(12) STANDARD PATENT (11) Application No. AU 2003295366 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(74)

(56)

Title
Synthetic muscle promoters with activities exceeding naturally occurring regulatory
sequences in cardiac cells

International Patent Classification(s)

C12N 15/00 (2006.01) C12N 15/74 (2006.01)

C12N 15/09 (2006.01) C12N 15/85 (2006.01)

C12N 15/63 (2006.01) C12Q 1/68 (2006.01)

C12N 15/70 (2006.01) GO1N 33/53 (2006.01)

Application No: 2003295366 (22) Date of Filing:  2003.10.30

WIPO No: WO04/041177

Priority Data

Number (32) Date (33) Country
60/423,536 2002.11.04 us
Publication Date: 2004.06.07

Publication Journal Date: 2004.07.01
Accepted Journal Date: 2011.11.24

Applicant(s)
ADVIiSYS, Inc.;Baylor College of Medicine

Inventor(s)
Schwartz, Robert J.;Draghia-Akli, Ruxandra

Agent / Attorney
Spruson & Ferguson, Level 35 St Martins Tower 31 Market Street, Sydney, NSW, 2000

Related Art

Li X. et al. Nature Biotechnology, 1999, vol. 17, no. 3, pp. 241-245
WO 2002/061037

US 6,410,228




7~ A3 I 0 OO 00O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
21 May 2004 (21.05.2004)

(10) International Publication Number

WO 2004/041177 A3

(51) International Patent Classification’: CI12N 15/00,
15/09, 15/63, 15/70, 15/74
(21) International Application Number:
PCT/US2003/034458

(22) International Filing Date: 30 October 2003 (30.10.2003)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

60/423,536 4 November 2002 (04.11.2002) US

(71) Applicants: ADVISYS, INC. [US/US]; 2700 Research
Forest Drive, Suite 180, The Woodlands, TX 77381 (US).
BAYLOR COLLEGE OF MEDICINE [US/US]; One
Baylor Plaza, Houston, 1I'X 77030 (US).

(72) Inventors: DRAGHIA-AKLI, Ruxandra; 5215

Starkridge Drive, Houston, TX 77035 (US). SCHWARTZ,

Robert, J.; 4019 Marlowe, Houston, TX 77005 (US).

(74) Agents: CHWANG, T., Ling et al.; Jackson Walker L.L.P.,
Suite 600, 2435 N. Central Expressway, Richardson, TX

75080 (US).

(81) Designated States (national): AL, AG, AL, AM, Al AU,
AZ,BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, CO, CR,
CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, GB, GD,
GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR,
KZ,LC,LK,LR,LS,LT,LU, LV, MA, MD, MG, MK, MN,
MW, MX, MZ, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU,
SC, SD, SE, SG, SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA,
UG, UZ,VC, VN, YU, ZA, ZM, ZW.
(84) Designaled States (regional): ARIPO patent (BW, GH,
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Burasian patent (AM, AZ, BY, KG, KZ,MD, RU, TJ, TM),
Huropean patent (AT, BE, BG, CI1, CY, (7, DK, DK, HE,
ES, FL, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, SE,
SIL, SK, TR), OAPI patent (BE BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

before the expiration of the time limit for amending the
claims and 10 be republished in the event of receipt of
amendments

(88) Date of publication of the international search report:
24 March 2005

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: SYNTIIETIC MUSCLE PROMOTERS WITIT ACTTVITIES EXCEEDING NATURALLY OCCURRING REGULA-

TORY SEQUENCES IN CARDIAC CELLS

l; (57) Abstract: Transgenes driven by naturally occurring cardiac promoters have relatively low levels of cardiac transgenic gene
v €Xpression, and have consequently limited the use of cardiac muscle as a target for plasmid mediated gene supplementation. How-
= ever, by randomly assembling motifs of E-box, MEF-2, TEF-1 and SRE elements, cardiac-specific synthetic promoter recombinant
& libraries have been produced. By screening hundreds of resultant clones for transcriptional activity both in vitre and in vivo, a few
~f cardiac-specilic synthetic promoters were discovered comprising a transcriplional potency that greally exceeds the transcriptional
& levels obtained from natural myogenic and viral gene promoters. These promoters are used to direct the expression of desirable genes
& in nucleic acid expression constructs specifically to cardiac cells. Thus, these cardiac specific-synthetic promoters can be utilized

for plasmid mediated gene supplementation for serious health conditions, such as ischemic disease, myocardial infarction or heart
o failure. Thus, one aspect of the current invention is a cardiac specific-synthetic promoter produced by a method that generates a

library of randomized synthetic-promoter-recombinant expression constructs. Another aspect of the present invention is directed to
B a method using the cardiac specific-synthetic expression construct for expression a gene of interest in a cardiac cell.



WO 2004/041177 PCT/US2003/034458

SYNTHETIC MUSCLE PROMOTERS WITH ACTIVITIES EXCEEDING
NATURALLY OCCURRING REGULATORY SEQUENCES IN CARDIAC
CELLS
BACKGROUND

[0001]  This application claims priority to U.S. Provisional Patent Application,
Serial Number 60/423,536, entitled “Synthetic Muscle Promoters with Activities Exceeding
Naturally Occurring Regulatory Sequences in Cardiac Cells,” filed on November 4,2002, the

entire content of which is hereby incorporated by reference.

[6002] The ability to program recombinant gene expression in cardiac myocytes iz
vitro and vivo holds promise for the treatment of many inherited and acquired cardiovascular
diseases (Lin et al., 1990). Cardiac and skeletal muscles are attractive targets for plasmid
mediated gene supplementation because of their long life span, and large capacity for protein
synthesis and secretion for local or general effects (Draghia-Akli et al., 1999; Vale et al.,
1999). Moreover, cardiac and skeletal muscle tissue is highly vascularized and has ahighrate
of blood flow, thus allowing de novo proteins to readily act locally or enter the systemic
circulation. Importantly, direct administration of plasmid DNA into heart or muscle leads to
expression of recombinant proteins in muscle cells (Mazda, 2002; Prentice et al., 1996).
Plasmid DNA can persist in an episomal state directing the expression of recombinant
proteins for months to years (Acsadi et al., 1991; Wolff et al., 1992). However, a limiting
problem in using plasmid mediated gene supplementation to correct or prevent cardiac disease
has been the relatively low levels of expression that have been achieved with muscle specific
vectors. Although a low expression level of a recombinant protein is enough to generate an
immune response against the expressed protein, therapeutic levels of recombinant proteins
have currently not been produced using muscle specific promoters/enhancers (Montgomery et
al., 1997). In this report we describe a method for the construction and characterization of
synthetic promoters for cardiac and muscle tissue. The transcriptional potency of these
synthetic promoters in terminally differentiated muscle greatly exceeds that of the natural

myogenic skeletal a-actin gene promoter and viral promoters.

[0003] When delivering therapeutic genes, the use of tissue specific promoters is
highly desirable. Numerous strategies have been employed to create or use for therapeutic

purposes tissue specific promoters, which support transcription in cardiac and skeletal muscle,
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and are essentially silent in other cell types (Keogh et al., 1999; Roell et al., 2002; Rothermel
et al.,, 2001). This approach assures localized transgene activity, without the potential
complication of side effects linked to inappropriate expression in non-target tissues or organs.
For instance, because of safety issues, components of the beta-adrenergic, Akt or caspase
signaling pathway cannot currently be viewed as attractive targets for human gene therapy.
Rather, the balance of evidence supports strategies that will target gene products specifically
and directly at cardiac regulation, and molecular techniques can be devised to modulate their
activity specifically and conditionally (Condorelli et al., 2001; Ding et al., 2002; Webster and
Bishopric, 2000). In this report we describe a method for the construction and characterization
of synthetic promoters for cardiac and muscle tissue. The transcriptional potency of these
synthetic promoters in terminally differentiated muscle greatly exceeds that of the natural
myogenic skeletal o~actin gene promoter and viral promoters, and may have important

applications in conjunction with therapeutic genes.

[0004] Analysis of the organization of several strong muscle promoters and
enhancers, with respect to groupings of cis-acting regulatory elements and their interactions
with myogenic regulatory factors led the inventors to formulate a strategy to construct
synthetic muscle promoters. Myogenic restricted promoters, such as those of the a-actins,
display complex organization. Activation often requires interactions of various myogenic
trans-factors with pairs of specific cis-elements. These elements are evolutionarily conserved
and primarily responsible for tissue specific expression in adult skeletal muscle, and appeared
to be a logical choice for generating synthetic promoters. By randomly assembling these
myogenic elements into synthetic promoter (“SP”) recombinant libraries, and then by
screening hundreds of the resultant clones for transcriptional activity it was possible to create
artificial promoters whose transcriptional potency exceeds that of any naturally occurring
promoters, as described in United States Patent 6,410,228 (“the ‘228 Patent), issued on June
25, 2002 and entitled “Method for the Identification of Synthetic Cell- or Tissue Specific
Transcriptional Regulatory Regions” with Schwartz et al., listed as inventors, the entire

content of which is hereby incorporated by reference.

[0005]  Themolecular mechanisms controlling cardiac-specific gene transcription
requires the dissection of the cis-elements that govern the complex spatio-temporal expression
of these genes. The vertebrate heart is formed during fetal development following a series of

complex morphogenetic events that require the functional presence of different proteins,
3293356v3 108328/00161
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tightly regulated by combinatorial interactions of several transcription factors and their
cofactors (Nemer and Nemer, 2001; Wang et al., 2001). First, the proximal serum response

element (SRE) ('5-CC[A/T]6GG-3") of the skeletal o-actin promoter was incorporated.

Multiple SREs are found in the cardiac, skeletal and smooth muscle a-actin promoters (Chang
etal., 2001), and in the promoters of myosin light chain and dystrophin (Bergsma et al., 1986;
Carroll et al., 1986). This cis-element is recognized by the trans-acting serum response factor
(SRF), and by the competitive inhibitor YY1 (Chow and Schwartz, 1990; Lee et al., 1992;
Minty and Kedes, 1986). Serum response factor (SRF) is a key regulator of a number of
extracellular signal-regulated genes important for cell growth and differentiation (Zhang et al.,
2001). Mutations in the proximal SRE that block SRF binding abolish skeletal c-actin
promoter (SK) activity, indicating a fundamental role for this promoter element. Second,
MEF-2 sites ('5-[C/T]TAAAAATAAC[C/T]3-3") that have been found in the

promoter/enhancer regions of the myosin light-chain 3 gene were selected. A single MEF-2
site lacks enhancer activity, but has multiple copies that exhibit strong enhancer activity
(Gossett et al., 1989). Mutation of the MEF2 site severely reduced promoter activity in
embryos, underlining the importance of MEF2 in controlling differentiation in all muscle
lineages (Kelly et al., 2002). Third, the MEF-1 sites ('5-CANNTG-3"), or E-boxes that are
found in the upstream regulatory region of most, if not all, muscle-specific genes were
included (Olson et al., 1991; Weintraub et al., 1990). MEF-1 sites are recognized by the basic
helix-loop-helix (bHLH) family of proteins. Multiple MEF-1 sites placed upstream of basal
non-muscle promoters are sufficient to direct muscle-specific expression and MyoD-mediated
trans-activation in transient assays (Lassar et al., 1991; Weintraub et al., 1990). Finally, the
highly conserved muscle-CAT motif, or TEF-1 binding site (5-CATTCCT-3") was selected.
TEF-1 mediates both muscle-specific (SK, cardiac troponin T, cardiac o~ and S-myosin heavy
chain) and non-muscle specific transcription (simian virus 40 promoter) (Larkin et al., 1996;
Stewart ct al., 1994).

[0006]  InM-CAT dependent promoters, specific sequences immediately flanking
the core motif contribute to both the cell specificity and the overall transcriptional strength
(O'Connell et al., 2001). While the process of creating synthetic promoters and their muscle
specificity have been previously described by us (Li et al., 1999), their cardiac specificity has
not been described or demonstrated. For instance, unpublished data from our laboratory

proved that the skeletal a-actin 448 (SK448) is expressed exclusively in the skeletal muscle in

3293356v3 108328/00161
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transgenic animals, while the longer version of the same promoter, skeletal a-actin 622
(SK622) is expressed both in the skeletal muscle and in the cardiac muscle. Also, data from
transgenic animals, an artificial model, cannot be extrapolated to direct transfection or in vivo
activity after direct injection. For instance, after direct injection or in vitro cell transfection,

the skeletal o-actin 448 (SK448) is expressed in cardiac cells.

[0007] Transgenes driven by naturally occurring cardiac promoters have relatively
low levels of cardiac transgenic gene expression, and have consequently limited the use of
cardiac muscle as a target for plasmid mediated gene supplementation. However, by
randomly assembling motifs of E-box, MEF-2, TEF-1 and SRE elements, cardiac-specific
synthetic promoter recombinant libraries have been produced. By screening hundreds of
resultant clones for transcriptional activity both in vitro and in vivo, a few cardiac-specific
synthetic promoters were discovered comprising a transcriptional potency that greatly exceeds
the transcriptional levels obtained from natural myogenic and viral gene promoters. These
promoters are used to direct the expression of desirable genes in nucleic acid expression
constructs specifically to cardiac cells. Thus, these cardiac specific-synthetic promoters are
further utilized during plasmid mediated gene supplementation for serious health conditions,
such as ischemic disease, myocardial infarction or heart failure. Thus, one aspect of the
current invention is a cardiac specific-synthetic promoter produced by a method that generates
a library of randomized synthetic-promoter-recombinant expression constructs. A second
aspect of the present invention is directed to a method using the cardiac specific-synthetic

expression construct for expression a gene of interest in a cardiac cell.

3293356v3 108328/00161
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Summary

According to a first embodiment of the invention, there is provided a cardiac-
specific synthetic promoter produced by a method comprising: »

(a) introducing a library of randomized synthetic promoter-recombinant
expression constructs into a first population of cells forming a first test population of
cells; :

(b) screening the first test population of cells for a first cardiac-specific clone
having a first transcriptional activity that is higher than a control transcriptional activity in
a comparable population of cells having a control cardiac-specific clone comprising a
known promoter operatively linked to the reporter gene forming a control nucleic acid
expression construct; and

(c) utilizing the cardiac-specific synthetic promoter from the first cardiac-specific
clone as a cardiac-specific synthetic expression construct;

wherein,

each of the randomized synthetic promoter-recombinant expression constructs are
operatively linked to a reporter gene to form a nucleic acid expression construct; and

the cardiac-specific synthetic promoter comprises c5-12 (SeqID#5). A

According to a second embodiment of the invention, there is provided a method of
using a cardiac-specific synthetic expression construct for expressing a gene in a cardiac
cell comprising:

delivering into the cardiac cell a cardiac-specific synthetic expression construct;

wherein,

the cardiac-specific synthetic expression construct comprises a cardiac-specific
synthetic promoter operatively linked to an expressible gene, and |

the cardiac-specific synthetic promoter comprises ¢5-12 (SeqID#5).

According to a third embodiment of the invention, there is provided a method of
synthesizing a cardiac-specific synthetic expression construct comprising:

(a) identifying a cardiac-specific promoter; and

(b) operatively linking the cardiac-specific promoter to an expressible gene to
form the cardiac-specific synthetic expression construct;

wherein,;

the cardiac-specific synthetic promoter comprises c5-12 (SeqlD#5), and a

combination of cis-acting regulatory elements; and
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the expressible gene comprises a nucleic acid expression construct with or without
an operably linked promoter.

According to a fourth embodiment of the invention, there is provided a method of
using a cardiac-specific synthetic expression construct for expressing a gene in a cardiac
cell comprising:

delivering into the cardiac cell a cardiac-specific synthetic expression construct;

wherein, the cardiac-specific synthetic expression construct comprises a cardiac-
specific synthetic promoter comprising c5-12 (SeqID#5), operatively linked to an

expressible gene.

5709090-):ecc
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[0009] A second aspect of the current invention is a method for using a cardiac
specific-synthetic expression construct for expressing a gene in a cardiac cell. The method
comprises delivering into the cardiac cell, a cardiac specific-synthetic expression construct.
The cardiac-specific-synthetic expression construct comprises a cardiac-specific-synthetic-
promotet operatively-linked to an expressible gene. In a specific embodiment of this
invention, the cardiac specific synthetic promoter comprises ¢5-12 (SeqID#5). Other specific
embodiment utilizes other cardiac specific synthetic promoters such as ¢1-26 (SeqlD#16); c2-
26 (SeqID#17); c2-27 (SeqID#18); ¢5-5 (SeqID#19); c6-5 (SeqID#20); c6-16 (SeqID#21); or
¢6-39 (SeqID#22). The cardiac-specific-synthetic promoters comprise a first-combination of
cis-acting regulatory elements, and the first combination of cis-acting regulatory elements
were selected from a library of randomized synthetic-promoter-recombinants. The cardiac-
specific synthetic promoter drives a transcriptional activity of the expressible gene in a
population of cells that is higher than the transcriptional activity of the expressible gene
driven by a control-promoter in the same population of cells. The cis-acting regulatory
elements utilized for the cardiac-specific synthetic promoter comprise SRE (SeqID#1); MEF-
1 (SeqID#2); MEF-2 (SeqID#3); and TEF-1 (SeqID#4). Certain embodiments describe the
expressible-gene comprising a nucleic acid sequence that encodes a growth-hormone-
releasing-hormone (“GHRH™) or functional biological equivalent thereof. The encoded
GHRH is a biologically active polypeptide, and the encoded functional biological equivalent
of GHRH is a polypeptide that has been engineered to contain a distinct amino acid sequence
while simultaneously having similar or improved biologically activity when compared to the
GHRH polypeptide. In another specific embodiment, the encoded GHRH or functional
biological equivalent thereof is of formula (SEQID#6): The cardiac specific-synthetic
expression constructs of this invention also comprises SeqID No: 7, SeqID No: 8,
SeqID No: 9, SeqID No: 10, SeqID No: 11, SeqlID No: 12, SeqID No: 13, SeqID No: 14, or
SeqID No: 15. ‘

3293356v3 108328/00161
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BRIEF DESCRIPTION OF FIGURES

[0010] Figure 1 shows the strategy and design of muscle synthetic promoters with the
proportion of regulatory elements in different combinations of synthetic promoters, wherein

each combination contains at least one of each muscle specific regulatory elements;

[0011] Figure 2 shows the design of muscle synthetic promoters clements in the
constructs with the highest in vitro reporter gene activity compared with skeletal o-actin 448
promoter (“SK448”);

[0012] Figure 3 shows the transcriptional expression of luciferase in fold excess of the
SK 448 expression, the luciferase reporter gene was driven by the various synthetic promoters

and activity was measured at 48 hours post-differentiation;

[0013] Figure 4 shows the transcriptional expression of luciferase in anterior tibialis of
adult ICR mice driven by the synthetic promoters SPc1-28, SPc5-12, cytomegalovirus
(“CMV™); and SK448, the luciferase activity was measured at 7 days after direct injections in

anterior tibialis;

[0014] Figure 5 shows the transcriptional expression of 3-galactosidase (“f-gal”) in
primary chicken muscle culture driven by the synthetic promoters cytomegalovirus (“CMV™),

SK448, SPc5-12, and control, the 3-gal activity was measured at 24, 48, 72, and 96 hours;

[0015] Figure 6 shows the transcriptional expression of luciferase in primary mouse
cardiac culture driven by the synthetic promoters cytomegalovirus (“CMV”), SP¢5-12,
SK 448, SV40, 8-gal, and non-transfected cells the luciferase activity was measured at 24, 48,
72, and 96 hours;

[0016] Figure 7 shows a time course table for Beta-galactosidase activity in cardiac

myocytes wherein the activity of -gal was measured at 24, 48, 72, and 96 hours;

[0017] Figure 8 shows the in vitro muscle specific expression of §-gal driven by the
synthetic promoter SPc5-12, wherein the expression level of $-gal driven by SPc5-12
promoter is comparable with the expression level of 8-gal driven by the SK448 promoter in

displaying cell type specific expression, and the expression level of 3-gal driven by SPc5-12

3293356v3 108328/00161
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promoter is at least one order of magnitude less active then the B-gal driven by the CMV

promoter in several non-muscle cell lines (CV1, 293, HeLa and 10T1/2);

[0018] Figure 9 shows the expression level of 8-gal driven by the synthetic promoter
¢5-12 is muscle and cardiac specific in vivo, a total RNA Northern blot of various tissues (e.g.
testis (“I"), brain (“B”), intestine (“”), lung (“Lg”), stomach (“St”), kidney (“K”), liver
(“Lv”), gastrocnemius (“M”), heart (“H”), spleen (“Sp”)) from different lines of transgenic
mice hybridized with a 8-gal cDNA probe and then a mouse 185 probe, was used to show the

muscle and cardiac specific expression of a reporter gene driven by SPc5-12;

[0019] Figure 10 shows the in vivo expression of a luciferase reporter gene driven by
the synthetic promoters cytomegalovirus (“CMV”), SPc3-12, SK448, SV40, and control,
wherein the in vivo luciferase activity was analyzed at 2 and 4 weeks after direct intra-

muscular injection;

[0020] Figure 11 shows the level of mouse growth hormone (“GH”) in mice that were
injected with a GHRH expression construct driven by the SPc5-12 promoter when compared

with control promoters, the GH levels were determined at 7 days post-injection;

[0021] Figure 12 shows the synthetic promoter c1-26 sequence with the regulatory

elements marked and with the restriction maps;

[0022] Figure 13 shows the synthetic promoter c2-26 sequence with the regulatory

elements marked and with the restriction maps;

[0023] Figure 14 shows the synthetic promoter ¢2-27 sequence with the regulatory

elements marked and with the restriction maps;

[0024] Figure 15 shows the synthetic promoter ¢5-5 sequence with the regulatory

elements marked and with the restriction maps;

[0025] Figure 16 shows the synthetic promoter c5-12 sequence with the regulatory

elements marked and with the restriction maps;

[0026] Figure 17 shows the synthetic promoter c6-5 sequence with the regulatory

elements marked and with the restriction maps;

3293356v3 108328/00161
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[0027] Figure 18 shows the synthetic promoter c6-16 sequence with the regulatory

elements marked and with the restriction maps;

[0028] Figure 19 shows the synthetic promoter c6-39 sequence with the regulatory

elements marked and with the restriction maps.

3293356v3 108328/00161
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
(0029] Terms:

[0030] The term "a" or "an" as used herein in the specification may mean one or
more. As used hetein in the claim(s), and when used in conjunction with the word
"comprising", the words "a" or "an" may mean one or more than one. As used herein

“another” may mean at least a second or more.

[0031] The term “cis-acting regulatory elements” as used herein refers nucleic acid
sequences that comprise transcription factor binding sites. In specific embodiments, the cis-
acting regulatory elements comprise the muscle-specific control elements SRE, MEF-1, MEF-
2, and TEF-1. It is recognized by one of ordinary skill in the art that other control elements

may also be utilized in the present invention.

[0032] The term “operatively linked” as used herein refers to elements or
structures in a nucleic acid sequence that are linked by operative ability and not physical
location. The elements or structures are capable of, or characterized by accomplishing a
desired operation. It is recognized by one of ordinary skill in the art that it is not necessary for
elements or structures in a nucleic acid sequence to be in a tandem or adjacent order to be

operatively linked.

[0033] The term “plasmid” as used herein refers generally to a construction
comprised of extra-chromosomal genetic material, usually of a circular duplex of DNA that
can replicate independently of chromosomal DNA. Plasmids, or fragments thereof, may be
used as vectors. Plasmids are double-stranded DN A molecule that occur or are derived from
bacteria and (rarely) other microorganisms. However, mitochondrial and chloroplast DNA,

yeast killer and other cases are commonly excluded.

[0034] The term “plasmid mediated gene supplementation” as used herein refers a
method to allow a subject to have prolonged exposure to a therapeutic range of a therapeutic

protein by utilizing a nucleic acid expression construct in vivo.

[0035] The term “promoter” as used herein refers to a sequence of DNA that
directs the transcription of a gene. A promoter may direct the transcription of a prokaryotic or

eukaryotic gene. A promoter may be “inducible”, initiating transcription in response to an
3293356v3 108328/00161
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inducing agent or, in contrast, a promoter may be “constitutive”, whereby an inducing agent
does not regulate the rate of transcription. A promoter may be regulated in a “tissue-specific”
or “tissue-preferred” manner, such that it is only active in transcribing the operable linked

coding region in a specific tissue type or types. Additionally, promoters may comprise “viral

L N1? 22 ¢

promoters,” “control-promoters,” “naturally-occurring,” or “synthetically” assembled nucleic

acid sequences.

[0036] The term “randomized synthetic-promoter-recombinants™ as used herein

are assembled combinations of randomized cis-acting regulatory elements.

[0037] The term “reporter gene” as used herein are nucleic acid sequences
encoding easily assayed proteins. They are used to replace other coding regions whose protein
products are difficult to assay. Among the more commonly used reporter genes are those for
the following proteins chloramphenicol acetyltransferase (“CAT”), B-galactosidase (“GAL”),
B-glucuronidase (“GUS”), luciferase (“LUC”), and green fluorescent protein (“GFP”). It is
recognized by one of ordinary skill in the art that other reporter genes are available. Itis also
recognized by one of ordinary skill in the art that other coding regions (e.g. therapeutic genes)

are easily substituted in lieu of the reporter gene.

[0038] The term “transcriptional activity” as used herein refers to the transcription
of the information encoded in DNA into a molecule of a RNA, or the translation of the
information encoded in the nucleotides of a RNA molecule into a defined sequence of amino

acids in a protein.

[0039] The term “vector” as used herein refers to any vehicle that delivers a
nucleic acid into a cell or organism. Examples include plasmid vectors, viral vectors,
liposomes, or cationic lipids. The term “vector” as used herein more specifically refers to a
construction comprised of genetic material designed to direct transformation of a targeted cell
by delivering a nucleic acid sequence into that cell. A vector may contain multiple genetic
elements positionally and sequentially oriented with other necessary elements such that an
included nucleic acid cassette can be transcribed and when necessary translated in the
transfected cells. These elements are operatively linked. The term “expression vector” refers
to a DNA plasmid that contains all of the information necessary to produce a recombinant

protein in a heterologous cell.

3293356v3 108328/00161
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[0040] A first aspect of the current invention comprises a cardiac specific-
synthetic promoter. This promoter is produced by a method comprising the steps of:
introducing a library of randomized synthetic-promoter-recombinant expression constructs
into a first-population of cells forming a first-test-population of cells; screening the first-test-
population of cells for a first cardiac-specific-clone having a first-transcriptional activity that
is higher than a control-transcriptional activity; and utilizing the cardiac specific-synthetic
promoter from the first-cardiac-specific clone as the cardiac specific-synthetic promoter for a
cardiac-specific-synthetic expression construct. In this way, each of the randomized
synthetic-promoter-recombinant expression constructs are operatively linked to a reporter
gene to form a nucleic acid expression construct; and the control-cardiac-specific-clone
comprises a known-promoter operatively linked to the reporter gene, which forms a control-
nucleic acid expression construct having the control-transcriptional activity in the first-
population of cells. One specific embodiment of the current invention further comprises a
second-screening the first cardiac-specific-clone in a second-test-population of cells before
utilizing the cardiac-specific-synthetic promoter as the cardiac-specific-synthetic promoter for
the cardiac-specific-synthetic expression construct. When the second-screening is performed,
the reporter gene from the first-cardiac-specific-clone has a second-transcriptional activity in
the second-population of cells that is higher than a second-control-transcriptional activity of
the control-cardiac-specific-clone introduced into the second-population of cells.
Additionally, the first-population of cells comprise cells in vitro, and the second-population of
cells comprise cells in vivo. In a specific embodiment of this invention, the cardiac specific
synthetic promoter comprises c5-12 (SeqID#5). Other specific embodiment utilizes other
cardiac specific synthetic promoters such as c1-26 (SeqID#16); c2-26 (SeqID#17); c2-27
(SeqID#18); ¢5-5 (SeqID#19); c6-5 (SeqID#20); ¢6-16 (SeqID#21); or c6-39 (SeqID#22).
The cardiac-specific-synthetic promoters comprise a first-combination of cis-acting regulatory
elements, and the first combination of cis-acting regulatory elements were selected from a
library of randomized synthetic-promoter-recombinants. The cardiac-specific synthetic
promoter drives a transcriptional activity of the expressible gene in a population of cells that
is higher than the transcriptional activity of the expressible gene driven by a control-promoter
in the same population of cells. The cis-acting regulatory elements utilized for the cardiac-
specific synthetic promoter comprise SRE (SeqID#1); MEF-1 (SeqID#2); MEF-2 (SeqID#3);
and TEF-1 (SeqID#4). -

3293356v3 108328/00161
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[0041] A sccond aspect of the current invention is a method for using a cardiac
specific-synthetic expression construct for expressing a gene in a cardiac cell. The method
comprises delivering into the cardiac cell, a cardiac specific-synthetic expression construct.,
The cardiac-specific-synthetic expression construct comprises a cardiac-specific-synthetic-
promoter operatively-linked to an expressible gene. In a specific embodiment of this
invention, the cardiac specific synthetic promoter comprises ¢5-12 (SeqID#5). Other specific
embodiment utilizes other cardiac specific synthetic promoters such as ¢1-26 (SeqID#16); c2-
26 (SeqID#17); c2-27 (SeqID#18); ¢5-5 (SeqID#19); c6-5 (SeqID#20); c6-16 (SeqID#21); or
¢6-39 (SeqID#22). The cardiac-specific-synthetic promoters comprise a first-combination of
cis-acting regulatory elements, and the first combination of cis-acting regulatory elements
were selected from a library of randomized synthetic-promoter-recombinants. The cardiac-
specific synthetic promoter drives a transcriptional activity of the expressible gene in a
population of cells that is higher than the transcriptional activity of the expressible gene
driven by a control-promoter in the same population of cells. The cis-acting regulatory
elements utilized for the cardiac-specific synthetic promoter comprise SRE (SeqID#1); MEF-
1 (SeqID#2); MEF-2 (SeqID#3); and TEF-1 (SeqID#4). Certain embodiments describe the
expressible-gene comprising a nucleic acid sequence that encodes a growth-hormone-
releasing-hormone (“GHRH”) or functional biological equivalent thereof. The encoded
GHRH is a biologically active polypeptide, and the encoded functional biological equivalent
of GHRH is a polypeptide that has been engineered to contain a distinct amino acid sequence
while simultaneously having similar or improved biologically activity when compared to the
GHRH polypeptide. In another specific embodiment, the encoded GHRH or functional
biological equivalent thereof is of formula (SEQID#6): The cardiac specific-synthetic
expression constructs of this invention also comprises SeqID No: 7, SeqID No: 8, SeqID No:
9, SeqID No: 10, SeqID No: 11, SeqID No: 12, SeqID No: 13, SeqID No: 14, or SeqID No:
15.

[0042] The randomized synthetic-promoter-recombinants of this invention are
prepared by a method comprising: identifying pools of cis-acting regulatory elements; and
assembling the cis-acting regulatory elements in a random order to form the library of the
synthetic-promoter-recombinants. The cis-acting regulatory elements comprise a double
stranded, phosphorylated core motif that is flanked by an adjacent sequence. The assembled

cis-acting regulatory elements face a same side of a DNA helix in each recombinant
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comprising the synthetic-promoter-recombinant library. The tissue specific synthetic
promoter comprises amuscle specificity, wherein the muscle specificity comprises cardiac or
skeletal muscle. A specific synthetic promoter of this invention comprises about 5 to about 20
cis-acting regulatory elements, wherein the regulatory elements comprise SRE (SeqID#1);
MEF-1 (SeqID#2); MEF-2 (SeqID#3); and TEF-1 (SeqID#4). One example of a tissue
specific synthetic promoter comprise SeqID#5. Additionally, the tissue specific synthetic

promoter is utilized for plasmid mediated gene supplementation.

[0043] The regulatory regions of most promoters and enhancers consist of a
combination of multiple transcription factor binding sites. Although not wanting to be bound
by theory, the composition and arrangement of the binding sites determine the characteristics
of regulatory regions. Expression vectors have been frequently modified by combining
naturally existing promoters and enhancers (Hartikka et al., 1996; Skarli et al., 1998), and
generally these modifications had little or no effect when compared with the transcriptional
activity of the native promoters (Franz et al., 1997). In addition, naturally occurring re gulatory
regions are not always capable of regulating transcription in a desired manner (e.g. enhanced
tissue specific regulation). In the invention described herein utilize specific transcription
factor binding elemcnté that were incorporated into synthetic promoters. For example, the
muscle-specific control elements SRE, MEF-1, MEF-2, TEF-1 were synthesized, randomly
assembled, and screened. Fragments containing 5-20 control elements represent synthetic
promoter/enhancers were randomly ligated with regulatory sequences that varied in content,
location and orientation relative to natural muscle promoters. These fragments were cloned in
reporter plasmids in order to identify synthetic promoters with high transcriptional activity
both in vitro and in vivo. Over 1000 different clones were evaluated. Since the method to
produce and identify synthetic promoters with high transcriptional activity in vitro and in vivo
is highly dependent on specific control elements and screening methods, it could not have
been predicted by one skilled in the art which elements and control elements were appropriate
without laborious and failed experimentations. However, the preferred composition and
methods that are outlined for this invention achieve the desired in vitro and in vivo

transcriptional activity.

[0044] We observed that multimerized single elements had low activity when
compared with the natural skeletal a-actin 448 promoter (SK448), while about 2.5% of the

clones derived by combining regulatory elements in the promoter library revealed 2-10 fold
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higher activity. Transfection assays in primary chicken myotubes indicated that one of the
specific promoters of this invention (i.e. SPc5-12) had a 6 fold increased activity over a CMV

promoter and at least 10 fold greater activity than the control SK448 promoter.

[0045] Transfection assays in primary mouse cardiac cells indicated that SPc5-12
had a 2 fold increased activity over CMV promoter and at least 13 fold greater activity than
SK448. Analysis of direct intramuscular injection of DNA plasmids in normal muscle after 2-
4 weeks revealed a 3-4 fold increased activity of SPcS-12 over SK448 promoter and a 6-8 fold
increase over the CMV promoter. Cardiac and muscle specificity was confirmed with non-

muscle cell lines and in transgenic animals.

[0046] Although not wanting to be bound by theory, many transcriptional
regulatory regions have been described without the cloning of the corresponding transcription
factors. Consequently, these “potential transcription factor regulatory elements” still need to
be confirmed as functional for transcription regulation by identification of the corresponding
transcription factors. Thus, synthetic promoters of this invention are constructed using
combinations of cis-elements whose trans-factors are both known and unknown. Synthetic
promoter libraries are also utilized to provide the basis for a desired functional tissue
specificity. Because PCR mutagenesis allows the random modification of regulatory regions,
this PCR method is utilized to screen even a greater number of regulatory regions by selection

assays.

[0047]  Although not wanting to be bound by theory, this novel system of
designing synthetic promoters/enhancers using individual regulatory elements rather than
entire promoters represents a significant improvement over previously generated plasmid
DNA expression vectors (Buvoli et al., 2002; Phillips et al., 2002; Xu et al., 2002). For
example, organ-specific promoter/enhancer fragments that exhibit persistent and increased
expression when compared to naturally occurring sequences were obtained using this novel
strategy. Although in vitro assays provide a good indication of promoter potency, in vivo
studies are still required to determine the most appropriate synthetic promoter, as indicated in
the specific embodiments of this invention. Although not wanting to be bound by theory, the
optimization of plasmid DNA vectors for cardiac and muscle mediated plasmid mediated gene

supplementation will increase their utility for delivery of therapeutic proteins including anti-
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coagulation factors, superoxide dismutase (“SOD”), hemoxygenase or other therapeutic

molecules.

[0048] Construction of synthetic promoter and reporter plasmids. A 144 bp
EcoRV/Eagl fragment of chicken skeletal a-actin promoter (Chow et al., 1991; Lee et al.,
1994) which contains the TATA box at -25bp upstream the cap site, a Sp1 pair in between -35
and -65bp and a TEF-1 site at -65bp, was removed from plasmid p612aACATMLC (Chow
and Schwartz, 1990). The fragment was cloned into the EcoRI/Eagl sites of pBluescript KS+
to generate pBS-SK144. pBS-SK144 was then cut SacI/HindIIl, and the SK144 fragment,
now with appropriate cloning sites was moved into the SacI/HindIII sites of pGL-2 basic
vector (Promega, Madison, WI, USA) to generate pSK144GL-2. All synthetic fragments had
Eagl cohesive ends and were cloned into Eagl site of pSK144GL-2, to create synthetic
promoter constructs driving luciferase. The pSK448GL-2 was utilized as a muscle specific
control that contained a 448 bp chicken skeletal a-actin promoter (Draghia-Akli et al., 1997)
cloned into the Sacl/HindIIl sites of the same pGL-2 basic vector. Additional methods for the
construction of synthetic promotes and reporter plasmids are described in United States Patent
6,410,228 (“the ‘228 Patent), issued on June 25, 2002 and entitled “Method for the
Identification of Synthetic Cell- or Tissue Specific Transcriptional Regulatory Regions™ with
Schwartz et al., listed as inventors, the entire content of which is hereby incorporated by

reference.

[0049] Two complementary oligonucleotides were synthesized for each individual
control element, phosphorylated and annealed to yield short DNA fragments. The

oligonucleotide sequences were as follows:

SRE 5’ -GACACCCAAATATGGCGACGG-3" (SeqID#1)
3’ -CTGTGGGTTTATACCGCTGCC-5"

MEF-1 5’ -CCAACACCTGCTGCCTGCC-3" (SeqID#2)
3’ -GETTGTGGACGACGGACGG-5"

MEF-2 5’ -CGCTCTAAAAATAACTCCC-3 (SeqID#3)
3’ -GCGAGATTTTTATTGAGGG-5"

TEF-1 5' -CACCATTCCTCAC-3" (SeqID#4)
3’ -GTGGTAAGGAGTG-5"
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[0050]  The phosphorylation/annealing reaction was performed in a total volume of
300ul in TEN buffer (10mM Tris-HCL, pH 7.5; ImM EDTA, 50mM NaCl) using sense and
antisens strand oligonucleotides (20uM each, equivalent to a total of 600 pmoles), ImM ATP
and 0.5U/ml of T4 polynucleotide kinase by heating to 7OOC for 15 minutes and cooling down

to room temiperature over 30 minutes.

[0051] Different combination of SRE, MEF-1, MEF-2 and TEF-1 were then
ligated in a total volume of 100! using different molar ratio (Figure 1), maintaining a
constant total amount of oligonucleotide of 200 pmoles. The core motif of each regulatory
element (underlined) was flanked by adjacent sequence so that the binding sites of the
regulatory elements would face the same side of the DNA helix when assembled together.
The ligation reaction was completed with T4 ligase in 150p1. After ligation, the combination

of elements was run on a 6% acrylamide gel. The 75-300-bp region was cut and eluted in 2

volumes of diffusion buffer at 37°C overnight. The DNA was extracted using Qiaex II Gel
Extraction Kit (Qiagen Inc., Chatsworth, CA, USA) and incubated in 150pl with
phosphorylated and annealed Spl element (2.5 nmoles) and 10U of T4 ligase at 160(3
overnight. Since each of the Sp1 elements (‘5-CCGTCCGCCCTCGG-3") contains Bagl half
at both ends, an intact Eagl restriction site was generated wherever two Sp1 elements were
ligated together. The reaction was cleaned up (Qiaquick Nucleotide Removal Kit), digested
with Eagl and cloned into the Eagl site of SK144GL.-2 luciferase reporter construct, which
resulted in a library of randomized synthetic-promoter-recombinants that were operatively
linked to areporter gene. The clones that gave the best results in the transfection studies were

sequenced automatically.

[0052] Amplification and selection of the randomized synthetic-promoter-
recombinant clones. The entire library of randomized synthetic-promoter-recombinants was
transformed and then amplified in E. coli DH5« cells, plated on agar growth medium, and
individual specific clones screened by transfection into muscle cells. The clones that gave the

best results in the transfection studies were then sequenced automatically.

[0053] The nucleic acid sequences reported herein are believed to be correct,
however a small percentage of sequence errors may be present. One skilled in the art could

readily obtain the correct synthetic regulatory region by identifying the particular elements
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and their positions in the region from the sequence provided, and constructing the synthetic

regulatory regions from those elements in the same positions and orientations.

[0054] Screening for high transcriptional activity synthetic promoters.
Miniprep DNA was used for transfection during the initial screening of synthetic promoters.
After plating 4000 cells/well in 96 well dishes, cells were transfected with 15ng plasmid/ well
using lipofectamine and collected 72h post-iransfection, using the conditions described in the

next paragraph.

[0055] Cell culture. Minimal Essential Medium (MEM), heat inactivated horse
serum (“HIHS”), gentamycin, Hanks Balanced Salt Solution (HBSS), lipofectamine were
obtained from Gibco BRL (Grand Island, NY). Primary chicken myoblast and mouse cardiac
cultures wete obtained as described (Bergsma et al., 1986). Cells were plated 24h prior to
transfection at a density of 1.5 million cells / 100mm plate, in MEM supplemented with 10%
HIIS, 5% chicken embryo extract (CEE) and gentamycin. Cells were maintained in a
humidified 5% CO2 95% air atmosphere at 37°C. Cells were transfected with 4ug of plasmid
per 100mm plate, using lipofectamine, according to the manufacturer instructions. After
transfection, the medium was changed to MEM which contained 2% HIHS, 2% CEE for at
least 24h to allow the cells to differentiate. Media and cells were harvested 24, 48,72 and 96h
post-differentiation. The samples and controls were assayed in quadruplicate in at least two
different rounds of transfection. The efficiency of transfection was estimated by B-
galactosidase histochemistry of control plates to be 10%. The cells were homogenized in

Promega reporter lysis buffer for luciferase, beta-galactosidase and protein assays.

[0056] Norfhern blot analysis. 10-20pg of total RNA was DNase I treated (Gibco
BRL), size separated in 1.5% agarose-formaldehyde gel and transferred to Gene Screen nylon
membrane (DuPont Research Products, Boston, MA). The membranes were hybridized with
cDNA probes *p labeled by random priming (Ready-to-Go DNA labeling kit, Pharmacia
Biotech, Piscataway, NJ). Hybridization was carried out at 45°C in a solution which contained
50% formamide, 5xSSPE, 5xDenhardts, 1% SDS, 200pg/ml sheared salmon sperm DNA.
Membranes were washed twice for 10 minutes in 2xSSPE/1%SDS at room temperature and
twice for 30 minutes in 0.2xSSPE/1%SDS at 68°C. Blots were subsequently exposed to X-ray
film (Kodak X-Omat AR; Eastman Kodak, Rochester, NY) at -80°C with intensifying screcns.
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[0057]  Transgenic amimals study. Transgenic mice carrying E.coli beta-
galactosidase (*f-gal”) with an NLS under the conirol of the SPc5-12 promoter were
generated by standard oocyte injection. Three different lines of 5 weeks old SPc5-126-gal
mice and control littermates were killed and samples of different organs and skeletal muscles
were collected, stored at -80°C. For f-gal histochemistry, tissues were sectioned at 10 pm,

fixed and stained.

[0058] Intramuscular injection of plasmid DNA in adult mice. Plasmid
preparation of SPc5-12 and SK448 were diluted in PBS pH=7.4 to 1mg/ml. ICR male mice
(Harlem Laboratories, Houston, TX) were anesthetized with 0.5ml/kg of a combination of
ketamine (42.8mg/ml), xylazine (8.2mg/ml) and acepromazine (0.7mg/ml). Fifty micrograms
of plasmid in 25pl sterile PBS was injected directly into the anterior tibialis of mice. At 1, 2
and 4 weeks after the injection, the injected muscle was snap frozen in liquid nitrogen.
Muscles were homogenized in PBS, pH=7.4 containing 0.2% Triton x-100 and protease
inhibitors: leupeptin, 0.7pg/ml, pepstatin 10pg/ml and aprotinin 2pg/ml (Boehringer
Mannheim, Indianapolis, IN). Muscle extracts were centrifuged at 10,000xg for 30 minutes at
4°C and the supernatant recovered. Protein assays were performed using Bio-Rad Protein
Assay (Bio-Rad Laboratories, Hercules, CA) and luciferase and 3-galactosidase activity was
measured. At each time point, 6-15 animals were used for each construct. The experiments

were repeated twice.

[0059]  Mouse growth hormone RIA. Mouse GH in plasma was measured with a
heterologous rat assay system (Amersham, Arlington Heights, IL). The sensitivity of the assay
was 0.16 ng/tube. The intra- and interassay coefficients of variation were 6.5 and 6.8%

respectively.

[0060] Statistics. Data were analyzed using Microsoft Excel statistics analysis

package. Values shown in the figures are the mean * s.e.m. to exert the desired effect.

[0061] The invention may be better understood with reference to the following
examples, which are representative of some of the embodiments of the invention, and are not

intended to limit the invention.
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EXAMPLE 1.

[0062] Construction of synthetic promoter libraries. Although not wanting to
be bound by theory, the endogenous promoter of skeletal a-actin is considered a very strong
promoter. For example, when poly-A mRNA is isolated from an adult avian muscle,
approximately 9% of the total poly-A mRNA isolated comprises skeletal oractin mRNA,
which is the highest expressed level of any poly-A mRNA species in cardiac or skeletal
muscle (Schwartz and Rothblum, 1981). A short core fragment (i.e. SK144) of the chicken
skeletal a-actin promoter was used as the minimal sequence to insert synthetic regulatory
elements (Lee et al., 1994),(Chow et al., 1991). The core motif of each regulatory element
was flanked by adjacent sequences that are conserved in the natural genes to allow the
regulatory elements to anneal on the same face of the DNA helix. For example the serum
regulatory element (“SRE”) sequence corresponds to the proximal SK SRE1, GCTGC motif
adjacent to the MEF-1 is conserved in the muscle creatine kinase gene and rat myosin light
chain gene. Different combinations of SRE, MEF-1, MEF-2 and TEF-1 oligonucleotide
(Figure 1) were annealed and then capped by ligation with Sp1 elements, since Sp1 has been
shown to act in synergy with SREs and E-boxes. It has also been shown that Sp1 binding sites
are essential for de novo methylation protection of CpG islands and non-island DNA regions
(Machon et al., 1998). Synthetic promoter libraries were generated from DNA fragments
containing about 5-20 regulatory elements and ligated into a minimal actin-reporter plasmid

that expresses the luciferase reporter gene.

[0063] Screening synthetic promoters with high transcriptional activity. The
in vitro luciferase activity was measured in more than 1000 different clones in 96 well dishes
containing transiently transfected chicken primary myoblasts to determine the strength of the
newly constructed synthetic promoters. A 448bp promoter fragment (-424/+24) (“SK448”) of
the avian skeletal c-actin gene was used as a specific expression control in cardiac and
skeletal muscle (Figure 2). The SK448 promoter control has been shown to be active in
differentiated skeletal muscle cells, but not in myoblasts (Bergsma et al., 1986; Chow and
Schwartz, 1990; Lee et al., 1994). Cytomegalovirus (“CMV”) basic promoter was also used as
a ubiquitous promoter control. Newly generated synthetic promoters, CMV promoters, and
SK448 promoters were inserted into reporter construct plasmids and transfected into cells then

placed into differentiation media for up to 72 hours to initiate withdrawal from the cell cycle
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and to induce post-fusion differentiation and muscle-specific promoter activation. At the end

of this period the cells were harvested and assayed for the reporter gene activity.

[0064]  Promoters consisting of only multimerized single elements such as SREs,
E-boxes, MEF-2 or TEF-1 had activities several-fold lower than the skeletal a-actin promoter
448 (data not shown). We observed that some promoters containing a combinatory pool of
elements provided a 2 to 10 fold higher luciferase reporter gene activity (Figure 3) when
compared to SK448. Clones that displayed transcriptional activity greater than 2 times that of
SK448 activity were examined further. Some clones from the first and fifth combinatorial
pools, such as ¢1-28, ¢5-12, ¢5-1, ¢5-5, where SRE, MEF-2, MEF-1, TEF-1 were mixed in the
ratio 1:1:1:1 and 1:1:1:4, respectively, had the highest in vitro and/or in vive activity (see also

Figure 1).

[0065] Cell culture assay systems cannot readily substitute for in vivo testing into
the skeletal muscle of new plasmid constructs, as it has been shown that some muscle specific
regulatory elements with high in vitro expression have less activity in vivo (Barnhart et al.,
1998). Fifty micrograms of the most potent synthetic promoters (SPc1-28 and SPc5-12),
SK448 and CMV plasmids were injected into the tibialis anterior muscle of adult ICR mice
(n=6 / group). One week later (Figure 4), the activity of CMV and SPc5-12 was similar
(16.77+7.43 and 14.59+9.39 X 10°RU/pg protein, respectively), while SK448 and SPc1-28
were 10 fold less active (1.44:0.76 and 1.58+0.65 X 10°RU/ g protein, respectively). SPc5-

12 was then chosen for further studies.

[0066] SPc5-12 was tested over a 96 hour time-course during primary avian
muscle cell myogenesis in culture where replicating myoblasts withdraw from the cell cycle,
fuse and form multinucleated terminally differentiated myotubes (Figure 5). CMV promoter
was active in both myoblasts and myotubes at similar levels (1.05£0.06 X 10°RU (relative
units)/ug protein at 24h, 1.22+0.22 X 10°RU/u g protein at 96h). SK448 expression increased
only after 48 hours (0.17+0.016 X 10°RU/ug protein at 48h, 0.37+0.09 X 10°RU/ pg protein at
72h, 0.410.06 X 10°RU/ug protein at 96h), which correspond to the pattern of activation of
SK promoters, active in myotubes but not in replicating myoblasts (Hayward and Schwartz,
1986). SPc5-12 mimicked the pattern of activation of SK448. However, SPc5-12 was 10 fold
more active than SK448 and 2-6 fold higher than CMV promoter at 96h (2.27+0.23 X

3293356v3 108328/00161

21



WO 2004/041177 PCT/US2003/034458

10°RU/pg protein at 48h, 3.62+0.91 X 10°RU/ug protein at 72h and 7.25+0.48 X 10°RU/ng
protein at 96h).

[0067) SPc5-12 was tested in primary cardiac myocytes over a 96-hour time
course (Figure 6), and compared with the ubiquitous promoters CMV and SV40 and with the
muscle specific promoter SK448. As shown, CMV promoter has high initial activity in
cardiac cells, which decreases over time. SK448 and SPc5-12 activities increase during the
same time period, with long-term activation and higher activity than the baseline. Similarly to
the skeletal muscle cells, in cardiac cells at 96 hour post-transfection, the SP¢5-12 promoter
has 13-fold higher expression than the naturally occurring SK448, and 2-fold higher activity
than CMV (Figure 7).

EXAMPLE 4.

[0068]  In vitro and in vivo specificity of SPc5-12 promoter. The specificity of
SPc5-12 promoter was evaluated by transient transfections in several non-muscle cell lines. In
the CV1 line (monkey kidney fibroblasts), HeLa cells (human cervix epitheloid carcinoma),
293 line (human transformed embryonic kidney) and 10T1/2 line (mouse embryonic
fibroblasts) specific B-gal activity of SPc5-12 and SK 448 constructs was relatively low
compared with the prevalently expressed CMV promoter (Figure 8).

[0069] We then generated lines of transgenic mice carrying £.coli B-galactosidase
(B-gal) with a nuclear localization signal (nls) under the control of the SPc5-12 promoter to
determine its in vivo specificity. At the end of 5 weeks, several different SPc5-12 transgenic
B-gal mice were killed and samples of different organs (lung, liver, brain, spleen, intestine,
stomach, kidney, testis) and heart and skeletal muscles were frozen in liquid nitrogen. £ - gal
tissue specific expression was evaluated by Northern blot analysis of total RNA (Figure 9)
and histochemistry techniques (data not shown). RNA blot analysis revealed -gal transcripts
only in. muscle and heart samples in all positive lines of SPc5-12 transgenic mice; no
expression was detected in non-myogenic organs. Histologically, (3-gal positive nuclei were
present in muscle fibers, as with the original SK448 promoter, but not in the control

littermates. The pattern of expression was similar in 2 other transgenic lines.
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EXAMPLE 3.

[0070]  In vivo activity of SPc5-12 promoter. In vivo expression of SPc5-12
promoter was compared to that of the ubiquitous promoters CMV and SV40, and with the
muscle specific SK448 promoter, after direct intra-muscular injection in adult
immunocompetent mice (Figure 10). At 2 and 4 weeks post-injection, the SPc5-12 driven
construct had an activity 3-5 fold higher that that of the SK448 promoter (SPc5-12, 2 weeks:
4.97+2.07 X 10°RU/ug protein, 4 weeks: 3.78+1.71 X 10°RU/pg protein vs. SK448, 2 weeks:
1.37+0.43 X 10°RU/ug protein, 4 weeks: 1.25+0.04 X 10°RU/ ug protein) and 6-8 time greater
then that of the CMV promoter (2 weeks: 0.94+0.4 X 10°RU/ug protein, 4 weeks: 0.65:0.16
X 10°RU/ng protein). The SV40 construct was 100 fold less active at each of these time
points (2 weeks: 0.05+0.02 X 10°RU/pg protein, 4 weeks: 0.04+0.008 X 10°RU/ Ug protein.
These results show that in vivo transfection of the SPc5-12 into skeletal muscle results in

significantly higher expression than conventional promoters do.

[0071] The ability of our synthetic promoter to ensure production of therapeutic
levels of a secreted protein was determined. Human growth hormone releasing hormone
(“hGHRH”) cDNA was cloned downstream of the SPc5-12 promoter. The same construct, but
with a CMV promoter, was used as a positive control. Biologically active hGHRH secreted by
the muscle cells stimulated the secretion of endogenous growth hormone (“mGH”) from the
anterior pituitary of the injected mice. Seven days after direct intra-muscular injection of 30
micrograms of SPc5-12-GHRH plasmid in adult mice, serum mouse GH (“mGH”) was
measured using a specific RIA. Serum mGH increased in both SPc5-12-GHRH and CMV-
GHRH injected mice compared to control levels (24.84413.15ng/m1 and 21.19+11.05ng/ml,
respectively vs. 1.7+0.1ng/ml). The values obtained using these synthetic promoters (in a
quantity of 30pg of plasmid) were 1.5 fold higher than that obtained using 100 pg of pSK-
GHRH in a previous study in our laboratory (Draghia-Akli et al., 1997), a five fold increase in

activation when normalizing for the plasmid quantity.

[0072] The above synthetic promoters can be utilized for organ specific expression
of various therapeutic genes in a mammalian host. One skilled in the art recognizes that the
promoters described herein can direct the expression of any number of different genes that are
useful for plasmid mediated gene supplementation. Methods and compositions for

constructing promoters that can be utilized for effective gene transfer of an expression vector
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to ahost cell in accordance with the present invention to a host cell can be monitored in terms
of a therapeutic effect (e.g. alleviation of some symptom associated with the particular disease
being treated) or, further, by evidence of the transferred gene or high expression of the gene
within the host (e.g., using the polymerase chain reaction in conjunction with sequencing,
Northern or Southern hybridizations, or transcription assays to detect the nucleic acid in host
cells, or using immunoblot analysis, antibody-mediated detection, mRNA or protein half-life
studies, or particularized assays to detect protein or polypeptide encoded by the transferred

nucleic acid, or impacted in level or function due to such transfer).

[0073]  The above tissue specific synthetic promoters can be utilized in diverse
vector constructs and administered to a mammalian host for various therapeutic effects. One
skilled in the art recognizes that different methods of delivery may be utilized to administer a
tissue specific synthetic expression vector into a cell. Examples include: (1) methods
utilizing physical means, such as electroporation (electricity), a gene gun (physical force) or
applying large volumes of a liquid (pressure); and (2) methods wherein the tissue specific
synthetic expression vector is complexed to another entity, such as a liposome or transporter

molecule.

[0074]  Accordingly, the present invention provides a method of transferring a
tissue specific therapeutic gene to a host, which comprises administering the vector of the
present invention, preferably as pe;rt of a composition, using any of the aforementioned routes
of administration or alternative routes known to those skilled in the art and appropriate for a
particular application. Effective gene transfer of a tissue specific expression vector to a host
cell in accordance with the present invention to a host cell can be monitored in terms of a
therapeutic effect (e.g. alleviation of some symptom associated with the particular disease
being treated) or, further, by evidence of the transferred gene or expression of the gene within
the host (e.g., using the polymerase chain reaction in conjunction with sequencing, Northern
or Southern hybridizations, or transcription assays to detect the nucleic acid in host cells, or
using immunoblot analysis, antibody-mediated detection, nRNA or protein half-life studies,
or particularized assays to detect protein or polypeptide encoded by the transferred nucleic

acid, or impacted in level or function due to such transfer).

[0075]  These compositions and methods described herein are by no means all-

inclusive, and further methods to suit the specific application will be apparent to the ordinary
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skilled artisan. Moreover, the effective amount of the compositions can be further

approximated through analogy to compounds known to exert the desired effect.
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The claims defining the invention are as follows:

1. A cardiac-specific synthetic promoter produced by a method compriSing:

(a) introducing a library of randomized synthetic promoter-recombinant
expression constructs into a first population of cells forming a first test population of
cells;

(b) screening the first test population of cells for a first cardiac-specific
clone having a first transcriptional activity that is higher than a control transcriptional
activity in a comparable population of cells having a control cardiac-specific clone
comprising a known promoter operatively linked to the reporter gene forming a control
nucleic acid expression construct; and

(c) utilizing the cardiac-specific synthetic promoter from the first cardiac-
specific clone as a cardiac-specific synthetic expression construct;

wherein,

each of the randomized synthetic promoter-recombinant expression
constructs are operatively linked to a reporter gene to form a nucleic acid expression
construct; and

the cardiac-specific synthetic promoter comprises ¢5-12 (SquD#S).'

2. The cardiac-specific synthetic promoter of claim 1, wherein the first
population of cells comprise cells in vitro.

3.  The cardiac-specific synthetic promoter of claim 1, further comprising:

second screening the first cardiac-specific clone in a second test population
of cells before utilizing the cardiac-specific synthetic promoter as the cardiac-specific
synthetic expression construct;

wherein,

the first cardiac-specific clone having a second transcriptional activity in the
second population of cells that is higher than a second control transcriptional activity of
the control cardiac-specific clone introduced into a comparable population of cells.

4. The cardiac-specific synthetic promoter of claim 3, wherein the first
population of cells comprise cells in vitro, and the second population of cells comprise
cells in vivo.

5. The cardiac-specific synthetic promoter of claim 1 further comprising a
combination of cis-acting regulatory elements selected from a library of randomized

synthetic promoter recombinants.
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6. The cardiac-specific synthetic promoter of claim 5, wherein the cis-acting
regulatory elements comprise SRE (SeqID#1); MEF-1 (SeqID#2); MEF-2 (SeqID#3); and
TEF-1 (SeqID#4). '

7. A method of using a cardiac-specific synthetic expression construct for
expressing a gene in a cardiac cell comprising;: ’

delivering into the cardiac cell a cardiac-specific synthetic expression
construct; |

wherein,

the cardiac-specific synthetic expression construct comprises a cardiac-
specific synthetic promoter operatively linked to an expressible gene, and

the cardiac-specific synthetic promoter comprises c¢5-12 (SeqID#S5).

8. The method of claim 7, wherein the cardiac-specific synthetic promoter
comprises a combination of cis-acting regulatory elements selected from a library of
randomized synthetic promoter recombinants; and

the cardiac-specific synthetic promoter provides a transcriptional activity of
the expressible gene in a population of cells that is higher than the transcriptional activity
of the expressible gene driven by a control promoter in a comparable population of cells.

9.  The method of claim 8, wherein the cis-acting regulatory elements comprise
SRE (SeqID#1); MEF-1 (SeqID#2); MEF-2 (SeqlD#3); and TEF-1 (SeqID#4).

10. The method of claim 7, wherein the cardiac-specific synthetic expression
construct is delivered into the cardiac cell via electroporation.

11. The method of claim 7, wherein the expressible gene comprises a nucleic acid
sequence that encodes a growth-hormone-releasing-hormone ("GHRH") or .functiona]
biological equivalent thereof.

12. The method of claim 11, wherein the encoded GHRH is a biologically active
polypeptide, and the encoded functional biological equivalent of GHRH is a polypeptide
that has been engineered to contain a distinct amino acid sequence while simultaneously
having similar or improved biological activity when compared to the GHRH polypeptide.

13. The method of claim 11, wherein the encoded GHRH or functional biological
equivalent thereof is of the formula (SEQID#6):

-X;-X,-DAIFTNSYRKVL-X3-QLSARKLLQDI-X;-X5-RQQGERNQEQGA-OH
wherein the formula has the following characteristics:

X is a D- or L-isomer of the amino acid tyrosine ("Y"), or histidine ("H");
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X, is a D- or L-isomer of the amino acid alanine ("A"), valine ("V"), or
isoleucine ("I");

X5 is a D- or L-isomer of the amino acid alanine ("A") or glycine ("G");

X, is a D- or L-isomer of the amino acid methionine ("M"), or leucine ("L"),

X5 is a D- or L-isomer of the amino acid serine ("S") or asparagine ("N");

or a combination thereof.

14. The method of claim 7, wherein the cardiac-specific synthetic expression
construct comprises SeqID No: 7, SeqID No: 8, SeqID No: 9, SeqID No: 10, SeqID
No: 11, SeqID No: 12, SeqID No: 13, SeqID No: 14, or SeqID No: 15.

15. A method of synthesizing a cardiac-specific synthetic expression construct
comprising:

(a) identifying a cardiac-specific promoter; and

(b) operatively linking the cardiac-specific promoter to an expressible gene
to form the cardiac-specific synthetic expression construct;

wherein;

the cardiac-specific synthetic promoteri comprises ¢5-12 (SeqID#5), and a
combination of cis-acting regulatory elements; and

the expressible gene comprises a nucleic acid expression construct with or
without an operably linked promoter. |

16. The method of claim 15, wherein the combination of cis-acting regulatory
elements are selected from a library of randomized synthetic promoter recombinants; and

the cardiac-specific synthetic promoter driving a transcriptional activity of
the expressible gene in a population of cells that is higher than the transcriptional activity
of the expressible gene driven by a control promoter in the population of cells.

17. The method of claim 16, wherein the cis-acting regulatory elements comprise
SRE (SeqID#l); MEF-1 (SeqID#2); MEF-2 (SeqID#3); and TEF-1 (SeqID#4).

18. The method of claim 15, wherein the cardiac-specific synthetic expression
construct is delivered into the cardiac cell via electroporation.

19. The method of claim 15, wherein the expressible gene comprises a nucleic
acid sequence that encodes a growth-hormone-releasing-hormone ("GHRH") or
functional biological equivalent thereof.

20. The method of claim 19, wherein the encoded GHRH is a biologicélly active
polypeptide, and the encoded functional biological equivalent of GHRH is a polypeptide
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that has been engineered to contain a distinct amino acid sequence while simultaneously
having similar or improved biological activity when compared to the GHRH polypeptide.

21. The method of claim 19, wherein the encoded GHRH or functional biological
equivalent thereof is of the formula (SEQID#6):

-X;-X,-DAIFTNSYRKVL-X3-QLSARKLLQDI-Xs4-X5-RQQGERNQEQGA-OH
wherein the formula has the following characteristics:
X, is a D- or L-isomer of the amino acid tyrosine ("Y"), or histidine ("H");
X, is a D- or L-isomer of the amino acid alanine ("A"), valine ("V"), or
isoleucine ("I"),
X; is a D- or L-isomer of the amino acid alanine ("A") or glycine ("G");
X4 is a D- or L-isomer of the amino acid methionine ("M"), or leucine ("L");
X is a D- or L-isomer of the amino acid serine ("S") or asparagine ("N");
or a combination thereof.

22 The method of claim 15, wherein the cardiac-specific synthetic expression
construct further comprises SeqID No: 7, SeqlD No: 8, SeqID No: 9, SeqID No: 10,
SeqID No: 11, SeqlD No: 12, SeqID No: 13, SeqID No: 14, or SeqlID No: 15.

23. A method of using a cardiac-specific synthetic expression construct for
expressing a gene in a cardiac cell comprising:

delivering into the cardiac cell a cardiac-specific synthetic expression
construct;

wherein, the cardiac-specific synthetic expression construct comprises a
cardiac-specific synthetic promoter comprising c5-12 (SeqID#5), operatively linked to an
expressible gene.

24. The method of claim 23, wherein the expressible gene comprises a nucleic
acid sequence that encodes a growth-hormone-releasing-hormone ("GHRH") or
functional biological equivalent thereof.

25. The method of claim 24, wherein the encoded GHRH is a biologically active
polypeptide, and the encoded functional biological equivalent of GHRH is a polypeptide
that has been engineered to contain a distinct amino acid sequence while simultaneously
having similar or improved biological activity when compared to the GHRH polypeptide.

6. The method of claim 24, wherein the encoded GHRH or functional biological
equivalent thereof is of the formula (SEQID#6):

_X,-X,-DAIFTNSYRK VL-X3-QLSARKLLQDI-Xs-Xs-RQQGERNQEQGA-OH

$709090-1:2¢cc
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wherein the formula has the following characteristics:
X, is a D- or L-isomer of the amino acid tyrosine ("Y"), or histidine ("H"),
X, is a D- or L-isomer of the amino acid alanine ("A"), valine ("V"), or
isoleucine ("I"); A
5 X3 is a D- or L-isomer of the amino acid alanine ("A") or glycine ("G");
X, is a D- or L-isomer of the amino acid methionine ("M"), or leucine ("L");
X5 is a D- or L-isomer of the amino acid serine ("S") or asparagine ("N"),
or a combination thereof.
27. The method of claim 23, wherein the cardiac-specific synthetic expression
10 construct further comprises SeqID No: 7, SeqID No: 8, SeqlD No: 9, SeqID No: 10,
SeqID No: 11, SeqID No: 12, SeqID No: 13, SeqID No: 14, or SeqlD No: 15.

Dated 30 August, 2011
Inovio Pharmaceuticals, Inc.
15 Baylor College of Medicine

Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON



PCT/US2003/034458

WO 2004/041177

1/19

! 14 1 ! ! I 1-HHL
14 ! 14 ! ! I -4HA

! I I v ! I ¢~ AHIA
14 ! 1 ! 14 1 HAS

9 S 14 ¢ 4 I Jud W Iy

SJUIWIJ[J AI0)B[NSIAI JO S[00]

I 9an31y




PCT/US2003/034458

2/19

6690 > v ) raan § wis=>(rvan (] saan>
922D <S 3) T )< T [ >
Lo o) < s JCTHL>] zaan Y zaaw > (Gaan (

$9D <<aas J[aan > (G ) vaaw) § aas—>(raan (G aus—>

519D §ams>Craaw (raaw () raan )f s> raan raan |§ ais>
$$ < T AW < T T FE><CHHS 3

LTTD éggg
DGR e T T T G e D T S [T ST T et mn S T TS K
150 €T > < IR TES 3 OS] caaW <IN ) aam YL >{ cdan L >< s 3<TaL]
SIBWSP JS
oY 18eq
EEINTTIEN] g Nll_ﬂ . as |

DIV I+ ST~ SE- 9~ €L- SPIYSa0d JS

—Tpodoy_

ragn @ raan

WO 2004/041177

DIV I+ ST~ = §9 - s8- 0€T - 1) SLI- we-  STy-

SPINNSU0D gpy NS

7 In3Iq



WO 2004/041177 PCT/US2003/034458

3/19

l 1422 )

H_ o

e

— | wo
—] " o

] 6£-9D
— 91-9D
w9

—] $-90

e I
—{ w0

[ |80

—]  |seso

i £1-60

— (4555
— $-5D

— 1-50
| LTTD
— 9720
—_— $T'1D
] 97-10

—{ | wwo

o I 2 &
] D

—] -1

Figure 3

Muscle specific synthetic promoters

12 -
10
8
6
4
2
0

UONEAT}OE PIO



WO 2004/041177 PCT/US2003/034458

4/19

SK448

CMV

Promoters

SPc5-12

Figure 4

SPc1-28

[ T T T I ]
(=] Te] ) w o w0 (=]
™ N N ~ ~—

urdyoad Sri/yQ XY AserpoN



WO 2004/041177 PCT/US2003/034458

5/19
= o o o i
<t o0 N \©O
N <t >~ & l]
O8N o
~N—
=
o
Q
@\
R : .
H O e
A8
v ©
g
o
V)
° -
= %
oL <t
= v
)
=
Q
H
[ [ ] I I/ B

I I
AN OO N T NN -~ O
urdyoxd 81 / Ky1anpoe [es-g



WO 2004/041177 PCT/US2003/034458

6/19 [

nt

[1 24h
bgal

Il 96h

Ed 48h
N 72h

SV40
promoter Figure

SK448

Figure 6

SPc5-12

T
N
CMV

[ I—

T T T f T

é 8 0 © < AN (@]
uejoud BT/, 01.NY BSRIBNON|



PCT/US2003/034458

WO 2004/041177

7/19

€000
€000
2810
€8¢€0
0L0°G
9y8'¢
sinoy 96

¢00°0
€000
o¢cL0
9Ge'0
€68°C
AR R
sinoy ¢l

¢000
000
Z¢Lo
y0€°0
1G1°¢C
0¥Z'8
sinoy g

L 9an31q

100°0
0000
7900
91°0
LG6°)
9016
sinoy ¢

Ju
|ebq
O¥AS
8¥Y¥IMS
Z1-69dS
AND



WO 2004/041177 PCT/US2003/034458

8/19

g SPc5-12
O control

m W
7 SK 448 |
Hela

)
233

cell line

Figure 8
10T4/2

cVv1

urdoad 3 / Ky1anoe [es-g



PCT/US2003/034458

WO 2004/041177

9/19

6 2IN3sL



WO 2004/041177 PCT/US2003/034458

10/19

[12 weeks
B4 weeks
SV40 control

SK448
construct

Figure 10
SPc5-12

CMV

I I T

00) © < N o
uiejoad Brij 0| NY oseldyon|



PCT/US2003/034458

WO 2004/041177

11/19

[ebg-g1-Gods

1e6g-AND

HYHD-CL-G9dS HIHO-AWD

L

L

[ 231y

T
o
<

o
AN
(Jw/bu) Ho esnowl

—
o
ﬁ-



WO 2004/041177

cl-26
4-VEF-1

PCT/US2003/034458

12/19

TEF-1-—p MEF-2

cggecgaggg cggcgdggca ggcagcaggt gttggfcacca ttcctceaceg ctctaaaaat 60

—» - TEF-1

«-SRE

SRE P>

aactccclgtg aggaatggtg |cegtcgecat atttgggtgh clgacacccaa atatggegad 120

SRE P

MEF-1

TEF-1 4~ MEF-1
dgtgaggaa tggtglggcag gcagcaggtg ttggigacacc caaatatgge gacgglccaad] 180

MEF-1-p» <-MEF-2

<« MEF-2 4-TEF-1

acctgetgee tgecgggagt tatttttaga gcﬁgggagtt atttttagag cglgtgaggaa 240

SRE—P»

tggtdlgacac ccaaatatgg cgacgglecgg ggccgeatte ctgggggeeg ggcggtgete 300

cogecegect cofatamaslgg ctecggggec ggeggeggec cacgagetac ccggaggage 360

gggaggcgee aagctctaga

Figure 12

XwalIl

BsiEI

380

GGCGGCCGAG GGCGGCEGEE CAGGCAGCAG GTGTTGGCAC CATTCCTICAC CGCTCTAAAA
CCGCCGECTC CCECCECCCC GTCCGTCGTC CACAACCGTG GTAAGGAGTG GCGAGATTTT
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ATATTTGGGT GTCGACACCC AAATATGGCG
TATAAACCCA CAGCTGTGGG TTTATACCGC

BsmFI

TGTTGGGACA CCCARATATG GCGACGGCCA

TGCCCACTCC TTACCACCCG TCCGTCGTCC ACAACCCTGT GGGTTTATAC CGCTGCCGGT
181 ACACCTGCTG CCTGCCGGGA GTTATTITTTIA GAGCGGGGAG TTATTTTTAG AGCGGTGAGG
TGTGGACGAC GGACGGCCCT CAATAAAAAT CTCGCCCCTC AATARAAATC TCGCCACTCC

241

Xmalll BmylI
BlXT EGORTT BsiHKAT
“EagT BstNT Bspi28sT
“mort Mval HgiAT
BsiBI Bsur AspHT

BATGGTGGAC ACCCAARTAT GGCGACGGCC GGGGCCGCAT TCCTGGGGGC CGGGCGGTGC
TTACCACCTG TGGGTTTATA CCGCTGCCGG CCCCEGGCGTA AGGACCCCCG GCCCGCCACG

BmyI
BsiHKAI NgoMI
Bspl2861 Ccfriox

HgiAT N
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c2-26
<4—SRE MEF-1—P» < SRE

gglccgtegee atatttgggt gtclecaacac ctgetgcctg cgecgtegece atatttgggt] 60
- MEF-2 SRE P>

gtclgggagtt atttttagag cglgacaccca aatatggcga cggcegglgge cgcattectg 120

ggggecggge ggtgotcecy cccgectegl tamaaggete cggggccgge ggcggeccac 180

gagctacceg gaggagceggg aggcgcecaag ctctaga 217
BspMI
Eagl BsmFI BbvI
1 CGGCCGTCGC CATATTTGGEE TGTCCCAACA CCTGCTGCCT GCCCCGTCGC CATATTTGGG

GCCGGCAGCG GTATAAACCC ACAGGGTTGT GGACGACGGA CGGGGCAGCG GTATAAACCC

Figure 13

BstNI
EcORTT
Mva
Bagl BsmI~~~
61 TETCGGGAGT TATTTTTAGA NCNGACACCC ARATATGGCG AE;&;E(;(;GGG CCE;E;;‘;ECT
ACAGCCCTCA ATAAAAATCT NGNCTATGGG TTTATACCGC TGCCGGCCCC GGCGTRAAGGA
BmyI
Z.B‘;;;I;(.;I NgoMI
ECORTI Bepi2861 cerior
Mvat HgiAT “Naer
Bsta AspHI Taq1 -
121 ;;GGGCCGGG CG&&'(EE;‘-C.CC GCCCGCC%‘E(Z‘.H?TAAAAGGCT CCGGG(;;;E-‘;;~EGGCGGCCCA
CCCCCRRECCC GCCACGAGGEG CGGRCGGAGC TATTTTCCGA GGCCCCGGCC GCCGCCGGGET
Banl
BsanT
“cfor
Haell
“Hhal
Hinp1
Kast Hael
“Narz  xpar
BsrsT Aoyl Bfal
181 CGAGCTACCC GGAG;;;E(E&NGA&(;EéE;AA GCTé;‘Zz(;A

GCTCGATGGG CCTCCTCGCC CTCCGCGGTT CGAGATCT
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c2-27

14/19

- SrRE MEF-1—9> SRE—p>

ggleegtcgee atatttgggt gtdecaacac tgetgectge clgacacccaa atatggegad) 60

<« TEF-1 MEF-1—p» SRE P>

g?_:ﬂgtgaggaa tggtdlccaac acctgetgec tgedgacace caaatatgge gacg_g_[ccggg 120

gecgeattee tgggggeegg geggtgetee cgecegecte gataaaslgge tcecggggeeg 180

geggeggece acgagctacc cggaggagceg ggaggcgcca agctctaga 229

61

Figure 14

121

181

BagI BsmFI
CGGCCGTCGC CATATTTGGG TGTCCCAACA CTGCTGCCTG CCGACACCCA AATATGGCGA
GCCGGCAGCG GTATAAACCC ACAGGGTTGT GACGACGGAC GGCTGTGGGT TTATACCGCT

CGGGTGAGGA ATGGTGCCAA CACCTGCTGC CTGCCGACAC CCAAATATGG CGACGGCCGG
GCCCACTCCT TACCACGGTT GTGGACGACG GACGGCTGTG GGTTTATACC GCTGCCGGCC

BmyI
ECORII ;;;;H;;; NgoMI
BSENT Bsp12861 cerior
wal HgiAI | Naet
Bemr a—— Taqt -

s s s s s ~ s s s s s s ~ o~~~ ~ o

GGCCGCATTC CTGGGGGCCG GGCGGTGCTC CCGCCCGCCT CGATAAAAGG CTCCGGGGCC
CCGGCGTAAG GACCCCCGGC CCGCCACGAG GGCGGGCGGA GCTATTTTCC GAGGCCCCGG

BsaHI
cerior “cfor
HaeTI

“Hhal

Hinp1I

Nael I’E;’s‘; Mael
- Warl  ¥bar
BeTFT BorBI  Acyl  Bfal

GGCGGCGGCC CACGAGCTAC CCGGAGGAGC GGGAGGCGCC AAGCTCTAGA
CCGCCGCCGE GTGCTCGATG GGCCTCCTCG CCCTCCGCGGE TTCGAGATCT
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<« SRE TEF-1=P> MEF-2 —P» <=

gofccgtcgec atatttgagt gtdcaccatt cctcaccgct ctaaaaataa ctcedgtgag 60

TEF-1

TEF-1—P» <4 SRE

Baatggtgca ccattcctea clecgtegeca tattbgggtyg tcecgaggge ggacggecgg 120

ggccgeatte ctgggggecg ggeggtgcte cegeccgect cgptaaaslgg ctocggggee 180

ggcggcggee cacgagctac ccggaggagce gggaggcgec aagctctaga

Figure 15

61

121

181

CGGCCETCEC CATATTTGGG TGTCCACCAT TCCTCACCGC
GCCGGCAGCG GTATAAACCC ACAGGTGGTA AGGAGIGGCG

GGAATGGTCC ACCATTCCTC ACCCGTCGCC ATATTTGGGT
CCTTACCACG TGGTAAGGAG TGGGCAGCGG TATAAACCCA

GGGCCGCATT CCTGGGGEGCC GGGCGETGCT CCCGCCCGCC
CCCGGCGTAA GGACCCCCGGE CCCGCCACGA GGGCGEGCGG

Cfrl0I Cfol

Nael KasI

NgoMI Narl

BsrFI AcyI
CGGCGGCGGC CCACGAGCTA CCCGGAGGAG CGGGAGGCGC
GCCGCCGCCGE GGTGCTCGAT GGGCCTCCTC GCCCTCCGCG

TCTAAAAATA ACTCCCGTGA
AGATTTTTAT TGAGGGCACT

GTCCCGAGGEG CGGACGGCCG
CAGGGCTCCC GCCTGCCGGC

CEfr10T

NgoMI

Nael

Tagl BsyFI

TCGATAAAAG GCTCCGGGGC
AGCTATTTTC CGAGGCCCCG

CAAGCTCTAG A
GTITCGAGATC T
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Figure 16

PCT/US2003/034458
c5-12
SRE—P> 4—TEF-1
ggecgtcege ctteggoace atccteaclga cacccaaata tggegacgdg tgaggaatgg 60
_ <«4-MEF-2 <4—MEF-1 MEF-2
tglgggagtta tttttagage ggtgaggaag gtgggcagge agcaggtgtt gglcgetctaa) 120
- MEF-2 SRE—P>
[aaataactcc cgggagttat ttttagagcg gaggaatggt dgacacccaa atatggcgad| 180
<« SRE
E@ttcctcac lccgtegceat atttgggtgt cegeccetegg ccggggecege attcctgggg 240
gcegggeggt getceegece gectedataa aaggetcegg ggecggegge ggeecacgag 300
ctacccggag gagcegggagg cgccaagetce taga 334
Eagl FokI
1 CGGCCETCCG CCTTCGGCAC CATCCTCACG ACACCCAAAT ATGGCGACGG GTGAGGRATG
GCCGGCAGEC GGAAGCCETG GTAGGAGTGC TGTGGGTTTA TACCGCTGCC CACTCCTTAC
BspMI
BbvI
61 GTGGGGAGTT ATTTTTAGAG CGGTCAGGAA GGTGGGCAGG CAGCAGGTGT TGGECGCTCTA

CACCCCTCAA TABRAAATCTC GCCACTCCTT CCACCCGTCC GTCGTCCACA ACCGCGAGAT

Smal

Xmal

121 AAARTAACTC CCGGGAGTTA TTTTTAGAGC GGAGGAATGG TGGACACCCA AATATGGCGA
TTTTATTGAG GGCCCTCAAT ABAAATCTCG CCTCCTTACC ACCTGTGGGT TTATACCGCT

Eagl BsmI

BstNI

EcoRII

Mval

181 CGGTTCCICA CCCGTCGCCA TATTTGGETG TCCGCCCTCG GCCGEEGCCG CATTCCTGGG
GCCAAGGAGT GGGCAGCGGT ATAAACCCAC AGGCGGGAGC CGECCCCEGC GTAAGGACCC

By
BoLHKAT NgoMI
Bepi28s1 cirior
HgiAl “Nael
AspHI TaqT BerFT
241 GGCCGGGCG&~;55;ECCGCC CGCC%E&ATA AARGGCTCCG GG;EEEEEGG CGGCCCACGA
CCGGCCCACC ACGAGGECGG GCGGAGCTAT TTTCCGAGGC CCCGGCCGLC GCCGGGTGCT
BsaHT
“KasT  Mael
Narl  xbal
Aeyr  mfar
301 GCTACCCGGA GGAGCGGGA;~;EéEEAAGCT E;;éA

CGATGGGCCT CCTCECCCTC CGCGGTITCGA GAICT
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c6-5
<4 SRE MEF-2 > <4—MEF-1
gglccgtegee atatttgggt gtclcgetcta aaaataactc cclggcaggca geaggtgttd] 60
MEF-1-P~ SRE P> <4~ MEF-1
glccaacacct getgcctgec| gacaccaaat atggegacgg bgcaggcagc aggtgttggﬁ 120
SRE—P>

[rcacccaaat atggcgacgg| ceggggeege attectgggg geegggeggt getcecgece 180

gectegataa aalggetecgy ggecggegge ggcccacgag ctaccoggag gagegggagy 240

cgccaagete taga 254

Mscl

Eagl M1uNI

1 CGGCCETCEC CATATTTGGG TGTCCGCTCT ABAAATAACT CCCGGCAGGC AGCAGGTGTIT
GCCGGCAGCGE GTATABRACCC ACAGGCGAGA TTTTTATTCA GGGCCGTCCG TCGTCCACAR

M1uNI ' BsmFIL

61 GGCCRACACC TGCTGCCTGC CGACACCAAA TATGGCGACG GGGCAGGCAG CAGGTGTTG
CCGGTTGTGE ACCACGGACG GCTGTGGTTT ATACCGCTGC CCCGTCCGTC GTCCACAACC

EcoRII BgiHKATL

Figure 17

BsmFI Eagl BsmI AspHI
121 GACACCCARA TATGGCGACG GCCGGGGCCG CATTCCTGEE GGCCGGGCGE TGCTCCCGCC
CTGTGGGTTT ATACCGCTGC CGEGCCCCGGC GTAAGGACCC CCGECCCGCC ACGAGGGCGG

BanI
CfrloIl ;saHI
T ;aeII
Nael iasI
NgoMT NarT
TaqT BorFI Acyr
181 CGCC;E;;TA ARAGGCTCCG GG&;E&;EGG CGGCCCACCGA GCTACCCGGA GGAGCGGGA;

GCGGAGCTAT TTTCCEAGGC CCCEGCCECC GCCEEGTGCT CGATGGGCCT CCTCGCCCTC

HinP1I

KasT Mael
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c6-16
SRE—> <—MEF-1 4 VEF-1/
ggccgaggge dggacaccaaa tatggcgacg gggcaggcag caggtgttgg fpgeaggcagd] 60
<« MEF-1 MEF-1—9» SRE—p» <4—MEF-1/
[rggtgttagle caacacctge tgcctgeclga cacccaaata tggcgacgglg goaggcagca 120
4—VEF-1 «€—MEF-2 SRE—P>
gtgttgglgg gagttatttt tagagcggac acccaaatat ggcgacgglec ggggccgcat 180
tcetggggge cgggeggtge toccgcecgce ctcg ggctececgggg ccggcyggcgy 240
cccacgagct acccggagga gcgggaggcg ccaagctcta ga 282
Eagl
1 E;&EE&AGGG CGGACACCAA ATATGGCGAC GGGGCAGGECA GCAGGTGTTG GGGCAGGCAG
GCCGECTCCC GCCTGTEGTT TATACCGCTGE CCCCGTCCGT CGTCCACAAC CCCGTCCGTC
MscI
MLaNT
61 CAGGTGT;&;~EE;ACACCTG CTGCCTGCCG ACACCCAAAT ATGGCGACGG GGCAGGCAGC
ca: GTCCACAACC GGTTGTGGAC GACGGACGGC TGTGGGTTTA TACCGCTGCC CCGTCCGTCG
o Eagl BsmI
gj 121 AGGTCETTCGG GGAGTTATTT TTAGAGCGGA CACCCAAATA TGGCGAE&&;~;&GGGCCéE;
:’ TCCACAACCC CCTCAATAAA AATCTCGCCT GTGGGTTTAT ACCGCTGCCG GCCCCGGCGT
.E;D Byl
= B
BetNT Bepl286T CEr101
— HgiAl “Nael
BsmT AspHI Taql S
181 ;;ECTGGGGG CCGGGCGE;8~E;ECCGCCCG CC%E&;TAAA AGGCTCCGGG ;EE;&EGGCG
AAGGACCCCC GGBCCCGCCAC GAGGGCGEGGEC GGAGCTATTT TCCGAGGCCC CGGCCGCCGL
Banl
BsaHI
“cfor
HaeIT
“Hhar
HinP1l
I;;;E~ Mael
“Narl  xbal
“Aeyl  Bfal
241 GCCCACGAGC TACCCGGAGG AGCGGGA&&E~;EEAAGCTE;~;8A

CEGGTGCTCG ATGGGCCTCC TCGCCCTCCE CGGTTCGAGA TCT
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c6-39
SRE—P> MEF-2 — P> MEF-1
ggcegtcoege cctegglgaca cccaaatatg gegacgdege tctaaaaata acteeciecaa) 60
MEF-1~P> SRE P> <4-MEF-1 MEF-2

|cacctgctgc ctgcclgacac ccaaatatgg caacgg}ggca ggcagcaggt gtttgglcgct 120

MEF -2 ~)»

[ctazaaataa ctcecdeccga gggeggacgg ccggggeege attectgggg gecgggeggat 180

gotceegece gocteghtaa asggetcegg ggecggegge ggeccacgag ctacccggag 240

gagcgggagg cgccaagetce taga 264

61
N
v
<P
S
=

.Eﬂ 121
=

181

241

CEGCCETCCE CCCTCGGGAC ACCCAAATAT GGCGACGGCG CTCTARAAAAT AACTCCCCCA
GCCGGCAGEC GGGAGCCCTG TGGGTTTATA CCGCTGCCGC GAGATTTTTA TTGAGGGGGT

ACACCTGCTG CCTGCCGACA CCCAAATATG GCAACGGGGC NAGGCAGCAG GTGTTTGGCG
TGTGGACGAC GGACGGCTGT GGGTTTATAC CGTTGCCCCG NTCCGTCGTC CACAAACCGC

CTCTAAAAAT BACTCCCCCC GAGGGCGEAC GBCCGGGGCC GCATTCCTGG GGGCCGGGCG
GAGATTTTTA TTGAGGGGEG CTCCCGCCTG CCGGBCCCCGG CGTAAGGACC CCCGGCCCCC

BmyI

;;;;I;;I NgoMI
Bsp12861 cErior
Rgial “Nael
AspHI Taqt BerFI

@TECTCCCGC CCGCCTCGAT AAAAGGCTCC GGGGCCGGCG GCGGCCCACG AGCTACCCGG
CACGAGGECG GGCGGAGCTA TTTTCCGAGG CCCCGGCCGC CGCCGEGTGEC TCGATGGGCC

Banl
BeaHT
~I~<;L;;~ MaeI
“NarT XbaT
BsrBI  Acyl  Bfal

AGGAGCGGGA GGCGCCAAGC TCTAGA
TCCTCGCCCT CCGCGGTTCG AGATCT
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SEQUENCE LISTING

<110> Advisys
Baylor College of Medicine

<120> SYNTHETIC MUSCLE PROMOTERS WITH ACTIVITIES EXCEEDING NATURALLY OCCURRING
REGULATORY SEQUENCES IN CARDIAC CELLS

<130> 108328.00161 - AVSI-0027

<150> US 60/423,536
<151> 2002-11-04

<160> 22

<170> PatentIn version 3.1
<210> 1

<211l> 21

<212> DNA

<213> artificial sequence

<220>
<223> SRE control elements used in the promoters.

<400> 1

gacacccaaa tatggcgacg g 21
<210> 2

<211l> 18

<212> DNA

<213> artificial sequence

<220>
<223> MEF-1 control element used in the promoters

<400> 2

ccaacacctg ctgcctgec 19
<210> 3

<211> 19

<212> DNA

<213> artificial sequence

<220>
<223> MEF-2 control element used in the promoters.

<400> 3

cgctctaaaa ataactccce 19
<210> 4

<211> 13

<212> DNA
<213> artificial sequence

<220>
<223> TEF-1 control element used in the promoters.
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<400> 4
caccattect

<210> §

<211l> 335
<212>
<213>

<220>
<223>

<400> 5
cggccgteceg

gtggggagtt
aaaataactc

cggttcctcea

ggcegggegg

gctaccecgga

<210> 6
<211l> 40
<212> PRT
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>

DNA
artificial sequence

cac

cctteggcac
atttttagag
ccgggagtta
cccgtegeca
tgetceegcee

ggagcgggag

MISC_FEATURE
(1) .
Xaa at position

. (1)

MISC_FEATURE
(2).
Xaa at position

. (2)

MISC_FEATURE
(15) .. (15)
Xaa at position

MISC_FEATURE
(27)..(27)
Xaa at position

catcctcacg
cggtgaggaa
tttttagagc
tatttgggtg
cgceetegata

gcgecaagcet

artificial sequence

2/22

acacccaaat
ggtgggcagy
ggaggaatgg
tcegeecteg
aaaggctccg

ctaga

Nucleic acid sequence of an eukaryotic promoter

atggcgacgg
cagcaggtgt
tggacaccceca
gccggggecy

gggccggcedyg

1 may be tyrosine, or histidine

PCT/US2003/034458

13

c5-12.
gtgaggaatg 60
tggegetcecta 120
aatatggcga 180
cattcctggg 240
cggeccacga 300
335

This is the artificial sequence for GHRH (1-40)OH.

2 may be alanine, valine, or isoleucine.

15 may be alanine, valine, or isoleucine.

27 may be methionine, or leucine.
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<221>
<222>
<223>

(28)

<400> 6

MISC_FEATURE

.. (28)

3/22

Xaa at position 28 may be serine or asparagine.

PCT/US2003/034458

Xaa Xaa Asp Ala Ile Phe Thr Asn Ser Tyr Arg Lys Val Leu Xaa Gln

1

5

10

15

Leu Ser Ala Arg Lys Leu Leu Gln Asp Ile Xaa Xaa Arxrg Gln Gln Gly

20

Glu Arg Asn Gln Glu Gln Gly Ala

35

<210> 7

<211> 3534
<212> DNA
<213>

<220>
<2235

<400> 7
gttgtaaaac

accgeggtgg
gtgaggaatg
tggcgetcta
aatatggecga
cattcetggg
cggecccacga
ggcccaactce
ctgggtgttc
cectttgacce
ggtgetggece
agagaggaac
ggtggecatee
tgcccaccag
tctataatat

cctgtagggce

gacggccagt
cggcegteeg
gtggggagtt
aaaataactc
cggttcctcea
ggecgggcegg
gctaccegga
cccgaaccac
ttetttgtga
ctcaggatgce
cagctgtceg
caagagcaag
ctgtgaccce
ccttgtecta
tatggggtgg

ctgeggggtce

40

artificial sequence

Nucleic acid sequence for

gaattgtaat
cceteggeac
atttttagag
ccgggagtta
ccegtegeca
tgecteccegee
ggagcgggag
tcagggtcecet
tecectecacccet
ggcggcacgt
ccegcaagcet
gagcataatg
tceccagtge
ataaaattaa
aggggggtgg

tattgggaac

25

30

the HV-GHRH plasmid.

acgactcact
catcctcacg
cggtgaggaa
tttttagagc
tatttgggtyg
cgectegata
gegccaaget
gtggacagct
cagcaacagce
agatgccatc
gcteccaggac
actgcaggaa
ctetectgge
gttgcatcat
tatggagcaa

caagctggag

atagggcgaa
acacccaaat
ggtgggcagy
ggaggaatgyg
tcegeecteg
aaaggctccg
ctagaactag
cacctagcectg
teccactget
ttcaccaaca
atcctgaaca
ttcgatatca
cctggaagtt
tttgtctgac
ggggcaagtt

tgcagtggcea

ttggagctece
atggcgacgg
cagcaggtgt
tggacaccca
gceggggecy
gggccggcegg
tggatcccaa
ccatggtget
ccccacctece
gctaccggaa
ggcagcagyg
agcttatcgg
gccactceag
taggtgtcct

gggaagacaa

caatcttgge

60

120

180

240

300

360

420

480

540

600

660

720

780

84.0

200

960
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tcactgcaat
tgggattcca
gtttcaccat
ggccteccaa
ttttaaaata
cccaaccggt
ctcagtagat
tttgttceet
ctgtgtgaaa
gtaaagcctg
ccgcttteca
ggagaggcgg
cggtegtteg
cagaatcagg
accgtaaaaa
acaaaaatcg
cgtttececce
acctgtcecge
atctcagttc
agcccgaccg
acttatcgee
gtgctacaga
gtatctgege
gcaaacaaac
gaaaaaaagg
actcgtcaag
gcacgaggaa
acgctatgtc
agcggecatt

cctegeegte

ctececgectec
ggcatgcatg
attggcecagg
attgctggga
actataccag
gggacatttg
gcctgttgaa
ttagtgaggg
ttgttatccg
gggtgcctaa
gtcgggaaac
tttgegtatt
gctgecggega
ggataacgca
ggcegegttg
acgctcaagt
tggaagctce
ctttctecet
ggtgtaggte
ctgcgectta
actggcagca
gttcttgaag
tetgetgaag
caccgctggt
atctcaagaa
aaggcgatag
gcggtcagece
ctgatagcgg
ttccaccatg

gggcatgege

tgggttcaag
accaggctca
ctggtctcca
ttacaggegt
caggaggacyg
agttgcttge
ttcgataceg
ttaatttecga
ctcacaattc
tgagtgagct
ctgtegtgcece
gggcgetett
gcggtatcag
ggaaagaaca
ctggegtttt
cagaggtgge
ctegtgeget
tcgggaagcg
gttegetcea
tcecggtaact
gccactggta
tggtggeceta
ccagttacct
agcggtggtt
gatcctttga
aaggcgatgc
cattegeege
tcegecacac
atattcggeca

gccttgagec

4/22

cgattctect
gctaattttt
actcctaatc
gaaccactge
tccagacaca
ttggcactgt
tcgacctega
gcttggegta
cacacaacat
aactcacatt
agctgcatta
ccgettecte
ctcactcaaa
tgtgagcaaa
tccatagget
gaaacccgac
ctectgttee
tggcgetttce
agctgggctg
atcgtcttga
acaggattag
actacggcta
teggaaaaag
tttttgtttg
tettttctac
gctgegaatce
caagctcttce
ccageeggec
agcaggcatc

tggcgaacag

gcctcagect
gtttttttgg
tcaggtgate
tccctteeet
gcataggcta
cctetecatge
gggggggccce
atcatggtca
acgagccgga
aattgcgttg
atgaatcggce
gctcactgac
ggcggtaata
aggccagcaa
ccgecceect
aggactataa
gaccctgccg
tcatagctca
tgtgcacgaa
gtccaacccyg
cagagcgagg
cactagaaga
agttggtage
caagcagcag
ggggtctgac
gggagcggceg
agcaatatca
acagtcgatg
gcecatgggte

ttecggectgge

PCT/US2003/034458
cecgagttgt 1020
tagagacggg 1080
tacccacctt 1140
gtccttetga 1200
cctggeccatg 1260
gttgggtcca 1320
ggtaccagct 1380
tagctgttte 1440
agcataaagt 1500
cgectcactge 1560
caacgcgcgg 1620
tcgetgeget 1680
cggttatcca 1740
aaggccagga 1800
gacgagcatc 1860
agataccagg 1920
cttaccggat 1980
cgectgtaggt 2040
cceccegtte 2100
gtaagacacg 2160
tatgtaggcg 2220
acagtatttg 2280
tcttgatccg 2340
attacgcgca 2400
gctcagaaga 2460
ataccgtaaa 2520
cgggtagcca 2580
aatccagaaa 2640
acgacgagat 2700
gcgageccect 2760
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gatgctcttce
gctegatgeg
geccgecgeat
ggagatcctg
cgtcgagcecac
cgtectgeag
cctgegetga
catagccgaa
caatcatgcg
agatccttgg
agggcgeccce
actgttggga
gatgtgetgce
<210> 8

<211>

<212>
<213>

DNA
<220>
<223>

<400> 8
gttgtaaaac

accgeggtgg
gtgaggaatg
tggcgcteta
aatatggcga
cattcctggg
cggcccacga
ggcccaactc
ctgggtgtte
ccetttgacce
ggtgectggece

agagaggaac

3534

gtecagatca
atgttteget
tgecatcagce
ccecggeact
agctgcgceaa
ttcattecagy
cagccggaac
tagcctetece
aaacgatcct
cggcaagaaa
agctggcaat
agggcgatcg

aaggcgatta

gacggccagt
cggecgtecg
gtggggagtt
aaaataactc
cggttectcea
ggcecgggcedg
gctaceccgga
ccecgaaccac
ttetttgtga
ctcaggatgce
cagetgtceg

caagagcaag

tcetgatcga
tggtggtcga
atgatggata
tcgcccaata
ggaacgcccyg
gcaccggaca
acggecggcat
acccaagegyg
catcctgtet
gccatccagt
tccggttege
gtgegggect

agttgggtaa

artificial segquence

Nucleic acid sequence for

gaattgtaat
cccteggeac
atttttagag
ccgggagtta
ccegtegeca
tgcteceegee
ggagcgggag
tcagggtcct
tcctecaccet
ggcggtatat
ccecgecaagcet

gagcataatg

5/22
caagaccggc
atgggcaggt
ctttetegge
gcagccagte
tegtggecag
ggtcggtett
cagagcagcc
ccggagaacce
cttgatcaga
ttactttgca
ttgetgteca
cttecgetatt

cgeecagggtt

tteccateccga
agceggatca
aggagcaagg
cctteeceget
ccacgatagce
gacaaaaaga
gattgtctgt
tgcgtgcaat
tcttgatecce
gggctteeca
taaaaccgcce
acgccagctg

ttcccagtca

the TI-GHRH plasmid.

acgactcact
catectecacg
cggtgaggaa
tttttagagc
tatttgggtg
cgcctegata
gcgecaagcet
gtggacagct
cagcaacagc
cgatgeccatce
gctccaggac

actgcaggaa

atagggcgaa
acacccaaat
ggtgggcaggy

ggaggaatgg
teecgececteg
aaaggctccg
ctagaactag
cacctagetg
teeccactget
ttcaccaaca
atcctgaaca

ttcgatatca

PCT/US2003/034458
gtacgtgctc 2820
agcgtatgea 2880
tgagatgaca 2940
tcagtgacaa 3000
cgcgcectgect 3060
accgggecgcc 3120
tgtgcececagt 3180
ccatcttgtt 3240
ctgcgecatce 3300
accttaccag 3360
cagtctagca 3420
gcgaaagggg 3480
cgac 3534
ttggagctcc 60
atggcgacgg 120
cagcaggtgt 180
tggacaccca 240
gcecggggcecg 300
gggcceggcegg 360
tggatcccaa 420
ccatggtgcet 480
ccecacctee 540
gctaccggaa 600
ggcagcaggg 660
agcttatcgg 720
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ggtggcatcc
tgceccaccag
tctataatat
cectgtaggge
tcactgceaat
tgggattcca
gtttcaccat
ggccteccaa
ttttaaaata
cccaaccggt
ctcagtagat
tttgttecet
ctgtgtgaaa
gtaaagcctg
ccgettteca
ggagaggcgy
cggtcgtteg
cagaatcagg
accgtaaaaa
acaaaaatcg
cgtttcecce
acctgteege
atctcagttce
agcccgaccyg
acttatcgcecce
gtgctacaga
gtatctgcge
gcaaacaaac
gaaaaaaagg

actcgtcaag

ctgtgaccce
ccttgtecta
tatggggtgg
ctgcggggte
ctecgectee
ggcatgecatg
attggcecagyg
attgctggga
actataccag
gggacatttg
geetgttgaa
ttagtgaggy
ttgttatceg
gggtgcctaa
gtcgggaaac
tttgcgtatt
gctgeggega
ggataacgca
ggcegegttg
acgctcaagt
tggaagctcce
cttteteect
ggtgtaggtc
ctgecgectta
actggcagca
gttecttgaag
tctgetgaag
caccgetggt
atctcaagaa

aaggcgatag

tceccagtge
ataaaattaa
aggggggtgg
tatﬁgggaac
tgggttcaag
accaggctca
ctggtctcca
ttacaggcegt
caggaggacyg
agttgcttge
ttcgataceg
ttaatttecga
ctcacaattc
tgagtgagct
ctgtegtgece
gggcgetcett
gcggtatcag
ggaaagaaca
ctggegtttt
cagaggtggc
ctegtgeget
tcgggaageg
gttcgeteea
tccggtaact
gcecactggta
tggtggecta
ccagttacct
agcggtggtt
gatcctttga

aaggcgatgce

6/22
ctcteetgge
gttgcatcat
tatggagcaa
caagctggag
cgattctect
gctaattttt
actcctaatc
gaaccactge
tccagacaca
ttggcactgt
tcgacctega
gcttggegta
cacacaacat
aactcacatt
agctgecatta
cecgettecte
ctcactcaaa
tgtgagcaaa
tccatagget
gaaacccgac
ctcetgttec
tggcgettte
agctgggetg
atcgtcttga
acaggattag
actacggcta
tcggaaaaag
tttttgtttg
tecttttctac

gctgcgaatc

cctggaagtt
tttgtctgac
ggggcaagtt
tgcagtggca
gccteagect
gtttttttgg
tcaggtgatc
tecettcect
gcataggcta
ccteteatge
gggggggecce
atcatggtca
acgagecgga
aattgegttg
atgaatcgge
gctcactgac
ggeggtaata
aggccagcaa
cegeccecect
aggactataa
gacecctgeeg
tcatagctca
tgtgcacgaa
gtccaacceg
cagagcgagg
cactagaaga
agttggtage
caagcagcag
ggggtctgac

gggagcggcg

PCT/US2003/034458
gccactccag 780
taggtgtect 840
gggaagacaa 900
caatcttggce 960
ccegagttgt 1020
tagagacggg 1080
tacccacctt 1140
gtccttctga 1200
cctggecatg 1260
gttgggtceca 1320
ggtaccaget 1380
tagetgttte 1440
agcataaagt 1500
cgctcactgce 1560
caacgcgcegg 1620
tegetgeget 1680
cggttatcca 1740
aaggccagga 1800
gacgagcatc 1860
agataccagg 1920
cttaccggat 1580
cgctgtaggt 2040
cececeegtte 2100
gtaagacacg 2160
tatgtaggcg 2220
acagtatttg 2280
tcttgateeg 2340
attacgcgca 2400
gctecagaaga 2460

ataccgtaaa

2520
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gcacgaggaa
acgctatgtce
agcggccatt
cctegeegte
gatgctctte
gctegatgeg
geccgecegcat
ggagatcctg
cgtcgagcac
cgtectgeag
cctgegetga
catagccgaa
caatcatgceg
agatccttgg
agggecgcccec
actgttggga
gatgtgctge
<210> 9

<211>

<212>
<213>

DNA
<220>
<223>

<400> 9
gttgtaaaac

accgcggtgg
gtgaggaatg
tggcgctcta
aatatggcga
cattcctggg
cggcccacga

ggcccaacte

3534

gcggtcagee
ctgatagecgg
ttccaccatg
gggcatgege
gtccagatca
atgtttcgct
tgcatcagcc
cceeggeact
agctgcgecaa
ttcattcagg
cagccggaac
tagcctetee
aaacgatcct
cggcaagaaa
agctggcaat
agggcgatcg

aaggcgatta

gacggccagt
cggcegtecg
gtggggagtt
aaaataactc
cggttecctca
ggccgggegy
gctacccgga

cccgaaccac

cattcgecge
tececgecacac
atattcggca
gccttgagcece
tcctgatcga
tggtggtcga
atgatggata
tcgeccaata
ggaacgcccg
gcaccggaca
acggcggcat
acccaagcgg
catcctgtcet
gccatccagt
teceggttege
gtgcgggect

agttgggtaa

artificial sequence

Nucleic acid sequence for

gaattgtaat
ccecteggeac
atttttagag
ccgggagtta
ccegtegeca
tgctcecegece
ggagcgggag

tcagggtcct

7/22
caagctctte
ccagccggece
agcaggcatce
tggcgaacag
caagaccggce
atgggcaggt
ctttctcgge
gcagccagtce
tcegtggecag
ggtcggtett
cagagcagcc
ccggagaacc
cttgatcaga
ttactttgeca
ttgctgteca
cttegetatt

cgccagggtt

agcaatatca
acagtcgatg
geccatgggte
tteggetgge
ttccatcega
agcecggatca
aggagcaagg
cctteeceget
ccacgatage
gacaaaaaga
gattgtctgt
tgcgtgeaat
tettgatecce
gggcettccca
taaaaccgce
acgccagctg

ttcccagtea

the TV-GHRH plasmid.

acgactcact
catcctcacg
cggtgaggaa
tttttagagce
tatttgggtyg
cgectegata
gcgcecaaget

gtggacagct

atagggcgaa
acacccaaat
ggtgggcagg
ggaggaatgg
tcegeecteg
aaaggctccyg
ctagaactag

cacctagctg

PCT/US2003/034458
cgggtagcca 2580
aatccagaaa 2640
acgacgagat 2700
gcgagccect 2760
gtacgtgctce 2820
agcgtatgca 2880
tgagatgaca 2940
tcagtgacaa 3000
cgegetgect 3060
accgggcegec 3120
tgtgcccagt 3180
ccatcttgtt 3240
ctgecgececatce 3300
accttaccag 3360
cagtctagca 3420
gcgaaagggg 3480
cgac 3534
ttggagctcec 60
atggcgacgg 120
cagcaggtgt 180
tggacaccca 240
gccggggecg 300
gggceggegg 360
tggatcccaa 420
ccatggtgcet 480
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ctgggtgtte
cectttgace
ggtgctggec
agagaggaac
ggtggcatcc
tgccecaccag
tctataatat
cctgtaggge
tecactgcaat
tgggattcca
gtttcaccat
ggcctcccaa
ttttaaaata
cccaaccggt
ctcagtagat
tttgttcect
ctgtgtgaaa
gtaaagcctg
ccgetttceea
ggagaggcgg
cggtegtteg
cagaatcagg
accgtaaaaa
acaaaaatcg
cgttteccec
acctgtcege
atctcagtte
agcccgacceg
acttatcgcee

gtgctacaga

ttctttgtga
ctcaggatgce
cagctgteeg
caagagcaag
ctgtgacccc
ccttgtecta
tatggggtag
ctgeggggtce
ctecgeetee
ggcatgeatg
attggeccagg
attgctggga
actataccag
gggacatttg
gcetgttgaa
ttagtgaggg
ttgttateceg
gggtgcectaa
gtcgggaaac
tttgegtatt
gctgcggega
ggataacgca
ggccgegttg
acgctcaagt
tggaagctce
cttteteect
ggtgtaggtc
ctgcgectta
actggcagca

gttettgaag

tcetcaccet
ggcggtatgt
ccegeaaget
gagcataatg
tcececeagtge
ataaaattaa
aggggggtag
tattgggaac
tgggttcaag
accaggctca
ctggtctceea
ttacaggegt
caggaggacg
agttgcttge
ttegataccyg
ttaatttecga
ctecacaattce
tgagtgagct
ctgteogtgece
gggcgctett
gcggtatcag
ggaaagaaca
ctggegtttt
cagaggtggce
ctegtgeget
tecgggaageg
gttegeteca
tccggtaact
gccactggta

tggtggecta

8/22
cagcaacagc
agatgeccate
gctcecaggac
actgcaggaa
ctcteectgge
gttgcatcat
tatggagcaa
caagctggag
cgattctect
gctaattttt
actecctaate
gaaccactgc
tccagacaca
ttggcactgt
tcgacctega
gcttggegta
cacacaacat
aactcacatt
agctgcatta
ccgettecte
ctcactcaaa
tgtgagcaaa
tccatagget
gaaacccgac
ctecetgttee
tggcgettte
agctgggctg
atcgtcttga
acaggattag

actacggcta

tecccactget
ttcaccaaca
atcctgaaca
ttcgatatca
cctggaagtt
tttgtctgac
ggggcaagtt
tgcagtggca
gcctecagecet
gtttttttgg
tcaggtgatc
teceetteect
gcataggcta
cctcteatge
gggggggcecc
atcatggtca
acgagccgga
aattgcgttg
atgaatcggc
gctcactgac
ggeggtaata
aggccagcaa
cegeccecect
aggactataa
gaccctgeeg
tcatagectcea
tgtgcacgaa
gtececaacccg
cagagcgagg

cactagaaga

PCT/US2003/034458

ccceacctece
gctaceggaa
ggcagcaggg
agcttatcgg
gccactccag
taggtgtcect
gggaagacaa
caatcttggc
ccegagttgt
tagagacggg
tacccacctt
gteccttetga
cetggecatg
gttgggtcca
ggtaccaget
tagctgttte
agcataaagt
cgctcactge
caacgcgcgg
tcgetgeget
cggttatcca
aaggccagga
gacgagcatc
agataccagg
cttaccggat
cgetgtaggt
cceccecegtte
gtaagacacg
tatgtaggeg

acagtatttg

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
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gtatctgege
gcaaacaaac
gaaaaaaagg
actcgtcaag
gcacgaggaa
acgctatgte
agcggccatt
cctegeegte
gatgctctte
gctegatgeg
gcegecgeat
ggagatcctg
cgtcgageac
cgtcetgeag
cetgegetga
catagccgaa
caatcatgcg
agatccttgg
agggcgccecce
actgttggga
gatgtgctgce
<210>
<211>

<212>
<213>

10

DNA

<220>

<223>

<400> 10

3534

tctgetgaag
caccgctggt
atctcaagaa
aaggcgatag
gcggtcagce
ctgatagcgg
ttccaccatg
gggcatgcge
gtccagatca
atgtttcget
tgcatcagcce
cceecggeact
agctgcgeaa
ttcattcagg
cagcecggaac
tagcctcetcece
aaacgatect
cggcaagaaa
agctggcaat
agggcgatcg

aaggcgatta

ccagttacct
agcggtggtt
gatcctttga
aaggcgatge
cattcgcege
tcecgecacac
atattcggca
gecttgagee
tcectgatega
tggtggtega
atgatggata
tcgcccaata
ggaacgceceg
gcaccggaca
acggcggcat
acccaagcgg
catcctgtct
gccatecagt
tcoeggttege
gtgegggect

agttgggtaa

artificial sequence

Nucleic acid sequence for

gttgtaaaac gacggccagt gaattgtaat

accgcggtgg cggecgtecg cecteggeac

gtgaggaatg gtggggagtt atttttagag

tggcgcteta aaaataactc ccgggagtta

9/22
tcggaaaaag
ttettgtttg
tettttctac
getgegaatce
caagctcettc
ccagccggcec
agcaggecatc
tggcgaacag
caagaccggc
atgggcaggt
ctttecteggce
gcagccagtce
tcgtggecag
ggtcggtett
cagagcagcce
ccggagaacc
cttgatcaga
ttactttgceca
ttgectgteca
cttegectatt

cgcecagggtt

agttggtagc
caagcagcag
ggggtctgac
gggagcggey
agcaatatca
acagtcgatg
gcecatgggte
ttcggetggce
ttccatccga
agccggatca
aggagcaagg
cctteeeget
ccacgatagc
gacaaaaaga
gattgtctgt
tgcgtgcaat
tettgatece
gggcttcceca
taaaaccgcce
acgccagetg

ttcccagtca

PCT/US2003/034458
tecttgatceg 2340
attacgcgea 2400
gctcagaaga 2460
ataccgtaaa 2520
cgggtageca 2580
aatccagaaa 2640
acgacgagat 2700
gcgagcccct 2760
gtacgtgcte 2820
agcgtatgcea 2880
tgagatgaca 2940
tcagtgacaa 3000
cgegetgect 3060
accgggcgec 3120
tgtgcccagt 3180
ccatcttgtt 3240
ctgcegececatce 3300
accttaccag 3360
cagtctagca 3420
gcgaaagggg 3480
cgac 3534

the 15/27/28 GHRH plasmid.

acgactcact atagggcgaa ttggagctec

catcctecacg acacccaaat atggcgacgg

cggtgaggaa ggtgggcagg cagcaggtgt

tttttagagc ggaggaatgg tggacaccca

60

120

180

240
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aatatggcga
cattcctggg
cggcccacga
ggcccaacte
ctgggtgtte
cectttgace
ggtgectggec
agagaggaac
ggtggcatce
tgcccaccag
tctataatat
cetgtagggac
tcactgcaat
tgggattcca
gtttcaccat
ggcctccecaa
ttttaaaata
cccaaccggt
ctcagtagat
tttgttecect
ctgtgtgaaa
gtaaagcctg
ccgettteca
ggagaggcgg
cggtcgtteg
cagaatcagg
accgtaaaaa
acaaaaatcg
cgtttcceec

acctgtcege

cggttccectca
ggcecgggegyg
gctaccegga
cccgaaccac
ttctttgtga
ctcaggatge
cagctgtecg
caagagcaag
ctgtgacccc
ccttgtecta
tatggggtgg
ctgeggggtce
cteecgectee
ggcatgcatg
attggccagg
attgctggga
actataccag
gggacatttg
gcctgttgaa
ttagtgaggg
ttgttatceg
gggtgcctaa
gtegggaaac
tttgegtatt
gctgeggega
ggataacgca
ggccgegttg
acgctcaagt
tggaagctce

ctttcteecct

ccegtegeca
tgctcecgece
ggagcgggag
tcagggtcct
tectecacccect
ggcggtatat
cccgecaaget
gagcataatg
tcceccagtge
ataaaattaa
aggggggtgay
tattgggaac
tgggttcaag
accaggctca
ctggtcteca
ttacaggcgt
caggaggacg
agttgettgce
ttcgataccg
ttaatttecga
ctecacaattc
tgagtgagct
ctgtegtgec
gggcgcetcett
gcggtatcag
ggaaagaaca
ctggegtttt
cagaggtggce
ctcgtgeget

tcgggaageg

10/22
tatttgggtg
cgcectegata
gcgccaagcet
gtggacagct
cagcaacagc
cgatgccate
gctccaggac
actgcaggaa
ctetectgge
gttgcatcat
tatggagcaa
caagctggag
cgattctecect
gctaattttt
actcctaatce
gaaccactgce
tccagacaca
ttggcactgt
tegacctega
gecttggegta
cacacaacat
aactcacatt
agetgcatta
ccgcttecte
ctcactcaaa
tgtgagcaaa
tcecatagget
gaaacccgac
ctectgttee

tggcgettte

tecegececteg
aaaggctceg
ctagaactag
cacctagctg
tcccactget
ttcaccaaca
atcctgaaca
ttcgatatca
cctggaagtt
tttgtetgac
ggggcaagtt
tgcagtggca
gecctcagect
gtttttttgg
tcaggtgatc
teecetteect
gcataggcta
ccteteatge
gggggggccce
atcatggtca
acgagccgga
aattgcgttg
atgaatcggce
gctcactgac
ggcggtaata
aggccagcaa
ccgecceect
aggactataa
gaccctgeeg

tcatagctca

PCT/US2003/034458
gcecggggcecg 300
gggccggegd 360
tggatcccaa 420
ccatggtgct 480
ccceacctee 540
gctaccggaa 600
ggcagcaggyg 660
agcttatcgg 720
gccactccag 780
taggtgtcct 840
gggaagacaa 900
caatettggce 960
ccegagttgt 1020
tagagacggg 1080
tacccacctt 1140
gteccttetga 1200
cctggecatg 1260
gttgggtcca 1320
ggtaccagct 1380
tagctgtttc 1440
agcataaagt 1500
cgctcactge 1560
caacgcgcegg 1620
tegetgeget 1680
cggttatcca 1740
aaggccagga 1800
gacgagcatc 1860
agataccagg 1920
cttaccggat 1980
cgetgtaggt 2040
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atctcagtte
agcccgaccg
acttatcgce
gtgctacaga
gtatetgecge
gcaaacaaac
gaaaaaaagg
actcgtcaag
gcacgaggaa
acgectatgte
agcggccatt
cetegecegte
gatgctcttc
gctcgatgeg
gccgecgceat
ggagatcctg
cgtcgagcac
cgtcctgecag
cctgegctga
catagccgaa
caatcatgcg
agatccttgg
agggcgcccc
actgttggga
gatgtgcetgce
<210>
<211>

<212>
<213 >

11

DNA

<220>

<223>

<400> 11

2710

ggtgtaggtc
ctgcgectta
actggcagca
gttecttgaag
tctgetgaag
caccgetggt
atctcaagaa
aaggcgatag
gcggtcagcce
ctgatagcgg
ttccaccatg
gggcatgcege
gtccagatca
atgtttcgcet
tgcatcagee
cceceggeact
agctgecgcaa
ttcattcagg
cagccggaac
tagcctctcec
aaacgatcct
cggcaagaaa
agctggcaat
agggcgatcg

aaggcgatta

gttegeteca
tececggtaact
gccactggta
tggtggccta
ccagttacct
agcggtggtt
gatcctttga
aaggcgatgce
cattegeege
tcegecacac
atattcggea
gcettgagee
tcctgatcga
tggtggtcga
atgatggata
tcgcecaata
ggaacgcccg
gcaccggaca
acggcggceat
acccaagcgg
catecctgtcet
gccatccagt
tecggttege
gtgecgggcct

agttgggtaa

artificial sequence

Vector with a mouse codon

11/22
agctgggetg
ategtcttga
acaggattag
actacggcta
tcggaaaaag
tttttgtttg
tcttttcetac
gctgcgaatc
caagctctte
ccagccggcec
agcaggcatc
tggcgaacag
caagaccggce
atgggcaggt
ctttctegge
gcagccagte
tcgtggcceag
ggteggtett
cagagcagcc
ccggagaacc
cttgatcaga
ttactttgca
ttgctgtceca
cttegcectatt

cgccagggtt

tgtgcacgaa
gtcecaacceg
cagagcgagyg
cactagaaga
agttggtage
caagcagcag
ggggtctgac
gggagcggcy
agcaatatca
acagtcgatg
gccatgggte
ttecggetggce
ttccateega
agccggatca
aggagcaagg
cetteceget
ccacgatagce
gacaaaaaga
gattgtctgt
tgcgtgeaat
tcttgatcce
gggcttcececa
taaaaccgcce
acgccagetg

ttcccagtca

optimized GHRH analog

PCT/US2003/034458
cececcegtte 2100
gtaagacacg 2160
tatgtaggcg 2220
acagtatttg 2280
tcttgateeg 2340
attacgcgceca 2400
gctcagaaga 2460
ataccgtaaa 2520
cgggtagcca 2580
aatccagaaa 2640
acgacgagat 2700
gcgageccect 2760
gtacgtgetc 2820
agcgtatgca 2880
tgagatgaca 2940
tcagtgacaa 3000
cgcgetgecet 3060
accgggegec 3120
tgtgceccagt 3180
ccatcttgtt 3240
ctgecgecate 3300
accttaccag 3360
cagtctagca 3420
gcgaaagggg 3480
cgac 3534
sequence
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tgtaatacga
cggcaccatce
ttagagcggt
gagttatttt
tcgecatatt
ccegecegec
cgggaggcgce
agctcaccta
cagccactge
cttecaccacce
catcatgaac
ttateggggt
actcecagtge
gtgtecettct
aagacaacct
gttaattteg
ggctgeggeg
gggataacgce
aggccgegtt
gacgctcaag
ctggaagetce
cetttetece
cggtgtaggt
gctgcgecett
cactggcagc
agttcttgaa
ctetgcectgaa
ccaccgcetgg
gatctcaaga

cagacggtag

ctcactatag
ctcacgacac
gaggaaggtg
tagagcggag
tgggtgtceg
tcgataaaag
caagecggatce
gctgccatgg
agcctgecte
aactacagga
aagcagggcyg
ggcatccctg
ccaccagect
ataatattat
gtagggeteg
agcttggtcet
agcggtatca
aggaaagaac
gctggegttt
tcagaggtgg
cetegtgege
ttcgggaage
cgttegetee
atceggtaac
agccactggt
gtggtggect
gccagttace
tagcggtggt
agatcctttg

aatgcaatac

ggcgaattgg
ccaaatatgg
ggcaggcage
gaatggtgga
ccecteggecg
gctcegggge
ccaaggcceca
tgectctggagt
ccagcectee
agctgcetgag
agaggatcca
tgacccctee
tgtcctaata
ggggtggagg

agggggggcc
tecegettect
gctcactcaa
atgtgagcaa
ttececatagge
cgaaacccga
tcteetgtte
gtggegettt
aagctgggcet
tatecgtettg
aacaggatta
aactacggct
ttcggaaaaa
ttttttgttt
atcttttcta

gttgagagtc

12/22
agctccacceg
cgacgggtga
aggtgttgge
cacccaaata
gggecgeatt
¢ggeggeggce
actceccgaa
gctetttgtg
cttcaggatyg
ccagctgtac
ggagcagagg
ccagtgecte
aaattaagtt
ggggtggtat
cggtaccage
cgctcactga
aggcggtaat
aaggccagca
teecgecceece
caggactata
cgaccctgece
cteatagete
gtgtgcacga
agtccaacce
gcagagcgag
acactagaag
gagttggtag
gcaagcagcea
cggggctage

tggagctgca

cggtggegge
ggaatggtgg
gctctaaaaa
tggcgacggt
cctgggggece
ccacgageta
ccactcaggg
atcctcatcce
cagaggcacyg
gccaggaagg
gccaggcetga
tectggeect
gcatcatttt
ggagcaaggg
ttttgttece
ctegetgege
acggttatcc
aaaggccagg
tgacgagcat
aagataccag
gcttaccgga
acgctgtagg
acccceegtt
ggtaagacac
gtatgtaggce
aacagtattt
ctettgatcce
gattacgegce
gcttagaaga

ataccataca

PCT/US2003/034458

cgtecgeect
ggagttattt
taactcecgg
tcctecaccey
gggeggtget
ccecggaggayg
tecetgtggac
tcaccagcgg
tggacgccat
tgatccagga
gctgataage
ggaagttgcc
gtctgactag
gcaagttggg
tttagtgagg
tcggtegtte
acagaatcag
aaccgtaaaa
cacaaaaatc
gegtttecece
tacctgtcecceg
tatctcagtt
cagcccgacce
gacttategce
ggtgctacag
ggtatctgeg
ggcaaacaaa
agaaaaaaag
actcatccag

gaaccaggaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

200

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800



WO 2004/041177

acggtcecagce
ctggtaacgg
ctcaaccatg
cggcatacga
atccaggtca
atgttttgec
tgcatcagcce
acccggaact
tgcagecacac
ttcattcaga
cagacggaaa
cagacgttca
aaacgatcct
cggcaagaaa
agctggcaat
agggcgatcg
<210>
<211>

<212>
<213>

12

<220>
<223>

<400> 12
tgtaatacga

cggcaccatce
ttagagcggt
gagttatttt
tcgceatatt
ccegecegee
cgggaggcge
agctecaccta

aagccactge

2713
DNA
artificial sequence

cattcaccac
tectgecaacac
atgtteggea
gctttcagac
tectggtceaa
tggtggtcaa
atgatagaaa
tcacccagea
ggaacaccag
gcaccagaca
acagctgeat
acccaggctg
catcectgtet
gccatccagt

tcecggttege

ctcactatag
ctcacgacac
gaggaaggtg
tagagecggag
tgggtgteeg
tcgataaaag
caagcggatce
gctgceccatgg

agcctgecte

ccagttectce
ccagacgacc
ggcatgeatc
gtgcaaacag
ccagacctgce
acggacaggt
ctttetectge
gcagccagtce
tggttgccag
ggtcagtttt
cagagcaacc
ccggagaace
cttgatcaga
ttactttgca

ttgctgteca

13/22

tgcaatgtca
acagtcaatg
accatgagta
ttcagecggt
ttecatacgg
agctgggtcec
cggagccagg
acgaccagcet
ccaagacaga
aacaaacaga
aatggtctge
tgcatgcaga
tettgatcce
gggcttecea

taaaaccgcc

cgggtagcca
aaaccagaga
actaccaggt
gccagaccct
gtacgagcac
agggtgtgca
tgagaagaca
tcagtaacta
cgagetgett
actggacgac
tgtgeececagt
ccatecectgtt
ctgcgecatce
accttaccag

cagtctagca

PCT/US2003/034458
gtgcaatgtc 1860
aacgaccatt 1920
cctecaccate 1980
gatgttcecte 2040
gttcaatacg 2100
gacgacgcat 2160
gcaggtcectg 2220
catccagaac 2280
catcctgcag 2340
cctgtgcaga 2400
cataaccaaa 2460
caatcatgcg 2520
agatcecttgg 2580
agggcgecec 2640
actgttggga 2700

2710

Vector with a rat codon optimized GHRH analog seguence

ggcgaattgg agctccaccg cggtggegge cgteccgecect

ccaaatatgg
ggcaggcage
gaatggtgga
cccteggecg
gctcegggge
ccaaggccca
ccetgtgggt

ccagcectee

cgacgggtga
aggtgttgge
cacccaaata
gggccgcatt
cggcggcgge
actcceegaa
gttcttegtg

cttcagggtg

ggaatggtgg
gctctaaaaa
tggegacggt
cctgggggec
ccacgagcta
ccactcaggg
ctgectgaccc

cgcecggeacg

ggagttattt
taactcceegg
tectcaceeyg
gggcggtget
cceggaggag
teetgtggac
tgaccagegg

ccgacgecat

60

120

180

240

300

360

420

480

540



WO 2004/041177

cttcaccage
gatcatgaac
agcttatcgg
gccactecag
taggtgtcct
gggaagacaa
agggttaatt
ttcggetgeg
caggggataa
aaaaggccgce
atcgacgctc
ccecctggaag
cegectttet
gtteggtgta
accgetgecge
cgccactgge
cagagttctt
gcgetetget
aaaccaccgce
aaggatctca
cagcagacgg
gaaacggtca
gtcetggtaa
attctcaacc
atccggcata
ctcatccagg
acgatgtttt
cattgcatca
ctgacccgga

aactgcagca

agctacagga
aggcagcagyg
ggtggcatce
tgcccaccag
tctataatat
cctgtagggce
tecgagettgg
gcgageggta
cgcaggaaag
gttgctggeg
aagtcagagg
ctecetegtyg
cecctteggga
ggtecgttege
cttatcecggt
agcagccact
gaagtggtgg
gaagccagtt
tggtageggt
agaagatcct
tagaatgcaa
gecccattcac
cggtctgeaa
atgatgttcg
cgagctttca
tcatecetggt
geetggtggt
gccatgatag
acttcaccca

cacggaacac

ggatcctggg
gcgagaggaa
ctgtgaccec
ccttgtecta
tatggggtag
tecgagggggg
tettecgett
tcagctcact
aacatgtgag
tttttecata
tggecgaaacc
cgetctectg
agcgtggege
tcecaagectgy
aactatcgte
ggtaacagga
cctaactacg
accttecggaa
ggtttttttg
ttgatctttt
tacgttgaga
cacccagtte
cacccagacy
gcaggcatgce
gacgtgcaaa
caaccagacce
caaacggaca
aaactttete
gcagcagcca

cagtggttgce

14/22
ccagcetgtac
ccaggagcag
tccecagtge
ataaaattaa
aggggggtgg
gccecggtace
cctegetcecac
caaaggceggt
caaaaggcca
ggctecegece
cgacaggact
ttecgacect
tttectecatag
gctgtgtgca
ttgagtccaa
ttagcagagc
gctacactag
aaagagttgg
tttgcaagca
ctacggggcet
gtctggagcet
ctcotgecaatg
accacagtca
atcaccatga
cagttcagcce
tgcttccata
ggtagctggg
tgcecggagece
gtcacgacca

cagccaagac

gctaggaagce
aggagcaggt
ctctectgge
gttgcatcat
tatggagcaa
agcttttgtte
tgactcgcetg
aatacggtta
gcaaaaggcc
ccctgacgag
ataaagatac
gcecgettace
ctcacgetgt
cgaaccceec
cceggtaaga
gaggtatgta
aagaacagta
tagctcttga
gcagattacg
agcgcttaga
gcaataccat
tcacgggtag
atgaaaccag
gtaactacca
ggtgccagac
cgggtacgag
tccagggtgt
aggtgagaag
gcttcagtaa

agacgagctg

PCT/US2003/034458
tecctgecacga 600
tcaactgata 660
cctggaagtt 720
tttgtctgac 780
ggggcaagtt 840
ccctttagtyg 900
cgeteggteg 960
tccacagaat 1020
aggaaccgta 1080
catcacaaaa 1140
caggcgttte 1200
ggatacctgt 1260
aggtatctca 1320
gttcagcceg 1380
cacgacttat 1440
ggcggtgcta 1500
tttggtatet 1560
tccggeaaac 1620
cgcagaaaaa 1680
agaactcecatc 1740
acagaaccag 1800
ccagtgcaat 1860
agaaacgacc 1920
ggtecectcacce 1980
cctgatgtte 2040
cacgttcaat 2100
gecagacgacg 2160
acagcaggtce 2220
ctacatccag 2280
cttecatectg 2340



WO 2004/041177

cagttcatte
agacagacgg
aaacagacgt
gcgaaacgat
tggcggeaag
ccecagetgge
ggaagggcga
<210>
<211>

<212>
<213>

13

<220>
<223>

<400> 13
tgtaatacga

cggcaccatce
ttagagcggt
gagttatttt
tecgecatatt
ccecgecegec
cgggaggcgce
agctcaccta
cggctcceac
cttcaccaac
catcatgaac
gggtggeatce
gtgeccacca
ttctataata
acctgtaggg
ttcgagettg
ggcgageggt

acgcaggaaa

2704
DNA
artificial sequence

agagcaccag
aaaacagctg
tcaacccagg
cctecatectyg
aaagccatce
aattccggtt

teg

ctcactatag
ctcacgacac
gaggaaggtg
tagagcggag
tgggtgtcceg
tcgataaaag
caagcggatce
gctgecatgg
ggctecctge
agctaccgca
cggcagcagg
cctgtgaccce
gcecttgtect
ttatggggtyg

ctcgaggggg

gtcttceget
atcagctcac

gaacatgtga

acaggtcagt
catcagagca
ctgceggaga
tctcttgate
agtttacttt

cgettgetgt

ggcgaattgg
ccaaatatgg
ggcaggceage
gaatggtgga
cceteggeeg
gcteecgggge
ccaaggccca
tgctgtgggt
cctccecagee
aggtgctecgg
gcgagcgcaa
ctccceagtyg
aataaaatta
gaggggggtg

ggcceggtac

tecctegetcea
tcaaaggcgg

gcaaaaggce

15/22
tttaacaaac
accaatggte
acctgcatgc
agatcttgat
gcagggctte

ccataaaacc

Vector with a bovine codon optimized

agctccaccyg
cgacgggtga
aggtgttggce
cacccaaata
gggecgeatt
cggcggceggce
actccccecgaa
gttcttcectg
tctgegeatce
ccagctcecagce
ccaggagcag
ccteteectgg
agttgcatca
gtatggagca
cagettttgt
ctgactecget
taatacggtt

agcaaaaggc

agaactggac
tgectgtgeece
agaccatccet
cceetgegee
ccaaccttac

gcceagtceta

PCT/US2003/034458
gaccctgtge 2400
agtcataacc 2460
gttcaatcat 2520
atcagatcct 2580
cagagggecgce 2640
gcaactgttg 2700

2713

GHRH analog sequence

cggtggegge
ggaatggtgg
gctctaaaaa
tggcgacggt
cetgggggec
ccacgagcta
ccactcaggg
gtgaccctga
cectegetacyg
gceecegcaage
ggagcctgat
ceetggaagt
ttttgtctga
aggggcaagt
tcectttagt
gegeteggte
atccacagaa

caggaaccgt

cgtcegeect
ggagttattt
taactceegg
tcetecacceyg
gggeggtgct
ccecggaggag
tecectgtggac
ccctgagecag
ccgacgcecat
tcctgeagga
aagcttatcg
tgccactcca
ctaggtgtece
tgggaagaca
gagggttaat
gttcggcectge
tcaggggata

aaaaaggccg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080



WO 2004/041177

cgttgcectgge
caagtcagag
gctccetegt
teectteggg
aggtcgtteg
ccttatcecegyg
cagcagccac
tgaagtggtg
tgaagccagt
ctggtagegg
aagaagatcc
gtagaatgca
agcccattca
acggtectgeca
catgatgtte
acgagcttte
gtcatcctgg
tgcctggtgg
agccatgata
aacttcacce
acacggaaca
cagagcacca
gaaaacagct
ttcaacccag
tccteatect
gaaagccatc
caattccggt
atcg

14

2704
DNA

<210>
<211>
<«212>

gtttttccat
gtggcgaaac
gcgctctect
aagcgtggeg
ctccaagectg
taactatcgt
tggtaacagg
gcctaactac
taccttegga
tggttttttt
tttgatcttt
atacgttgag
ccacccagtt
acacccagac
ggcaggcatg
agacgtgcaa
tcaaccagac
tcaaacggac
gaaactttct
agcagcagcc
ccagtggttg
gacaggtcag
gcatcagagc
gctgecggag
gtctcttgat
cagtttactt

tecgettgetg

aggctccgee
ccgacaggac
gttccgacce
ctttcteata
ggctgtgtge
cttgagtcecca
attagcagag
ggctacacta
aaaagagttg
gtttgcaagc
tctacggggce
agtctggagc
cctctgeaat
gaccacagte
catcaccatg
acagttcagc
ctgcectteeat
aggtagctgg
ctgcecggage
agtcacgacc
ccagccaaga
ttttaacaaa
aaccaatggt
aacctgcatg
cagatcttga
tgcagggctt

tccataaaac

16/22
ccectgacga
tataaagata
tgecgettac
gctecacgetg
acgaaccccce
acccggtaag
cgaggtatgt
gaagaacagt
gtagctettg
agcagattac
tagcgettag
tgcaatacca
gtcacgggta
aatgaaacca
agtaactacc
cggtgccaga
acgggtacga
gtccagggtg
caggtgagaa
agcttcagta
cagacgagcet
cagaactgga
ctgetgtgec
cagaccatcce
teceetgege
cccaacctta

cgccecagtet

gcatcacaaa
ccaggcgttt
cggatacctg
taggtatcte
cgttcagccece
acacgactta
aggeggtget
atttggtatce
atccggcaaa
gcgcagaaaa
aagaactcat
tacagaacca
gccagtgcaa
gagaaacgac
aggtcctcac
ccetgatgtt
gcacgttcaa
tgecagacgac
gacagcaggt
actacatcca
gcetteatcct
cgaccctgtg
cagtcataac
tgttcaatca
catcagatcc
ccagagggcyg

agcaactgtt

PCT/US2003/034458
aatcgacgct 1140
cceceectggaa 1200
tcecgecttte 1260
agttecggtgt 1320
gaccgetgceg 1380
tegeecactgg 1440
acagagttct 1500
tgegetetge 1560
caaaccaccg 1620
aaaggatctc 1680
ccagcagacg 1740
ggaaacggtc 1800
tgtcctggta 1860
cattctcaac 1920
catccggeat 1980
cctcateccag 2040
tacgatgttt 2100
gcattgecatc 2160
cctgacccgg 2220
gaactgcagc 2280
gcagttcatt 2340
cagacagacg 2400
caaacagacg 2460
tgcgaaacga 2520
ttggcggcaa 2580
cceccagetgg 2640
gggaagggcg 2700

2704



WO 2004/041177

<213>

<220>
<223>

<400> 14

artificial sequence

Vector with a ovine codon

tgtaatacga ctcactatag ggcgaattgg

cggcaccatce
ttagagcggt
gagttatttt
tcgecatatt
cecgecegec
cgggaggegce
agctcaccta
cggaagccac
cttcaccaac
catcatgaac
gggtggcatc
gtgcccacca
ttctataata
acctgtaggg
ttcgagettg
ggcgageggt
acgcaggaaa
cgttgectgge
caagtcagag
gctecetegt
tcecetteggg
aggtcgttcg
ccttatecgg
cagcagccac
tgaagtggtg

tgaagccagt

ctcacgacac
gaggaaggtg
tagagcggag
tgggtgteeg
tcgataaaag
caagcggatc
gctgecatgg
ggcageetge
agctacagga
aggcagcagg
cctgtgacec
gcettgteet
ttatggggtg
ctecgaggggg
gtcttecget
atcagctcac
gaacatgtga
gtttttecat
gtggcgaaac
gcgctectecet
aagcgtggecg
ctccaagetg
taactategt
tggtaacagg
gcctaactac

taccttegga

ccaaatatgg
ggcaggcage
gaatggtgga
cceteggecg
gcteegggge
ccaaggcccea
tgctgtgggt
ccagccagcece
agatcctggg
gcgagaggaa
ctececagtyg
aataaaatta
gaggggggtg
ggcecggtac
tecectegetea
tcaaaggcegyg
gcaaaaggcc
aggctecgec
ccgacaggac
gttecgacce
ctttcteata
ggectgtgtge
cttgagtcca
attagcagag
ggctacacta

aaaagagttyg

17/22

optimized GHRH analog

agctccaccg
cgacgggtga
aggtgttgge
cacccaaata
gggcecgeatt
c¢ggcggcgge
actccccgaa
gttcttectg
cctgaggatc
ccagectgage
ccaggagceag
cctcteetgg
agttgcatca
gtatggagca
cagcttttgt
ctgactcget
taatacggtt
agcaaaaggc
cccoctgacga
tataaagata
tgecegettac
gctecacgetg
acgaacccce
acccggtaag
cgaggtatgt
gaagaacagt

gtagctcttg

cggtggegge
ggaatggtgg
gctctaaaaa
tggegacggt
cctgggggee
ccacgagcta
ccactcaggg
gtgacccetga
cctaggtacg
gctaggaagc
ggcgectgat
ccetggaagt
ttttgtetga
aggggcaagt
teccetttagt
gcgeteggte
atccacagaa
caggaaccgt
gcatcacaaa
ccaggegttt
cggatacctg
taggtatcte
cgtteagecece
acacgactta
aggecggtgcet
atttggtate

atccggcaaa

PCT/US2003/034458

seguence

cgteccgeect
ggagttattt
taactcecgg
tcecectecacceg
gggcggtget
cceggaggag
tecectgtggac
ccectgageag
ccgacgecat
tcectgeagga
aagcttatcg
tgccactcea
ctaggtgtec
tgggaagaca
gagggttaat
gtteggctge
tcaggggata
aaaaaggceceg
aatcgacget
cccectggaa
teegecttte
agtteggtgt
gaccgetgeg
tecgecactgg
acagagttct
tgcgectetgce

caaaccacceg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620



WO 2004/041177

ctggtagegg
aagaagatcc
gtagaatgca
agcccattea
acggtctgca
catgatgtte
acgagcttte
gtcatcctgg
tgcetggtgg
agccatgata
aacttcaccce
acacggaaca
cagagcacca
gaaaacagct
ttcaacccag
tceteatect
gaaagccatc
caattccggt
atcg

<210>
<211>

<212>
<213>

15

<220>
<223>

<400> 15

2713
DNA
artificial sequence

tggttttttt
tttgatettt
atacgttgag
ccacccagtt
acacccagac
ggcaggcatg
agacgtgcaa
tcaaccagac
tcaaacggac
gaaactttcet
agcagcagec
ccagtggttg
gacaggtcag
gcatcagagce
gctgceggag
gtctecttgat
cagtttactt

tcgettgetg

gtttgcaagc
tetacgggge
agtctggage
cctetgeaat
gaccacagtc
catcaccatg
acagttcagce
ctgcttecceat
aggtagetgg
ctgceggage
agtcacgacc
ccagccaaga
ttttaacaaa
aaccaatggt
aacctgcatg
cagatcttga
tgcagggctt

tccataaaac

18/22
agcagattac
tagcgcttag
tgcaatacca
gtcacgggta
aatgaaacca
agtaactace
cggtgecaga
acgggtacga
gtccagggtg
caggtgagaa
agcttcagta
cagacgagct
cagaactgga
ctgectgtgee
cagaccatcce
tccectgege
cccaacctta

cgcecccecagtcet

dgcgcagaaaa
aagaactcat
tacagaacca
gccagtgecaa
gagaaacgac
aggtccteac
ccctgatgtt
gcacgttecaa
tgcagacgac
gacagcaggt
actacatcca
gcttcatect
cgaccctgtg
cagtcataac
tgttcaateca
catcagatcc
ccagagggcg

agcaactgtt

PCT/US2003/034458

aaaggatctc
ccagcagacg
ggaaacggtc
tgtectggta
cattcteaac
catceggeat
cctecatcecag
tacgatgttt
gcattgcatc
cctgaccegg
gaactgcagce
gcagttcatt
cagacagacyg
caaacagacg
tgcgaaacga
ttggcggcaa
ccceagetgg

gggaagggcyg

Vector with a chicken codon optimized GHRH analog sequence

tgtaatacga ctcactatag ggcgaattgg agctccaccg cggtggegge cgtccgecct

cggcaccatc
ttagagcggt
gagttatttt
tegecatatt

cgecgecegee

ctcacgacac

gaggaaggtg

tagagcggag gaatggtgga

tgggtgtceg cceteggecg

tcgataaaag

ccaaatatgyg

ggcaggcage

gcteecggggce

cgacgggtga
aggtgttgge
cacccaaata
gggccgeatt

cggcggegge

ggaatggtgg
gctctaaaaa
tggecgacggt
cctgggggcece

ccacgagcta

ggagttattt
taactcecegg
tecteaceeg
gggcggtget

cccggaggag

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2704

60

120

180

240

300

360



WO 2004/041177

cgggaggcge
agctcaccta
aagccactgce
cttcagcaag
cctgatggece
agcttategg
gccactecag
taggtgtect
gggaagacaa
agggttaatt
ttecggetgeg
caggggataa
aaaaggccge
atcgacgctc
ccectggaag
cegeetttet
gttecggtgta
accgctgcgce
cgccactgge
cagagttctt
gcgctetget
aaaccaccgc
aaggatctca
cagcagacgg
gaaacggtca
gtcctggtaa
attectcaacc
atccggcata
ctcatccagg

acgatgtttt

caagcggate
gctgecatgg
agcctgccac
gcctaccgea
aagcgcgtgg
ggtggcatcce
tgcccaccag
tctataatat
cctgtagggce
tegagettgg
gcgageggta
cgcaggaaag
gttgetggeg
aagtcagagg
cteecctegtg
ccetteggga
ggtcgttege
cttatccggt
agcagccact
gaagtggtgg
gaagccagtt
tggtagcggt
agaagatcct
tagaatgcaa
gcccattcac
cggtectgecaa
atgatgttcg
cgagctttca
tecatecctggt

gcectggtggt

ccaaggccca
ccctgtgggt
ccageccace
agctcctggg
gcagcggact
ctgtgaccee
ccttgtecta
tatggggtgg

tcgaggggag

tctteegett
tcagctcact
aacatgtgag
tttttcecata
tggcgaaacce
cgetcectecetyg
agcgtggegce
tccaagetgg
aactatcgtc
ggtaacagga
cctaactacg
acctteggaa
ggtttttttg
ttgatctttt
tacgttgaga
cacccagttc
cacccagacg
gcaggcatgc
gacgtgcaaa
caaccagacc

caaacggaca

19/22
actcceccgaa
gttctttgtg
cttececgegte
ccagctgage
gggagacgag
teccecagtge
ataaaattaa
aggggggtgg
geceggtace
cctegeteac
caaaggcggt
caaaaggcca
ggcteegeece
cgacaggact
ttecgaccecet
tttctcatag
gctgtgtgea
ttgagtccaa
ttagcagagce
gctacactag
aaagagttgg
tttgcaagca
ctacggggct
gtetggagcet
ctctgcaatg
accacagtca
atcaccatga
cagttcagece
tgcttccata

ggtagctggg

ccactcaggg
ctgctgaccc
aggcgecacyg
gcacgcaact
gccgageccc
ctctectgge
gttgecatcat
tatggagcaa
agcttttgtt
tgactegetg
aatacggtta
gcaaaaggcc
ccctgacgag
ataaagatac
gecegettace
ctcacgetgt
cgaaccecccce
ccecggtaaga
gaggtatgta
aagaacagta
tagctcttga
gcagattacg
agcgcttaga
gcaataccat
tcacgggtag
atgaaaccag
gtaactacca
ggtgccagac
cgggtacgag

tccagggtgt
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tcectgtggac 420
tgacctcegg 480
ccgacggcat 540
acctgcacag 600
tgagctgata 660
cctggaagtt 720
tttgtctgac 780
ggggcaagtt 840
ccetttagtg 200
cgcteggteyg 260
tcecacagaat 1020
aggaaccgta 1080
catcacaaaa 1140
caggcgttte 1200
ggatacctgt 1260
aggtatctca 1320
gttcagceccg 1380
cacgacttat 1440
ggcggtgeta 1500
tttggtatct 1560
tececggcaaac 1620
cgcagaaaaa 1680
agaactcatc 1740
acagaaccag 1800
ccagtgcaat 1860
agaaacgace 1920
ggtccteace 1980
cctgatgtte 2040
cacgttcaat 2100

gcagacgacg

2160
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cattgcatca geccatgatag aaactttete tgecggagec aggtgagaag acagcaggte 2220
ctgacccgga acttcaccca gcagcagcca gtcacgacca gcttcagtaa ctacatccag 2280
aactgcagca cacggaacac cagtggttgc cagccaagac agacgagctg cttcatecctg 2340
cagttcattc agagcaccag acaggtcagt tttaacaaac agaactggac gaccctgtge 2400
agacagacgg aaaacagctg catcagagca accaatggte tgctgtgece agtcataacc 2460
aaacagacgt tcaacccagg ctgccggaga acctgcatge agaccatcct gttcaatcat 2520
gcgaaacgat cctecatcctg totcttgate agatcttgat ccectgegee atcagatcecet 2580
tggcggcaag aaagccatcce agtttacttt gcagggcttce ccaaccttac cagagggcge 2640
cccagetgge aattceggtt cgettgetgt ccataaaace gcccagteta gecaactgttg 2700
ggaagggcga teg 2713
<210> 16
<211> 382
<212> DNA
<213> artificial sequence
<220>
<223> This is the synthetic promoter c1-26.
<400> 16
ggcggccgag ggcggcgggyg caggcagcag gtgttggecac cattcctcac cgctctaaaa 60
ataacteceg tgaggaatgg tgccgtcgee atatttgggt gtcgacacce aaatatggceg 120
acgggtgagg aatggtgggc aggcagcagg tgttgggaca cccaaatatg gcgacggcca 180
acacctgctg cctgecggga gttattttta gageggggag ttatttttag agcggtgagg 240
aatggtggac acccaaatat ggcgacggcc ggggccgeat tecetggggge cgggcggtge 300
tcecegecege ctegataaaa ggctecgggg ccggeggegg cccacgaget acccggagga 360
gegggaggeg ccaagcectcta ga 382
<210> 17
<211> 218
<212> DNA
<213> artificial sequence
<220>
<223> This is the synthetic promoter sequence for c2-26.
<400> 17
cggcegtege catatttggg tgtccgetct aaaaataact ccegacacce aaatatggeg 60
acggggceagg cagcaggtgt tgggacaccc aaatatggeg acggccgggg ccegcattect 120
gggggcceggg cggtgctcee geccgecteyg ataaaagget ceggggecgg cggeggccea 180
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cgagctacce ggaggagecgg gaggcgccaa gctctaga

<210> 18
<211> 230
<212> DNA
<213>
<220>
<223>
<400> 18
cggecgtege
cgccatattt
ggccgcatte
ggcggcggcec
<210> 19
<211> 231
<212> DNA
<213>
<220>
<223>
<400> 19
cggececgteeg
tcacgggagt
gggccgcecatt
cggcggceggce
<210> 20
<211> 255
<212> DNA
<213>
<220>
<223>
<400> 20
cggccgtcgce
gteggcagge
gacacccaaa
cgcctcgata
gcgceccaagcet
<210> 21

artificial sequence

catatttggg tgtcggcagg
gggtgtcgge aggcagcagt
ctgggggceg ggcggtgete

cacgagctac ccggaggage

artificial sequence

cccteocgggac acccaaatat
tatttttaga gecggtgagga
cctgggggee gggeggtget

ccacgageta cccggaggag

artificial sequence

catatttggg tgtcccaaca
agcaggtgtt ggccaacacc
tatggcgacg gccggggecg
aaaggctccg gggccggcgg

ctaga

cagcaggtgt
gttgggacac

ccgecccgect

gggaggcgcece

This is the synthetic sequence for c2-27.

tggcaccatt
ccaaatatgg
cgataaaagg

aagctctaga

This is the synthetic promoter for c¢5-5.

ggcgacgggt gaggaatggt
atggtggaca cccaaatatg

cccgecegece tcgataaaag

cgggaggcge caagctctag

This is the synthetic promter for cé6-5.

cctgetgect geccegtege
tgctgectge cgggagttat

cattcetggg ggccgggegyg

cggcccacga gctacccegga

PCT/US2003/034458

218
cectecaccegt 60
cgacggccgg 120
ctcecggggec 180

230
gcaccattecce 60
gcgacggecg 120
gctcecggggce 180
a 231
catatttggt 60
ttttagagcg 120
tgctecegece 180
ggagcgggag 240

255
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<211> 283
<212> DNA
<213> artificial sequence

<220>
<223> This is the synthetic promoter for cé6-16.

<400> 21
cggccegtege catatttggg tgtccgectet aaaaataact cccccaacac ctgectgecctg 60

ceccegtegee atatttgggt gteggcagge agecaggtgtt ggecaacace tgetgectge 120
cccaacacet getgectgec cecgtegccat atttggtgte cgeectegge eggggeegea 180

ttecetggggg cecgggeggty ctcecegeceg cctegataaa aggetccoggg gecggeggeg 240

gcccacgage tacceggagg agegggagde gcocaagcetct aga 283
<210> 22

<211l> 263

<212> DNA

<213> artificial sequence

<220>
<223> This is the synthetic promoter for ¢6-39.

<400> 22
cggccegteeg ccctecggggg agttattttt agagcgeccaa cacctgetge ctgeccegte 60

gececatatttyg ggtgtcecggeca ggcagcaggt gttgggggag ttatttttag agcgcecgtceg 120
cecatatttgg gtgtcececgag ggcggacgge cggggccgceca ttectggggg cecgggeggtg 180
ctcececgeceg cctegataaa aggctccggg geeggeggeg geccacgagce tacccggagg 240

agcgggaggce gccaagctct aga 263
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