ik 5LV PLBEE A i A M43 % B (p=0.01) FILV S100A1ZE A i & &1
73% 3 H0(p=0.03) FH < (K 4BFIE4C) LV SERCA2a .45 M & MEMSE A S EAN
A5, It HSer164L (IPLBREER 1L AAE (E]4D) .

[0258] % 3[A1 .AC6mut ik HCREM-1 LV XK 1f% 80 (p=0.03, [X/4B) FICREBYE
Ser1334b M BERR AL A0 . TRE G N (p=0.01, B4C) #H5% ; HCREBER H i & &AL 4 T i 1
JNFT CREM-1 A1 % 4. CREB 2 15 477 T4 A% , {8 FHHtCREM-1 A HUa% R A CREB(S133) ik
AT 23 B 1RO JL AN RIS 4928 8 S % €8 o TR AT TAS I 21 CREM— 1 A% iR L. CREBYEAC6mu t /) B 1
(38 I A% e Ar (B 4E)

[0259] AR . N 1 #f S5 ACEmut FRIEAH S A BE NI SR Ca® S HU 75 2 52 M 41 B 75 )5t
[Ca?" )i, [ & (ratiometric) BBl Indo—13PAR O LA B S [ Ca®" 14 o WAt 4 B 18] 1 2t 2%
Ca® BEJANAE (F5A) « SR , ACOmut 3 5 78 57 P B b I 22 I8 110 398 o e {0 AL 4
Ca® # A2 P& A=< (p=0. 0001, B 5BANEISC) , H HLI& B0 {E 1% & i s 1] 45 98 (p=0. 03, ]
5D) o 554b, K H AC6mu t /Iy B T O JULAH Pt ok 3150 %6 Fa B RIS 1] (1) 4 %5 (p=10.04) (EI5E)
[K Ik, SERCA2a3i 14 \PLBAIST00A T ) 3k LA K 4 57 TR 1 i 22 J 1Y) Ca® I AR 4= 35 ik
AC6mut Rk DA 2= R M2 LV I B 1 7 2B 2%

[0260] it

[0261]  AHHFF0 1) B A N 1 U H 25 221K R B 3 38 1453 35 4 BAR I () c AMP 7™ AE 1) R AR
ACE43 T IO Ik 5 [) 2 IA 55 1) 97 S5 PR i 2 TR T PR R (R LV DI BB A G o 3 A2 3 e 4 40 5
(100 SR YR Co JUE HP TR P 0 B I AR R 4 Th R ST A o E 3L 275 52 T O I c AMPAE ) 2
FBEAR S LV S Th e 19 B 91 3 AR A G o 481 4, 75 JH A AMP 453 5353080 5 9 B 150 96 1 22 £
JIEE A R fEAELY dP/dt FBAR-Ma 37 4 i SRRk 10, [11], [12],[13], [ 14]. Bk4t,
e AMPAE JRE 176160 % [ AR AF 2 B AC6 B 5% th 5 LVUSL 4 THRE I SRR A AR SR [5 1. B4 A2 A1
LSRRG S R 2 R LVUS 48 D e 1) PR KF 2

[0262]  AC6mut Z&H /R I 25 Hb 351 35 c AMPAE i, (HLVIH RE 15 LA AR I e B2 O ML 1) A2 5% T
Ca®" 4b B [ FIARAL o FRATI 2 AT H TE ACE FD o JIRE 52 [7) 22328 338 o 5 3 £ .0 I ) THiE » {HL R T-AC6
XTBARE 5 4% 0 B35 A, DR R AN ] R Al 1% L8 2 1 FH BT S B IR 355 R BARE 5 15 H
BT FCa® M BERIFERE[10], [11]. BAF WIS SCRFACE 5 Ca® itb B [ BE 5 : AC6H 2R X Ca™" Atb
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BAEEEARFEERLS] HE T cAMP-AE S GE 717EACOER 2K J5 P AKX, K HLACE T Ca®" 4b B
M7 A FH e DR T o SR T, AHIE T2 A (10 3 802 AR AE T ZE TGN B HHHIE SEACE R AR 73 F-{LL - 1541
T RS TR Cat b B A FIVE T, B AR RELVIDRE , BRIV AE cAMPA: B BE 7 48 25 B4 A o AL
SP-AC6 R Ca® kb B I AE FHTC 75 c AMPAE %, BRI 04 v i 3 B AW LA E 4T

[0263] AR IIACEMutFIE HLVIY FHH BEINEISR Ca® S EURI 7€ 2.0 WL40 iR B A 46
d PR A Bt SE 1 167 186 B Ca 1 A8 A 6 . 5 AC6mut 52k [ 3 6 A= T A ) (149 4 A 55 1) 2 PR A
[JPLBZ I , I ISERCA2a 3% M fF) Ca® 2 Al T o A A PLB & & 5 Ser 1 6 40 34 N PLBRA R 1k,
5 A B B AR AR 5% , 1X 48 in 7 SERCA2a3G (201, (217, [ 221 FATISE A K BIPLBR i
FEZRIKXACEBLACOmuU t ¥4 15 77 I Co LR B H B A [ 4 1, AR EAT B 70 8 ORUE S A FH AR AR Y
JLE) (E4B) o NACEmut /)N R 73 55 1O LA A HH RyR2 PLBAR (FE B /NI AR B ) Tn T 57 14
B R 2% R D Bl e P R S 1 35 m (I 20 )t g F 00 2 338 L VU 46 Th e

[0264]  AC6mutZRiA 5 CREM—1 (& 3BAHE 3E ) (1) 38 i 2 ik A% 3% £ #H 5% , CREM- 12 CREB/
ATFZ A () e s I [ 23 1 FRAT1SE 1 %6 01l , FEAC6 RIS I 5t~ , PLBJS 3)) 1 7E8 4 KR
O LA P H B N A ATE 338 8 PLB J5 3 7 A CREAE s g 7 R [ 21 FEASHIFFT A, JRAT T I
B 5 ACOmut FRIEAH I 1 3G NI ATF3 R SR 1T , ATF3 FHCREM—1 7 35 341 1K 1] [F] — CREASZ £
AL T B 2, HAC6mut A S 11 34 Nt CREM- 1 7] B8 7 B AR Y PLBR 18 J5 T ZE AL b2 &
B XK 7 BRI AL

[0265]  AC6mut ik 5Ca> Ak 85 1 FIS100A LKLV IA [ A o Uk 21 1 B hn A % , 1% & E
JF i i T RyR2 FISERCA2a K B8 MU 45 ThAE [ 24 ] - AC6mut &34 Ufi] A] B 58 NAILY S100A1
FIB KB 2 AC6mu t 1A 55 CREBI 14 I B B 10 A% i A AH 5% (I ACHN I 4E ) , CREBIF B R AL
FIRZ 5% 57 72 CREBILIS BT 75 IO L FE - CREB 2 8 ik 2 K] (1) i 301 R I CREAS, A SR I 3% v 2 L [
1) 3% S B [ 25 ] . ST00AL JA )1 E A CREAL [ 26 1, T BHS100A1 KRBT 7] §E & % AC6mut
FIEWE - 546 PRARICAMPHI X =4kt mT g2 R 3R [27],[28].

[0266]  JLAEF cAMPAE 2 5 BRAIG , {H.Ca® Ak B 1 52 J5 1k G AL AR 45 T LV IIAE & 36 = 1
ACOmut i LA 52 M % 53 1 35 9 HL e 25200 Co LA R A2 BRAT N RILV IH RE [0 RS A i 14 75 22
BN  2H 2L 50 (B LE) S R R L R AC6mut /776 T 2 ANy X = A, A
FAAAFAE T R X fFACEmut 25 1 5 RE 05 5 52 4T i 9 15 5 4% 5 LR e 52 A 2R T
R 1 =1 L A N R 1 BAE ELAE .

[0267]  FiriBid AC6HR AL FEIH 1 AC6XT T-Ca* Ab B B[ 5] AEIX — 15 5 N, cAMPAE %,
BE TG, AR R IR B S5 A 78 rh — BEZ I FR S, (HCa™ b B B 3 2 30 (EAT S0, AT
Fllc AMPAE Jig F) B 4. 35 $ 5 , (H.Ca ™ A B 3 0, T JEBR AR o X 2 IR A, AN A T 7EAC6 B2 H , AC6
53T B AR AMPAE R BE 1A 2  (HAFE T BB , EIEACE 73 F Rl RERZ MR Ca® Ab B

[0268]  FATIAAE £ FIL PG 2 A ACOmu t 1) 3% 35 [R) & DL o 2R A A2 5 5 AC6mut R iA
(1) 7K P B B A5 A N AT BB A ACEmu t B 1 B 17435 35 0 AR T Y 5 EACE ) 7T fig LA AERR 77
PR 5515 T o BARTRATTM S P A B8 HEBR IX Fhn] B4 , (5 E1 B0 2 A IR B N TR T ACE
FEEENE D —F R IUNGsa) K21/100029 1. B ik, RIAE LA Y JRPEACE 1745 =i i
KFRIE , T BEEAIIA L Gsafik o e Ah , A ALIE 1 (IE 5 ) AC6 I SRALIE N 5 v 1 &2 1 c AMP = A=
1) 35 25 B8 AR 9G[ 30 ] o X e WL 82 3 W% R B A R 10 o

[02691 4518 . R cAMPA: Bl it 25 BRI , (H.Ca™ Ak B 1 52 S M X0 ALLF- (- B T LV I « s
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PRI ACOmuthL T A% L, JACEmut 5 M 4% Sk DR 1 FR A FN DD e S HEAL 2 o NI CREM-
1 (B s M]3 ) ARG I B R -CREB (1 4E) BT 8 43 731 2 5 PLBFIS100A 1 1 e A8 (1) R 08 . F AT
FEWTACOmU L T 8 N (1) Ca™ Kb B AN AR () 2. [ 5 TE RARKR O AETNRE , L cAMPAE R PE A1 o
XLk B T ST T LVINAE (ECa® ib B 5 BARTE S48 S Z MM A ELAE IR T /R, o L&
BHAC6mut 1] LA (L35 A5 14 AN ) c AMP ) CE A S5 A FH B0 JUL PRI AT 248 SR8 B4 2 BH 5 22 v 1 0
FIFE FF AR ACEmu t 2 I8 AH 2 R B AR I O lILAT B R T2, 3R R AT TS 56 5 rp IE AE HEAT IO I 70 1) 2

\\\\\

3 ] 352 R

[0270]

[0271]  [E[1.AC6mutff) it FRIE a R4 o A5

[0272] A iZPEHi%: T EACOmut 1 R4 7R C1 45 R 35 (4T P 38 ) Hh 19 S5 42647 (7 B 5
FF-SEQ ID NO:16) A& R (ala) KR AR (asp) IEURAL A Z BRI Mg 45 & F H.ik
AR AAZ O [ FH Gsad T T EOE I R, IR 10 3 1 AC6 [ B2 3 14 , AT -5 B P AR c AMP ™~
A= MIFIM2 , ACG 1) 5 ik 45 A4 45 C1ANC2 , ACGFE) it S 45 A4 35, LT e AL A% 0 s BAR , B—' L JIi
FOEZAR BT Fla, G5 - =R (GTP)-45 & & H JRGs 24

[0273]  B.AC6mut mRNAZIA /& iEid qRT-PCRAF FH A I 14 AC6 AN % J: R AC6mut 3 ] f) 51 401
156 o FHT 46 MGAPDH mRNAF 514 F T qRT-PCR SN A A 05 5% HE o AEGET P 9 14 AC6 , AC6mu t
mRNAIE AN T 6245 o 25 T B B A +SE s 22 28 A 56 CAS O 1T, AU )

[0274]  C. LA Sy BN IEVEAL FHHTACS /6 Hi A4 MIACEmu t 2 Bt HAE HPTAUL AR RS TR i
I o AT P Y PEACE , ACBmut 85 1 BRI T 1743

[0275] D.FHRAYE FARE (Iso;10uM, 10min)B{NKH477 (NKH; 10uM, 10min ) $IJ i A (3
2 ) R 5 s INACEmut /) B RIS B /I BR 23 25 1RO UL ZH S P 7 R AMP 2 2 5 c AMPE 4 922 1
5E o 2R H AC6mut /) B A O lILAH A (MAR X F-C, 6 FE) S22 1) )97 T s o AINKHAT 7 (A =] F] AR ZAB) )
() 52 TR cAMP = A= o 25 T 37 T 2541 +SE s p{EL YR T FRL PR ZRANOVA RN 2 J5 1 3 96 B Je fa 38 (n
=6,%4).

[0276]  E.fff HTAULPUAR (L0 60) B/ g i E 3 (Cav—3) HiAk (LR, 0T 4 i o B il 3 oK
i) s PO R AR B S A (PDT) Pk (g ta, 0T WL R L) s k% 41 J2 58 3 A Ak (4%
0, R TR TR U ) FNPT e A B 2 - e B PR 38 1 2 1 5T (VDAC) i (2, X T2k
PSR ) X MACEmUt /) 5% T HE /N B 43 185 A O JUL A0 P HH A ACEmut 2 1 Joi 4D XU R e 88 5% Yt G
8 o AT HUAZ A 0 € o 7 20 B SR T  SRATAZ IR AR A MIACOmu t % (R , 5 5 2R ki R TE Ok o
[0277]  [&]2.PKA.PKSFIPDE [ 1t FlI 6 i

(02781 A, BV ToHI (FELR) 8k 5 'S LR E (Tso; 10uM, 10min) BENKHA77 (NKH; 10uM,
10mi n ) J0) 385 4% 0 B 16 O UL B P AT PRAYE P o ACBmut ik PRI 1 2L 2R PKAVE M (p=0.01)
FH HIso(p=0.001)FINKH(p=0.001) = FIEHEHER(n=3, % 4H) . FEEER LV
[FIPKAZE [ 5T  AC6mut I AR LUAELY PKAJHEAL I 5047 B (1 SR o

[0279]  B.{di FH=K H AC6mu t /] B AT RE /N B ) 76 400 25 3 A AE e 9% B I R B 7R RS 5
f&FHEA RS FENIRIBERR AR WS BB = 57 B 1 SRR (P)PKAFLE (T)PKA
() 4% B TT-a AT T-B PKCa T IR — R 3AZY (PDE3A) (IR - L#5 & H 1 (P22/23-TnI)
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FETnT o

[0280]  C. 7 E&4H 73 &5 (1) 4 35 730 LA B b D1l S A B R 3R R 1 A2 S IRy R2
PLBAITNT () & ¥, . RyR2 \PLBFITn I ) BL 2R B MR A AR W /n BE A 22 7 o N R = I S
ZH R I RyR2 \PLBAATO T 8 0 ) o 1R A4 AH 5 , AHLAE SR H AC6mu t /) BR FRT /O JULZH i Hp B oK &
(J20).

(02811  D.3& [ K201 B4 UL %4k 177 (GAPDH ) #% V3 — 1k 1) [ 22 T =8 S8 7, T B 4 %
FN'E L IRE RISk B AC6mut /N R KO UL FIRyR2 W PLBAI TR T (1) 358 fin 1 2% 2 A4 AH
X Tl RRAL I B INAS 2 Se 1122 B2 ) (p=0.07) .

[0282] 3. AL SW4EThie

[0283]  MAC6mut TG/NER (SZCoE sn=11) %> B B 0o I S0 7~ M B30 3t 5 905 Il 1 S TR b i
EREHATH RS IR RS A AR AILY dP/dt JEAR T ERE S B 5 L T SRS B
T o O], 5 LR BH 16 FRINER (n=12) o 3 BEAH 25 57 (R ZANOVA ) B ¥ R R
SE¥5E +SE.

[0284]  [E4.SR Ca®'$EHL.Ca* {5 51 S| A UM RN F

(02851  A. L3 >R FH AC6mut /)N B 1 VR A LVAE i A1 SR [ TGRA 4 [H] st FEZINER (n=6, P 4)
TRALVEE S [ Ca™ S B PE

[0286] N #f: AC6mut () F ik B A% T SERCA2a %t Ca® ) 512 A1 7 o AN 5] 0 3 B8 Ca W R )
WIUEATPU A 1 Ca® S I SR 55.Ca® S BN 50 %6 Hae KRN A5 250k JE (ECs0)

[0287] B. E#B:AC6mutFRis SFFACMILVEZ 8 H (PLB) Rk AH K .

[0288] " f: ACOmut ik 5 MAILY CREM-145 H iR A AH K

[0289]  C. L#B:AC6mutFRIE EIEINAILY S100A18: H KX MK

[0290] 3. AC6mutFiA 5 INMILY P133-CREBER [ J5i 1A FH 5% o 9 2H o 1) M CREB % &
AL

[0291]  D.AC6mut3ik A F2MSERCA2a £ W 218 [ WLAE £ 8 1 B R 4. S 16-PLBER I Ji
FILVERIE ; (n=4, H4) .

[0292]  E.fd FIHIAUI A (L0 10 ) FIHLCREM- 1144 (40 ) BT AU AT R L CREB(S133,
gty ) ok INACEmut /) B AN HE/IN B 20 5 AR Co UL B H AT AC6mu t 2 1 5 P 00 2. B 2 ¢ Y G
o AP AZ LLE €8 2 7R o AC6mu t 2 IA 3 N T CREM-1 AN FR L. CREBI{I A% 7€ 7. o

02931  ZEP](AB.C)H, KRN T M +SE ; 25T I BT A8 n R KN s 460 L 8
FRINK H ZFE R (A O, BUE) I pfE

[0294]  FE5. MNACEmut /I B A FE /I B 0 33 F Co JUTLEIT L H ) 00 38 Ji Ca ™l A8

[0295]  A.FEZECa™ B (OO TUR 48— o T Tk Ca® ) A R 2 57

[0296] B. HFAE LR (Tso; 10uM) HIBH O LAN AR A A AR 1 Tndo—1Ca® 7 4B {0 S 7E
oK H AC6mu t /)N B ) U LA i Hh B vy o s S5 2 s TRl CH

[0297] C.7ERN'YE AR RAFAE FRU Ca 7E 5K H AC6murt /)N i O UL 20 A H 18 T
[0298]  D.7E5F A bR EAZAE N ik B Ca® AR A B 18] 76 3K B AC6mut /I B, (1 /Lo LT i
H b o

[0299]  E.7EFA'E _LRRZEAFTE FIEEI50 % FA S 1] (1) 785K 5 AC6mu t /N 14 Lo AIL4T AR
H b o
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[0300] 5 SE6 H 55 4IR o 5 U RN P 3B +SE s 56 T B B Fa 7 O LA O3 5608 07 1Y)
B4Rk B A R 5 (AR RO I, B ) I plE -

[0301] =& ik

[0302] 1.Cleland JG,Teerlink JR,Senior R,Nifontov EM,Mc Murray JJZA,(2011)
The effects of the cardiac myosin activator,omecamtiv mecarbil,on cardiac
function in systolic heart failure:a double-blind,placebo-controlled,
crossover,dose—ranging phase 2trial.Lancet 378:676-683.

[0303] 2.Gao,MH,Tang T,Guo T,Sun SQ,Feramisco JRZE A ,(2004)Adenylyl cyclase
type VI gene transfer reduces phospholamban expression in cardiac myocytes
via activating transcription factor 3.J Biol Chem279:38797-3802.

[0304] 3.Gao MH,Tang T,Guo T,Yajima T,Pestonjamasp KZ A\ ,(2008)Adenylyl
cyclase type VI increases Akt activity and phospholamban phosphorylation in
cardiac myocytes.] Biol Chem 283:33527-33535.

[0305] 4.Gao MH,Tang T,Lai NC,Yajima T,Miyanohara AZE A\ ,(2011)Beneficial
effects of adenylyl cyclase type 6(AC6)expression persist using a
catalytically inactive AC6bmutant.Mol Pharmacol 79:381-388.

[0306] 5.Tang T,Gao MH,Lai NC,Firth AL,Takahashi TZE A ,(2008)Adenylyl
cyclase type 6deletion decreases left ventricular function via impaired
calcium handling.Circulation.117:61-69.

[0307] 6.Ping P,Anzai T,Gao MH,Hammond HK.(1996)Adenylyl cyclase and G
protein receptor kinase expression during development of heart failure.Am J
Physiol Heart Circ Physiol 273:H707-717.

[0308] 7.Roth DM,Bayat H,Drumm JD,Gao MH,Swaney JS,Ander AZEA,(2002)
Adenylyl cyclase increases survival in cardiomyopathy.Circulationl05:1989-
1994.

[0309] 8.Takahashi T,Tang T,Lai NC,Roth DM,Rebolledo B,Saito M% A, (2006)
Increased cardiac adenylyl cyclase expression is associated with increased
survival after myocardial infarction.Circulation 114:388-396.

[0310] 9.Lai NC,Roth DM,Gao MH,Tang T,Dalton NZ£ A,(2004)Intracoronary
adenovirus encoding adenylyl cyclase VI increases left ventricular function
in heart failure.Circulation 110:330-336.

[0311]  10.Roth DM,Gao MH,Lai NC,Drumm J,Dalton NZ& A ,(1999)Cardiac-directed
adenylyl cyclase expression improves heart function in murine
cardiomyopathy.Circulation 99:3099-3102.

[0312] 11.Lai NC,Tang T,Gao MH,Saito M,Takahashi TZ A, (2008)Activation of
cardiac adenylyl cyclase expression increases function of the failing
ischemic heart in mice.J Am Coll Cardiol 51:1490-1497.

[0313] 12.Tang T,Gao MH,Roth DM,Guo T,Hammond HK.(2004)Adenylyl cyclase type

VI corrects cardiac sarcoplasmic reticulum calcium uptake defects in
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cardiomyopathy.Am J Physiol 287:H1906-1912.

[0314] 13.Gaudin C,Ishikawa Y,Wight DC,Mahdavi V,Nadal-Ginard BZE A\ ,(1995)
Overexpression of Gsaprotein in the hearts of transgenic mice.]J Clin Invest
95:1676-1683.

[0315] 14.Engelhardt S,Hein L,Wiesmann F,Lohse MJ.(1999)Progressive
hypertrophy and heart failure inBl-adrenergic receptor transgenic mice.Proc
Natl Acad Sci 96:7059-7064.

[0316] 15.Liggett SB,Tepe NM,Lorenz JN,Canning AM,Jantz TDZE A, (2000)Early
and delayed consequences ofB2-adrenergic receptor overexpression in mouse
hearts:critical role for expression level.Circulationl101:1707-1714.

[0317] 16.Antos CL,Frey N,Marx SO,Reiken S,Gaburjakova MZE A ,(2001)Dilated
cardiomyopathy and sudden death resulting from constitutive activation of
protein kinase A.Circ Res 89:997-1004.

[0318] 17.Packer M,Carver JR,Rodeheffer RJ,Ivanhoe RJ,Dibianco RZE A ,(1991)
Effect of oral milrinone on mortality in severe chronic heart failure.The
PROMISE Study Research Group.N Engl J Med 325:1468-1475.

[0319] 18.Bristow MR,Ginsburg R,Minobe W,Cubicciotti RS,Sageman WSZ:& A,
(1982)Decreased catecholamine sensitivity and beta—-adrenergic—receptor
density in failing human hearts.N Engl J Med307:205-211.

[0320] 19.Suarez J,Scott B,Dillmann WH.(2008)Conditional increase in SERCA2a
protein is able to reverse contractile dysfunction and abnormal calcium flux
in established diabetic cardiomyopathy.Am J Physiol295:R1439-1445.

[0321]  20.Brittsan AG,Kranias EG.(2000)Phospholamban and cardiac contractile
function.] Mol Cell Cardiol 32:2131-2139.

[0322] 21.Chu G,Lester JW,Young KB,Luo W,Zhai JZ A ,(2000)A single site
(Serl16)phosphorylation in phospholamban is sufficient in mediating its
maximal cardiac responses to beta—agonists.] Biol Chem 275:38938-38943.

[0323] 22.Luo W,Chu G,Sato Y,Zhou Z,Kadambi VJZ: A ,(1998)Transgenic
approaches to define the functional role of dual site phospholamban
phosphorylation.]J Biol Chem 273:4734-4739.

[0324] 23.Foulkes NS,Borrelli E,Sassone-Corsi P.(1991)CREM gene:use of
alternative DNA-binding domains generates multiple antagonists of cAMP-
induced transcription.Cell 64:739-749.

[0325] 24 .Most P,Remppis A,Pleger ST, LofflerE,Ehlermann PZ A, (2003)
Transgenic overexpression of the Ca2+-binding protein S100Alin the heart
leads to increase in vivo myocardial contractile performance.] Biol Chem278:
33809-33817.

[0326] 25.Mayr B,Montminy M.(2001)Transcriptional regulation by the
phosphorylation—dependent factor CREB.Nat Rev Mol Cell Biol 2:599-609.

42



N 105452458 A W OB P 36/37 7

[0327] 26.Song W,Zimmer DB.(1996)Expression of the rat S100Algene in
neurons,glia,and skeletal muscle.Brain Res 721:204-216.

[0328]  27.Ilancu RV,Ramamurthy G,Harvey RD.(2008)Spatial and temporal aspects
of cAMP signaling in cardiac myocytes.Clin Exp Pharmacol Physiol35:1343-1348.
[0329] 28.Efendiev R,Samelson BK,Nguyen BT,Phatarpekar PV,Baameur FZ& A,
(2010)AKAP79interacts with multiple adenylyl cyclase(AC)isoforms and
scaffolds ACband AC6toa—amino—3-hydroxyl-5-methyl-4-isoxazole-propionate
(AMPA)receptors.] Biol Chem 285:14450-14458.

[0330] 29.0strom RS,Post SR,Insel PA.(2000).Stoichiometry and
compartmentation in G protein—coupled receptor signaling:implications for
therapeutic interventions involving Gs.J Pharmacol Exp Ther 294:407-412.

[0331] 30.Gao MH,Lai NC,Roth DM,Zhou J,Zhu J,Anzai T,Dalton N,Hammond HK.
(1999)Adenylylcyclase increases responsiveness to catecholamine stimulation

in transgenic mice.Circulation 99:1618-1622.
[0332]

1. KRE. LVESHHES

AC6mut (23) TG-*F F.(16) p
hE(g) 25.5+0.7 25.0+1.2 0.7
LV (mg) 9142.7 89+3.4 0.6
J2 B K (mm) 17+0.1 16.7+0.2 0.3
LV/4 #(mg/g) 3.6+0.1 3.640.1 0.9
LV/TL (mg/mm) 5.440.1 5.340.2 0.7
Ji (mg) 150+4.9 149+6.7 0.9
Fifi /5 (mg/g) 6.0+0.2 6.0+0.2 0.9

[0333] LV, /% TL, IR B K B A R n FIMH £ SE s 22 A tR 30 CAN ST, XU ) o
[0334]
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2. RESHIFIRAEL)
AC6mut (8) TG-*1F&(12) p

HR (bpm) 501426 50617 0.9

EDD (mm) 4.240.2 4.3+0.1 0.7

ESD (mm) 2.910.2 3.040.1 0.4
PW /B & (mm) 0.60.1 0.6+0.1 0.5
% F % /2 & (mm) 0.6+0.1 0.60.1 0.4
EDV (uL) 7617 78+4 0.8
ESV (uL) 2544 272 0.6
EF (%) 6913 6512 0.2
CO (uL/min) 2612 26+2 0.8
Vef (circ/sec) 7.0+0.7 6.2+0.3 0.2

[0335] L fiiid 1A B IR 22 AN St T 58 o AR, N2 PR, W] R AN 2 AR A B A A AT

v L AR T H T AR A R o DR L, FL e Sty SR AE BT BURIZSR P I va L Y
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X IES
110> InAAERIT K FEH
120> FHFI7 0 S 2B G0 T B8 10 AN RR = A 3R IR R 1 AR R PR AL RS RO 4B & 0 F 7 vk
<130> 00015-253W01/SD-2013-027-1 PCT

140> FE¥gE
141> 2014-05-26

<150> 61/832, 759
<151> 2013-06-07

160> 17

<170> PatentIn version 3.5
Q210> 1

Q11> 23

212> DNA
213> ANILFF)

220> ‘
223> EREZER

400> 1
cacatagaag cctagcccac acce 23

=

210> 2
Q11> 22

<212> DNA
213> ANTF3

{220> ‘
223> EMEZER

[0001] (4005

caggaggcca ctaaaccatg ac 22

(N3

210> 3
211> 20
<212> DNA
213> AILF3

220> ‘
223> EREZER

<400>
tgggeetete tactetgeat 20

=

210> 4
211> 20
<212> DNA
213> ANTF3

{220>
223> EMEGTHR

<400> 4
tggatgtaac ctcgggtcte 20

210> 5
211> 20
<212> DNA
213> ANILF3

<220> ‘
223> EREZER

<400>
ggcattgagt gggactttgt 20

B

45



CN 105452458 A

F 5 =

2/29 T

[0002]

210> 6
211> 20
<212> DNA

213> ANLFF|

<220>

223> EREZER

<400>

e}

tctgecatcca aacaaacgaa

210> 7
211> 20
<212> DNA

213> ANLFF|

<220>

223> EREZER

<400>

-3

aacctaccag gctgtggatg

210> 8
211> 20
<212> DNA

213> ANLFF|

<220>

223> EREZER

<400>

[ve]

gactcgatgg gcaagtcaat

210> 9
211> 30
212> PRT

213> ANLFF|

<220>

223> ARk

<400> 9

Lys Gly Tyr
1
Gly Glu Met

210> 10

211> 1168
<212> PRT
213> A

<400> 10

Met Ser Trp
1

Thr Ala Trp

Thr Arg Ala
35

Asp Ala Glu
50

Gln Leu Glu Cys Arg Gly Val Val Lys Val Lys Gly Lys
5 10 15

Thr Thr Tyr Phe Leu Asn Gly Gly Pro Ser Ser
20 25 30

(homo sapiien)

Phe Ser Gly Leu Leu Val Pro Lys Val Asp Glu Arg Lys
5 10 15

Gly Glu Arg Asn Gly Gln Lys Arg Ser Arg Arg Arg Gly
20 25 30

Gly Gly Phe Cys Thr Pro Arg Tyr Met Ser Cys Leu Arg
40 45

Pro Pro Ser Pro Thr Pro Ala Gly Pro Pro Arg Cys Pro
55 60
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[0003]

Trp

65

Glu

Thr

Arg

Lys

Phe

145

Leu

Gln

Gly

Trp

Gly

225

Cys

Met

Tle

Leu

Cys

305

Thr

Gln

Glu

Gln

Leu

Thr

Ser

Gln

130

Gln

Leu

Pro

Leu

Val

210

Gly

Pro

Arg

Leu

Gly

290

Thr

Arg

Gln

Met

Asp

Gly

Thr

Gly

115

Phe

Met

Thr

Ala

Met

195

Val

Ala

Val

Ala

Ala

275

Ala

His

Gly

Glu

Lys
355

Asp

Leu

Ala

100

Arg

Arg

Asn

Ala

Tyr

180

Val

Ser

Leu

Phe

Ala

260

Trp

Asn

Tyr

Tyr

Arg

340

Glu

Ala

Arg

85

Gly

Ser

Ser

Gln

Val

165

Val

Val

Tyr

Ala

Phe

245

Val

Gln

Val

Pro

Ile

325

Leu

Asp

Phe

70

Ala

Gly

Cys

Ala

Ser

150

Leu

Ala

Cys

Val

Ala

230

Val

Leu

Leu

Leu

Ala

310

Gln

Leu

Ile

Ile

Val

Thr

Trp

Lys

135

Ser

Leu

Leu

Asn

Val

215

Asp

Tyr

Ser

Asn

Leu

295

Glu

Ala

Leu

Asn

Arg

Ala

Ala

Arg

120

Leu

Leu

Ala

Leu

Arg

200

Leu

Pro

Ile

Gly

Arg

280

Phe

Val

Arg

Ser

Thr
360

Arg

Leu

Glu

105

Arg

Glu

Thr

Phe

Ala

185

His

Gly

Arg

Ala

Leu

265

Gly

Leu

Ser

Leu

Val

345

Lys

Gly Gly
75

Gly Phe
90

Val Ala
Leu Val
Arg Leu

Leu Leu
155

His Ala
170

Cys Ala
Ser Phe
Ile Leu
Ser Pro

235

Tyr Thr
250

Gly Leu
Asp Ala
Cys Thr
Gln Arg

315

His Leu
330

Leu Pro

Lys Glu

47

Pro

Glu

Pro

Gln

Tyr

140

Met

Ala

Ala

Arg

Ala

220

Ser

Leu

Ser

Phe

Asn

300

Gln

Gln

Gln

Asp

Gly

Asp

Asp

Val

125

Gln

Ala

Pro

Ala

Gln

2056

Ala

Ala

Leu

Thr

Leu

285

Val

Ala

His

His

Met
365

Lys

Thr

Ala

110

Phe

Arg

Val

Ala

Leu

190

Asp

Val

Gly

Pro

Leu

270

Trp

Ile

Phe

Glu

Val

350

Met

Gly

Glu

95

Val

Gln

Tyr

Leu

Arg

175

Phe

Ser

Gln

Leu

Ile

255

His

Arg

Gly

Gln

Asn

335

Ala

Phe

Lys

80

Val

Pro

Ser

Phe

Val

160

Pro

Val

Met

Val

Trp

240

Arg

Leu

Gln

Ile

Glu

320

Arg

Met

His
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[0004]

Lys

Ile

385

Val

Glu

Val

Glu

Thr

465

Asn

Arg

Glu

Gln

545

Glu

Met

Thr

Lys

Asp

625

Arg

Leu

Val

Ile

370

Glu

Met

Asn

Ser

Met

450

Gly

Cys

Asp

Ile

Val

530

His

Glu

Glu

Lys

Asp

610

Glu

Lys

Glu

Ala

Tyr

Gly

Thr

His

Gly

435

Gly

Val

Gly

Val

His

515

Glu

Ile

Lys

Gly

Asp

595

Asn

Phe

Asp

Lys

Cys

Ile

Phe

Leu

Cys

420

Leu

Val

Asn

Val

Thr

500

Ile

Pro

Glu

Ala

Leu

580

Ser

Arg

Leu

His

Lys

660

Ala

Gln

Thr

Asn

405

Leu

Pzo

Asp

Val

Leu

485

Leu

Thr

Gly

Thr

Met

565

Met

Lys

Gly

Ser

Val

645

Tyr

Leu

Lys

Ser

390

Glu

Arg

Glu

Met

Asn

470

Gly

Ala

Arg

Arg

Phe

550

Leu

Pro

Ala

Thr

Arg

630

Arg

Ser

Leu

His

375

Leu

Leu

Tle

Ala

Ile

455

Met

Leu

Asn

Ala

Gly

535

Leu

Ala

Arg

Phe

Gln

615

Ala

Arg

Arg

Val

Asp

Ala

Phe

Lys

Arg

440

Glu

Arg

Arg

His

Thr

520

Gly

Ile

Lys

Trp

Arg

600

Asp

Tle

Phe

Lys

Phe

Asn Val Ser

Ser

Ala

Tle

425

Ala

Ala

Val

Lys

Met

505

Leu

Glu

Leu

Leu

Val

585

Gln

Ala

Asp

Leu

Val

665

Cys

Gln

Arg

410

Leu

Asp

Ile

Gly

Trp

490

Glu

Gln

Arg

Gly

Gln

570

Pro

Met

Leu

Ala

Leu

650

Asp

Phe

Cys

395

Phe

Gly

His

Ser

Ile

475

Gln

Ala

Tyr

Asn

Ala

555

Arg

Asp

Gly

Asn

Arg

635

Thr

Pro

Tle

48

Tle

380

Thr

Asp

Asp

Ala

Leu

460

His

Phe

Gly

Leu

Ala

540

Ser

Thr

Arg

Ile

Pro

620

Ser

Phe

Arg

Cys

Leu

Ala

Lys

Cys

His

445

Val

Ser

Asp

Gly

Asn

525

Tyr

Gln

Arg

Ala

Asp

605

Glu

Tle

Gln

Phe

Phe

Phe

Gln

Leu

Tyr

430

Cys

Arg

Gly

Val

Arg

510

Gly

Leu

Lys

Ala

Phe

590

Asp

Asp

Asp

Arg

Gly

670

Tle

Ala

Glu

Ala

415

Tyr

Cys

Glu

Arg

Trp

495

Ala

Asp

Lys

Arg

Asn

575

Ser

Ser

Glu

Gln

Glu

655

Ala

Gln

Asp

Leu

400

Ala

Cys

Val

Val

Val

480

Ser

Gly

Tyr

Glu

Lys

560

Ser

Arg

Ser

Val

Leu

640

Asp

Tyn

Leu
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[0005]

Leu

Phe

705

Gly

Arg

Val

Tle

Thr

785

Pro

Tle

Tle

Tyr

Tyr

865

Phe

Met

Ala

Gln

Arg

945

Leu

Cys

Ile

690

Leu

Ser

Ser

Phe

Arg

770

Ala

Leu

Gly

Ser

Leu

850

Asp

Asp

Thr

Gln

Ala

930

Arg

Ala

Val

675

Phe

Leu

Leu

Arg

Thr

755

Ser

Cys

Cys

Asn

Ser

835

Val

Leu

Gly

Pro

Gln

915

Thr

Leu

Arg

Ala

Pro

Leu

Phe

Ala

740

Ser

Cys

His

Glu

Met

820

Tle

Leu

Leu

Leu

Val

900

Val

Gly

Leu

Glu

Val
980

His

Leu

Pro

725

His

Ala

Ala

Leu

Gly

805

Leu

Gly

Leu

Leu

Asp

885

Ile

Glu

Glu

His

Arg

965

Met

Ser

Ile

710

Lys

Ser

Tle

Ala

Gln

790

Thr

Leu

Lys

Leu

Gly

870

Cys

Leu

Ser

Lys

Asn

950

Arg

Phe

Thr

695

Thr

Ala

Thr

Ala

Arg

775

Gln

Met

Ser

Leu

Leu

855

Val

Pro

Leu

Thr

Glu

935

Tle

Asn

Ala

680

Leu

Val

Leu

Ala

Asn

760

Met

Leu

Pro

Leu

Ala

840

Gly

His

Ala

Val

Ala

920

Glu

Leu

Asp

Ser

Met

Leu

Gln

Val

745

Met

Leu

Asn

Thr

Leu

825

Met

Pro

Gly

Ala

Phe

905

Arg

Met

Pro

Glu

Ile
985

Leu

Ile

Arg

730

Gly

Phe

Asn

Tyr

Cys

810

Ala

Tle

Pro

Leu

Gly

890

Ala

Leu

Glu

Lys

Leu

970

Ala

Gly

Cys

715

Leu

Tle

Thr

Leu

Ser

795

Ser

Ser

Phe

Ala

Ala

875

Arg

Leu

Asp

Glu

Asp

955

Tyr

Asn

49

Ile

700

Ala

Ser

Phe

Cys

Thr

780

Leu

Phe

Ser

Val

Thr

860

Ser

Val

Ala

Phe

Leu

940

Val

Tyr

Phe

685

Tyr

Val

Arg

Ser

Asn

765

Pro

Gly

Pro

Val

Leu

845

Ile

Ser

Ala

Leu

Leu

925

Gln

Ala

Gln

Ser

Ala

Tyr

Ser

Val

750

His

Ala

Leu

Glu

Phe

830

Gly

Phe

Asn

Leu

Tyr

910

Trp

Ala

Ala

Ser

Glu
990

Ser

Ser

Tle

735

Leu

Thr

Asp

Asp

Tyr

815

Leu

Leu

Asp

Glu

Lys

895

Leu

Lys

Tyr

His

Cys

975

Phe

Ile

Cys

720

Val

Leu

Pro

Ile

Ala

800

Phe

His

Ile

Asn

Thr

880

Tyr

His

Leu

Asn

Phe

960

Glu

Tyr
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[0006]

Val

Asn

Phe

Ala

Ser

Gln

Lys

Ala

Ser

Thr

Glu

Thr

Glu Leu Glu Ala Asn Asn Glu Gly Val Glu Cys Leu Arg Leu Leu

Glu
1010

Arg
1025

Ala
1040

His
1055

Met
1070

Ile
1085

Arg
1100

Ser
1115

Thr
1130

Cys
1145

Tyr
1160

210> 1
211> 1
212> P

213>

400> 1

Met

1

Leu

Asn

Ala

Thr
65

Pro

Leu

Gly

Pro

50

Pro

995

Ile

Gln

Ser

Ile

Lys

Gly

Lys

Arg

Asp

Arg

Phe

1
176
RT

1
Thr

Val

Gln
35

Ile

Leu

Gly

Thr

His

Leu

Pro

Met

Leu

Gly

Leu

Ser

Pro
20

Lys

Arg Tyr

Ala

Glu

Leu

Ala

Ile

Asn

Gln

Asp

Tyr

Val

Asn

Pro

Lys

Arg

Met

Ala Ala His

Asp

Lys

Asn

Leu

Asn

Met

Tyr

Ser

Gln

Val

Gly

10

Phe
1015

Ile
1030

Ala
1045

Ala
1060

Glu
1075

Gly
1090

Asp
1105

Thr
1120

Val
1135

Lys
1150

Gly
1165

/MR R (mus musculus)

00

Asp Glu I

Lys Thr I

le

le

Ser Thr Tyr

Asp Tyr Ala

His Ser Phe

Pro Val Val

Tle Trp Gly

Gly Val Pro

Leu Ala Ala

Val Lys Gly

Pro Ser S

Arg Pro Val Ala Ser

10

Val Asp Glu Arg Lys

25

Pro Arg His Ala Asn

40

Ser Cys Leu Lys Asn

55

Thr Arg Cys Pro Trp

70

er

Met Ser

Thr Ala

Arg Ala

Ala Glu

Gln Asp

75

50

Ile

Gly

Asp

Met

Asn

Ala

Asn

Asp

Lys

Lys

60

1005

Ser
1020

Ser
1035

Gln
1050

Arg
1065

Asn
1080

Gly
1095

Thr
1110

Arg
1125

Gly
1140

Gly
1155

45

Glu

Thr

Val

Leu

Phe

Val

Val

Ile

Tyr

Glu

Trp Phe

Trp Gly

30

Ser Gly

Pro Pro

Glu Ala

Glu

Tyr

Gly

Met

Gln

Ile

Asn

Gln

Gln

Met

Ser

15

Glu

Phe

Ser

Phe

Arg

Met

Arg

Glu

Met

Gly

Val

Val

Leu

Thr

Gly

Arg

Cys

Pro

Ile
80
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[0007]

Arg

Ala

Glu

Arg

Glu

145

Thr

Phe

Thr

His

Gly

225

His

Thr

Leu

Ser

Leu

305

Ser

Leu

Val

Lys

Asn

Arg

Leu

Val

Leu

130

Arg

Leu

His

Cys

Ser

210

Ile

Ser

Tyr

Gly

Asp

290

Cys

Gln

His

Leu

Lys

370

Val

Ala

Gly

Ala

115

Val

Leu

Leu

Ala

Ala

195

Phe

Leu

Pro

Thr

Leu

275

Pro

Thr

Arg

Leu

Pro

355

Glu

Ser

Gly

Phe

100

Pro

Gln

Tyr

Met

Ala

180

Ser

Arg

Ala

Ser

Leu

260

Ser

Phe

Asn

Gln

Gln

340

Gln

Asp

Tle

Pro

85

Asp

Asp

Val

Gln

Ala

165

Pro

Val

Gln

Ala

Ala

245

Leu

Thr

Leu

Ala

Ala

325

His

Met

Leu

Gly

Asp

Thy

Phe

Arg

150

Val

Ala

Leu

Asp

Val

230

Gly

Pro

Leu

Trp

Tle

310

Phe

Glu

Val

Met

Phe

Arg

Thr

Ser

Gln

135

Tyr

Leu

Gln

Phe

Ser

215

Gln

Leu

Ile

His

Lys

295

Gly

Gln

Asn

Ala

Phe

375

Ala

Gly

Glu

Pro

120

Ser

Phe

Val

Pro

Val

200

Met

Val

Tep

Arg

Leu

280

Gln

Val

Glu

Arg

Met

360

His

Asp

Val

Val

105

Arg

Lys

Phe

Leu

Gln

185

Val

Trp

Gly

Cys

Met

265

Ile

Leu

Cys

Thr

Gln

345

Glu

Lys

Ile

Glu

90

Thr

Ser

Gln

Gln

Leu

170

Pro

Leu

Val

Gly

Pro

250

Arg

Leu

Gly

Thr

Arg

330

Gln

Met

Ile

Glu

Leu

Thr

Gly

Phe

Met

155

Met

Ala

Met

Val

Ala

235

Val

Ala

Ala

Ala

His

315

Gly

Glu

Lys

Tyr

Gly

51

Gly

Pro

Pro

Arg

140

Asn

Ala

Tyr

Val

Ser

220

Leu

Phe

Ala

Trp

Asn

300

Tyr

Tyr

Arg

Glu

Ile

380

Phe

Leu

Met

Ser

125

Ser

Gln

Val

Val

Val

205

Tyr

Ala

Phe

Val

Gln

285

Val

Pro

Tle

Leu

Asp

365

Gln

Thr

Cys

Ala

Ser

Leu

Ala

190

Cys

Val

Ala

Val

Leu

270

Leu

Val

Ala

Gln

Leu

350

Ile

Lys

Ser

Ser

95

Thr

Trp

Lys

Ser

Leu

175

Leu

Asn

Val

Asn

Tyr

255

Ser

Asn

Leu

Glu

Ala

335

Leu

Asn

His

Leu

Val

Ala

His

Leu

Leu

160

Thr

Leu

Arg

Leu

Pro

240

Ile

Gly

Ser

Phe

Val

320

Arg

Ser

Thr

Asp

Ala
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[0008]

385

Ser

Ala

Ile

Ala

Ala

465

Val

Lys

Met

Leu

Glu

545

Leu

Leu

Val

Gln

Ala

625

Asp

Leu

Val

Cys

Gln

Arg

Leu

Asp

450

Ile

Gly

Trp

Glu

Gln

530

Arg

Gly

Gln

Pro

Met

610

Leu

Ala

Leu

Asp

Phe
690

Cys

Phe

Gly

435

His

Ser

Tle

Gln

Ala

515

Tyr

Asn

Ala

Arg

Asp

595

Gly

Asn

Arg

Thr

Pro

675

Ile

Thr

Asp

420

Asp

Ala

Leu

His

Phe

500

Gly

Leu

Ala

Ser

Thr

580

Arg

Ile

Pro

Ser

Phe

660

Arg

Cys

Ala

405

Lys

Cys

His

Val

Ser

485

Asp

Gly

Asn

Tyr

Gln

565

Arg

Ala

Asp

Glu

Tle

645

Gln

Phe

Phe

390

Gln

Leu

Tye

Cys

Arg

470

Gly

Val

Arg

Gly

Leu

550

Lys

Ala

Phe

Asp

Asp

630

Asp

Arg

Gly

Tle

Glu

Ala

Tyr

Cys

455

Glu

Arg

Trp

Ala

Asp

535

Lys

Arg

Asn

Ser

Ser

615

Glu

Gln

Glu

Ala

Gln
695

Leu

Ala

Cys

440

Val

Val

Val

Ser

Gly

520

ye

Glu

Lys

Ser

Arg

600

Ser

Val

Leu

Asp

Tyr

680

Leu

Val

Glu

425

Val

Glu

Thr

His

Asn

5056

Arg

Glu

Gln

Glu

Met

585

Thr

Lys

Asp

Arg

Leu

665

Val

Leu

Met

410

Asn

Ser

Met

Gly

Cys

490

Asp

Tle

Val

Cys

Glu

570

Glu

Lys

Asp

Glu

Lys

650

Glu

Ala

Val

395

Thr

His

Gly

Gly

Val

475

Gly

Val

His

Glu

Tle

555

Lys

Gly

Asp

Asn

Phe

635

Asp

Lys

Cys

Phe

52

Leu

Cys

Leu

Val

460

Asn

Val

Thr

Tle

Pro

540

Glu

Ala

Leu

Ser

Arg

620

Leu

His

Lys

Ala

Pro
700

Asn

Leu

Pro

445

Asp

Val

Leu

Leu

Thr

525

Gly

Thr

Met

Met

Lys

605

Gly

Gly

Val

Tyr

Leu

685

Tyr

Glu

Arg

430

Glu

Met

Asn

Gly

Ala

510

Arg

Arg

Phe

Leu

Pro

590

Ala

Ala

Arg

Arg

Ser

670

Leu

Ser

Leu

415

Tle

Ala

Tle

Met

Leu

495

Asn

Ala

Gly

Leu

Ala

575

Arg

Phe

Gln

Ala

Arg

655

Arg

Val

Thr

400

Phe

Lys

Arg

Glu

Arg

480

Arg

His

Thr

Gly

Tle

560

Lys

Trp

Arg

Asp

Ile

640

Phe

Lys

Phe

Leu
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[0009]

Tle

705

Leu

Gln

Val

Met

Leu

785

Asn

Thr

Leu

Met

Pro

865

Gly

Val

Phe

Arg

Met

945

Pro

Glu

Tle

Leu

Ile

Arg

Gly

Phe

770

Asn

Tyr

Cys

Ala

Thr

850

Pro

Leu

Gly

Ala

Leu

930

Glu

Lys

Leu

Ala

Gly

Cys

Leu

Ile

755

Thr

Leu

Ser

Ser

Ser

835

Phe

Ala

Ala

Arg

Leu

915

Asp

Glu

Asp

Tyr

Asn
995

Ile

Ala

Ser

740

Phe

Cys

Thr

Leu

Phe

820

Ser

Ile

Ala

Ser

Val

900

Ala

Phe

Leu

Val

Tyr

980

Phe

Tyr

Val

725

Arg

Ser

Asn

Pro

Gly

805

Pro

Val

Leu

Ile

Ser

885

Ala

Leu

Leu

Gln

Ala

965

Gln

Ser

Ala

710

Cys

Asn

Val

His

Ala

790

Leu

Glu

Phe

Gly

Phe

870

Asn

Leu

Tyr

Trp

Ala

950

Ala

Ser

Glu

Ala

Ser

Ile

Leu

Thr

775

Asp

Asp

Tyr

Leu

Phe

855

Asp

Glu

Lys

Leu

Lys

935

Tyr

His

Cys

Phe

Ile

Cys

Val

Leu

760

Pro

Val

Ala

Phe

His

840

Thr

Asn

Thr

Tyr

His

920

Leu

Asn

Phe

Glu

Tyr
1000

Phe Leu Leu

Gly

Arg

745

Val

Ile

Thr

Pro

Val

825

Ile

Tyr

Tyr

Phe

Met

905

Ala

Gln

Arg

Leu

Cys
985

Val Glu Leu Glu Ala Asn Asn Glu

Ser

730

Ser

Phe

Arg

Ala

Leu

810

Gly

Ser

Leu

Asp

Asp

890

Thr

Gln

Ala

Arg

Ala

970

Val

715

Phe

Arg

Ile

Thr

Cys

795

Cys

Asn

Ser

Val

Leu

875

Gly

Pro

Gln

Thr

Leu

955

Arg

Ala

53

Leu

Phe

Val

Ser

Cys

780

His

Glu

Val

Ile

Leu

860

Leu

Leu

Val

Val

Gly

940

Leu

Glu

Val

Leu

Pro

His

Ala

765

Ala

Leu

Gly

Leu

Gly

845

Leu

Leu

Asp

Ile

Glu

925

Glu

His

Arg

Met

Val

Lys

Ser

750

Ile

Ala

Gln

Thr

Leu

830

Lys

Leu

Gly

Cys

Leu

910

Ser

Lys

Asn

Arg

Phe
990

1005

Thr

Ala

735

Thr

Ala

Arg

Gln

Ala

815

Ser

Leu

Leu

Val

Pro

895

Leu

Thr

Glu

Ile

Asn

975

Ala

Val

720

Leu

Ala

Asn

Met

Leu

800

Pro

Leu

Ala

Gly

His

880

Ala

Val

Ala

Glu

Leu

960

Asp

Ser
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[0010]

Gly

Asp

Lys

Ser

Asp

Pro

Tle

Gly

Leu

Val

Pro

Val
1010

Glu
1025

Thr
1040

Thr
1055

Tyr
1070

Ser
1085

Val
1100

Trp
1115

Val
1130

Ala
1145

Lys
1160

Ser
1175

210> 1
211> 1
212> P

213>

<220>

223>

400> 1

Glu Cys

Ile Ile

Leu

Ser

Ile Gly Ser

Tyr Asp Gln

Ala Met

Phe Asn

Arg

Asn

Val Ala Gly

Gly Asn

Pro Asp

Ala Lys

Gly Lys

Ser

2
176
RT

AIF3

eI

2

Met Pro Thr Ser

1

Leu

Asn

Ala

Thr
65

Leu

Gly

Pro

50

Pro

Val Pro
20

Gln Lys
35

Arg Tyr

Ala Ala

Thr

Arg

Gly

Gly

Pro

Lys

Arg

Met

His

Arg

Glu

Thr

Val

Leu

Phe

Val

Val

Ile

Tyr

Glu

Arg

Val

Pro

Ser

Thr
70

Leu
1015

Glu
1030

Tyr
1045

Gly
1060

Met
1075

Gln
1090

Ile
1105

Asn
1120

Gln
1135

Gln
1150

Met
1165

Pro Val

Asp Gl

Arg Hi
40

Cys Le
55

Arg Cy

Leu

Arg

Met

Arg

Glu

Met

Gly

Val

Val

Leu

Thr

Asn Glu Ile Ile

Phe Arg

Ala Ala

Ser His

Gln Met

Lys T

le

Ala Arg

Ser S

er

Thr Thr

Glu Cys

Thr Tyr

Ala Ser

10

u Arg Lys

25

s Ala Asn

u Lys Asn

s Pro Trp

Met Ser

Thr Ala

Arg Ala

Ala Glu

Gln Asp

75

54

Gln

Ser

Ile

Lys

Gly

Lys

Arg

Asp

Arg

Phe

60

1020

Leu
1035

Gly
1050

Thr
1065

His
1080

Leu
1095

Pro
1110

Met
1125

Leu
1140

Gly
1155

Leu
1170

45

Ala

Glu

Leu

Ala

Ile

Asn

Gln

Asp

Tyr

Val

Asn

Trp Phe

Trp Gly

30

Ser Gly

Pro Pro

Glu Ala

Asp

Lys

Asn

Leu

Asn

Met

Tyr

Ser

Gln

Val

Gly

Ser

15

Glu

Phe

Ser

Phe

Phe

Ile

Ala

Ala

Glu

Gly

Asp

Thr

Val

Lys

Gly

Gly

Arg

Cys

Pro

Ile
80
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[0011]

Arg

Ala

Glu

Arg

Glu

145

Thr

Phe

Thr

Gly

225

His

Thr

Leu

Ser

Leu

305

Ser

Leu

Val

Lys

Arg

Leu

Val

Leu

130

Arg

Leu

His

Cys

Ser

210

Ile

Ser

Tyr

Gly

Asp

290

Cys

Gln

His

Leu

Lys
370

Ala

Gly

Ala

115

Val

Leu

Leu

Ala

Ala

195

Phe

Leu

Pro

Thr

Leu

275

Pro

Thr

Arg

Leu

Pro

355

Glu

Gly

Phe

100

Pro

Gln

Tyr

Met

Ala

180

Ser

Arg

Ala

Ser

Leu

260

Ser

Phe

Asn

Gln

Gln

340

Gln

Asp

Pro

85

Asp

Asp

Val

Gln

Ala

165

Pro

Val

Gln

Ala

Ala

245

Leu

Thr

Leu

Ala

Ala

325

His

His

Met

Gly

Asp

Thr

Phe

Arg

150

Val

Ala

Leu

Asp

Val

230

Gly

Pro

Leu

Trp

Ile

310

Phe

Glu

Val

Met

Arg

Thr

Ser

Gln

135

Tyr

Leu

Gln

Phe

Ser

215

Gln

Leu

Ile

His

Lys

295

Gly

Gln

Asn

Ala

Phe
345

Gly

Glu

Pro

120

Ser

Phe

Val

Pro

Val

200

Met

Val

Trp

Arg

Leu

280

Gln

Val

Glu

Arg

Met

360

His

Val

Val

105

Arg

Lys

Phe

Leu

Gln

185

Val

Trp

Gly

Cys

Met

265

Ile

Leu

Cys

Thr

Gln

345

Glu

Lys

Glu

90

Thr

Ser

Gln

Gln

Leu

170

Pro

Leu

Val

Gly

Pro

250

Arg

Leu

Gly

Thr

Arg

330

Gln

Met

Ile

Leu

Thr

Gly

Phe

Met

155

Met

Ala

Met

Val

Ala

235

Val

Ala

Ala

Ala

His

315

Gly

Glu

Lys

Tyr

55

Gly

Pro

Pro

Arg

140

Asn

Ala

Tyr

Val

Ser

220

Leu

Phe

Ala

Trp

Asn

300

Tyr

Tyr

Arg

Glu

Ile
380

Leu

Met

Ser

125

Ser

Gln

Val

Val

Val

2056

Tyr

Ala

Phe

Val

Gln

285

Val

Pro

Ile

Leu

Asp

365

Gln

Cys

Ala

Ser

Leu

Ala

190

Cys

Val

Ala

Val

Leu

270

Leu

Val

Ala

Gln

Leu

350

Ile

Lys

Ser

95

Thr

Trp

Lys

Ser

Leu

175

Leu

Asn

Val

Asn

Tyr

255

Ser

Asn

Leu

Glu

Ala

335

Leu

Asn

His

Val

Ala

His

Leu

Leu

160

Thr

Leu

Arg

Leu

Pro

240

Ile

Gly

Ser

Phe

Val

320

Arg

Ser

Thr

Asp
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[0012]

Asn

385

Ser

Ala

Tle

Ala

Ala

465

Val

Lys

Met

Leu

Glu

545

Leu

Leu

Val

Gln

Ala

625

Asp

Leu

Val

Val

Gln

Arg

Leu

Asp

450

Ile

Gly

Trp

Glu

Gln

530

Arg

Gly

Gln

Pro

Met

610

Leu

Ala

Leu

Asp

Ser

Cys

Phe

Gly

435

His

Ser

Ile

Gln

Ala

515

Tyr

Asn

Ala

Arg

Asp

595

Gly

Asn

Arg

Thr

Pro
675

Ile

Thr

Asp

420

Ala

Ala

Leu

His

Phe

500

Gly

Leu

Ala

Ser

Thr

580

Arg

Ile

Pro

Ser

Phe
660

Leu

Ala

405

Lys

Cys

His

Val

Ser

485

Asp

Gly

Asn

Tyr

Gln

565

Arg

Ala

Asp

Glu

Ile

645

Gln

Phe

Phe

390

Gln

Leu

Tyr

Cys

Arg

470

Gly

Val

Arg

Gly

Leu

550

Lys

Ala

Phe

Asp

Asp

630

Asp

Arg

Gly

Ala

Glu

Ala

Tyr

Cys

455

Glu

Arg

Trp

Ala

Asp

535

Lys

Arg

Asn

Ser

Ser

615

Glu

Gln

Glu

Ala

Asp

Leu

Ala

Cys

440

Val

Val

Val

Ser

Gly

520

Tyr

Glu

Lys

Ser

Arg

600

Ser

Val

Leu

Asp

Tyr
680

Ile Glu Gly

Val

Glu

425

Val

Glu

Thr

His

Asn

505

Arg

Glu

Gln

Glu

Met

585

Thr

Lys

Asp

Arg

Leu

665

Val

Met

410

Asn

Ser

Met

Gly

Cys

490

Asp

Ile

Val

Cys

Glu

570

Glu

Lys

Asp

Glu

Lys

650

Glu

Ala

395

Thr

His

Gly

Gly

Val

475

Gly

Val

His

Glu

Ile

555

Lys

Gly

Asp

Asn

Phe

635

Asp

Lys

Cys

56

Phe

Leu

Cys

Leu

Val

460

Asn

Val

Thr

Ile

Pro

540

Glu

Ala

Leu

Ser

Arg

620

Leu

His

Lys

Ala

Thr

Asn

Leu

Pro

445

Asp

Val

Leu

Leu

Thr

5256

Gly

Thr

Met

Met

Lys

605

Gly

Gly

Val

Tyr

Leu
685

Ser

Glu

Arg

430

Glu

Met

Asn

Gly

Ala

510

Arg

Arg

Phe

Leu

Pro

590

Ala

Ala

Arg

Arg

Ser

670

Leu

Leu

Leu

415

Ile

Ala

Ile

Met

Leu

495

Asn

Ala

Gly

Leu

Ala

575

Arg

Phe

Gln

Ala

Arg

655

Arg

Val

Ala

400

Phe

Lys

Arg

Glu

Arg

480

Arg

His

Thr

Gly

Ile

560

Lys

Trp

Arg

Asp

Ile

640

Phe

Lys

Phe
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[0013]

Cys

Tle

705

Leu

Gln

Val

Met

Leu

785

Asn

Thr

Leu

Met

Pro

865

Gly

Val

Phe

Arg

Met

945

Pro

Glu

Tle

Phe

690

Leu

Ile

Arg

Gly

Phe

770

Asn

Tyr

Cys

Ala

Thr

850

Pro

Leu

Gly

Ala

Leu

930

Glu

Lys

Leu

Ala

Ile

Gly

Cys

Leu

Ile

755

Thr

Leu

Ser

Ser

Ser

835

Phe

Ala

Ala

Arg

Leu

915

Asp

Glu

Asp

Tyr

Asn

Cys

Tle

Ala

Ser

740

Phe

Cys

Thr

Leu

Phe

820

Ser

Ile

Ala

Ser

Val

900

Ala

Phe

Leu

Val

Tyr

980

Phe

Phe

Tyr

Val

725

Arg

Ser

Asn

Pro

Gly

805

Pro

Val

Leu

Ile

Ser

885

Ala

Leu

Leu

Gln

Ala

965

Gln

Ser

Ile

Ala

710

Cys

Asn

Val

His

Ala

790

Leu

Glu

Phe

Gly

Phe

870

Asn

Leu

Tyr

Trp

Ala

950

Ala

Ser

Glu

Gln

695

Ala

Ser

Ile

Leu

Thr

775

Asp

Asp

Tyr

Leu

Phe

855

Asp

Glu

Lys

Leu

Lys

935

Tyr

His

Cys

Phe

Leu

Tle

Cys

Val

Leu

760

Pre

Val

Ala

Phe

His

840

Thr

Asn

Thr

Tyr

His

920

Leu

Asn

Phe

Glu

Tyr

Leu Val Phe

Phe

Gly

Arg

745

Val

Tle

Thr

Pro

Val

825

Ile

Tyr

Tyr

Phe

Met

905

Ala

Gln

Arg

Leu

Cys
985

Val Glu Leu Glu Ala Asn Asn Glu

Leu

Ser

730

Ser

Phe

Arg

Ala

Leu

810

Gly

Ser

Leu

Asp

Asp

890

Thr

Gln

Ala

Arg

Ala

970

Val

Leu

715

Phe

Arg

Ile

Thr

Cys

795

Cys

Asn

Ser

Val

Leu

875

Gly

Pro

Gln

Thr

Leu

955

Arg

Ala

57

Pro

700

Leu

Phe

Val

Ser

Cys

780

His

Glu

Val

Ile

Leu

860

Leu

Leu

Val

Val

Gly

940

Leu

Glu

Val

Tyr

Leu

Pro

His

Ala

765

Ala

Leu

Gly

Leu

Gly

845

Leu

Leu

Asp

Ile

Glu

925

Glu

His

Arg

Met

Ser

Val

Lys

Ser

750

Tle

Ala

Gln

Thr

Leu

830

Lys

Leu

Gly

Cys

Leu

910

Ser

Lys

Asn

Arg

Phe
990

Thr

Thr

Ala

735

Thr

Ala

Arg

Gln

Ala

815

Ser

Leu

Leu

Val

Pro

895

Leu

Thr

Glu

Ile

Asn

975

Ala

Leu

Val

720

Leu

Ala

Asn

Met

Leu

800

Pro

Leu

Ala

Gly

His

880

Ala

Val

Ala

Glu

Leu

960

Asp

Ser



CN 105452458 A

.1l

14/29 71

[0014]

Gly

Asp

Lys

Ser

Asp

His

Pro

Tle

Gly

Leu

Val

Pro

Val
1010

Glu
1025

Thr
1040

Thr
1055

Tyr
1070

Ser
1085

Val
1100

Trp
1115

Val
1130

Ala
1145

Lys
1160

Ser
1175

210> 1
211> 1
212> P

218>

220>

223>

400> 1

995

Glu

Ile

Ile

Tyr

Ala

Phe

Val

Gly

Pro

Ala

Gly

Ser

3
168
RT

3

Cys

Ile

Gly

Asp

Met

Asn

Ala

Asn

Asp

Lys

Lys

AIFF

E eI

Met Ser Trp Phe

1

Thr Ala Trp Gly

20

Thr Arg Ala Gly

35

Asp Ala Glu Pro

50

Leu

Ser

Ser

Gln

Arg

Asn

Gly

Thr

Arg

Gly

Gly

Ser Gly Leu
5

Glu Arg Asn
Gly Phe Cys

Pro Ser Pro

Arg

Glu

Thr

Val

Leu

Phe

Val

Val

Ile

Tyr

Glu

10

Leu
1015

Glu
1030

Tyr
1045

Gly
1060

Met
1075

Gln
1090

Ile
1105

Asn
1120

Gln
1135

Gln
1150

Met
1165

40

55

00

Leu

Arg

Met

Arg

Glu

Met

Gly

Val

Val

Leu

Thr

25

Asn

Phe

Ala

Ser

Gln

Lys

Ala

Ser

Thr

Glu

Thr

10

Glu

Arg

Ala

His

Met

Ile

Arg

Ser

Thr

Cys

Tyr

58

Ile

Gln

Ser

Ile

Lys

Gly

Lys

Arg

Asp

Arg

Phe

Thr Pro Arg Tyr Met

60

1005

Ile
1020

Leu
1035

Gly
1050

Thr
1065

His
1080

Leu
1095

Pro
1110

Met
1125

Leu
1140

Gly
1155

Leu
1170

S
45

Ala

Glu

Leu

Ala

Ile

Asn

Gln

Asp

Tyr

Val

Asn

Asp

Lys

Asn

Leu

Asn

Met

Tyr

Ser

Gln

Val

Gly

15

Phe

Ile

Ala

Ala

Glu

Gly

Asp

Thr

Val

Lys

Gly

Leu Val Pro Lys Val Asp Glu Arg Lys

Gly Gln Lys Arg Ser Arg Arg Arg Gly
30

er Cys Leu Arg

Thr Pro Ala Gly Pro Pro Arg Cys Pro
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[0015]

Trp

65

Glu

Thr

Arg

Lys

Phe

145

Leu

Gln

Gly

Trp

Gly

225

Cys

Met

Ile

Leu

Cys

305

Thr

Gln

Glu

Lys

Gln

Leu

Thr

Ser

Gln

130

Gln

Leu

Pro

Leu

Val

210

Gly

Pro

Arg

Leu

Gly

290

Thr

Arg

Gln

Met

Ile

Asp

Gly

Thr

Gly

115

Phe

Met

Thr

Ala

Met

195

Val

Ala

Val

Ala

Ala

275

Ala

His

Gly

Glu

Lys

355

Tyr

Asp

Leu

Ala

100

Arg

Arg

Asn

Ala

Tyr

180

Val

Ser

Leu

Phe

Ala

260

Trp

Asn

Tyr

Tyr

Arg

340

Glu

Tle

Ala

Arg

85

Gly

Ser

Ser

Gln

Val

165

Val

Val

Tyr

Ala

Phe

245

Val

Gln

Val

Pro

Tle

325

Leu

Asp

Gln

Phe

70

Ala

Gly

Cys

Ala

Ser

150

Leu

Ala

Cys

Val

Ala

230

Val

Leu

Leu

Leu

Ala

310

Gln

Leu

Ile

Lys

Ile

Val

Thr

Trp

Lys

135

Ser

Leu

Leu

Asn

Val

215

Asp

Tyr

Ser

Asn

Leu

295

Glu

Ala

Leu

Asn

His

Arg

Ala

Ala

Arg

120

Leu

Leu

Ala

Leu

Arg

200

Leu

Pro

Ile

Gly

Arg

280

Phe

Val

Arg

Ser

Thr

360

Asp

Arg Gly Gly
75

Leu

Glu

105

Arg

Glu

Thr

Phe

Ala

185

His

Gly

Arg

Ala

Leu

265

Gly

Leu

Ser

Leu

Val

345

Lys

Asn

Gly

90

Val

Leu

Arg

Leu

His

170

Cys

Ser

Ile

Ser

Tyr

250

Gly

Asp

Cys

Gln

His

330

Leu

Lys

Val

Phe

Ala

Val

Leu

Leu

155

Ala

Ala

Phe

Leu

Pro

235

Thr

Leu

Ala

Thr

Arg

315

Leu

Pro

Glu

Ser

59

Pro

Glu

Pro

Gln

Tyr

140

Met

Ala

Ala

Arg

Ala

220

Ser

Leu

Ser

Phe

Asn

300

Gln

Gln

Gln

Asp

Tle

Gly

Asp

Asp

Val

125

Gln

Ala

Pro

Ala

Gln

205

Ala

Ala

Leu

Thr

Leu

285

Val

Ala

His

His

Met

365

Leu

Lys

Thr

Ala

110

Phe

Arg

Val

Ala

Leu

190

Asp

Val

Gly

Pro

Leu

270

Trp

Tle

Phe

Glu

Val

350

Met

Phe

Gly

Glu

95

Val

Gln

Tyr

Leu

Arg

175

Phe

Ser

Gln

Leu

Ile

255

His

Arg

Gly

Gln

Asn

335

Ala

Phe

Ala

Lys

80

Val

Pro

Ser

Phe

Val

160

Pro

Val

Met

Val

Trp

240

Arg

Leu

Gln

Tle

Glu

320

Arg

Met

His

Asp
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[0016]

Ile

385

Val

Glu

Val

Glu

Thr

465

His

Asn

Arg

Glu

Gln

545

Glu

Met

Thr

Lys

Asp

625

Arg

Leu

Val

370

Glu

Met

Asn

Ser

Met

450

Gly

Cys

Asp

Ile

Val

530

His

Glu

Glu

Lys

Asp

610

Glu

Lys

Glu

Ala

Gly

Thr

His

Gly

435

Gly

Val

Gly

Val

His

515

Glu

Tle

Lys

Gly

Asp

595

Asn

Phe

Asp

Lys

Cys
675

Phe

Leu

Cys

420

Leu

Val

Asn

Val

Thr

500

Ile

Pro

Glu

Ala

Leu

580

Ser

Arg

Leu

His

Lys

660

Ala

Thr

Asn

405

Leu

Pro

Asp

Val

Leu

485

Leu

Thr

Gly

Thr

Met

565

Met

Lys

Gly

Ser

Val

645

Tyr

Leu

Ser

390

Glu

Arg

Glu

Met

Asn

470

Gly

Ala

Arg

Arg

Phe

550

Leu

Pro

Ala

Thr

Arg

630

Arg

Ser

Leu

375

Leu

Leu

Tle

Ala

Tle

455

Met

Leu

Asn

Ala

Gly

535

Leu

Ala

Arg

Phe

Gln

615

Ala

Arg

Arg

Val

Ala

Phe

Lys

Arg

440

Glu

Arg

Arg

His

Thr

520

Gly

Tle

Lys

Trp

Arg

600

Asp

Tle

Phe

Lys

Phe
680

Ser

Ala

Tle

425

Ala

Ala

Val

Lys

Met

505

Leu

Glu

Leu

Leu

Val

585

Gln

Ala

Asp

Leu

Val

665

Cys

Gln

Arg

410

Leu

Asp

Tle

Gly

Trp

490

Glu

Gln

Arg

Gly

Gln

570

Pro

Met

Leu

Ala

Leu

650

Asp

Phe

Cys

395

Phe

Gly

His

Ser

Tle

475

Gln

Ala

Tyr

Asn

Ala

555

Arg

Asp

Gly

Asn

Arg

635

Thr

Pro

Ile

60

380

Thr

Asp

Ala

Ala

Leu

460

His

Phe

Gly

Leu

Ala

540

Ser

Thr

Arg

Tle

Pro

620

Ser

Phe

Arg

Cys

Ala

Lys

Cys

His

445

Val

Ser

Asp

Gly

Asn

525

Tyr

Gln

Arg

Ala

Asp

605

Glu

Ile

Gln

Phe

Phe
685

Gln

Leu

Tyr

430

Cys

Arg

Gly

Val

Arg

510

Gly

Leu

Lys

Ala

Phe

590

Asp

Asp

Asp

Arg

Gly

670

Ile

Glu

Ala

415

Tyr

Cys

Glu

Arg

Trp

495

Ala

Asp

Lys

Arg

Asn

575

Ser

Ser

Glu

Gln

Glu

655

Ala

Gln

Leu

400

Ala

Cys

Val

Val

Val

480

Ser

Gly

Tyr

Glu

Lys

560

Ser

Arg

Ser

Val

Leu

640

Asp

Tyr

Leu
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[0017]

Leu

Phe

705

Gly

Arg

Val

Tle

Thr

785

Pro

Tle

Tle

Tyr

Tyr

865

Phe

Met

Ala

Gln

Arg

945

Leu

Cys

Ile

690

Leu

Ser

Ser

Phe

Arg

770

Ala

Leu

Gly

Ser

Leu

850

Asp

Asp

Thr

Gln

Ala

930

Arg

Ala

Val

Phe

Leu

Leu

Arg

Thr

755

Ser

Cys

Cys

Asn

Ser

835

Val

Leu

Gly

Pro

Gln

915

Thr

Leu

Arg

Ala

Pro

Leu

Phe

Ala

740

Ser

Cys

His

Glu

Met

820

Ile

Leu

Leu

Leu

Val

900

Val

Gly

Leu

Glu

Val
980

His

Leu

Pro

725

His

Ala

Ala

Leu

Gly

805

Leu

Gly

Leu

Leu

Asp

885

Ile

Glu

Glu

His

Arg

965

Met

Ser

Ile

710

Lys

Ser

Ile

Ala

Gln

790

Thr

Leu

Lys

Leu

Gly

870

Cys

Leu

Ser

Lys

Asn

950

Arg

Phe

Thr

695

Thr

Ala

Thr

Ala

Arg

775

Gln

Met

Ser

Leu

Leu

855

Val

Pro

Leu

Thr

Glu

935

Ile

Asn

Ala

Leu

Val

Leu

Ala

Asn

760

Met

Leu

Pro

Leu

Ala

840

Gly

His

Ala

Val

Ala

920

Glu

Leu

Asp

Ser

Met

Leu

Gln

Val

745

Met

Leu

Asn

Thr

Leu

825

Met

Pro

Gly

Ala

Phe

905

Arg

Met

Pro

Glu

Ile
985

Leu Gly

Ile Cys
715

Arg Leu
730

Gly Tle

Phe Thr

Asn Leu

Tyr Ser
795

Cys Ser
810

Ala Ser

Ile Phe

Pro Ala

Leu Ala
875

Gly Arg
890

Ala Leu

Leu Asp

Glu Glu

Lys Asp

955

Leu Tyr
970

Ala Asn

61

Ile

700

Ala

Ser

Phe

Cys

Thr

780

Leu

Phe

Ser

Val

Thr

860

Ser

Val

Ala

Phe

Leu

940

Val

Tyr

Phe

Tyr

Val

Arg

Ser

Asn

765

Pro

Gly

Pro

Val

Leu

845

Ile

Ser

Ala

Leu

Leu

925

Gln

Ala

Gln

Ser

Ala

Tyr

Ser

Val

750

His

Ala

Leu

Glu

Phe

830

Gly

Phe

Asn

Leu

Tyr

910

Trp

Ala

Ala

Ser

Glu
990

Ser

Ser

Ile

735

Leu

Thr

Asp

Asp

Tyr

815

Leu

Leu

Asp

Glu

Lys

895

Leu

Lys

Tyr

His

Cys

975

Phe

Ile

Cys

720

Val

Leu

Pro

Ile

Ala

800

Phe

His

Ile

Asn

Thr

880

Tyr

His

Leu

Asn

Phe

960

Glu

Tyr
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[0018]

Val Glu Leu Glu Ala Asn Asn Glu Gly Val Glu Cys Leu Arg Leu Leu
1005

Asn

Phe

Ala

Ser

Gln

Lys

Ala

Ser

Thr

Glu

Thr

9

Glu
1010

Arg
1025

Ala
1040

His
1055

Met
1070

Ile
1085

Arg
1100

Ser
1115

Thr
1130

Cys
1145

Tyr
1160

210> 14
211> 35
<212> DN
213> &

<220>

<221>
2227
<223>

<400> 14

gaattcgece ttcggcecagea
acggaaaaca
ggcaggtgge
ccecaccecect
cggeecagge
cgaggtgaca
tgggegatcee

caagctggag

95

Ile

Gln

Ser

Ile

Lys

Gly

Lys

Arg

Asp

Arg

Phe

37
A
A

Ile

Leu

Gly

Thr

His

Leu

Pro

Met

Leu

Gly

Leu

Ala

Glu

Leu

Ala

Ile

Asn

Gln

Asp

Tyr

Val

Asn

misc_feature
(163). . (163)
nfga. c. gkt

gectggggteg
ttctgecacge
gcgggeecee
aagggcaagyg
acgacagcgg
tgetggegee

cgeetgtace

1000

Asp Phe Asp
1015

Lys Tle Lys
1030

Asn Ala Ser
1045

Leu Ala Asp
1060

Asn Glu His
1075

Met Gly Pro
1090

Tyr Asp Ile
1105

Ser Thr Gly
1120

Gln Val Leu
1135

Val Lys Val
1150

Gly Gly Pro
1165

tgtcatggtt
aacgcaatgg
ccegetatat
ctcggtgecee
agctgggget
gcgggacggce
gtctggtgea

agcggtactt

Glu Ile Ile

Thr Ile Gly

Thr Tyr Asp

Tyr Ala Met

Ser Phe Asn

Val Val Ala

Trp Gly Asn

Val Pro Asp

Ala Ala Lys

Lys Gly Lys

Ser Ser

Ser
1020

Ser
1035

Gln
1050

Arg
1065

Asn
1080

Gly
1095

Thr
1110

Arg
1125

Gly
1140

Gly
1155

Glu

Thr

Val

Leu

Phe

Val

Val

Ile

Tyr

Glu

tagtggecte ctggteecta

gcagaagegt tcgeggegee

gagectgecte cgngatgeag

ctggcaggat gacgcctteca

gcgggeagtg gecetggget

tgaggtggeg cccgacgegg

ggtgttccag tcgaagcagt

cttccagatg aaccagagca

62

Glu Arg

Tyr Met

Gly Arg

Met Glu

GIn Met

Ile Gly

Asn Val

Gln Val

Gln Leu

Met Thr

aagtggatga
gtggcactcg
agccacccag
tccggagggsg
tcgaggatac
tgcccaggag
tcegttegge

geectgacget

60
120
180
240
300
360
420
480
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[0019]

gctgatggeg
ccgeecteag
catggtggtg
ggtgetggge
cceetetgeg
catccgeatg
ggeectggeaa
getgtteete
gecgeecaggec
gaatcggcag
gaaagaagac
gcatgacaat
gtgcactgeg
ggctgeggag
agggetgecg
gattgaggcec
catccacagce
gtggtccaat
ccacatcact
tggtggegag
cgeecagecag
caactccatg
ggactccaag
ccaagatgcc
ccgecageatt
agaggatctt
ctgtgeecetg
caccctgatg
ctgtgetgtg
cattgtecge
tacttctgee
ccggatgetg
ctetetggge
gtacttcate
cagcatcggg
getgggtecee
ggettettee

caaatatatg

gtgetggtge
cctgeetatg
tgtaaccgge
atcectggegg
ggeetetggt
cgggetgeeg
cttaaccgtg
tgcaccaacg
tttcaggaga
caggagegge
atcaacacaa
gtcageatcece
caggagetgg
aatcactgcee
gaggeeeges
atctcgetgg
gggegegtge
gatgtgacce
cgggcaacac
cgcaacgegt
aaacggaaag
gaagggctga
geettecgee
ctgaaccctg
gatcagcectge
gagaagaagt
ttggtettet
cttgggatct
tactcectgtg
tcacgggceac
attgccaaca
aatttaacac
ctggatgete
gggaacatge
aagttggecca
ccagcecacca
aatgagacct

accecctgtga

tgetcacage
tggcactgtt
atagctteeg
cagtgcaggt
geeetgtgtt
tcctcagegg
gtgatgectt
tcattggecat
cecgeggtta
tgetgetgte
aaaaagaaga
tgtttgcaga
tcatgacccet
tgaggatcaa
ccgaccatge
tacgtgaggt
actgcggegt
tggccaacca
tgcagtacct
acctcaagga
aggagaagge
tgeegegetg
agatgggcat
aggatgaggt
ggaaggacca
actccecggaa
gcttcatetg
atgccagcat
gttetetgtt
atagcaccge
tgttcacctg
ctgetgacat
cectgtgtga
tgctgagtet
tgatctttgt
tctttgacaa
ttgatggget

ttetgetggt

ggtgetgetg
ggeetgtgee
ccaggactce
cgggggeget
ctttgtctac
cetgggecete
cctetggagg
ctgcacacac
catccaggcece
ggtattgece
catgatgtte
cattgaggge
gaatgagcte
gatcttgggg
coactgetegt
gacaggtgtg
cettggettg
catggaggca
gaacggggac
gcagcacatt
catgectggece
ggttcetgat
tgatgattcce
ggatgagtte
tgtgecgeegg
ggtggatccee
cttcatccag
cttectgetg
ccctaaggece
agttggcate
taaccacacc
cactgectge
gggcaccatg
cttggeccage
cttggggete
ctatgaccta
ggactgtcca

gtttgegetg

63

getttecacg
gcegeeetgt
atgtgggtegg
ctcgcagecag
atcgcctaca
tccacecttge
cageteggtg
tatccagcag
cggetecace
cagcacgteg
cacaagatct
ttcaccagce
tttgeeeggt
gactgttact
gtggagatgg
aatgtgaaca
cggaaatgge
ggaggeeggg
tacgaggtgg
gagactttce
aagctgcecage
cgtgeettet
agcaaagaca
ctgagecegtg
tttetgetea
cgctteggag
grteTeatet
¢tgetaatea
ctgcaacgtce
ttttecegtee
cccatacgga
cacctgecage
cccacctgea
tetgtettee
atdtattiseg
ctgettggeg
getgeaggga

gegetgtate

ccgeacceege
tegtgggget
tgagttacgt
acccgegeag
cgeteetecee
atttgatctt
ccaatptgct
aggtgtctca
tgcagcatga
ccatggagat
acatacagaa
tggecatecca
ttgacaagct
actgtgtgte
gggtagacat
tgcgegtggg
agttcgatgt
ctggecegeat
agccaggeceg
tcatcetggg
ggactcggge
ccecggaccaa
accggggeac
ccatcgatge
ccttccagag
cctacgttge
tcecacacte
ccgtgetgat
tgtceecgeag
tgettgtgtt
getgtgeage
agctcaatta
getttectga
tgcacatcag
tgetgettiet
tccatggett
gggtggecct

tgeatgetca

540

600

660

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
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[0020]

gcaggtggag
ggaggagatg
ggacgtggeg
gtgtgagtgt
gctggaggea
ctttgatgag
tagcacctac
ccacatcact
tgagcactce
aggtgtcate
tagtcgtatg
ggttctaget

gggggagatg

210> 15

<211> 3537

<212> DNA

tegaetgede
gaggagctac
geecacttee
gtggetgtta
aacaatgagg
attatcagceg
atggetgecet
geeetggetg
ttcaacaatt
ggggetegga
gacagcacgg
gccaagggcet

acedeetact

Q213> MER

220>

<221> misc _feature
<222>  (163).. (163)
<223> nfEa. c. gHit

<400> 15
gaattcgece

acggaaaaca
ggcaggtgge
ccecaccecect
cggeecagge
cgaggtgaca
tgggegatee
caagctggag
gectgatggeg
ccgeecteag
catggtggtg
ggtgetggge
cceetetgeg
catccgeatg
ggeetggeaa
getgttecte
gcgeeaggee
gaatcggcecag

gaaagaagac

ttcggecagea
gectggggtsg
ttctgecacge
gcgggeecee
aagggcaagg
acgacagcgg
tgetggegee
cgeectgtace
gtgetggtge
cetgeotatg
tgtaaccgge
atcctggegg
ggeetetggt
cgggetgeeg
cttaaccgtg
tgcaccaacg
tttcaggaga
caggagegge

atcaacacaa

gcetagactt
aggcatacaa
tggeceggga
tgtttgecte
gtgtcgagtg
aggageggtt
cagggctgaa
actacgccat
tccagatgaa
agccacagta
gggtceceega
accagctgga

tcetcaatgg

tgtcatggtt
aacgcaatgg
cccgetatat
ctcggtgecee
agcetgggget
gecgggacgee
gtctggtgea
ageggtactt
tgctecacage
Tegeactett
atagctteceg
cagtgcaggt
geeetgtgtt
tectcagegg
gtgatgectt
tcattggcat
cececgeggtta
tgetgetgte

aaaaagaaga

cctetggaaa
ccggaggetg
gegecgeaat
cattgccaac
cectgeggetg
ccggeagetg
cgeccageace
geggetcatg
gattgggetg
tgacatctgg
ccgaatecag
gtgtcgaggg

gggeeceage

tagtggecte
gcagaagcgt
gagetgecete
ctggcaggat
gegggeagtg
tgaggtggeg
ggtgttccag
cttccagatg
ggtgetgetg
ggeetgtgee
ccaggactee
cgggggeget
gtttgtctae
cetgggecete
cctetggagg
ctgcacacac
catccaggcee
ggtattgecee

catgatgtte

64

ctacaggcaa
ctgcataaca
gatgaactct
ttetetgagt
ctcaacgaga
gaaaagatca
tacgatcagg
gagcagatga
aacatgggcee
gggaacacag
gtgaccacgg
gtggtcaagg

agttaacagg

ctggteecta
tcgeggegee
cgngatgcag
gacgccttca
geeetggget
ccecgacgegg
tcgaagcagt
aaccagagca
gctttecacg
geegeeetgt
atgtgggteg
ctcgcageag
atcgcctaca
teeacettge
cageteggtg
tatccagcag
cggetecace
cagcacgtcg

cacaagatct

caggggagaa
ttctgeccaa
actatcagtc
tctatgtgga
tcatcgetga
agacgattgg
tgggeegete
agcacatcaa
cagtcgtgge
tgaatgtcte
acctgtacca
tgaagggcaa

ggaattc

aagtggatga
gtggcactceg
agccacccag
tccggagggsg
tcgaggatac
tgcecaggag
teecgttegge
gcectgacget
ccgeacccege
tecgtgggget
tgagttacgt
acccgegeag
cgeteectece
atttgatett
¢ccaatgtget
aggtgtctca
tgcagcatga
ccatggagat

acatacagaa

2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3537

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
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[0021]

gcatgacaat
gtgcactgeg
ggctgeggag
agggetgecg
gattgaggce
catccacage
gtggtccaat
ccacatcact
tggtggegag
cgccagecag
caactccatg
ggactccaag
ccaagatgce
ccgeageatt
agaggatctt
ctgtgeeetg
caccctgatg
ctgtgetgtg
cattgtcege
tacttectgee
ccggatgetg
ctectetggge
gtacttcate
cagcatcggg
getgggtece
ggettettee
caaatatatg
gcaggtggag
ggaggagatg
ggacgtggeg
gtgtgagtgt
gctggaggea
ctttgatgag
tagcacctac
ccacatcact
tgagcactcce
aggtgtcatc
tagtcgtatg

ggttctaget

gtcagcatcce
caggagetgg
aatcactgce
gaggeeegssg
atctegetgg
gggegegtge
gatgtgacce
cgggcaacac
cgcaacgegt
aaacggaaag
gaagggctga
geetteegee
ctgaaccctg
gatcagcetge
gagaagaagt
ttggtettet
cttgggatct
tactcctgtg
tcacgggceac
attgccaaca
aatttaacac
ctggatgete
gggaacatge
aagttggcca
ccagecacca
aatgagacct
acccectgtga
tegaetgeee
gaggagctac
geecacttee
gtggetgtta
aacaatgagg
attatcagcg
atggetgecet
geeectggetg
ttcaacaatt
ggggetegga
gacagcacgg

gccaaggget

tgtttgcaga
tcatgaccct
tgaggatcaa
ccgaccatge
tacgtgaggt
actgeggegt
tggccaacca
tgcagtacct
acctcaagga
aggagaagge
tgeegegetg
agatgggcat
aggatgaggt
ggaaggacca
actcccggaa
gcettcatetg
atgccageat
gttetetgtt
atagcaccge
tgttcacctg
ctgetgacat
cectgtgtga
tgctgagtet
tgatctttgt
tctttgacaa
ttgatggget
ttetgetggt
gcctagactt
aggcatacaa
tggcecggga
tgtttgeete
gtgtcgagtg
aggagcggtt
cagggctgaa
actacgccat
tccagatgaa
agccacagta
gggtececega

accagetgga

cattgaggge
gaatgagcte
gatcttgggg
ccactgetgt
gacaggtgtg
ccttggettg
catggaggca
gaacggggac
gcagcacatt
catgetggee
ggttectgat
tgatgattcce
ggatgagtte
tgtgegeegg
ggtggatcee
cttcatccag
ettedtgelg
ccctaaggee
agttggecate
taaccacacc
cactgcetge
gggcaccatg
cttggcecage
cttggggete
ctatgaccta
ggactgtcca
gtttgegetg
cctectggaaa
ccggaggetg
gegeecgeaat
cattgccaac
cctgeggetg
ccggeagetg
cgecageace
geggetecatg
gattgggetg
tgacatctgg
ccgaatccag

gtgtcgaggg

65

ttcaccagece
tttgeceggt
gactgttact
gtggagatgg
aatgtgaaca
cggaaatggce
ggaggeegss
tacgaggtgg
gagactttce
aagctgcage
cgtgecettet
agcaaagaca
ctgagcegtg
tttctgetea
cgetteggag
cttctcatet
ctgetaatea
ctgcaacgte
tthtecgtee
cccatacgga
cacctgcage
cccacctgea
tetgtettee
ditetattigg
ctgettggeg
gctgecaggga
gcgetgtate
ctacaggcaa
ctgcataaca
gatgaactct
ttetetgagt
ctcaacgaga
gaaaagatca
tacgatcagg
gagcagatga
aacatgggcce
gggaacacag
gtgaccacgg

gtggtcaagg

tggecatcceca
ttgacaagcet
actgtgtgte
gggtagacat
tgegegtggg
agttcgatgt
ctggeecgeat
agccaggeceg
tcatcctggg
ggactcggge
cceggaccaa
accggggeac
ccatcgatge
ccttccagag
cctacgttge
tcecacacte
ccgtgetgat
tgtceecgeag
tgettgtgtt
getgtgeage
agctcaatta
gettteetga
tgcacatcag
tgetgetiet
tccatggett
gggtggeeet
tgeatgereca
caggggagaa
ttctgeccaa
actatcagte
tctatgtgga
tcatcgetga
agacgattgg
tgggeegete
agcacatcaa
cagtcgtgge
tgaatgtctce
acctgtacca

tgaagggcaa

1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
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gggggagatg accacctact tcctcaatgg gggecccage agttaacagg ggaattce 3537

210> 16
211> 1166
<212> PRT

213> PERR

<400> 16
Met Ser Trp Phe Ser Gly Leu Leu Val Pro Lys Val Asp Glu Arg Lys
1 5 10 15

Thr Ala Trp Gly Glu Arg Asn Gly Gln Lys Arg Pro Arg His Ala Asn
20 25 30

Arg Ala Ser Gly Phe Cys Ala Pro Arg Tyr Met Ser Cys Leu Lys Asn
35 40 45

Ala Glu Pro Pro Ser Pro Thr Pro Ala Ala His Thr Arg Cys Pro Trp
50 55 60

Gln Asp Glu Ala Phe Ile Arg Arg Ala Gly Pro Gly Arg Gly Val Glu
65 70 75 80

Leu Gly Leu Arg Ser Val Ala Leu Gly Phe Asp Asp Thr Glu Val Thr
85 90 95

Thr Pro Met Gly Thr Ala Glu Val Ala Pro Asp Thr Ser Pro Arg Ser
100 105 110

[0022] Gly Pro Ser Cys Trp His Arg Leu Val Gln Val Phe Gln Ser Lys Gln
115 120 125

Phe Arg Ser Ala Lys Leu Glu Arg Leu Tyr Gln Arg Tyr Phe Phe Gln
130 135 140

Met Asn Gln Ser Ser Leu Thr Leu Leu Met Ala Val Leu Val Leu Leu
145 150 155 160

Met Ala Val Leu Leu Thr Phe His Ala Ala Pro Ala Gln Pro Gln Pro
165 170 175

Ala Tyr Val Ala Leu Leu Thr Cys Ala Ser Val Leu Phe Val Val Leu
180 185 190

Met Val Val Cys Asn Arg His Ser Phe Arg Gln Asp Ser Met Trp Val
195 200 205

Val Ser Tyr Val Val Leu Gly Ile Leu Ala Ala Val Gln Val Gly Gly
210 215 220

Ala Leu Ala Ala Asn Pro His Ser Pro Ser Ala Gly Leu Trp Cys Pro
225 230 235 240

Val Phe Phe Val Tyr Ile Thr Tyr Thr Leu Leu Pro Ile Arg Met Arg
245 250 255

Ala Ala Val Leu Ser Gly Leu Gly Leu Ser Thr Leu His Leu Ile Leu
260 265 270

66
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[0023]

Ala

Ala

His

305

Gly

Glu

Lys

Tyr

Gly

385

Thr

His

Gly

Gly

Val

465

Gly

Val

His

Glu

Tle

545

Lys

Trp

Asn

290

Tyr

Tyr

Arg

Glu

Ile

370

Phe

Leu

Cys

Leu

Val

450

Asn

Val

Thr

Ile

Pro

530

Glu

Ala

Gln

275

Val

Pro

Ile

Leu

Asp

356

Gln

Thr

Asn

Leu

Pro

435

Asp

Val

Leu

Leu

Thr

515

Gly

Thr

Met

Leu

Val

Ala

Gln

Leu

340

Ile

Lys

Ser

Glu

Arg

420

Glu

Met

Asn

Gly

Ala

500

Arg

Arg

Phe

Leu

Asn

Leu

Glu

Ala

3256

Leu

Asn

His

Leu

Leu

405

Ile

Ala

Ile

Met

Leu

485

Asn

Ala

Gly

Leu

Ala
565

Ser

Phe

Val

310

Arg

Ser

Thr

Asp

Ala

390

Phe

Lys

Arg

Glu

Arg

470

Arg

His

Thr

Gly

Ile
550

Ser

Leu

295

Ser

Leu

Val

Lys

Asn

375

Ser

Ala

Ile

Ala

Ala

455

Val

Lys

Met

Leu

Glu

535

Leu

Leu

Asp

280

Cys

Gln

His

Leu

Lys

360

Val

Gln

Arg

Leu

Asp

440

Ile

Gly

Trp

Glu

Gln

520

Arg

Gly

Gln

Pro

Thr

Arg

Leu

Pro

345

Glu

Ser

Cys

Phe

Gly

425

His

Ser

Ile

Gln

Ala

505

Tyr

Asn

Ala

Arg

Phe

Asn

Gln

Gln

330

Gln

Asp

Ile

Thr

Asp

410

Asp

Leu

Ala

Ala

315

His

His

Met

Leu

Ala

395

Lys

Cys

Ala His

Leu

His

Phe

490

Gly

Leu

Val

Ser

475

Asp

Gly

Asn

Ala Tyr

Ser

Thr
570

Gln
555

Arg

67

Trp

Ile

300

Phe

Glu

Val

Met

Phe

380

Gln

Leu

Tyr

Cys

Arg

460

Gly

Val

Arg

Gly

Leu

540

Lys

Ala

Lys

285

Gly

Gln

Asn

Ala

Phe

365

Ala

Glu

Ala

Tyr

Cys

445

Glu

Arg

Trp

Ala

Asp

525

Lys

Arg

Asn

Gln

Val

Glu

Arg

Met

350

His

Asp

Leu

Ala

Cys

430

Val

Val

Val

Ser

Tyr

Glu

Lys

Ser

Leu

Cys

Thr

Gln

335

Glu

Lys

Ile

Val

Glu

415

Val

Glu

Thr

His

Asn

495

Arg

Glu

Gln

Glu

Met
575

Gly

Thr

Arg

320

Gln

Met

Ile

Glu

Met

400

Asn

Ser

Met

Gly

Cys

480

Asp

Ile

Val

Cys

Glu

560

Glu
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[0024]

Gly

Asp

Asn

Phe

625

Asp

Lys

Cys

Phe

Leu

705

Phe

Arg

Tle

Thr

Cys

785

Cys

Asn

Ser

Val

Leu
865

Leu

Ser

Arg

610

Leu

His

Lys

Ala

Pro

690

Leu

Phe

Val

Ser

Cys

770

His

Glu

Val

Ile

Leu

850

Leu

Met

Lys

595

Gly

Gly

Val

Tyr

Leu

675

Tyr

Leu

Pro

His

Ala

755

Ala

Leu

Gly

Leu

Gly

835

Leu

Leu

Pro

580

Ala

Ala

Arg

Arg

Ser

660

Leu

Ser

Val

Lys

Ser

740

Ile

Ala

Gln

Thr

Leu

820

Lys

Leu

Gly

Arg

Phe

Gln

Ala

Arg

645

Arg

Val

Thr

Thr

Ala

725

Thr

Ala

Arg

Gln

Ala

805

Ser

Leu

Leu

Val

Trp

Arg

Asp

Ile
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Leu Asp
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Leu
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Ile Ala A
9

Gly Val
1000

Glu TIle
1015

Thr TIle
1030

Thr Tyr
1045

Tyr Ala
1060

Ser Phe
1075

Val Val
1090

Trp Gly
1105

Val Pro
1120

Ala Ala
1135

Lys Gly
1150

Ser Ser
1165

890

eu Ala Le

05

sp Phe Le

lu Leu G1

sp Val Al

95

yr Tyr Gl
970

sn Phe Se

85

Glu Cys Leu Arg Leu Leu Asn Glu
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Trp
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Met

575

Thr

Thr

Arg

320

Gln

Met

Ile

Glu

Met

400

Asn

Ser

Met

Gly

Cys

480

Asp

Ile

Val

Cys

Glu

560

Glu

Lys



CN 105452458 A

FF

.1l

%=

28/29 T

[0028]

Asp

Asn

Phe

625

Asp

Lys

Cys

Phe

Leu

705

Phe

Arg

Ile

Thr

Cys

785

Cys

Asn

Ser

Val

Leu

865

Gly

Pro

Ser

Arg

610

Leu

His

Lys

Ala

Pro

690

Leu

Phe

Val

Ser

Cys

770

His

Glu

Val

Ile

Leu

850

Leu
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