a2 United States Patent

Mason et al.

US009273288B2

(10) Patent No.: US 9,273,288 B2
(45) Date of Patent: *Mar. 1, 2016

(54) PSEUDOINFECTIOUS FLAVIVIRUS AND
USES THEREOF

(75) Inventors: Peter W. Mason, Galveston, TX (US);
Elena Frolova, Galveston, TX (US);
Ilya Frolov, Galveston, TX (US)

(73) Assignee: The Board of Regents of The
University of Texas System, Austin, TX
(US)

*) Notice: Subject to any disclaimer, the term of this
] y
patent is extended or adjusted under 35
U.S.C. 154(b) by 647 days.

This patent is subject to a terminal dis-
claimer.

(21) Appl. No.: 13/561,002
(22) Filed:  Jul. 28,2012

(65) Prior Publication Data
US 2013/0023031 Al Jan. 24, 2013

Related U.S. Application Data

(63) Continuation of application No. 11/711,532, filed on
Feb. 27, 2007, now Pat. No. 8,252,574.

(60) Provisional application No. 60/777,189, filed on Feb.

27, 2006.
(51) Int.CL
CI2N 7/00 (2006.01)
AGIK 39/12 (2006.01)
A6IK 39/00 (2006.01)

(52) US.CL
CPC . CI2N 7/00 (2013.01); A61K 39/12 (2013.01);
AGIK 2039/5254 (2013.01); CI2N 2770/24134
(2013.01); CI12N 2770/24162 (2013.01)
(58) Field of Classification Search
CPC ... C12N 7/00; C12N 2770/24162; C12N
2770/24134; A61K 2039/5254; A61K 39/12
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

8,252,574 B2 8/2012 Mason et al.
2004/0052818 Al 3/2004 Heinz et al.
2004/0235133 Al 11/2004 Frolov et al.
2006/0018928 Al 1/2006 Pang
2007/0249032 Al  10/2007 Pang et al.

FOREIGN PATENT DOCUMENTS

WO WO0/99/28487 Al 6/1999
WO WO0/00/14245 Al 3/2000
WO WO/00/55378 Al 9/2000
WO WO 02/72803 A2 2/2002
WO WO/03/046189 Al 6/2003

WO WO0/2004/016794 Al 2/2004
WO W0/2004/022761 Al 3/2004
WO WO0/2004/108936 Al  12/2004
WO WO 2006/017206 A2 2/2006

OTHER PUBLICATIONS

Harvey, T. et al. “Tetracycline-Inducible Packaging Cell Line for
Production of Flavivirus Replicon Particles”. Journal of Virology, 78
(1),2004.

Jones, C. et al. “Flavivirus Capsid is a Dimeric Alpha-Helical Pro-
tein”. Journal of Virology, 77(12), 2003.

Kofler, R. “Mimicking Live Flavivirus Immunization with a Nonin-
fectious RNA Vaccine”. Proceedings of the National Academy of
Sciences, 101 (7), 2004, 1951-1956.

Kofler, R. “Spontaneous Mutations Restore the Viability of Tick-
Borne Encephalitis Virus Mutants with Large Deletions in Protein
C”. Journal of Virology, 77(1), 2003.

Mandl, C. “Flavivirus Immunization with Capsid-Deletion Mutants:
Basics, Benefits, and Barriers”. Viral Immunology, 17(4), 2004.
Aberle et al. Humoral and cellular immune response to RNA immu-
nization with flavivirus replicons derived from tick-borne encepha-
litis virus. Journal of Virology 79(24), 15107-13 (2005).

Dudek, T. and Knipe, D. Replication-defective viruses as vaccines
and vaccine vectors. Virology 344, 230-239 (2006).

Harvey et al. Kunjin Virus Replicon Vectors for Human
Immunodeficiency Virus Vaccine Development. Journal of Virology
77(14), 7796 (2003).

Harvey et al. Tetracycline-inducible packaging cell line for produc-
tion of flavivirus replicon particles. Journal of Virology 78(1), 531-8
(2004).

Jones, C. et al. “Flavivirus Capsid is a Dimeric Alpha-Helical Pro-
tein”. Journal of Virology, 77(12), 7143-7149 (2003).

Kofler, R. Capsid Protein C of Tick-Borne Encephalitis Virus Toler-
ates Large Internal Deletions and is a Favorable Target for Attenua-
tion of Virulence. Journal of Virology 76(7), 3534-3543 (2002).
Kofler, R. Spontaneous mutations restore the viability of tick-borne
encephalitis virus mutants with large deletions in protein C. Journal
of Virology 77(1), 443-451 (2003).

Kofler, R. Mimicking Live Flavivirus Immunization with a Nonin-
fectious RNA Vaccine. Proceedings of the National Academy of
Sciences, 101 (7), 1951-1956 (2004).

Mandl, C. Flavivirus Immunization with Capsid-Deletion Mutants:
Basics, Benefits, and Barriers. Viral Immunology, 17(4), 461-472
(2004).

Mason et al. Production and characterization of vaccines based on
flaviviruses defective in replication. Virology 351, 432-443 (2006).
Scholle et al. Particles: trans-Packaged West Nile Virus-Like Par-
ticles: Infectious Properties in Vitro and in Infected Mosquito Vec-
tors. Journal of Virology 78(21), 11605-14 (2004).

(Continued)

Primary Examiner — Stacy B Chen
(74) Attorney, Agent, or Firm — Norton Rose Fulbright US
LLP

(57) ABSTRACT

The present invention discloses a replication-deficient
pseudoinfective virus belonging to the Flaviviridae family
that lack the capsid gene, where the replication-deficient
pseudoinfective virus propagates only in cells expressing the
capsid or capsid, prM and envelope protein of the flavivirus.
The present also discloses the method of producing such
viruses on a large scale and the use of these pseudoinfective
viruses as vaccines for preventing diseases caused by infec-
tions of humans or animals by the viruses belonging to this
family.

24 Claims, 29 Drawing Sheets



US 9,273,288 B2
Page 2

(56) References Cited

OTHER PUBLICATIONS
Shustov et al. Production of Pseudoinfectious Yellow Fever Virus
with a Two-Component Genome. Journal of Virology 81(21), 11737-
11748 (2007).

Wagner et al. Rev-Independent Expression of Synthetic gag-pol
Genes of Human Immunodeficiency Virus Type 1 and Simian
Immunodeficiency Virus: Implications for the Safety of Lentiviral
Vectors. Human Gene Therapy 11, 2403-2413 (2000).

Widman et al. Third-Generation Flavivirus Vaccines Based on
Single-Cycle, Encapsidation-Defective Viruses. Advances in Virus
Research 72,77-126 (2008).



U.S. Patent Mar. 1, 2016 Sheet 1 of 29 US 9,273,288 B2

delC PIV Genome
| ) O 2 T R Y T B

RNA ransfection

o

C- or C-prM-E-expressing cells

Releme of defective
pseudo-infectious flavivirus (PIV)

\
M

Imm';rﬁ of @‘ Infcotmlm of
naivecclls inviva
cxpressing cel ls orin vitro

@& &%
a¥e Qéo

Retenx of PIV Release of subviral particles
{SVPs), containing no penetic
muterial

Fig.1



U.S. Patent Mar. 1, 2016 Sheet 2 of 29 US 9,273,288 B2

YFV genome
—I lprh{“ K “ st [l s [Jafja] s
¥F PIV genome Fig.2A

]\{I E “ st pafm| N fa] | s F

VEErep/C1Pac .—}
—]{ usP1 [ nsP2 | nsP3 [ nsPd H ¢ HHPac

YEErep/C2/Pac b
—{0sP1 [ usP2 | asP3| nsPa [ C “dE n Fig.2B

VERrep/C-prM-E/Pac 3
—{nsP1| 0sP2 | nsP3 | nsPdH C JorM] E

Fig.2C

——{— VEEnepCliPa
: —(— VEBrepC2/Pa
10 & VEErepiC-priv-EiPac

b V¥

1 1 J I I i
O 2 4 6 8§ 10 12 14 18 18
Days post transfection




U.S. Patent

Mar. 1, 2016 Sheet 3 of 29

MO1 10 inf.w/cell

-
s
- S
| I |

Release of YF PIV (inf.u/ml)

—O— VEErp/C2MFac
—&— VEErep/C-privi-/Pac

i*i*%'é*ﬁb‘&'

Days post infection

MOI 0.1 infu/cell

af.u/ml)
—

=

o

I

Relcase of YF Pl.f G
T R %
I | |

[ s .
s = B
[

=0 VEEmpC2/P=c
~@ VEERNC-prM-Elac

lITill(*l!ll
p) 4 & ) w n

Days post Infection

US 9,273,288 B2

Fig. 3A

Fig. 3B



US 9,273,288 B2

Sheet 4 of 29

Mar. 1, 2016

U.S. Patent

ay b4
gopa3ysuea) yod saneyy
1A 01 €L 119 ¥4 0
i | 1 Ay Q
wgpy-ppddondagg s ——8——
argpdoz ydasg g~ ~101
ang f-ppd-dangip A, O
gy —O— - 101
- o1 mw
- _—‘OH Fo
2
501 M
901 =
ot B
=3
501 ,.m..

v "Bid

L 'ONQID3S  somoroovooyaaBeooyninlvyBloBbiooL
DL Y BV DO AL DL o0 IV S A0 0o O 1Y D LY SOOI ¥ YOO Lo LI¥S IO LYY R LR WD 0B
LY¥D2¥02012 50 Bnebyyo 52 30100 LOLO2E00 §O D LN DLS00 1002105 Loboo oy Bl nBy eayn 10855800
S 2E0sBY o0 D0 oY DL LY BY YO o1 ooy B 00 Y 30 DB YO IN YW BYY I DO ESYR LD IWOVYOLL
2192 LI0LISLIDEYRLIBNDEYDo1.0°90E500 Beb ¥ oD o DD YDV DY ¥R 000 LY Bua By 0¥ Bev BvoByyRL Y
ByypywonlaroobepoobinennrnnBoe Bl poa v ovwBle0nonlo a0 by sonvaIoebyyBono noo bengy



U.S. Patent Mar. 1, 2016 Sheet 5 of 29 US 9,273,288 B2

Fig. 5A
delC WN PIV penome

—B\/{M‘ﬂ En wsilafam)  wsy faal | mEs -

VEErep/C2-E2-Pac g OeI! etz
~nsP1 | 0sP2 | 0sP3] nsPd{{ C oM _E J[JPac]

A
BEMDY




U.S. Patent Mar. 1, 2016 Sheet 6 of 29 US 9,273,288 B2

SPgpr Fig. 7A Miul
llm\lﬂ E ﬂ i) s Tafa] s o]
pYFPIV
Fig. 7B Swal
E ] s fm] s TaJaw] we EEF (e
pWNPIV
,). Xhol
usPl| wsP? | nsI? | naP4H ¢ HHPacl 7Y
pVEErep/C1/Pac Fig. 7C
ST - Xhot
nsPl I nspz nzsl?.ﬂ asP4 ' T
pVEErep/C2/Pac Fig. 7D
SP6 pr _
> YEV str, pr Xhel
nsP1 | osP2 | asP3] osPdH{ € Jorst] £ [{{HPacLA
pVEErep/C3/Pac Fig. 7E
SF§ pr WNY str. Pr nXhol
nsPl | nsP2 [nsP3] mPeH C JorM]] E |“m
PVEErep/C*-E*-Pac  mov Fig. 7F




U.S. Patent Mar. 1, 2016 Sheet 7 of 29 US 9,273,288 B2

gagtaaatcctgtgtgctaatigaggtgcatiggtetgcaaategagttgctaggcaataaacacattiggattaattttaategt
tcgttgagcgattagcagagaactgaccagaacatgtctggtcgtaaagctcagggaaaaaccctgggcegtcaatatggt
acgacgaggagttcgctcctigtcaaacaccatggtgagcaagggegaggagctgticaceggggtggtgeceatectgg
tcgagcetggacggcegacgtaaacggccacaagticagegtgtccggegagggegagggcegatgecacctacggeaag
ctgacccigaagttcatetgcaccaccggceaagetgecegtgecctggeccaccectegtgaccaccectgacctacgacegty
cagtgcttcagecgctacecccgaccacatgaagcageacgactteticaagtecgeecatgececgaaggcetacgtccagga
gcgceaccatcticttcaaggacgacggcaactacaagaccegegecgaggtgaagtticgagggegacaccctggigaa
ccgcatcgagcetgaagggeatcgacticaaggaggacggcaacatcctggggceacaagcetggagtacaactacaaca
gccacaacgtctatatcatggecgacaagecagaagaacggcatcaaggtgaacttcaagatcegecacaacatcgagg
acggcagcgtgcagctcgcegaccactaccagcagaacacccccatcggegacggececgtgetgetgeecgacaac
cactacctgagcacccagtccgecctgagcaaagaccccaacgagaagegegatcacatggtectgetggagticgtga
ccgecgecgggatcactctcggcatggacgagcetgtacaagcettggattgtcctcaaggaaacgcecgtteccatgatgttct
gactgtgcaaticctaattttgggaatgctgttgatgacgggtggagtgaccttggtgcggaaaaacagatggttgetcctaa
atgtgacatctgaggacctcgggaaaacattctetgtgggcacaggeaactgcacaacaaacattttggaagcecaagtact
ggtgcccagactcaatggaatacaactgtcccaatctcagtccaagagaggagcecagatgacatigatigetggtgetatg
gggtggaaaacgttagagtcgcatatggtaagtgtgactcagcaggcaggtctaggaggtcaagaagggecattgacttg
cctacgcatgaaaaccatggtttgaagacceggeaagaaaaatggatgactggaagaatgggtgaaaggcaactccaa
aagattgagagatggttcgtgaggaacccctitittgcagtgacggcetctgaccattgectacctigtgggaageaacatgac
gcaacgagtcgtgattgccctactggtettggetgtiggteccggectactcagetecactgeattggaattactgacagggatttc
attgagggagtgcatggaggaacttgggatttcagctaccctggagcaagacaagtgtgteactgttatggeccctgacaag
ccttcattggacatctcactagagacagtagcecattgatagacctgetgaggtgaggaaagtgtgttacaatgcagttctcac
tcatgtgaagattaatgacaagtgccccageactggagaggeccacctagetgaagagaacgaaggggacaatgegty
caagcgcacttattctgatagaggctggggcaatggetgtggectatttgggaaagagagceattgtggcatgegecaaatte
acttgtgccaaatccatgagttigtttgaggttgatcagaccaaaattcagtatgtcatcagagcacaattgcatgtaggggee
aagcaggaaaatiggaataccgacattaagactctcaagtitgatgccectgtcaggceteccaggaagtegagttcattgggt
atggaaaagctacactggaatgccaggtgcaaactgeggtggactttggtaacagttacategetgagatggaaacagag
agctggatagtggacagacagtgggcccaggactigacectgecatggcagagtggaagtggeggggtatggagagag
atgcatcatcttgtcgaatitgaacctccgeatgcegecactatcagagtactggecectgggaaaccaggaaggctectiga
aaacagctcttactggcgcaatgagggttacaaaggacacaaatgacaacaacctitacaaactacatggtggacatgttt
cttgcagagtgaaattgtcagcetttgacactcaaggggacatcctacaaaatatgcactgacaaaatgtttitigtcaagaac
ccaactgacactggccatggeactgtigtgatgcaggtgaaagtgtcaaaaggagcecccctgcaggattccagtgatagta
gctgatgatcttacagcggceaatcaataaaggcattttggttacagttaaccccatcgectcaaccaatgatgatgaagtgcet
gattgaggtgaacccacctittggagacagctacattatcgttgggagaggagatticacgtctecacttaccagtggeacaaa
gagggaagctcaataggaaagttgttcactcagaccatgaaaggegtggaacgectggeegteatgggagacaccgect
gggatticagctccgetggagggttcttcacticggttgggaaaggaattcatacggtgttiggctetgectttcaggggetattt
ggcggcttgaactggataacaaaggtcatcatgggggeggtacttatatgggttggeatcaacacaagaaacatgacaat
gtccatgagcatgatcttggtaggagtgatcatgatgtititgtctctaggagttggggeggatcaaggatgegecatcaacttt
ggcaagagagagctcaagtgcggagatggtatcttcatatttagagactcetgatgactggetgaacaagtactcatactate
cagaagatcctgtgaagcttgcatcaatagtgaaagectcettitgaagaagggaagtgtggectaaaticagtigacteectt
gagcatgagatgtggagaagcagggcagatgagatcaatgccattittgaggaaaacgaggtggacatttctgttgtegtg
caggatccaaagaatgtttaccagagaggaactcatccattttccagaattcgggatggtetgcagtatggtiggaagacttg
gggtaagaaccttgtgttctccccagggaggaagaatggaagcttcatcatagatggaaagtccaggaaagaatgecegt
tttcaaaccgggtctggaatictttccagatagaggagtttgggacgggagtgttcaccacacgegtgtacatggacgeagt
ctitgaatacaccatagactgcgatggatctatcttgggtgcageggtgaacggaaaaaagagtgeccatggetetccaac
attttggatgggaagtcatgaagtaaatgggacatggatgatccacaccttggaggcattagattacaaggagtgtgagtgg
ccactgacacatacgattggaacatcagttgaagagagtgaaatgttcatgccgagatcaatcggaggceccagttagetet
cacaatcatatccctggatacaaggticagacgaacggaccttggatgcaggtaccactagaagtgaagagagaagctt
gcccagggactagegtgatcattgatggeaactgtgatggacggggaaaatcaaccagatccaccacggatageggga
aagttattcctgaatggtgttgccgctcctgeacaatgecgcectgtgagettccatggtagtgataggtgtiggtateccatgga
aattaggccaaggaaaacgcatgaaagccatctggtgcgctectgggttacagetggagaaatacatgcetgtececttitggt

Fig. 8A
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ttggtgagcatgatgatagcaatggaagtggtcctaaggaaaagacagggaccaaagcaaatgttggttggaggagtag
tgctcttgggagceaatgetggtcgggcaagtaactctecttgatitgctgaaactcacagtggetgtgggattgeatttccatga
gatgaacaatggaggagacgccatgtatatggegttgattgetgcectittcaatcagaccagggcetgcetcateggetttggge
tcaggaccctatggagccctcgggaacgectigtgctgaccctaggagceagecatggtggagattgecttgggtggegtga
tgggceggcectgtggaagtatctaaatgeagtttctctctgeatectgacaataaatgcetgttgetictaggaaagceatcaaata

ccatcttgccccteatggctetgtigacacctgtcactatggctgaggtgagacttgccgcaatgttcttitgtgeegtggttateat
aggggtccttcaccagaatttcaaggacacctccatgcagaagactatacctctggtggecctcacactcacatettaccetg

ggcttgacacaaccttttttgggectgtgtgeatttctggcaaccegeatattigggegaaggagtatcccagtgaatgaggea
ctcgcagceagctggtctagtgggagtgctggecaggactggctiticaggagatggagaacttccttggteegattgeagtigg
aggactcctgatgatgctggttagegtggctgggagagtggatgggetagagetcaagaagettggtgaagtttcatggga

agaggaggcggagatcagegggagticegeccgcetatgatgtggcactcagtgaacaaggggagticaagctgcttictg
aagagaaagtgccatgggaccaggttgtgatgacctcgctggecttggttggggctgecctceatecatttgetettetgetgg
tccttgetgggtggcetotttcatgtcaggggagetaggagaagtggggatgtetigtgggatattcecactectaagateatcg

aggaatgtgaacatctggaggatgggatttatggeatattccagtcaaccttcttgggggectcccagegaggagtgggagt
ggcacagggagggatattccacacaatgtggcatgtcacaagaggagctitcctigtcaggaatggcaagaagttgaticc
atcttgggcttcagtaaaggaagaccttgtcgectatggtggcetcatggaagttggaaggeagatgggatggagaggaag

aggtccagttgatcgeggcetgttccaggaaagaacgtggtcaacgtccagacaaaaccgagctigttcaaagtgaggaat
gggggagaaatcggggctgtcgcetcettgactatcegagtggeacttcaggatctectattgttaacaggaacggagagaty

attgggctgtacggcaatggcatccttgtcggtgacaactecticgtgteegecatatcccagactgaggtgaaggaagaag
gaaaggaggagctccaagagatcccgacaatgctaaagaaaggaatgacaactgtectigatittcatcctggagetggg
aagacaagacgtttcctcecacagatettggecgagtgegecacggagacgcettgegeactettgtgttggecceeaccagg
gttgtictttctgaaatgaaggaggcttttcacggectggacgtgaaattccacacacaggctttttccgctcacggecageggg
agagaagtcattgatgccatgtgccatgccaccctaacttacaggatgttggaaccaactagggtigttaactgggaagtga
{cattatggatgaagcccattttttggatccagctagcatagecgetagaggttgggecagegcacagagctagggcaaatg

aaagtgcaacaatcttgatgacagccacaccgectgggactagtgatgaatttccacattcaaatggtgaaatagaagatg
ttcaaacggacatacccagtgagccctggaacacagggceatgactggatectagctgacaaaaggceccacggceatggtt
ccttccatccatcagagctgcaaatgtcatggegcectetttgegtaaggetggaaagagtgtggtggtectgaacaggaaaa
cctttgagagagaataccccacgataaagcagaagaaacctgactitatattggccactgacatagetgaaatgggagece
aacctttgcgtggagcegagtgcetggattgcaggacggcettttaagectgtgettgtggatgaagggaggaaggtggcaata

aaagggccacttcgtatctccgeatecictgetgetcaaaggagggggegeattgggagaaatceccaacagagatggag

actcatactactatictgagcctacaagtgaaaataatgcccaccacgtetgetggttggaggcectcaatgetettggacaac
atggaggtgaggggtggaatggtcgccccactctatggegttigaaggaactaaaacaccagtttcccctggtgaaatgag

actgagggatgaccagaggaaagtcticagagaactagtgaggaattgtgacctgcccegtttggctitcgtggeaagtgge

caaggctggtitgaagacgaatgatcgtaagtggtgtittgaaggccctgaggaacatgagatcttgaatgacagcggtga

aacagtgaagtgcagggctectggaggagcaaagaagcctetgegeccaaggtggtgtgatgaaagggtgteatetgac
cagagtgcgctgtcigaatitattaagtttgetgaaggtaggaggggagetgctgaagtgctagttgtgctgagtgaactcect
gatttcctggctaaaaaaggtggagaggcaatggataccatcagtgtgttectecactctgaggaaggctetagggcttace
gcaatgcactatcaatgatgcctgaggcaatgacaatagtcatgctgtitatactggetggactactgacatcgggaatggte
atctttttcatgtctcccaaaggceatcagtagaatgtctatggegatgggeacaatggecggetgtggatatceteatgttecttgg
aggcgtcaaacccactcacatctcctatgtcatgcteataticttigtcctgatgatggtigtgatececcgagecagggeaaca

aaggtccatccaagacaaccaagtggcatacctcattattggcatectgacgctggtitcageggtggcagecaacgagcet
aggcatgctggagaaaaccaaagaggacctctttgggaagaagaacttaattccatetagtgettcaccectggagttggece
ggatcttgacctgaagccaggagcetgectggacagtgtacgttggeattgttacaatgctetetccaatgtigecaceactggat
caaagtcgaatatggcaacctgtcictgtctggaatageccagtcagectcagtecttitetttcatggacaaggggataccatt
catgaagatgaatatctcggtcataatgetgetggteagtggetggaaticaataacagtgatgcectetgctetgtggeatagg
gtgcgecatgetecactggteteteattttacctggaatcaaagegcageagtcaaagettgcacagagaagggtgttccat

ggcgttgccgagaaccctgtggtigatgggaatccaacagtigacatigaggaagcetectgaaatgectgecectttatgaga
agaaactggctctatatctccttettgetctcagectagetictgttgecatgtgcagaacgcccttttcattggctgaaggceatigt
cctagceatcagctgecttagggecgcetcatagagggaaacaccagcectteittggaatggacccatggetgtetecatgaca
ggagtcatgagggggaatcactatgcttitgtgggagtcatgtacaatctatggaagatgaaaactggacgccgggggag

cgcgaatggaaaaactitgggtgaagictggaagagggaactgaatctgtiggacaagcgacagtttgagttgtataaaag

Fig.8B
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gaccgacatigtggaggtggategtgatacggceacgecaggceatttggecgaagggaaggtggacaceggggtggeggt
ctccagggggaccgcaaagtiaaggtggttccatgagegtggctatgtcaagetggaaggtagggtgattgacctgggaty
tggecgeggaggetggtgttactacgetgetgegcaaaaggaagtgagtgggatcaaaggatttactettggaagagacyg
gccatgagaaacccatgaatgtgcaaagtctgggatggaacatcatcaccticaaggacaaaactgatatcecaccgecta
gaaccagtgaaatgtgacaccctitigtgtgacattggagagtcatcatcgteateggtcacagagggggaaaggaccegty
agagttcttgatactgtagaaaaatggctggctigtggggttgacaacttctgtgtgaaggtgttagcetccatacatgecagat
gttettgagaaactggaatigctccaaaggaggtitggcggaacagtgatcaggaaccetetetccaggaattccactcatg
aaatgtactacgtgtctggageccgceageaatgtcacatttactgtgaaccaaacateeegecteetgatgaggagaatga
ggcgtccaactggaaaagtgaccetggaggetgacgtcatecteccaattgggacacgceagtgttgagacagacaaggg
acccctggacaaagaggccatagaagaaagggttgagaggataaaatctgagtacatgacctettggttitatgacaatg
acaacccctacaggacctggcactacigtggetectatgtcacaaaaaccicaggaagigeggegageatggtaaatggt
gttattaaaatictgacatatccatgggacaggatagaggaggtcacaagaatggcaatgactgacacaaccecittigga
cagcaaagagtgittaaagaaaaagttgacaccagagcaaaggatccaccagegggaactaggaagatcatgaaagt
tgtcaacaggtggctgticcgecacctggccagagaaaagaaccecagactgtgcacaaaggaagaatitatigcaaaa
gtccgaagtcatgcagcocattggagettacetggaagaacaagaacagtggaagactgecaatgaggetgtccaagace
caaagtictgggaactggtggatgaagaaaggaagetgcaccaacaaggeaggtgtcggactigtgtgtacaacatgat
ggggaaaagagagaagaagctgtcagagtitgggaaageaaagggaagcecegtgecatatggtatatgtggetgggage
goggtatcttgagtitgaggccctgggaticctgaatgaggaccatigggeticcagggaaaactcaggaggaggagigga
aggcattggcttacaatacctaggatatgtgatcagagacctggcelgcaatggatggtggiggatictacgeggatgacace
gctggatgggacacgcegeatcacagaggcagacetigatgatgaacaggagatettgaactacatgageccacatcaca
aaaaactggcacaagcagtgatggaaatgacatacaagaacaaagtggtgaaagtgttigagaccagcececaggagg
gaaagcctacatggatgtcataagtcgacgagaccagagaggatcegggeaggtagtgacttatgetetgaacaccatc
accaacttgaaagtccaattgatcagaalggcagaagcagagatggtgatacatcaccaacatgttcaagattgtgatgaa
tcagtictgaccaggcetggaggeatggctecactgagcacggatgtgacagactgaagaggatggeggtgagtggagacg
actgtgtggtccggeccatcgatgacaggtteggectggecctgteccatetcaacgecatgtccaaggittagaaaggacat
atctgaatggeagcecatcaaaagggtggaatgattgggagaatgtgecctictgticccaccacttccatgaactacagetg
aaggatggcaggaggattgtggtgccttgecgagaacaggacgagetcatigggagaggaagggtatetccaggaaac
ggctggatgatcaaggaaacagettgectcagcaaagectatgccaacatgtggtcactgatgtatittcacaaaagggac
atgaggctactgteattggctgtitccteagetgticecacctecatgggticcacaaggacgcacaacatggtegaticatggg
aaaggygagtggatgaccacggaagacatgcitgaggtgtggaacagagtatggataaccaacaacccacacatgea
ggacaagacaatggtgaaaaaatggagagatgtccecttatctaaccaagagacaagacaagetgtgeggatcactgatt
ggaatgaccaatagggccacctgggectcecacatecatitagtcatcecategtatccgaacgctgattggacaggagaa
atacactgactacctaacagtcatggacaggtattctgtggatgetgacctgcaactgggtgagcettatctgaaacaccatct
aacaggaataaccgggatacaaaccacgggtggagaaccggactccecacaacctgaaaccgggatataaaccacy
gctggagaaccggactecgeacttaaaatgaaacagaaaccgggataaaaactacggatggagaaccggactccaca
cattgagacagaagaagttgtcagcccagaaccccacacgagttttgecactgctaagetgtgaggeagtgeaggcetggg
acagccgacctecaggtigegaaaaacctggttictgggacetcccaccccagagtaaaaagaacggagectcegetac
caccceteccacgtggtggtagaaagacggggictagaggttagaggagaccecetccagggaacaaatagtgggaccata
ttgacgccagggaaagaccggagtggttctetgettitectecagaggtctgtgageacagtitgctcaagaataagcagac
ctitggatgacaaacacaaaaccactgggteggeatggceatetcecacctectcgeggtecgacctgggeatccgaaggag
gacgcacgtccactcggatggetaagggagagcecacgagetecicgacagatcataatcagecataccacatitgtaga
ggttttactigctttaaaaaacctceccacacctcceectgaacctgaaacataaaatgaatgeaatigttgtigttaacttgtitatt
gcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagceatitititcactgeattctagttgtggtttg
tccaaactcatcaagatcicgagcaagacgtitcecgttgaatatggceteataacacecctigtattactgtttatgtaagcaga
cagtittatigticatgatgatatatittatettgtgcaatgtaacatcagagatittgagacacaacgtggetttgitgaataaate
gaacttttgctgagtigaaggatcagatcacgeatcttccecgacaacgeagaccegttcegtggcaaagcaaaagttcaaaa
{caccaactggtccacctacaacaaagetcteatcaaccgtggceteccteacttictggetggatgatggggegaticagge
ctggtatgagticagcaacaccticttcacgaggeagaccicagegetageggagtgtatactggcettactatgttggeactga
tgagggtotcagtgaagtgcttcatglggcaggagaaaaaaggcetgeaccggtgegtcageagaatatgtgatacaggat
atattccgcticctegetcactgactegetacgeteggtegttcgactgeggegageggaaatggettacgaacggggegga
gatttcctggaagatgecaggaagatactiaacagggaagtgagagggecgeggeaaagecgtitttccataggetcege

Fig. 8C
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cceectgacaageatcacgaaatetgacgcetcaaatcagtggtggecgaaaccecgacaggactataaagataccaggeg
tttcceetggeggcetecctegtgegetetectgttectgectitcggtitaccggtgteattcegetgttatggecgegttigtetcatt

ccacgcectgacactcagticcgggtaggeagttcgotccaagetggactgtatgcacgaacccecegticagtecgacege
tgcgcecttatccggtaactateotetigagtccaaccecggaaagacatgcaaaageaccactggeageagecactggtaat
tgatttagaggagttagtcttgaagtcatgcgccggttaaggctaaactgaaaggacaagttttggtgactgegetectecaa

gccagttacctcggticaaagagtiggtagetcagagaaccticgaaaaaccgecctgcaaggeggtitittcgttttcagag

Caagagattacgcgcagaccaaaacgatctcaagaagatcatcttattaaggggtctgacgeteagtggaacgaaaact

cacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaate
taaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagegatctgtctatttegtic

atccatagttgcctgactccecgtegtgtagataactacgatacgggagggctiaccatetggecccagtgetgcaatgatac
cgcegagacccacgctcaccggcetccagatttatcagcaataaaccagecagecggaagggecgagegeagaagtggt
cctgcaactttatccgectcecatccagtetattaattgttgcecgggaagcetagagtaagtagttcgecagttaatagtitgegea

acgttgttgccattgctgcaggcategtggtgtcacgcetegicgtttggtatggceticattcageteeggticccaacgatcaag

gcgagttacatgatcccccatgtigtgcaaaaaageggttagetecttcggtectecgategtigtcagaagtaagtiggecg

cagtgttatcactcatggttatggcagcactgcataattctcttactgtcatgccatcegtaagatgcetitictgtgactggtgagta
ctcaaccaagtcatictgagaatagtgtatgeggegaccgagttgetctigeceggegtcaacacgggataataccgegee
acatagcagaactttaaaagtgcicatcatiggaaaacgticticggggcgaaaactctcaaggatcttaccgcetgttgagat
ccagttcgatgtaacceactegtgeacccaactgatettcagoatcttitactitcaccagegtttetgggtgagecaaaaacag

gaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaatactecatactcttecttittcaatattattg
aagcatttatcagggttatigictcalgagcggatacatattigaatgtatitagaaaaataaacaaataggggttcegegeac
atttccccgaaaagtgecacctgacgtgtcgacgeggecgcetagegatgacccetgetgattggttegetgaceatiteegggt
gcgggacggcegttaccagaaactcagaaggttcgtccaaccaaaccgactetgacggeagtitacgagagagatgatag
ggtctgcttcagtaagecagatgctacacaattaggcettgtacatattgtegttagaacgeggcetacaattaatacataacctt

atgtatcatacacatacgatttaggtgacactata (SEQ ID NO: 6)

Fig.8D

gatgggcggcgcatgagagaagceccagaccaattacctacccaaaatggagaaagticacgttgacatcgaggaaga
cagcccattcctcagagctttgcageggagceticcegeagtitgaggtagaagecaageaggtcactgataatgaccatge
taatgccagagcgtiticgcatctggettcaaaactgatcgaaacggaggtggacceatccgacacgatccttgacattgga
agtgcgcccgeccgeagaatgtatictaagcacaagtatcattgtatetgtccgatgagatgtgcggaagatecggacagat
tgtataagtatgcaactaagctgaagaaaaactgtaaggaaataactgataaggaattiggacaagaaaatgaaggagct
ggccgccgtcatgagcgacccetgacctggaaactgagactatgtgectccacgacgacgagtegtgtegetacgaaggg
caagtcgctgtitaccaggatgtatacgeggttgacggaccgacaagtetctatcaccaagecaataagggagttagagte
gcectactggataggetttgacaccacccctittatgtttaagaactiggctggagcatatecateatactetaccaactgggecg
acgaaaccgtgttaacggctcgtaacataggectatgcagcetctgacgttatggageggtcacgtagagggatgtccattctt
agaaagaagtatitgaaaccatccaacaatgtictattctctgttggcetegaccatctaccacgagaagagggacttactga
ggagctggcacctgecgtctgtatticacttacgtggcaageaaaattacacatgteggtgtgagactatagttagttgegac
gggtacgtcgttaaaagaatagctatcagtccaggectgtatgggaagecttcaggetatgetgetacgatgecacegegag
ggattcttgtgctgcaaagtgacagacacattgaacggggagagggtctetittccegtgtgecacgtatgtgecagetacatt
gigtgaccaaatgactggcatactggcaacagatgtcagtgcggacgacgcgcaaaaactgetggttgggcetcaaccag
cgtatagtcgtcaacggtcgc:icccagagaaacaccaataccatgaaaaattaccttttgccegtagtggeccaggcattt
gctaggtgggcaaaggaatataaggaagatcaagaagatgaaaggccactaggactacgagatagacagttagtcatg
gogtgttgttgggctittagaaggcacaagataacatctatttataagegeccggatacccaaaccatcatcaaagtgaaca
gcgatttccacteattegtgetgeccaggataggeagtaacacatiggagatcgggetgagaacaagaatcaggaaaatg
ftagaggagcacaaggagccgtcacctctcattaccgeccgaggacgtacaagaagctaagtgegcagecgatgagget
aaggaggtgcgtgaagccgaggagttgegegeagetctaccacctttggcagetgatgttgaggageccactctggaage
cgatgtcgactigatgttacaagaggcetggggccggcetcagtggagacacctegtggcettgataaaggttaccagcetacga
tggcgaggacaagatcggctcttacgetgtgctitctccgecaggetgtacicaagagtgaaaaattatetigecatccacccetcet
cgctgaacaagtcatagtgataacacactctggccgaaaagggegttatgcegtggaaccataccatggtaaagtagtgg

Fig. 8E
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tgccagagggacatgcaatacccgtccaggactticaagcetctgagtgaaagtgcecaccattgigtacaacgaacgtgagt
tcgtaaacaggtacctgcaccatattgccacacatggaggagcegcetgaacactgatgaagaatattacaaaactgtcaag
cccagegagceacgacggcgaatacctgtacgacatcgacaggaaacagtgegtcaagaaagaactagtcactggget
agggctcacaggcgagctggtggatecteecttccatgaattcgectacgagagtetgagaacacgaccagecgcetectta
ccaagtaccaaccataggggtgtatggegtgecaggatcaggecaagtctggcatcattaaaagegeagtcaccaaaaaa
gatctagtggtgagcgccaagaaagaaaactgtgcagaaattataagggacgtcaagaaaatgaaagggcetggacgte
aatgccagaactgtggactcagtgctcttgaatggatgcaaacaccccgtagagacccigtatattgacgaagcttttgettgt
catgcaggtactctcagagcgcetcatagecattataagacctaaaaaggcagtgctetgeggggatcccaaacagtgegg
ttttittaacatgatgtgcctgaaagtgceatittaaccacgagatttgcacacaagtcticcacaaaagcatetctcgecgttgea
ctaaatctgtgacttcggtegtetcaacctigttttacgacaaaaaaatgagaacgacgaatccgaaagagactaagattgt
gattgacactaccggcagtaccaaacctaagcaggacgatctcattctcacttgtttcagaggatgggtgaageagttgcaa
atagattacaaaggcaacgaaataatgacggcagctgcctctcaagggetgacccgtaaaggtgtgtatgeegticggta
caaggtgaatgaaaatcctetgtacgeacccacctcagaacatgtgaacgtectactgacccgcacggaggaccgeate
gtgtggaaaacactagccggcgacccatggataaaaacactgactgccaagtaceetgggaatttcactgccacgatag
aggagtggcaagcagagcatgatgccatcatgaggcacatcttggagagaccggaccctaccgacgtcticcagaataa
ggcaaacgtgtgttgggccaaggctttagtgecggtgctgaagaccgetggeatagacatgaccactgaacaatggaac
actgtggattattttgaaacggacaaagctcactcagcagagatagtattgaaccaactatgegtgaggttetttggactegat
ctggactccggtctattttctgcacccactgttcegttatecattaggaataateactgggataacteceegtegectaacatgta
cgggctgaataaagaagtggtccgtcagcetctetcgeaggtacccacaactgectcgggeagttgecactggaagagtet
atgacatgaacactggtacactgcgcaatiatgatccgegeataaacctagtacetgtaaacagaagactgectcatgettt
agtcctccaccataatgaacacccacagagtgacttticttcattcgtcagcaaattgaagggeagaactgteetggtggteg
gggaaaagttgiccgtcccaggeaaaatggtigactggtigtcagaccggectgaggcetaccttcagageteggetggatit
aggcatcccaggtgatgtgcccaaatatgacataatatttgttaatgtgaggacccceatataaataccateactatcageagt
gtgaagaccatgccattaagcttagcatgtigaccaagaaagctigtctgcatetgaatcceggeggaacetgtgteageat
aggttatggttacgctgacagggccagegaaagcatcattggtgetatagegeggeagttcaagtittcccgggtatgeaaa
ccgaaatcctcactigaagagacggaagttetgtitgtaticatigggtacgategcaaggecegtacgcacaatcecttacaa
gctitcatcaaccttgaccaacatttatacaggticcagactccacgaagecggatgtgcaccctecatatcatgtggtgcgag
gggatattgccacggccaccgaaggagtgattataaatgctgciaacagcaaaggacaacctggeggaggggt
gtgcggagcegctgtataagaaaticccggaaagceticgatttacagecgatcgaagtaggaaaagegegactggicaaa
ggtgcagctaaacatatcattcatgecgtaggaccaaacttcaacaaagtttcggaggttgaaggtgacaaacagttggea
gaggcttatgagtccatcgctaagattgicaacgataacaattacaagtcagtagegattccactgttgtccaccggceatetttt
ccgggaacaaagatcgactaacccaatcattgaaccattigetgacagetttagacaccactgatgcagatgtagecatat
actgcagggacaagaaatgggaaatgactctcaaggaagceagtggcetaggagagaageagtggaggagatatgeata
tccgacgactcticagtgacagaacctgatgcagagetggtgagggtgeatccgaagagtictitggetggaaggaaggg
ctacagcacaagcgatggcaaaactttictcatattiggaagggaccaagtticaccaggcggccaaggatatagcagaa
attaatgccatgtggcccgttgcaacggaggcecaatgagcaggtatgcaigtatatcctcggagaaagceatgageagtatt
aggtcgaaatgccccgtcgaagagtcggaagectccacaccacctageacgetgecttgettgtgcateecatgecatgact
ccagaaagagtacagcgcctaaaagcctcacgtccagaacaaattactgtgtgetcatectttccattgeccgaagtataga
atcactggtotgcagaagatccaatgcteccagcectatatigtictcaccgaaagtgcectgegtatatticatccaaggaagtat
ctcgtggaaacaccaccggtagacgagacteeggagecateggcagagaaccaatccacagaggggacacctgaac
aaccaccacttataaccgaggatgagaccaggactagaacgectgagecgatcatcatcgaagaggaagaagaggat
agcataagtttgctgtcagatggcccgacccaccaggtgetgcaagtcgaggcagacaticacgggeegecectetgtatet
agctcatectggtecattecteatgeatecgactitgatgtggacagtttatccatacttgacaccctggagggagcetagegtg
accagcggggcaacgtcagccgagactaactcttacticgcaaagagtatggagtttctggegegaceggtgectgegect
cgaacagtattcaggaaccctccacatcccgetccgecgecacaagaacaccegtcacttgecacccageagggectgetega
gaaccagcctagtttccaccecgecaggegtgaatagggtgatcactagagaggagetcgaggegcettacecegtcacg
cactcctagcaggteggtictcgagaaccagcectggtctccaacccgecaggegtaaatagggtgattacaagagaggag
tttgaggcgttcgtagcacaacaacaatgacggttigatgegggtgceatacatctittcctccgacaccggtcaagggeattta
caacaaaaatcagtaaggcaaacggtgctatccgaagtggtgtiggagaggaccgaattggagatttegtatgeecegeg
cclcgaccaagaaaaagaagaattactacgcaagaaattacagttaaatcccacacctgctaacagaagceagatacca
gtccaggaaggtggagaacatgaaagccataacagcetagacgtattctgcaaggectagggceattattigaaggcagaa

Fig. 8F
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ggaaaagtggagtgctaccgaaccctgeatectgttcetitgtaticatctagtgtgaaccgtgectittcaagecccaaggte
gcaglggaagcectgtaacgecatgtigaaagagaactitccgactgtggeticttactgtatiaticcagagtacgatgectatt
tggacatggttgacggagcttcatgetgettagacactgecagttittgecctgeaaagcetgegeagetitccaaagaaacac
tectatttggaacccacaatacgatcggeagtgecttcagegatccagaacacgetecagaacgteetggeagetgecac
aaaaagaaattgcaatgtcacgcaaatgagagaatigccegtattggaticggeggectitaatgtggaatgeticaagaa
atatgcgtgtaataatgaatatigggaaacgtttaaagaaaaccccatcaggcettactgaagaaaacgtggtaaattacatt
accaaattaaaaggaccaaaagctgctgctetitttgcgaagacacataatttgaatatgtigcaggacataccaatggaca
ggtttgtaatggacttaaagagagacgtgaaagtgactccaggaacaaaacatactgaagaacggceccaaggtacagg
tgatccaggetgecgatcegetagcaacagegtatetgtgeggaatecacegagagetggttaggagattaaatgeggtee
tgcttccgaacaticatacactgtttgatatgteggetgaagacttigacgetattatagecgageacticcageoctggggattgt
gttctggaaactgacatcgegtegtttgataaaagtgaggacgacgecatggetetgaccgegtiaatgatictggaagactt
aggtgtggacgcagagctgttgacgcetgatigaggeggctttcggogaaatittcatcaatacatttgeccactaaaactaaat
ttaaattcggagccatgatgaaatctggaatgticctcacactgtttgtgaacacagicattaacatigtaatcgecaagceagag
tottgagagaacggctaaccggatcaccatgtgcageaticattggagatgacaatategtgaaaggagtcaaateggac
aaattaatggcagacaggtgcgcecacctiggttgaatatggaagtcaagatiatagatgetgtggtgggegagaaagegee
ttattictgtggaggatttatitigtgtgactccgtgaccggeacagegtgeegtgtggcagacceectaaaaaggctgtitaag
cttggcaaacctctggcageagacgatgaacatgatgatgacaggagaagggcattgeatgaagagtcaacacgcetgg
aaccgagtgggtattctitcagagcetgtgcaaggceagtagaatcaaggtatgaaaccgtaggaacttccatcatagttatgg
ccatgactactctagctagcagtgttaaatcaticagcetacctgagaggggeccetataacictctacggetaacetgaatgg
actacgacatagtctagtccgecaagtctagaccatgtetggtegtaaagetcagggaaaaacccetgggegtcaatatggt
acgacgaggagttcgctectigtcaaacaaaataaaacaaaaaacaaaacaaattggaaacagacciggaccticaag
aggtgticaaggattiatctititctititgitcaacattitgactggaaaaaagatcacageccacctaaagaggtigtggaaaa
tgctggacccaagacaaggcettggetgtictaaggaaagtcaagagagtggtogecagtitgatgagaggatigtectcaa
ggaaacgccgticccatgatgtictgacigtgcaattectaatittgggaatgcetgttgatgacgggtggataagggecectat
aactctctacggctaaccigaatggactacgacatagtetagtccgecaagictagagcettaccatgacegagtacaagee
cacggtgcgcectegecaccegegacgacgteccecagggecgtacgecacectegeegecgegticgecgactacceege
cacgcgcecacaccgtcgatceggacegecacatcgagegggteaccgagetgeaagaactcettecteacgegegtegg
gctcgacatcggcaaggtgtgggtcgeggacgacggegecgeggtogegatetggaccacgecggagagegtegaag
cgggggcggtgttcgecgagatcggecegegeatggecgagttgageggticceggetggecgegeageaacagatgg
aaggcctectggegecgeaccggeccaaggageccgegtggttectggecacegteggegtetegeeegaceaccagg
gcaagggtctgggcagegecgtegtgeteecccggagtggaggeggecgagegegecggggtgeccgecticetggaga
cctecgegecccgeaacceteccctictacgageggeteggcettcacegteacegecgacgtegagtgcecgaaggacceg
cgcgacctggtgcatgaccegcaageccggtgectgacgeececgeccecacgacecgeagegeccgaccgaaaggage
gcacgaccccatgategetagaccatggggtaccgagtatgttacgtgcaaaggtgatigtcaceccecgaaagaccata
tigtgacacaccctcagtatcacgceccaaacatttacagecgeggtgtcaaaaaccgegtggacgtggttaacateectget
gggaggatcagccgtaattattataattggettggtgctggetactatigtggecatgtacgtgetgaccaaccagaaacata
attgaatacagcagcaattggcaagctgcttacatagaactcgeggegatiggcatgecgecttaaaatitttatittatitttictt
ticttttccgaatcggattttgtitttaatatitcaaaaaaaaaaaaaaaaaaaaaaaaacgegtcgaggggaattaattcttga
agacgaaagggccaggtggcacttttcggggaaatgtgcgeggaacccctattigtitatitiictaaatacattcaaatatgta
{ccgcetcatgagacaataaccctgataaatgcticaataatattgaaaaaggaagagtatgagtaticaacatttcegtgteg
cecttattcectitttigeggeattttgecticetgttitigetcacccagaaacgcetggtgaaagtaaaagatgetgaagatceagtt
gggtgcacgagtgggttacatcgaactggatctcaacageggtaagatectigagagttttcgeeccgaagaacgttttcca
atgatgagcacttttaaagtictgctatgtggegeggtattateecgtgttgacgecgggeaagageaacteggtegecgeat
acactattctcagaatgactiggttgagtactcaccagtcacagaaaagcatettacggatggeatgacagtaagagaatta
tgcagtgctgeccataaccatgagtgataacactgcggecaacttacttctgacaacgatcggaggaccgaaggagcetaac
cgctittttgcacaacatgggggatcatgtaactegectigategttgggaaccggagetgaatgaagecataccaaacgac
gagcgtgacaccacgatgectgtagcaatggeaacaacgttgegeaaactattaactggegaactactiactctageticee
ggcaacaattaatagactggatggaggcggataaagtigcaggaccacttctgegetcggeccttceggetggetggtttatt
gctgataaatctggagecggtgagegtgggtetegeggtatcattgeageactggggecagatggtaageccteecgtate
gtagttatctacacgacggggagtcaggcaactatggatgaacgaaatagacagatcgetgagataggtgectecactgatt
aagcattggtaactgtcagaccaagtitactcatatatactttagattgatitaaaacticatttttaatitaaaaggatctaggtga
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agatcctttttgataatctcatgaccaaaatcccttaacgtgagtittcgtticcactgagegtcagacceccgtagaaaagatca

aaggatcticttgagatcctttttttctgegegtaatetgetgettgcaaacaaaaaaaccaccgctaccageggtgatitgtity

ccggatcaagagctaccaactctttttccgaaggtaactggettcagcagagegeagataccaaatactgtccetictagtgta
gcegtagttaggccaccacttcaagaactctgtagcaccgcectacatacctegctctgetaatectgttaccagtggetgetge
cagtggcgataagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggecgecageggtegggetgaacgg
ggaggttcgtgcacacagceccagcettggagegaacgacctacaccgaactgagatacctacagegtgagceattgagaaa

gcgcecacgcttcccgaagggagaaaggeggacaggtatceggtaageggeaggotecggaacaggagagegcacga

gggagcttccagggggaaacgcectggtatetitatagtectgtegggtttcgecaccictgacttgagegtegattttigtgatge
tcgtcaggggggeggagectatggaaaaacgecagcaacgegagcetcgatttaggtgacactata

(SEQIDNO: 7)

Fig. 8H

gatgggcggcegceatgagagaagcccagaccaattacctacccaaaatggagaaagticacgttgacatcgaggaaga
cagcccattcctcagagetttgcageggagcettcccgeagtitgaggtagaagccaageaggtcactgataatgaccatge
taatgccagagcegtittcgeatctggceticaaaactgatcgaaacggaggtggacccatcegacacgatecttgacattgga
agtgcgceccgeccgeagaatgtatictaagecacaagtateatigtatetgtccgatgagatgtgeggaagatccggacagat
tgtataagtatgcaactaagctgaagaaaaactgtaaggaaataactgataaggaattiggacaagaaaatgaaggagcet
ggccgecgtcatgagegaccestgacctggaaactgagactatgtgectccacgacgacgagtegtgtegetacgaaggg
caagtcgctgtttaccaggatgtatacgcggtigacggaccgacaagtctctatcaccaagecaataagggagttagagte
gcctactggataggctttgacaccacccctittatgtitaagaactiggetggageatatecateatactetaccaactgggeceg
acgaaaccgtgttaacggctcgtaacataggectatgcagetetgacgttatggageggtcacgtagagggatgtecattctt
agaaagaagtatitgaaaccatccaacaatgtictatictctgtiggctcgaccatctaccacgagaagagggacttactga
ggagctggcacctgecgtctgtatitcacttacgtggcaagcaaaatiacacatgtcggtgtgagactatagttagtigegac
gggtacgtcgttaaaagaatagctatcagtccaggectgtatgggaagecticaggetatgetgctacgatgeacecgegag
ggattcttgtgctgcaaagtgacagacacattgaacggggagagggtetettttceegtgtgeacgtatgtgecagetacatt
gtgtgaccaaatgactggeatactggcaacagatgtcagtgeggacgacgegeaaaaactgetggttgggctcaaccag
cgtatagtcgtcaacggtcgcacccagagaaacaccaataccatgaaaaattaccttttgeccgtagtggeccaggceattt
gctaggtgggcaaaggaatataaggaagatcaagaagatgaaaggccactaggactacgagatagacagttagicatg
gagtgttgttggacttttagaaggcacaagataacatctatttataagcgeceggatacccaaaccatcatcaaagigaaca
gcegatttccacteattcgtgetgeccaggataggcagtaacacattggagatcgggetgagaacaagaatcaggaaaatg
ttagaggagcacaaggagccgtcacctctcatiaccgccgaggacgtacaagaagcetaagtgegeagecgatgaggct
aaggaggtgcgtgaagecgaggagtigegegeagetctaccacettiggeagcetgatgtigaggageccactetggaage
cgatgtcgacttgatgttacaagaggcetggggcecggctcagtggagacacctegtggcttgataaaggttaccagetacga
tggcgaggacaagatcggctcttacgetgtgetitctecegecaggcetgtactcaagagtgaaaaattatettgeatccaccetct
cgctgaacaagtcatagtgataacacactctggcegaaaagggegttatgeegtggaaccataccatggtaaagtagtgg
tgccagagggacatgcaatacccgtccaggactttcaagcetetgagtgaaagtgecaccatigtgtacaacgaacgtgagt
tcgtaaacaggtacctgcaccatattgccacacatggaggagegcetgaacactgatgaagaatattacaaaactgtcaag
cccagcgagceacgacggegaatacctgtacgacatcgacaggaaacagtgegtcaagaaagaactagtcactggget
agggctcacaggcgagctggtggatcctcccttccatgaaticgectacgagagtctgagaacacgaccagecgcetectta
ccaagtaccaaccataggggtgtatggegtgccaggateaggeaagtetggeatcattaaaagegcagtcaccaaaaaa
gatctagtggtgagcgccaagaaagaaaactgtgcagaaattataagggacgtcaagaaaatgaaagggcetggacgte
aatgccagaactgtggactcagtgctetigaatggatgcaaacacceegtagagaccectgtatatigacgaagcettttgetigt
catgcaggtactctcagagcg:tcatagecattataagacctaaaaaggcagtgcetcetgeggggatcccaaacagtgegg
{itttttaacatgatgtgcctgaaagtgeattttaaccacgagatttgcacacaagtcttccacaaaagceatcetctcgecgttgea
ctaaatctgtgacticggtcgtctcaaccttgttttacgacaaaaaaatgagaacgacgaatccgaaagagactaagattgt
gattgacactaccggcagtaccaaacctaagcaggacgatctcatictcactigtitcagagggtgggtgaagceagttgecaa
atagattacaaaggcaacgaaataatgacggcagctgccictcaagggcetgaccegtaaaggtgtgtatgecgttcggta
caaggtgaatgaaaatcctctgtacgcacccacctcagaacatgtgaacgtcctactgacccgecacggaggaccgceate
gigtggaaaacactagecggcegacccatggataaaaacactgactgecaagtaccetgggaatttcactgecacgatag
aggagtggcaagcagagcatgatgccatcatgaggceacatettggagagaccggaccctaccgacgtcttccagaataa

Fig. 8l
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ggcaaacgtgtgtigggccaaggctitagtgccggtgetgaagaccgetggeatagacatgaccactgaacaatggaac
actgtggattatittgaaacggacaaagctcactcagcagagatagtattgaaccaactatgegtgaggttctitggactegat
ctggactcceggtctattitctgcacccactgttecgttatccattaggaataatcactgggataactecccgtegectaacatgta
cgggctgaataaagaagtggtcegtcagetctctcgcaggtacceacaactgectegggeagtigecactggaagagtct
atgacatgaacactggtacactgcgcaattatgatccgegeataaacctagtacctgtaaacagaagactgecteatgettt
agtcctccaccataatgaacacccacagagtgacttttcttcattcgtcagcaaattgaagggcagaactgtcctggtggteg
gggaaaagttgtccgteccaggeaaaatggttgactggttgtcagaccggectgaggctaccttcagagceteggcetggattt
aggcatcccaggtgatgtgcccaaatatgacataatatttgitaatgtgaggacccecatataaataccatcactatcageagt
gtgaagaccatgccattaagcttagcatgttgaccaagaaagcttgtctgcatctgaatcccggeggaacctgtgtcageat
aggttatggttacgcetgacagggecagegaaagceateattggtgctatagegeggeagttcaagttttcecgggtatgeaaa
ccgaaatcctcacttgaagagacggaagticigtttgtattcattgggtacgatcgcaaggecegtacgcacaatecttacaa
gctttcatcaacctigaccaacatttatacaggtitccagactccacgaagecggatgtgcaccctcatatcatgtggtgegag
gggatattgccacggecaccgaaggagtgattataaatgetgctaacagcaaaggacaacctggeggaggggtotgeg
gagcegctgtataagaaattcceggaaagcttegatttacagecgatcgaagtaggaaaagcegegactggtcaaaggtge
agctaaacatatcattcatgccgtaggaccaaacticaacaaagtttcggaggttgaaggtgacaaacagttggcagagg
cttatgagtccatcgcetaagatigtcaacgataacaattacaagtcagtagegattcecactgtigtccaceggeatettticegg
gaacaaagatcgactaacccaatcattgaaccattigetgacagcetttagacaccactgatgcagatgtagecatatactge
agggacaagaaatgggaaatgactctcaaggaagcagtggctaggagagaagceagtggaggagatatgeatatcega
cgactcttcagtgacagaacctgatgcagagcetggtgagggtgcatccgaagagttctttggetggaaggaagggcetaca
gcacaagcgatggcaaaactttctcatatttggaagggaccaagtttcaccaggeggecaaggatatagcagaaattaat
gccatgtggeccgtigcaacggaggecaatgagcaggtatgeatgtatatcctcggagaaagcatgagceagtattaggte
gaaatgceccgtcgaagagtcggaagectccacaccacctagcacgcetgecttgettgtgeatccatgecatgactccaga
aagagtacagcgcctaaaagectcacgtccagaacaaattactgtgtgeteatectttccattgecgaagtatagaateact
ggtgtgcagaagatccaatgctcccagcctatattgtictcaccgaaagtgectgegtatattcatccaaggaagtatetegtg
gaaacaccaccggtagacgagactccggagccatcggcagagaaccaatccacagaggggacacctgaacaacca
ccacttataaccgaggatgagaccaggactagaacgcectgagecgatcatcatcgaagaggaagaagaggatageat
aagtttgctgtcagatggeccgacceaccaggtgetgcaagtcgaggeagacattcacgggecgcecctetgtatetagete
atcctggtccattccteatgcateecgactttgatgtggacagtttatccatacttgacacectggagggagctagegtgaccag
cggggcaacgtcagccgagactaactcttacticgcaaagagtatggagtttctggegegacceggtgectgegectegaac
agtattcaggaaccctccacatcecgctccgegcacaagaacaccgteactigecaccecagecagggectgetcgagaace
agcctagtttccacccecgecaggegtgaatagggtgatcactagagaggagcetcgaggegcettacececegtecacgeactee
tagcaggtcggictcgagaaccagcctggtctccaacccgecaggegtaaatagggtgattacaagagaggagtttgag
gegttegtagcacaacaacaatgacggtttgatgegggtgeatacatcettttectecgacaccggtcaagggceatttacaac
aaaaatcagtaaggcaaacggtgctatccgaagtggtgttggagaggaccgaattggagatttcgtatgccececgegectc
gaccaagaaaaagaagaatiactacgcaagaaattacagttaaatcccacacctgctaacagaagcagataccagtee
aggaaggtggagaacatgaaagccataacagcetagacgtattctgcaaggectagggeattatitgaaggecagaagga
aaagtggagtgctaccgaaccctgeatectgticctitgtattcatctagtgtgaaccotgecttitcaagecccaaggtegeag
tggaagcctgtaacgccatgttgaaagagaactticcgactgtggcticttactgtattattccagagtacgatgectatitgga
catggttgacggagcticatgctgcttagacactgecagtttttgecctgecaaagetgegeagetttccaaagaaacactccta
tttggaacccacaatacgatcggcagtgccticagecgatccagaacacgetecagaacgtectggeagetgecacaaaa
agaaattgcaatgtcacgcaaatgagagaattgccegtatiggattcggeggcectttaatgtggaatgceticaagaaatatge
gtgtaataatgaatattgggaaacgtttaaagaaaaccccatcaggcttactgaagaaaacgtggtaaattacattaccaa
attaaaaggaccaaaagctgctgctctititgcgaagacacataatttgaatatgttgcaggacataccaatggacaggttigt
aatggacttaaagagagacgtgaaagtgactccaggaacaaaacatactgaagaacggcccaaggtacaggtgatcc
aggctgccgatecegetagecaacagegtatetgtgecggaatccaccgagagcetggttaggagattaaatgeggtectgette
cgaacattcatacactgtitgatatgtcggcetgaagactttgacgctattatagcegagceacttccagectggggattgtgttetg
gaaactgacatcgcgtcgtttgataaaagtgaggacgacgccatggctetgacegegttaatgattctggaagacttaggtg
tggacgcagagctgtigacgctgattgaggeggcetitcggegaaatttcatcaatacattigcccactaaaactaaatttaaat
tcggagccatgatgaaatctggaatgticctcacactgttigtgaacacagteattaacattgtaatcgcaagcagagtgttga
gagaacggctaaccggatcaccatgtgcagcaticatiggagatgacaatatcgtgaaaggagtcaaatcggacaaatta
atggcagacaggtgcgecacctggttgaatatggaagtcaagattatagatgcetgtggtogggegagaaagegcecttatttct

Fig. 8J
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gtagagggtttattttgtgtgacteegtgaccggeacagegtgcegtgtaggecagacecectaaaaaggetgtitaagettgge
aaacctctggcagcagacgatgaacatgatgatgacaggagaagggceattgcatgaagagtcaacacgetggaaceg

agtgggtatictitcagagcigtycaaggeagtagaatcaaggtatgaaaccgtaggaacticcateatagttatggecatga
ctactctagctagcagtgttaaatcattcagetacctgagaggageccctataactetctacggcetaacctgaatggactacg
acatagtctagtccgecaagtctagaccatgtetggtegtaaagetcagggaaaaaccctgggegteaatatggtacgacg
aggagticgcetectigtcaaacaaaataaaacaaaaaacaaaacaaattggaaacagacctggaccticaagaggtgtt
caaggatttatctittictititgitcaacattitgactggaaaaaagatcacageccacctaaagaggtiotggaaaatgetgga
cccaagacaaggcettggetgttctaaggaaagtcaagagagtggtggecagtttgatgagaggattgtectcaaggaaac
gecgttcccatgatgttctgactgtgcaattcctaatitigggaatgetgttgatgacgagtggagtgaccttggtgecggaaaaa
cagatggttgctectaaatgtgacatctgaggacctegggtaagggceccctataactictctacggetaacctgaatggacta

cgacatagtctagtccgecaagictagagcettaccatgaccgagtacaageccacggtgegectegecaceegegacga
cgtceccagggecgtacgeaccctegeegecgegttegecgactacceegecacgegecacacegtegatecggaceg

ccacatcgagegggtcaccgagetgcaagaactettcotecacgegegtegggetcgacatcggeaaggtgtgggicgeg

gacgacggegcecgeggatggeggtetggaccacgecggagagegicgaagegggggeggtaticgecgagateggece
gcgeatggecgagttgageggtteeccggetggecgegeageaacagatggaaggectectggegecgeaccggecca

aggagcccgcegtggttcetggecaccgteggegtctcgeccgaccaccagggeaagggictgggeagegecgtegtget
ccecggagtggaggeggecgagegegecggggtgcecgecticetggagacctcegegeccegeaacetcecctictac
gagcggeteggeticaccgteaccgcegacgtegagtgecegaaggaccgegegacetggtgeatgaccegeaagece
gotgectgacgecegeccecacgaccegeagegeccgaccgaaaggagegeacgaceccatgategetagaceatgg

ggtaccgagtatgttacgtgceaaggtgattgtcaccecscgaaagacceatattgtgacacaccctcagtatcacgeccaa
acatttacagccgeggtgtcaaaaaccgegtggacgtggttaacateccigetgggaggatcageegtaatiattataatty

gettggtgcetggcetactatigtggecatgtacgtgctgaccaaccagaaacataatigaatacagcagceaatiggcaagetg
cttacatagaactcgcggcgattggcatgeecgecttaaaatittiatittattttttottticitttccgaatcggatttigtttitaatatttc
aaaaaaaaaaaaaaaaaaaaaaaaacgcgicgaggggaattaatictigaagacgaaagggecaggiggeacttitc
ggggaaatgtgegeggaacccctatttgtitattittctaaatacattcaaatatgtatccgeteatgagacaataaccectgata

aatgcticaataatattgaaaaaggaagagtatgagtattcaacatttcegtgtegeccttaticeetitittgeggeattttgectt

ceigtttttgetcacccagaaacgetggtgaaagtaaaagatgetgaagatcagtigggtgeacgagtgggttacatcgaac
tggatctcaacageggtaagatecttgagagttticgececgaagaacgttttccaatgatgageacititaaagtictgetaty
tggcgeggtattatceegtgttgacgecgggeaagageaacteggtegecgeatacactattctcagaatgacttggtigagt
actcaccagtcacagaaaagcaicttacggatggcatgacagtaagagaattatgcagtgetgccataaccatgagtgat

aacactgcggcecaacttactictgacaacgatcggaggaccgaaggagetaaccegctittttgcacaacatgggggatcat
gtaactcgectigategttgggaaccggagetgaatgaagecataccaaacgacgagegtgacaccacgatgectgtag

caatggcaacaacgitgegeaaactattaactggegaactacttactetagettceccggeaacaattaatagactggatgga
ggcggataaagitgcaggaccactictgegeteggeccticeggetggetggtttatigetgataaatctggagecggtgage
gtogggtctcgeggatateattgcageactggggecagatggtaagecctecegtategtagttatctacacgacggggagtea
ggcaactatggatgaacgaaatagacagatcgctgagataggtgecteactgattaageattggtaactgtcagacecaagt
ttactcatatatactttagattgatttaaaacticattittaatttaaaaggatctaggtgaagatcectttttgataatctcatgaccaa
aalccctiaacgtgagttttcgttccactgagegtcagaccecgtagaaaagatcaaaggatcttctigagatectittitictge

gegtaatctgetgettigcaaacaaaaaaaccaccgetaccageggtggtitgtitgecggatcaagagetaccaactctttit

ccgaaggtaactggceticagcagagegeagataccaaatacigtecttctagtgtagecgtagttaggecaccacticaag

aactctgtageaccgectacatacctegetetgetaatectgttaccagtggetgetgecagtggegataagtegtgtcttace

gggttggactcaagacgatagttaccggataaggegcageggategggetgaacggagagticgtgcacacageccaget
tgaagcgaacgacctacaccgaactgagatacctacagegtgageattgagaaagegcecacgeticccgaagggaga

aaggcggacaggtatccggtaageggeagggtcggaacaggagagegeacgagggagcetticcagggggaaacgee
tggtatctttatagtectgtegggtticgecaccetetgacttgagegtegatttiigtgatgetegicaggggggeggagectatgg
aaaaacgccagceaacgegagetegatitaggtgacactata (SEQ 1D NO: 8)

Fig.8K
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gatgggceggegeatgagagaageccagaccaattacetacecaaaatggagaaagttcacgitgacatcgaggaaga
cagcccattcctcagagcetttgcageggageticecgeagtitgaggtagaagecaageaggteactgataatgaceatge
taatgccagagcegtiticgeatetggeticaaaactgatcgaaacggaggtggacccatccgacacgatecttgacatigga
agtgcgceccgeecgceagaatgtatictaagcacaagtatcattgtatetgtecgatgagatgtgeggaagatecggacagat
tgtataagtatgcaactaagcetgaagaaaaactgtaaggaaataactgataaggaattggacaagaaaatgaaggagcet
ggecgeegtecatgagegaccetgacctggaaactgagactatgtgectecacgacgacgagtegtgtegetacgaaggg
caagtcgctgtttaccaggatgtatacgeggttgacggaccgacaagtctctatcaccaagecaataagggagttagagte
gectactggataggcetttgacaccaccectittatgtitaagaactiggetggagceatatccateatactctaccaactgggecg
acgaaaccgtgttaacggctcgtaacataggectatgecagetctgacgttatggageggtcacgtagagggatgtecattcett
agaaagaagtattigaaacceatccaacaatgtictattctetgtiggetegaccatctaccacgagaagagggacttactga
ggagctggcacctgcegtetgtatttcacttacgtggeaageaaaattacacatgtegotgtgagactatagitagttgegac
gggtacgicgttaaaagaatagctatcagtccaggectgtatgggaagecttcaggctatgetgetacgatgecacegegag
ggattcttgtgctgeaaagtgacagacacattgaacggggagagggtctctiticecgtgtgeacgtatgtgccagctacatt
gtgtgaccaaatgactggcatactggcaacagatgtcagtgeggacgacgegcaaaaactgetggttgggetcaaccag
cgtatagtcgtcaacggtcgcacccagagaaacaccaataccatgaaaaattaccetittgccecgtagtggeccaggeattt
gctaggtgggcaaaggaatataaggaagatcaagaagatgaaaggecactaggactacgagatagacagtiagtcatg
gagtgtigttgggctittagaaggeacaagataacatctatitataagegeceggatacccaaaccatcatcaaagtgaaca
gegatttecacteaticgtgetgeccaggataggeagtaacacatiggagatcgggetgagaacaagaatcaggaaaatg
ttagaggagcacaaggagccgteaccicteattaccgecgaggacgtacaagaagctaagtgegcagecgatgagget
aaggaggtgcgtgaagecgaggagttgegegeagcetetaceacetitggeagetgatgttgaggageccactetggaage
cgatgtcgactigatgttacaagaggcetggagecggctcagtggagacacctegtggetigataaaggttaccagetacga
tagcgaggacaagatceggetcttacgetgtgettictcecgeaggcetgtactcaagagtgaaaaattatettgeatceaccectet
cgctgaacaagtcatagtgataacacactctggcegaaaagggegttatgecgtggaaccataccatggtaaagtagtogg
tgccagagggacatgceaataccegiccaggactticaagetctgagtgaaagtgccaccatigtgtacaacgaacgigagt
tegtaaacaggtacctgeaccatatigccacacatggaggagegetgaacactgatgaagaatattacaaaactgicaag
cccagegagceacgacggcegaatacetgtacgacatcgacaggaaacagtgegtcaagaaagaactagteactggget
agggctcacaggcegagcetgatggatectcocttccatgaattcgectacgagagtctgagaacacgaccagecgetectta
ccaagtaccaaccataggggtgtatggegtgecaggatcaggeaagiciggcateattaaaagegeagtcaccaaaaaa
gatctagtggtgagcgccaagaaagaaaactgtgcagaaattataagggacgtcaagaaaatgaaagggcetggacgte
aatgccagaactgtggactcagtgctcttgaatggatgcaaacacceegtagagaccctgtatattgacgaagetittgettgt
catgcaggtacictcagagcegctcatagccattataagacctaaaaaggcagtgetctgeggggateccaaacagtgegy
tititttaacatgatgtgcctgaaagtgeattttaaccacgagatttgcacacaagtcticcacaaaagceatctetecgecgttgea
ctaaatctgtgacttcggtegtetcaacctigitttacgacaaaaaaatgagaacgacgaatccgaaagagactaagatigt
gattgacactaccggcagtaccaaacctaagcaggacgatcicattetcacttgitticagagggtgggtgaageagtigcaa
atagattacaaaggcaacgaaataatgacggcagctgectctcaagggetgaceegtaaaggtgtgtatgeegttcggta
caaggtgaatgaaaatcctctgtacgcacccacctcagaacatgtgaacgtectactgacecgeacggaggacegeate
gigtggaaaacactagccggegacccatggataaaaacactgactgccaagtaccectgggaatticactgecacgatag
aggagtggcaagcagagcatgatgcecatcatgaggcacatctiggagagaccggaccctaccgacgtcticcagaataa
ggcaaacgtgigtigggecaaggetttagtgceggtgetgaagaccgctggeatagacatgaccactgaacaatggaac
actgtggattattttgaaacggacaaagcetcactcagcagagatagtattgaaccaactatgegtgaggttotttggactegat
ctggactecggtetattitctgeacceactgttcegttatccattaggaataatcactgggataactceecgtegectaacatgta
cgggctgaataaagaagtggteegtecagetetetcgeagataceeacaactygectegggeagtigecactggaagagtct
atgacatgaacactggtacactgcgcaattatgatccgegeataaacctagtacctgtaaacagaagactgectcatgcttt
agtcctccaccataatgaacacccacagagtgactttteticattegtcageaaatigaagggeagaactgtectggtggteg
gggaaaagtigtccgteccaggeaaaatggttgactggtigtcagaceggectgaggcetaccttcagageteggetggattt
aggcatcccaggtgatgtgcccaaatatgacataatattigttaatgtgaggaccccatataaataccatcactatcagcagt
gtgaagaccatgccattaagcttageaigtigaccaagaaagcttgictgeatetgaatcceggeggaacctgtgtcageat
aggttatggttacgetgacagggecagegaaageateattggtgetatagegeggeagticaagtiticcegggtatgeaaa
ccgaaatcctcacttgaagagacggaagtictgtitgtaticattgggtacgatcgcaaggeccgtacgecacaatecttacaa
gctttcatcaaccitgaccaacatttatacaggticcagactecacgaageeggatgtgcacectcatatcatgtggtacgag
gggatattgccacggecaccgaaggagtgattataaatgetgctaacagecaaaggacaacctggeggaggagtgtacy
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gagcgctgtataagaaaticccggaaagcttcgatttacagecgatcgaagtaggaaaagegegactggtcaaaggtge
agctaaacatatcaticatgccgtaggaccaaacttcaacaaagtttcggaggttgaaggtgacaaacagttggcagagg
cttatgagtccategetaagatigicaacgataacaattacaagtcagtagegattccactgtigtccaccggeatcttttcegg
gaacaaagatcgactaacccaatcatigaaccattigoigacagcetitagacaccactgatgecagatgtagecatatactge
agggacaagaaatgggaaatgactctcaaggaagcagtggctaggagagaagcagtggaggagatatgeatateega
cgacictteagtgacagaacctgatgcagagetggtgagggtgcatccgaagagttetitggetggaaggaagggctaca
gcacaagcegatggcaaaactitctcatatitggaagggaccaagtticaccaggeggecaaggatatageagaaattaat
gecatgtggeccgtigecaacggaggccaatgagcaggtatgeatgtatatectcggagaaageatgageagtattaggte
gaaatgcccegtcgaagagtcggaagcectccacaccacctageacgctgecttgettgtgeatccatgecatgactceaga
aagagtacagcgcctaaaagcectcacgiccagaacaaatiactgtgtgeteatectticcattgecgaagtatagaateact
ggtatgcagaagatccaatgcicecagcectatatigtictcaccgaaagtgectgegtataticatccaaggaagtatetegty
gaaacaccaccggtagacgagactccggagecatcggeagagaaccaatccacagaggggacacetgaacaacea
ccacttataaccgaggatgagaccaggactagaacgectgagecgatcatcatcgaagaggaagaagaggatageat
aagtttgcigtcagatggeeegaccecaccaggtgctgcaagtegaggeagacattcacgggeegecctetgtatetagote
atcctgotecattecteatgeateegacttigatgtggacagtttatccatactigacaccetggagggagetagegtgaceag
cggggcaacgtcagecgagactaactcttacticgcaaagagtatggagtitctggegegaccggtgectgegectegaac
agtattcaggaaccctcecacatceegcotcegegeacaagaacaccgteactigecacceageagggectgetegagaace
agcctagtticcacceegecaggegtgaatagggtgatcactagagaggagetegaggegcetiacceegtcacgeactee
tagcaggtcggtctegagaaccagectggtetccaaccecgecaggegtaaatagggtgattacaagagaggagtttgag
gegttegtageacaacaacaatgacggtitgatgeggatgeatacatettttcctcecgacaccggtcaagggceatttacaac
aaaaatcagtaaggcaaacggtgcetateegaagtggtattggagaggacecgaattggagatttcgtatgeccegegecic
gaccaagaaaaagaagaattactacgcaagaaattacagttaaatcccacacctgctaacagaagcagataceagtee
aggaaggtggagaacatgaaagccataacagctagacgtatictgcaaggectagggeattatitgaaggcagaagga
aaagtggagtgctaccgaaccctgcatectgticcttigtaticatctagtgtgaaccgtgcctittcaagecccaaggtegeag
tggaagcctgtaacgecatgttgaaagagaactitcegactgtggcticttactgtatiaticcagagtacgatgectatttgga
catggttgacggagcttcatgetgctiagacactgecagtititgccctgcaaagetgegeagetticcaaagaaacactecta
tttggaacccacaatacgatcggceagtgecttcagegatccagaacacgcetccagaacgtectggeagetgecacaaaa
agaaattgcaatgtcacgcaaatgagagaattgeccgtattggaticggeggectitaatgtggaatgcticaagaaatatge
gtgtaataatgaatattgggaaacgtttaaagaaaaccccatcaggcettactgaagaaaacgtggtaaattacattaccaa
attaaaaggaccaaaagctgctgctcttitgcgaagacacataatitgaatatgttgcaggacataccaatggacaggtttgt
aatggacttasagagagacgtgaaagtgactccaggaacaaaacatactgaagaacggeccaaggtacaggtgatee
aggctgecgatcegcetagcaacagcegtatetgtgcggaatecaccgagagetggttaggagattaaatgeggtectgetic
cgaacattcatacactgttigatatgtcggetgaagactttgacgctattatageccgageacticcagectggggatigtgttctg
gaaactgacatcgegtegtitgataaaagtgaggacgacgecatggetetgacegegttaatgattctggaagacttaggtg
tggacgcagagctgtigacgetgattgaggeggctiteggegaaatitcatcaatacattigeecactaaaactaaatttaaat
tcggagccatgatgaaatciggaatgticctcacactgtttgtgaacacagtcattaacatigtaatcgcaageagagtgtiga
gagaacggctaaccggatcaccatgtgcagceattcattggagatgacaatatcgtgaaaggagtcaaatcggacaaatta
atggcagacaggtgegcecacctggttgaatatggaagtcaagattatagatgetgtggtgggegagaaagegecttatitct
gtggagggtitatitigtgtgactccgtgaccggeacagegtgecgtgtggcagaccecectaaaaaggetgtttaagettgge
aaacctctggcagcagacgatgaacatgatgatgacaggagaagggcatigcatgaagagtcaacacgcetggaaccg
agtgggtatictttcagagcetgtgcaaggcagtagaatcaaggtatgaaaccgtaggaacticcateatagttatggecatga
ctactctagetageagtgttaaatcattcagetacctgagaggggceccctataacictctacggetaacctgaatggactacy
acatagtctagtccgecaagtctagaccatgtetggtcgtaaagetcagggaaaaaccetgggegticaatatggtacgacg
aggagttcgctectigtcaaacaaaataaaacaaaaaacaaaacaaattggaaacagacctggaccticaagaggtgtt
caaggatttatctititetititgttcaacatitigaclggaaaaaagatcacageccacctaaagagatigtggaaaatgetgga
cccaagacaaggetiggctgtictaaggaaagtcaagagagtggtggecagtitgatgagaggattgtcctcaaggaaac
gccgttcececatgatgttetgactgtgcaattcctaattttigggaatgetgtigatgacgggtagagtgaccettggtgecggaaaaa
cagatggttgetectaaatgtgacatetgaggacctegggaaaacatictetgtgggeacaggeaactgecacaacaaacat
titggaagccaagtactggtgcccagactcaatggaatacaactgtcecaatctcagiccaagagaggagecagatgaca
ttgatigctggtgctatggggtggaaaacgttagagtcgeatatggtaagtgtgactcagecaggeaggtctaggaggtcaag
aagggccattgactigectacgeatgaaaaccatggttigaagacceggcaagaaaaatggatgactggaagaatgggt
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gaaaggcaaciccaaaagattgagagatggticgtgaggaacccectitittgeagtgacggetetgaccattgectacettgt
gggaagcaacatgacgcaacgagtegtgatigeectactggtettggcetgtiggtceggectactcagetcactgeatigga
attactgacagggatttcattgagggggtgcatggaggaactigggtitcagcetacectggagcaagacaagtgtgtecactgt
tatggcccctgacaagecticatiggacatctcactagagacagtagecattgatagacctgetgaggtgaggaaagtgtgt
tacaatgcagttctcactcatgtgaagattaatgacaagtgecccageactggagaggceccacetagetgaagagaacga
aggggacaatgcgtgcaagegceactiattctgatagaggcetggggeaatggetgtggectattigggaaagggageatigt
ggcatgcgccaaattcacttgtgccaaatcecatgagttigtitgagattgatcagaccaaaattcagtatgtcatcagageac
aattgcatgtaggggccaageaggaaaatiggaataccgacattaagactcicaagtttgatgeccigtcaggeteceagg
aagtcgagttcattgggtatggaaaagcetacactggaatgecaggtgcaaactgeggtggactitggtaacagttacatege
{gagatggaaacagagagcetggatagtggacagacagtgggcccaggactigaccctgeeatggecagagtggaagtgg
cggaatgtggagagagatgeatcatetigtecgaatttgaacctecgeatgecgecactatcagagtactggecectgggaaa
ccaggaaggctccttgaaaacagcetcttactggegeaatgagggttacaaaggacacaaatgacaacaacctttacaaa
ctacatggtggacatgtitctigeagagtgaaatigtcagetitgacactcaaggggacatectacaaaatatgecactgacaa
aatgttitttgtcaagaacccaactgacactggecatggeactgttgtgatgcaggtgaaagtgtcaaaaggagecceotge
aggattccagtgatagtagcetgatgatettacageggeaatcaataaaggeattitggtiacagttaaceccategectcaac
caatgatgatgaagtgctgatigaggtgaacccacctittggagacagetacattatcgtigggagaggagattcacgtctca
cttaccagtggcacaaagagggaagctcaataggaaagtigitcactcagaccatgaaaggegtagaacgectggecat
catgggagacaccgcectgggatticageteegetggagggticticacticggtigggaaaggaaticatacggtgtitggete
tgectitcaggggetatitggeggcttgaactggataacaaaggteateatgggggeggtacttatatggattoggeatcaaca
caagaaacatgacaatgtccatgagcatgatctiggtaggagtgatcatgatgttttigtctctaggagtiggggegtaageg
gcccctataactctetacggcetaacctgaatggactacgacatagictagteegecaagtctagagettaccatgaccgagt
acaagceccacggtgegectegecacccgogacgacgtecceagggecegtacgeaccctegeegecgegticgecgact
acccegoecacgegecacaccgtegatceggaccgecacatcgagegggtcacegagetgcaagaactceticeteacge
gegtegggctegacateggeaaggtgtgggtcgeggacgacggegecgeggtggeggtetggaccacgecggagage
gicgaagceggagacgatgticgecgagateggeccgegeatggecgagitgageggttceeggetggccgegcageaa
cagatggaaggcctectggegecgeacceggeccaaggageocgegtggttcctggecacegteggegtetegecegac
caccagggcaagggtetgggeagegecegtegtgetececggagtggaggeggecgagegegecagaatgecegectt
cctggagacctcegegeccegeaacctecectictacgageggeteggeticacegtcacegeegacgtegagtgecega
aggaccgegegacctggtgeatgacecgeaageccggtgestgacgecegecccacgacecgeagegeccgaccga
aaggagcegcacgaccccatgatcgetagaccatggggtacegagtatgttacgtgcaaaggigatigtcacceccegaa
agaccatattgtgacacacccicagtatcacgeccaaacatttacagecgeggtgtcaaaaaccgegtggacgtggttaac
atccctgetgggaggatcagecgtaattattataattggettggtgetggetactattgtggecatgtacgtgetgaccaaccag
aaacataattgaatacagcagcaatiggcaagetgcettacatagaactcgeggegattggeatgecgecttaaaatttttattt
tatitittctiticttitccgaatcggatitigtitttaatatitcaaaaaaaaaaaaaaaaaaaaaaaaacygcgtegaggggaatt
aaltcttgaagacgaaagggecaggtggeacttttcggggaaatgtgcgeggaaccectatttgtttattitictaaatacatte
aaatatgtatccgcetcatgagacaataaccctgataaatgcticaataatattgaaaaaggaagagtatgagtattcaacatt
tccgtgtcgeccitaticecttititgeggeattttgecttectgttittgetcacccagaaacgetggtgaaagtaaaagatgetga
agatcagttgggtgcacgagtgggtiacatcgaactggatctcaacageggtaagatectigagagttitcgececgaaga
acgtittccaatgatgagcactittaaagtictgctatgtagegeggtattatccegigttgacgeecgggeaagageaacteggt
cgecgeatacactattctcagaatgactiggtigagtactcaccagtcacagaaaagcatcttacggatggeatgacagtaa
gagaattatgcagtgctgccataaccatgagtgataacactgeggcecaacttacticigacaacgatcggaggaccgaag
gagctaaccgcttttttgcacaacatgggggatcatgtaactegecttgategitgggaaccggagetigaatgaagecatac
caaacgacgagcgtgacaccacgatgcceigtagcaatggcaacaacgttgegcaaactattaactggegaactacttact
ctagceticecggeaacaattaatagactggatggaggeggataaagttgcaggaccactictgegeteggeccttcegget
ggctggtttattgetgataaatetggageeggtgagegtgggictcgeggtateatigeageactggggecagatggtaage
cctecegtatcgtagttatctacacgacggggagtcaggcaactatggatgaacgaaatagacagategetgagataggt
gectcactgattaageatiggtaactgtcagaccaagttiactecatatatactttagattgatttaaaacttcatititaatitaaaag
gatctaggtgaagatcctitttgataatctcatgaccaaaatcecttaacgtgagtittcgticcactgagegtcagacceeegta
gaaaagatcaaaggatcticttgagatccttittttctgegegtaatctgetgettgcaaacaaaaaaaccacegetaccage
ggtggotttgtitgecggatcaagagcetaccaactcttiticcgaaggtaactggeticagecagagegeagataccaaatactgt
cetictagigtageocgtagttaggecaccacttcaagaactctgtagecaccgectacatacetegetetgetaatectgttacca
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gtggctgcetgecagtggegataagtegtgtettacegggttggactcaagacgatagttaccggataaggegeagegateg
ggctgaacggggggttcgtgcacacageccagettggagcgaacgacctacaccgaactgagatacctacagegtgag
cattgagaaagcgccacgcttcccgaagggagaaaggcggacaggtatccggtaagecggeagggtecggaacaggag
agcgcacgagggagcttccagggggaaacgcctggtatetttatagtectgtegggtticgecacctetgactigagegteg
atttttgtgatgctegtcaggggggeggagectatggaaaaacgecagcaacgegagcetcgatttaggtgacactata
{SEQID NO: 9)

Fig. 80

gatgggcggcgcatgagagaagcccagaccaattacctacccaaaatggagaaagttcacgttgacatcgaggaaga
cagcccattectcagagctitgcageggagcettcecgeagtttgaggtagaageccaagceaggtcactgataatgaccatge
taatgccagagcgttticgeatciggcttcaaaactgatcgaaacggaggtggacccatcegacacgatectigacattgga
agtgcgcccgeccgcagaatgtattctaagcacaagtatcattgtatetgtccgatgagatgtgeggaagatecggacagat
tgtataagtatgcaactaagctgaagaaaaactgtaaggaaataactgataaggaattggacaagaaaatgaaggagct
ggccgcecgicatgagcgacccetgacctggaaactgagactatgtgectccacgacgacgagtegtgtegetacgaaggg
caagtcgctgtttaccaggatgtatacgcggttgacggaccgacaagtctctatcaccaagccaataagggagttagagtc
gectactggataggcetttgacaccacccctittatgtitaagaacttggetggagceatatecatcatactetaccaactgggecg
acgaaaccgtgttaacggctcgtaacataggectatgcagcetetgacgttatggageggtcacgtagagggatgtecatictt
agaaagaagtatttgaaaccatccaacaatgttctatictctgttggetcgaccatctaccacgagaagagggacttactga
ggagctggcacctgccgtctgtatttcacttacgtggcaagcaaaattacacatgtcggtgtgagactatagttagttgcgac
gggtacgtcgttaaaagaatagctatcagtccaggectgtatgggaagecttcaggcetatgetgetacgatgcaccgegag
ggattcttgtgctgcaaagtgacagacacatigaacggggagagggtetettitccegtgtgcacgtatgtgecagetacatt
gtgtgaccaaatgactggceatactggcaacagatgtcagtgeggacgacgegcaaaaactgetggttgggcetcaaccag
cgtatagtcgtcaacggtcgcacccagagaaacaccaataccatgaaaaattacctittgccegtagtggeccaggeatit
gctaggatgggcaaaggaatataaggaagatcaagaagatgaaaggccactaggactacgagatagacagttagtcatg
gggtgttgttgggctittagaaggcacaagataacatctatttataagegeccggatacccaaaccatcatcaaagtgaaca
gcgatticcactcattcgtgetgcccaggataggecagtaacacatiggagatcgggetgagaacaagaatcaggaaaatg
ttagaggagcacaaggagccegtcacctctcattaccgecgaggacgtacaagaagctaagtgegeagecgatgaggcet
aaggaggtgcgtgaagccgaggagttgcgegceagcetctaccacctttggcagetgatgttgaggageccactctggaage
cgatgtcgactigatgttacaagaggetggggccggetcagtggagacacctegtggcettgataaaggttaccagetacga
tggcgaggacaagatcggctettacgetgtgcetitctccgeaggcetgtactcaagagtgaaaaattatetigeatccaccctet
cgctgaacaagtcatagtgataacacactctggccgaaaagggegttatgecgtggaaccataccatggtaaagtagtgg
tgccagagggacatgcaataccegtccaggactttcaagcetctgagtgaaagtgecaccattgtgtacaacgaacgtgagt
tcgtaaacaggtacctgcaccatatigccacacatggaggagcegcetgaacactgatgaagaatattacaaaactgtcaag
cccagcegagceacgacggcgaatacctgtacgacatcgacaggaaacagtgegtcaagaaagaactagteactggget
agggctcacaggegagcetggtggatcctececttccatgaattcgectacgagagtetgagaacacgaccagecgcetectta
ccaagtaccaaccataggggtgtatggegtgecaggatcaggeaagtetggcatcattaaaagegeagtcaccaaaaaa
gatctagtggtgagcgccaagaaagaaaactgtgcagaaattataagggacgtcaagaaaatgaaagggetggacgte
aatgccagaactgtggactcagtgctcttgaatggatgcaaacaccccgtagagaccctgtatattgacgaagcettttgetigt
catgcaggtactctcagagcegctcatagecattataagacctaaaaaggceagtgetetgeggggatcccaaacagtgegg
ftittttaacatgatgtgcctgaaagtgeattttaaccacgagatttgcacacaagicticcacaaaagcatctctcgecgttgea
ctaaatctgtgacttcggtegteicaaccttgitttacgacaaaaaaatgagaacgacgaatccgaaagagactaagattgt
gattgacactaccggcagtaccaaacctaagcaggacgatctcattctcacttgtitcagagggtgggtgaageagttgcaa
atagattacaaaggcaacgaaataatgacggcagctgectctcaagggetgaccecgtaaaggtgtgtatgecgttcggta
caaggtgaatgaaaatcctctgtacgcacccacctcagaacatgtgaacgtcetactgaccegecacggaggacegeate
gtgtggaaaacactagceggegacccatggataaaaacactgactgecaagtacectgggaatttcactgecacgatag
aggagtggcaagcagagcatgatgccatcatgaggeacatettggagagaccggaccecetaccgacgtettccagaataa
ggcaaacgtgtgttgggccaaggctttagtgccggtgetgaagaccgcetggeatagacatgaccactgaacaatggaac
actgtggattattttgaaacggacaaagctcactcagcagagatagtattgaaccaactatgcgtgaggttctttggactcgat
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clggactceggictatittetgcacccacigticegttatccattaggaataatcactgggataactcecegicgectaacatgta
cgggctgaataaagaagtggtecgtcagcetetetegeaggtacecacaactgectegggeagttgecactggaagagict
atgacatgaacactggtacactgcgcaattatgatccgegeataaacctagtacctgtaaacagaagactgecteatgettt
agtcctccaccataatgaacacccacagagtgactiticttcattcgtcageaaattgaagggeagaactgteetggtggteg
gggaaaagttglccgtecccaggeaaaatggtigactggtigtcagaccggectgaggcetaccticagagceteggcetggatit
aggcatcccaggtgatgtgecccaaatatgacataatattigttaatgtgaggaccccatataaataccatcactatcageagt
gtgaagaccatgccattaagctiageatgttgaccaagaaagcettgtctgeatetgaateccggeggaaccetgtgtcageat
aggttatggttacgctgacagggecagegaaagceateattggtoctatagegeggeagttcaagttticecgggtatgeaaa
ccgaaatcctcacttgaagagacggaagttctgtitgtattcattgggtacgatecgeaaggecegtacgeacaatecttacaa
getticatcaaccttgaccaacatttatacaggttccagactccacgaagecggatgtgcacectcatatcatgtggtgegag
gggatattgccacggecaccgaaggagtgattataaatgetgetaacagecaaaggacaacciggeggagggotgigeg
gagcgetgtataagaaattcenggaaagcttegatitacagecgatcgaagtaggaaaagegegactggtcaaaggtge
agctaaacatatcaticatgccgtaggaccaaacticaacaaagtitcggaggttgaaggtgacaaacagttggeagagg
cttatgagtccatcgetaagatigtcaacgataacaattacaagtcagtagegattccactgttgteccaceggeatcettttecegg
gaacaaagatcgactaacccaatcattgaaccatitgetgacagctttagacaccactgatgcagatgtagecatatactge
agggacaagaaatgggaaaigacicicaaggaagceagtggctaggagagaageagtggaggagatatgeatatecga
cgactcttcagtgacagaaccigatgeagagcetggtgagggtgcatcegaagagtictttggetggaaggaagggctaca
gcacaagcgatggeaaaactitcteatatttggaagggaccaagtitcaccaggeggecaaggatatagcagaaattaat
gccatgtggcccgttgcaacggaggcecaatgageaggtatgeatgtatatcetcggagaaageatgagcagtattaggte
gaaatgccccgtegaagagicggaagectccacaccaccetageacgotgecttgetigtgeatecatgecatgactceaga
aagagtacagcgcectaaaagcctcacgtccagaacaaattactgigtgceteatectticeatigecgaagtatagaatcact
ggtgtgcagaagatccaatgetcccagectatatigtictcaccgaaagtgectgegtataticatccaaggaagtatetegty
gaaacaccaccggtagacgagactccggagecatcggcagagaaccaatccacagaggggacacctgaacaaccea
ccacttataaccgaggatgagaccaggactagaacgcctgagcecgatcatcatcgaagaggaagaagaggatageat
aagtitgetgtcagatggecegacceaccaggtgctgcaagtegaggcagacattcacgggecgecctcigtatetagete
atcctggtecattecteatgeatecgactitgatgtggacagtitatceatacttgacacectggagggagetagegtgaccag
cggggcaacgicagccgagactaactettactticgecaaagagtatggagttictggegegaceggtgeetgegecticgaac
agtattcaggaaccctccacatecegetecgegeacaagaacaccgtcacttgcacccageagggectgetcgagaace
agcctagtttccacccegecaggcegtgaatagggtgatcactagagaggagetegaggcegettacceegtcacgeactee
tagcaggtcggtictcgagaaccagcectggtctccaacccgecaggegtaaatagggtgattacaagagaggagttigag
gegttegtagcacaacaacaatgacggtttgatgegggtgeatacatettttcetecgacacoggtcaagggeatttacaac
aaaaatcagtaaggcaaacggtgctatcegaagiggtgtiggagaggaccegaattggagatttcgtatgececgegecte
gaccaagaaaaagaagaattactacgcaagaaattacagttaaatcccacacctgetaacagaagcagataccagtce
aggaaggtggagaacatgaaagccataacagctagacgtaticigcaaggectagggceattatttgaaggecagaagga
aaagtggagtgctaccgaaccetgeatcotgttectitgtattcatetagtgtgaaccgtgectittcaagecccaaggtegeag
tggaagectgtaacgecatgttgaaagagaactticcgactgtggcticttactgtattattccagagtacgatgectatttgga
catggtigacggagcticatgetgcttagacactgocagtitttgecctgecaaagetgegeagetitccaaagaaacactecta
titggaacccacaatacgatecggeagtgecticagegatccagaacacgetecagaacgtectggeagcetgccacaaaa
agaaatigcaatgtcacgcaaatgagagaattgcceegtattggattcggeggectttaatgtggaatgeticaagaaatatge
gtgtaataatgaatatigggasacgtitaaagaaaaccecatecaggcttactgaagaaaacgtggtaaatiacattaccaa
attaaaaggaccaaaagctgceigcicitittgegaagacacataatitgaatatgttgeaggacataccaatggacaggttigt
aatggacttaaagagagacgtgaaagtgactccaggaacaaaacatacigaagaacggeccaaggtacaggtgatee
aggctgccgatecgetagcaacagcegtatetgtgeggaatccaccgagagcetggttaggagattaaatgeggtectgette
cgaacaticatacactgtitgatatgtcggetgaagacttigacgetattatagecgageacttecageotggggattgtgtictg
gaaactgacatcgegicgitigataaaagtgaggacgacgecatggcetetgaccgegttaatgaticiggaagacttaggtg
tggacgcagagetgttgacgetgattgaggeggctitcggegaaatiicatcaatacattigeccactaaaactaaatitaaat
tcggagccatgatgaaatctggaatgticctcacactgtitgtgaacacagtcattaacatigtaatcgcaagcagagtgttga
gagaacggctaaccggatcaccatgigcagceattcatiggagatgacaatategtgaaaggagtcaaateggacaaatta
atggcagacaggtgcgcecacctggtigaatatggaagtcaagattatagatgetgtggtgagegagaaagegecttatitet
gtggaggotttatittgtgtgactcegtgaccggeacagegtgecgtgtggeagaccecctaaaaaggctgtitaagetigge
aaacctetggcageagacgatgaacatgatgatgacaggagaagggceatigeatgaagagtcaacacgetggaacceg
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agtgggtattctitcagagetgtgeaaggeagtagaatcaaggtatgaaaccgtaggaacticcatcatagttatggecatga
ctactctagctageagtgttaantcattcagetacetgagaggggeccectataactetetacggcetaacctgaatggactacg
acatagtctagtccgecaagtctagaccatgageggecggaaggcetcagggcaagaccctgggegtgaacatggtgag

gegeggegtgegeagecteicecaacaagatcaageagaagaccaageagatcggeaacagacceggaccgageeg

gggcgtecaggggticatcticticticetgttcaacatcctcacaggtaagaagatcacggcetcacetgaagaggcetetgga
agatgctggaccctcgecagaggetcgegatgetcagaaaggtgaagegggtegtegectecatgatgegeggectgtee
tctcgcaagaggcegcetcccacgatgtdctcaccgtecaattecteatictggaatgetgetgatgactiggeggegtgacectg
gtgcgeaagaaccgcetggcetgctgctgaatgtgaccagtgaggacctegggtaagggeccctataactetetacggcetaa

cctgaatggactacgacatagtctagtccgecaagictagagettaceatgaccgagtacaageceacggtgegectege

caccecgegacgacgtececagggecgtacgeaccetegecgecgegticgecgactacececgecacgegecacacegt
cgatccggaccgcecacatcgagegggteaccgagetgeaagaactceticetcacgegegtegggetcgacateggeaag
gtgtgggtcgcggacgacggegecgeggtggeggtetggaccacgecggagagegtegaagegggggeggtattege

cgagateggeccgegceatggecgagtigageggttcceggetggecgegecageaacagatggaaggectectggegee
gcaccggeccaaggageccgegtggttcetggecacegteggegictegecegaccaccagggeaagggtetgggeag
cgecegtegtgetecceggagtggaggeggecgagegegecyggggtgecegecticetggagacctecgegeceegeaa
cctececttetacgageggceteggcettcacegtcacegecgacgtcgaggtgeccgaaggaccegegcaccetggtgeatga
ccegeaageccggtgectgacgecegeoccacgaccegeagegeccgaccgaaaggagegeacgaceccatgateg
ctagaccatggggtaccgagtatgitacgtgcaaaggtgattgtcaccccccgaaagaccatattgtgacacaccctcagt

atcacgcccaaacatttacagecgeggtgtcaaaaaccgegtggacgtggttaacateectgetgggaggatcageegta
attattataattggcttggtgetggetactatigtggecatgtacgtgotgaccaaccagaaacataattgaatacagcageaa
ttggcaagcetgettacatagaactcgeggegattggeatgecgecttaaaatititattttatittitctiticttitccgaateggatttt
gittttaatattticaaaaaaaaaaaaaazaaaaaaaaaacgcgtcgaggggaattaatictigaagacgaaagggccag
gtggcacttitcggggaaatgtgegeggaacccctatttgtttatittictaaatacaticaaatatgtatecgeteatgagacaat
aaccctgataaatgcticaataatattgaaaaaggaagagtatgagtaticaacatttcegtgtegeecttatteccitiitgeg

geatittgecttcctgttittgetcacccagaaacgetggtgaaagtaaaagatgetgaagateagttgggtgeacgagtgggt
tacatcgaactggatctcaacageggtaagatecttgagagitttcgececgaagaacgttttccaatgatgageacttttaaa
gttctgetatgtggegeggtattatcecgtgttgacgecgggeaagageaacteggtegecgeatacactatictcagaatga
ctiggttgagtactcaccagtcacagaaaageatcttacggatggeatgacagtaagagaattatgeagtgetgecataac

catgagtgataacactgcggcecaacttactictgacaacgatcggaggaccgaaggagctaaccgettttitgcacaacat

gggggatcatgtaactegcecttgategttgggaaccggagetgaatgaagecataccaaacgacgagegtgacaccacg
atgcctgtagcaatggcaacaacgttgcgcaaactattaactggegaactacttactetagettcceggeaacaattaatag

actggatggaggceggataaagttgeaggaccacttetgegeteggeecttceggetggotggtttattgetgataaatetgga
geeggtoagegtgggteicgeggtateattgecageactggggecagatggtaageccteccgtategtagttatctacacga
cggggagicaggcaactatggatgaacgaaatagacagatcgcetgagataggtgectcactgattaagceatiggtaactgt
cagaccaagtitactcatatatactitagattgatitaaaacttcatititaatitaaaaggatetaggtgaagatcectitttgataat

ctcatgaccaaaatcccttaacgtgagttittcgticcactgagegteagacecegtagaaaagatcaaaggatcttetigaga
tectitttitetgegegtaatetgctgettgcaaacaaaaaaaccaccgetaccageggtggtitatttgecggatcaagageta
ccaactctititccgaaggtaactggcettcagcagagegeagataccaaatactgtecttetagtgtageegtagttaggeca

ccacttcaagaactetgtagcaccgectacatacetegetetgetaatectgttaccagtggetgetgecagtggegataagt

cgtgtettaceggatiggactcaagacgatagttaceggataaggegeageggtegggetgaacggggggticgtgeaca
cagcccagettggagegaacgacctacaccgaactgagatacetacagegtgageatigagaaagegecacgcticee

gaagggagaaaggcggacaggtatcecggtaageggeagggtcggaacaggagagegeacgagggageticcaggg
ggaaacgcctggtatcttatagtcetgtegggtttegecacctctgacttgagegtegatititgtgatgetegtcaggaaggcg
gagcectatggaaaaacgecageaacgegagcetcgatitaggtgacactata (SEQ ID NO: 10)
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gatgggeggcegceatgagagaagceccagaccaattacctacccaaaatggagaaagttcacgitgacatcgaggaaga
cagccecaticctcagagcettigcageggageticcegeagtttigaggtagaagecaageaggtcactgataatgaccatge
taatgccagagcegttttcgeatetggcettcaaaactgatcgaaacggaggtggacccatecgacacgateettgacattgga
agtgcgeccgeccgcagaatgtattctaagcacaagtateattgtatetgtccgatgagatgtgeggaagatcecggacagat
tgtataagtatgcaactaagcetgaagasaaactgtaaggaaataactgataaggaattggacaagaaaatgaaggaget
ggcegecgteatgagegaccoctgacciggaaactgagactatgtgeotecacgacgacgagtegtgtcgetacgaaggg
caagtcgctgtttaccaggatgtatacgeggtigacggaccgacaagtctctatcaccaagecaataagggagttagagte
gcctactggataggcetttgacaccaccccttttatgtttaagaacttggetggagceatatecateatactctaccaactgggecg
acgaaaccgtgttaacggetegtaacataggectatgeagetetgacgttatggageggtcacgtagagggatgtecatictt
agaaagaagtatttgaaaccatccaacaatgtictattctetgttggetegacceatetaccacgagaagagggacttactga
ggagetggeacctgeegtetgtatttcacttacgtggeaageaaaattacacatgteggtgtgagactatagttagttgegac
gggtacgtcgttaaaagaatagctatcagtccaggcectgtatgggaagecticaggcetatgetgetacgatgcacegegag
ggattcttgtgcetgeaaagtganagacacatigaacggggagagggtetettticecgtgtgeacgtatgtgecagcetacatt
gtatgaccaaatgactggcatactggcaacagatgtcagtgeggacgacgegcaaaaactgetggttgageteaaccag
cgtatagtcgtcaacggtegeacccagagaaacaccaataccatgaaaaattacetittgecegtagtggeccaggeattt
gctaggtgggcaaaggaatataaggaagatcaagaagatgaaaggccactaggactacgagatagacagttagtcatg
gagtgitgltgggcettttagaagycacaagataacatctattiataagegeccggatacccaaaccatcatecaaagtgaaca
gegatticcactcaticgtgetgeccaggataggcagtaacacatiggagatcgggetgagaacaagaatcaggaaaatg
ttagaggagcacaaggagccgteacctetcattaccgecgaggacgtacaagaagctaagtgegeagecgatgaggot
aaggaggtgcgtgaagccgaggagtigegegeagcetetaccacctttggecagcetgatgttgaggageccactetggaage
cgatgtcgactigatgttacaagaggcetggggecggctcagiggagacaccicgtggctigataaaggttaccagetacga
tggcgaggacaagatcggctctiacgcetgtgctiictccgeaggcetgtactcaagagitgaaaaattatettgeatceacceeict
cgctgaacaagtcatagtgataacacactetggecgaaaagggegttatgecgtggaaccataccatggtaaagtagtgg
tgccagagggacatgcaataceecgteccaggactttcaagetetgagtgaaagtgecaccatigtgtacaacgaacgtgagt
tcgtaaacaggtacctgcaccatattgccacacatggaggagegelgaacactgatgaagaatattacaaaactgtcaag
cccagegageacgacggegaatacctgtacgacalcgacaggaaacagigegtcaagaaagaactagteactggget
agggctcacaggcegagcetggtggatecteccticcatgaattcgectacgagagtictgagaacacgaccagecgcetectta
ccaagtaccaaccataggggtgtatggegtgccaggatcaggceaagtetggeatcattaaaagegcagicaccaaaaaa
gatctagtggtgagecgcecaagaaagaaaactgtgcagaaattataagggacgticaagaaaatgaaagggcetggacgte
aatgccagaactgtggactcagtgcetctigaatggatgcaaacacccogtagagacccetgtatattgacgaagettitgettgt
catgcaggtactctcagagegcetecatagecatiataagacctaaaaaggceagtgetetgeggggatcccaaacagtgegg
titttttaacatgatgtgectgaaagtgeatittaaccacgagatitgcacacaagtcticcacaaaagceatctctegeegttgea
ctaaatctgtgacttcggtegictcaacctigtittacgacaaaaaaatgagaacgacgaatccgaaagagactaagatigt
gattgacactaccggcagtaccaaacctaageaggacgatetcatictcacttgtttcagaggatggatgaageagttgeaa
atagattacaaaggcaacgalatgacggeagetgectetcaagggctgaccegtaaaggtotgtatgeegtteggtacaa
ggtgaatgaaaatcctctgtacgcacccacetcagaacatgtgaacgtectactgaccegeacggaggaccgeategtgt
ggaaaacactagccggcgacccatggataaaaacactgactgccaagtaccctgggaatticactgecacgatagagg
agtggcaagcagagcatgatgecatcatgaggceacatctiggagagaceggaccctacegacgteticcagaataagge
aaacgtgigttgggccaaggctitagtgceggtgctgaagaccgetggeatagacatgaccactgaacaatggaacactg
tggattattttgaaacggacaaagctcactcagcagagatagtattgaaccaactatgegtgaggttctttggactegatetgg
actccggtctattttctgcacccactgttcegttatccattaggaataatcactgggataacteeccegtcgectaacatgtacgg
gctgaataaagaagtggtcegteagcetctetcgeaggtaccecacaactgectcgggeagtigecactggaagagtcetatga
catgaacactggtacacigegeaattatgatcegegeataaacctagtaceigtaaacagaagacstgectcatgetttagic
ctecaccataatgaacacccacagagtgacttttcticattcglcageaaattgaagggeagaactgteetggtggtegagg
aaaagttgtccgteccaggeaaaatyggttgactggtigtcagaceggectgaggcetaccttcagageteggetggatttagg
catcccaggtgatgtgeccaaatatgacataatatitgttaatgtgaggacccecatataaataccateactatcageagtgtg
aagaccatgccattaagcttageatgitgaccaagaaagcitgtetgeatetgaatcecggeggaacctgtgtcageatagg
ftatggttacgcetgacagggecagegaaageateattggtgctatagegeggeagticaagttttccegggtatgeaaaccey
aaatcctcacttgaagagacggaagttcigttigtattcattgggtacgatcgcaaggeccgtacgcacaatecttacaagett
tcatcaacctigaccaacatttatacaggticcagactccacgaagecggatgtgcacecteatatcatgtggtgegaggag
atattgccacggcecaccgaaggagtgattataaatgetgetaacagcaaaggacaacciggeggagaggtatgeggag
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cgctgtataagaaaticccggaaagcttcgatttacagecgatcgaagtaggaaaagegegactggicaaaggtgeaget
aaacatatcattcatgccgtaggaccaaacttcaacaaagtttcggaggitgaaggtgacaaacagttggcagaggcettat

gagtccatcgcetaagattgtczacgataacaattacaagtcagtagegaticcactgttgtccaceggceatcettttccgggaa

caaagatcgactaacccaatcattgaaccatttgctgacagcetttagacaccactgatgcagatgtagecatatactgcagg
gacaagaaatgggaaatgactcicaaggaagcagtggctaggagagaagcagtggaggagatatgecatatccgacga
ctettcagtgacagaacctgatgcagagetggtgagggtgcatccgaagagtictitggctggaaggaagggcetacagea

caagcgatggcaaaactitcteatatitggaagggaccaagtttcaccaggeggccaaggatatagcagaaattaatgee

atgtggcccgtigcaacggaggccaatgagcaggtatgceatgtatatcctcggagaaagcatgageagtattaggtcgaa

atgccccgtcgaagagtcggaagcectccacaccacctageacgcetgectigetigtgeatececatgecatgacteccagaaag
agtacagcgcectaaaagcectcacgtccagaacaaattactgtgtgeteatectttccattgecgaagtatagaatcactggty
tgcagaagatccaatgctcccagectatatigtictcaccgaaagtgectgegtataticatccaaggaagtatetegtggaa

acaccaccggtagacgagactccggagccatcggcagagaaccaatccacagaggggacaccigaacaaccacca

cttataaccgaggatgagaccaggactagaacgcctgagecgatcatcatcgaagaggaagaagaggatagcataagt
ttgctgtcagatggcccgacccaccaggtgetgcaagtegaggeagacattcacgggecgccctetgtatetagetecatect
ggtccattectcatgcatccgactttgatgtggacagtttatccatacttgacaccetggagggagcetagegtgaccageggg
gcaacgtcagccgagactaactettacticgcaaagagtatggagtttetggegegaccggtgectgegectcgaacagta
ttcaggaaccctecacatcecgcetecgegceacaagaacaccgtcactigecacccageagggectgeicgagaaccagec
tagtttccacccegccaggegtgaatagggtgatcactagagaggagcetcgaggegcttacceegtcacgceactcctage

aggtcggtctcgagaaccagctggtctccaaccegccaggegtaaatagggtgattacaagagaggagtttgaggegtte
gtagcacaacaacaatgacggtttgatgcgggtgeatacatettitcctecgacaccggtcaagggceatitacaacaaaaat
cagtaaggcaaacggtgctatccgaagtggtgttggagaggaccgaattggagatttcgtatgecccgegectegaccaa
gaaaaagaagaattactacgcaagaaatiacagttaaatcccacaccigctaacagaagcagataccagtccaggaag
gtggagaacatgaaagccataacagcetagacgtattctgcaaggectagggeattatitgaaggcagaaggaaaagtgg
agtgctaccgaaccctgcatcctgttccttigtattcatctagtgtgaacegtgectittcaagecccaaggtegeagtggaage
ctgtaacgccatgttgaaagagaactttccgactgtggeticttacigtattaticcagagtacgatgectatttggacatggttg

acggagcttcatgetgcttagacactgecagtttitgecctgecaaagcetgegeagctticcaaagaaacactcctattiggaac
ccacaatacgatcggcagtgcecticagegatccagaacacgetccagaacgtcctggecagetgecacaaaaagaaattg
caatgtcacgcaaatgagagaattgcccgtattggatteggeggectttaatgtggaatgcticaagaaatatgegtgtaata
atgaatattgggaaacgtttaaagaaaaccccatcaggettactgaagaaaacgtggtaaattacattaccaaattaaaag
gaccaaaagctgctgctetttttgcgaagacacataatttgaatatgttgcaggacataccaatggacaggtttgtaatggact
taaagagagacgtgaaagtgactccaggaacaaaacatactgaagaacggcccaaggtacaggtgatccaggetgee
gatccgcetagcaacagcegtatetgtgecggaatccaccgagagetggttaggagattaaatgeggtectgetteccgaacatte
atacactgtttgatatgtcggctgaagactttgacgctattatagccgageacttccagectggggattgtatictggaaactga
catcgegtegtitgataaaagtgaggacgacgcecatggctctgacegegtiaatgatictggaagacttaggtgtggacgea
gagctgttgacgctgattgaggceggctttcggcgaaatticatcaatacattigcccactaaaactaaatttaaattcggagec
atgatgaaatctggaatgttcctcacactgtitgtgaacacagtcattaacattgtaatcgcaagcagagtgttgagagaacg
gctaaccggatcaccatgtgcagcattcatiggagatgacaatatcgtgaaaggagtcaaatcggacaaattaatggeag

acaggtgcgccacctggtigaatatggaagtcaagattatagatgetgtggtgggcgagaaagegcecttatttctgtggagg
gtttattttgtgtgactccgtgaccggeacagegtgeegtgtggecagaccccctaaaaaggcetgtitaagettggcaaacctct
ggcagcagacgatgaacatgatgatgacaggagaagggcattgcatgaagagtcaacacgetggaaccgagtgggta
ttctttcagagetgtgcaaggcagtagaatcaaggtatgaaaccgtaggaacttccatcatagttatggecatgactactcta

gctagcagtgttaaatcattcagcetacctgagaggggeccctataactctctacggcetaacctgaatggactacgacatagt

ctagtccgecaagtctagaccatgageggecggaaggetcagggeaagaccetgggegtgaacatggtgaggegegy

cgtgcgcagcctctccaacaagatcaagcagaagaccaageagatcggcaacagacccggaccgagecggggegte
caggggttcatcttcticttcctgttcaacatcctcacaggtaagaagatcacggcetcacctgaagaggctetggaagatget

ggaccctegecagggagetegeggtgctcagaaaggtgaagegggtegtegectecctgatgegeggectgtectetegea
agaggcgctcccacgatgtgctcaccgtecaattectcatictgggaatgcetgttgatgacgggtggagtgacctiggtgegg
aaaaacagatggttgctcctaaatgtgacatctgaggacctcgggaaaacattctetgtgggcacaggcaactgcacaac
aaacattitggaagccaagtactggtgcccagactcaatggaatacaactgtcccaatctcagtccaagagaggagecag
atgacattgattgctggtgctatygggtggaaaacgttagagtcgcatatggtaagtgtgactcagcaggceaggtctaggag
gtcaagaagggccattgacttgcctacgcatgaaaaccatggtitgaagacccggcaagaaaaatggatgactggaaga
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atgggtgaaaggeaactccaaaagatigagagatggitegtgaggaaccceettititgecagtgacggcictgaccattgect
accttgtgggaagcaacatgacgcaacgagtegtgattgecctactggicttggetgttggteceggectactecagetcactge
attggaattactgacagggatttcatigagggggtgcatggaggaactigggtticagctaccctggagcaagacaagtgtg
tcactgttatggecectgacaagcecticatiggacatctcactagagacagtagecatigatagacctgetgaggtgaggaa
agtgtgttacaatgcagttctcactcatgigaagattaatgacaagtgccccageactggagaggeccacctagetgaaga
gaacgaaggggacaatgcgtgcaagcgcacttatictgatagaggetggggceaatggelgtggectatitgggaaagag
agcattgtggcatgegccaaattcacttgtgccaaatccatgagtitgtttgaggttgatcagaccaaaattcagtatgtcatea
gagcacaattgcatgtaggggecaagcaggaaaatiggaataccgacattaagactetcaagtitgatgeccigtcagget
cccaggaagtegagticattgggtatggaaaagctacactggaatgccaggtgeaaactgeggtggactitggtaacagtt
acatcgctgagatggaaacagagagctggatagtggacagacagtgggeccaggacttgacectgecatggeagagtg
gaagtggcggggtatggagagagatgcatcatctigtcgaatttgaaccteegeatgeegecactatcagagtactggecct
gggasaccaggaaggctecttgaaaacagcteftactggegeaatgagggttacaaaggacacaaatgacaacaacct
ttacaaactacatggtggacatgtticttgcagagtgaaatigtcagetttgacactcaaggggacateetacaaaatatgea
ctgacaaaatgtititigtcaagaacccaactgacactggecatggcactgtigtgatgcaggtgaaagtigtcaaaaggage
cccctgcaggattccagtgatagtagetgatgatcettacageggceaatcaataaaggeattitggttacagttaaccceateg
cctecaaccaatgatgatgaagtgetgatigaggtgaacccaccititggagacagctacattatcgitgggagaggagatte
acgtctcacttaccagtggeacaaagagggaagetcaataggaaagtigttcactcagaccatgaaaggegtggaacge
ctggcegtcatgggagacacegectgggatttcagetecgetggagggttettcacttcggtigggaaaggaaticatacggt
gtttggctetgectitcaggggcetatttggeggetigaactggataacaaaggtcatcatgggggeggtacttatatgggtigge
atcaacacaagaaacatgacaatgtccatgagceatgatettggtaggagtgatcatgatgttttigtetctaggagttgggace
gtaagcggcecctataacteictacggcetaacctgaatggactacgacatagtetagtcegecaagtetagagettaceatg
accgagtacaagcccacggtgegectegecaccegegacgacgtcceccagggecgtacgcaccectegecgeegegtte
gecgactacceecgecacgegecacaccegtegatceggacegecacatcgagegggtcaccgagetgeaagaactettc
cteacgegegtegggctcgacateggcaaggtgtgggtegeggacgacggegeegeggtggeggtetggaccacgecy
gagagcgtcgaagegaggageggtaticgecgagateggecegegeatggecgagtigageggticecggetggeegeg
cagcaacagatggaaggccteetggegeegceaccggeccaaggageccgegtggticetggecaccgteggegteteg
cccgaccaccagggcaagggtetgggeagegecgtegtgeteeceggagtggaggeggecgagegegeegagatac
cegecticctggagacctccgegeecegeaaccteceetictacgageggceteggettcacegteacegecgacgtegag
gtgccegaaggaccgegeacctgatgcatgaccegcaageccggtgectgacgecegececacgacccgeagegece
gaccgaaaggagcgcacgaccccatgatcgctagaccatggggtaccgagtatgtiacgtgcaaaggtgattgtcacee
cccgaaagaccatatigtgacacaccctcagtatcacgeccaaacatttacagecgeggtgtcaaaaaccgegtggacgt
ggttaacatcectgetgggaggateagecgtaatiattataatiggettggtgetggcetactatigtggecatgtacgtgetgac
caaccagaaacataattgaatacagcagcaattiggcaagcetgcttacatagaactegeggegattgeatgecgecttaaa
atttttatittattitttctiticttttccgaatcggatitigttittaatatitcaaaaaaaaaaaaaaaaaaaaaaaaacgegtcgag
gggaattaaticttgaagacgaaagggcecaggtggeactittcggggaaatgtgegeggaaccectattigtttatititctaaa
tacaticaaatatgtatccgctcatgagacaataaccctgataaatgcticaataatattgaaaaaggaagagtatgagtatt
caacatttccgtgtcgeccttattcectittttgeggceatittgeoticetgitittgctcacccagaaacgetggtgaaagtaaaag
atgctgaagatcagtigggtgcacgagtgggttacatcgaactggatctcaacageggtaagatecttgagagttitcgece
cgaagaacgtittccaatgatgagceactittaaagtictgctatgtggegeggtattateeegtgttgacgecgggeaagage
aactcggtegecgcatacactatictcagaatgacttggttgagtactcaccagtcacagaaaageatettacggatggeat
gacagtaagagaattatgcagtgctgecataaccatgagtgataacactgeggecaacttacttctgacaacgateggag
gaccgaaggagctaaccgctttittgcacaacatgggggatcatgtaactcgectigatcgttgggaaccggagcetgaatg
aagccataccaaacgacgagcgtgacaccacgatgectgtagcaatggcaacaacgttgcgcaaactattaactggeg
aactacftactctagettcceggeaacaattaatagactggatggaggeggataaagtigeaggaccactictgegetegge
ccttceggetggetggtttatigetgataaatetggagecggtgagegtgggtetegeggtateatigeageactggggecag
atggtaagccciccegtatcgtagtiatctacacgacggggagtcaggeaactatggatgaacgaaatagacagatcget
gagataggtgecteactgattaageattggtaactgtcagaccaagtttactcatatatactttagatigatitaaaacttcattttt
aatttaaaaggatctaggtgaagatcctittigataatcteatgaccaaaateccttaacgtgagtittcgitccactgagegtca
gaccecgtagaaaagatcaaaggatcticttgagatectttittictgegegtaatetgetgetigcaaacaaaaaaaccace
gctaccageggtggtitgtttgecggatcaagagetaccaactctitttccgaaggtaactggettcagcagagegeagatac
caaatactgtccttctagtgtagcegtagttaggeeaccacttcaagaactetgtageacegectacatacctegetetgetaa

Fig. 8U
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tectgttaccagtggetgetgecagtggegataagtegtgicttaccgggtiggactcaagacgatagttaccggataaggeyg
cagcggtcgggcetgaacgggaggticgtgcacacageccagettggagegaacgacctacacegaactgagataccta
cagcgtgagcattgagaaagcegccacgcticccgaagggagaaaggeggacaggtatccggtaageggeagggteg
gaacaggagagcgcacgagggagcttccagggggaaacgcectggtatctttatagtectgtegggtttcgecacctetgac
ttgagcgtcgatttitgtgatgetegtcagggaggeggagcectatggaaaaacgecagecaacgegagetegatitaggtga
cactata (SEQ ID NO: 11)

Fig. 8V



US 9,273,288 B2

Sheet 26 of 29

Mar. 1, 2016

U.S. Patent

6 ‘b4
] SSN [ev o] esn  Jeefvelisn T 3 Twdl | yxyaudownm
A
280 £ 9PYOBIONU-1L
6l ‘ON Qi D38 L} ‘ON Q1 D3S
uxv_v_ov_\/._oHJmJ>~_azumxJ=z><xwxuawu&¥xmz
VOOVINVVN YOV ANIYOOANYONNIINSANDNDINIIIIONYYIOINIVYYVITIONVAVEITIBNID0IIHYOVYIINIIIIIDYIDVIIVYYOVYAINONY

uogeep JMeuab 9 ‘ONQID3S

Z ‘ON Qi D3S z(8D) eousnbas uonezyois paunbas spiosionu -}

abeaeajo

ESN/AZSN
0 8lig

(enueod UoBUIRUIOND! SZUIUILL O] PAUSSUI SUONEINW OF

1 ‘ON Q1 ©3S \\ ¥4 ‘ON Qi D3S j

" D I I 1T 3 I TS T A Y4 KR DY AR THNAYYS A D JdI I d X H S HK
YYNYOVVYVVOVYVYOVVYYYON u<<::uuuou:<o:u:mcu:uu:umucouuu:<uuuuuum<<mozu:<u<<m:ucuuuuuuu:s<<cuu:uuuuo:ou:uumq«uﬁumcw:,\

£} ‘ON Qi b3S
N Ansepo 103 poIEIap ZL ‘0N Q1 D3S




U.S. Patent Mar. 1, 2016 Sheet 27 of 29 US 9,273,288 B2

1x 108+,
Fig. 11
1x 1074
o X ¢
§_ 1 x 108 / —
=
o) 5]
g 1 -~ RepliVAX from BHK
1x 104 - -+ RepliVAX obtained from
WHO Vero (SFM)
1x 108

24 48 72 86 120 144
Hours Post-infection



U.S. Patent Mar. 1, 2016 Sheet 28 of 29

US 9,273,288 B2

IRES-RLuc

]

NS1-5

WT GUCAAUAUGCU(SEQ ID NO:2) AGCAUAUUGAC(SEQ
m7 CUCAAUAUGCU(SEQ ID NO:20) AGCAUAUUGAG(SEQ
m8 GACAAUAUGCU(SEQ ID NO:21) AGCAUAUUGUC (SEQ
m9 GUGAAUAUGCU(SEQ ID NO:22) AGCAUAUUCAC(SEQ
m10 GUCUAUAUGCU(SEQ ID NO:23) AGCAUAUAGAC(SEQ
m11 GUCAUUAUGCU(SEQ ID NO:24) AGCAUAAUGAC(SEQ
m12 GUCAAAAUGCU(SEQ ID NO:25) AGCAUUUUGAC (SEQ
m13 GUCAAUUUGCU(SEQ ID NO:26)AGCAAAUUGAC (SEQ
m14 GUCAAUAUCCU(SEQ ID NO:27)AGGAUAUUGAC (SEQ
m15 GUCAAUAUGGU(SEQ ID NO:28)ACCAUAUUGAC(SEQ
m16 GUCAAUAUGCA(SEQ ID NO:29) UGCAUAUUGAC (SEQ

Fig.12A
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ID
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Replication level

NO:30)100
NO:31) 2
NO:32) 3
NO:33) 82
NO:34)173
NO:35) 69
NO:36) 69
NO:37)138
NO:38) 24
NO:39) 42
NO:40) 69
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1
PSEUDOINFECTIOUS FLAVIVIRUS AND
USES THEREOF

This application is a Continuation of U.S. patent applica-
tion Ser. No. 11/711,532 filed Feb. 27, 2007 (currently pend-
ing), which is a non-provisional application of U.S. Provi-
sional Application No. 60/777,189 filed Feb. 27, 2006.
Priority is claimed to all the above referenced applications
and the content of each of the above-referenced applications
is incorporated herein by reference in its entirety.

FEDERAL FUNDING LEGEND

This invention was produced in part using funds obtained
through National Institute of Health grants (RO1AI053135
and 1U54A1057156-010004). Consequently, the federal gov-
ernment has certain rights in this invention.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the fields of molecular
biology, virology and immunology. In general, the present
invention discloses construction of replication-deficient
viruses belonging to the Flaviviridae family and their use as
vaccine in prevention of diseases caused by viruses belonging
to this family. More specifically, the present invention pro-
vides replication-deficient flaviviruses or pseudoinfectious
flaviviruses (PIV aka RepliVAX) and discloses its use as
preventive vaccines against flavivirus-associated diseases.

2. Description of the Related Art

The Flavivirus genus of the Flaviviridae family contains a
variety of important human and animal pathogens and have
been classified into four distinct antigenic complexes based
ondifferences in reactivity in immunological tests. Generally,
the flaviviruses circulate between avian or mammalian ampli-
fying hosts and mosquito or tick vectors.

The flavivirus genome is a single-stranded capped RNA of
positive polarity lacking a 3' terminal poly(A) sequence. It
encodes a single polypeptide that is co- and post-translation-
ally processed into viral structural proteins, C, prM/M, and E,
forming viral particles, and the nonstructural proteins, NS1,
NS2A, NS2B, NS3, NS4A, NS4B and NS5, required for
replication of viral genome and its packaging into infectious
virions (Chambers, 1990). Virions contain a single copy of
viral genomic RNA packaged into a C protein-containing
nucleocapsid, surrounded by lipid envelope holding het-
erodimers of M and E proteins. In contrast to many other
enveloped viruses, interaction between nucleocapsid and
envelope spikes is not very specific and M/E-containing enve-
lope can efficiently form around nucleocapsid derived from
heterologous flavivirus, demonstrating limited level of
homology in capsid sequence (Lorenz, 2002). Alternatively,
expression of prM and E in the absence of C can lead to
formation of subviral particles (SVPs), containing no RNA or
C protein (Mason, 1991).

PrM/M-E cassettes producing subviral particles have been
the basis of several vaccine candidates that are known in the
art. These vaccine candidates include subunit (Konishi, 1992;
2001; 2002; Qiao, 2004), DNA (Phillpotts, 1996; Kochel,
1997; Schmaljohn, 1997; Colombage, 1998; Aberle, 1999;
Konishi, 2000; Konishi, 2000; Kochel, 2000; Davis, 2001),
and live-vectored (Mason, 1991; Konishi, 1992; Pincus,
1992; Fonseca, 1994; Pugachev, 1995; Colombage, 1998;
Kanesa, 2000; Minke, 2004) vaccines. However, these vac-
cines have serious disadvantages. For instance, the subunit
vaccines are safe to use but difficult to produce large quanti-
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ties; the DNA vaccines are poorly immunogenic, and the viral
vectored vaccines suffer from lack of potency in the presence
of vector immunity.

Therefore, in spite of a great concern about flavivirus-
associated diseases and continuing spread of the flaviviruses
into the new areas, antiviral therapeutics have not yet been
developed for these infections, and a very limited number of
approved vaccines have been produced to-date. Inactivated
viral vaccines (INVs) have been licensed to prevent tick-
borne encephalitis (I BEV) and Japanese encephalitis (JEV).
However, like other inactivated viral vaccines, these vaccines
have low limited potency and require multiple vaccinations.
Despite these drawbacks the Japanese encephalitis and tick-
borne encephalitis INVs have an advantage of good safety
records. The only licensed live-attenuated vaccine (LAV) for
a flavivirus is the widely utilized live-attenuated vaccine
based on the yellow fever virus (YFV) 17D strain that was
developed by serial passaging of the wild type Asibi strain of
yellow fever virus in chicken embryo tissues. Although this
live-attenuated vaccine is considered very safe and effective,
cases of yellow fever in vaccinees have been reported, includ-
ing a recent case in a US military recruit (Gerasimon, 2005).
Furthermore, this vaccine is not recommended for use in
infants, pregnant women or the immunocompromised indi-
viduals due to adverse effects, including vaccine-associated
encephalitis.

However, the development of the reverse genetics systems
for flaviviruses has led to the production and designing of new
types of live-attenuated vaccine, based on rational attenuation
of these viruses. This new class of vaccines includes yellow
fever virus 17D-based chimeras, in which the yellow fever
virus prM-E-encoding genome fragment cassette has been
replaced with the prM-E-cassette derived from heterologous
flaviviruses (Chambers, 1999). Similar chimeric virus-based
approach was applied for dengue- and TBE-based backbones
(Pletnev, 2002; Huang, 2003). In most cases, chimeric fla-
viviruses demonstrate a highly attenuated phenotype and are
capable of eliciting efficient protective immune response and
protect against following infection with viruses, whose struc-
tural proteins are expressed by the chimeras (Monath, 2002).
Effective vaccination with these chimeric vaccine candidates
appears not to be prevented by pre-existing “vector” immu-
nity (Monath, 2002), which has interfered with potency of
recombinant viral vaccines based on other viral vectors. Fur-
ther, although chimeric flaviviruses might provide a reason-
ably universal approach to producing new vaccines, there are
concerns that the chimeras themselves might be pathogenic
(Chambers, 1999) at least in the immunocompromised indi-
viduals, or that pathogenic chimeras might arise, since muta-
tions have been detected during the process of propagation of
these viruses (Pugachev, 2004).

Another promising direction in vaccine development is
based on creating of irreparable deletions in flavivirus
genome that make productive virus replication in the vacci-
nated host either a less efficient or an impossible event. In the
latter case, viral genomes encoding the entire replicative
machinery, but lacking, for instance, the C-coding region, can
be delivered for in vivo immunization either as in vitro-
synthesized RNA, capable of self-replication (Kofler, 2004;
Aberle, 2005), or, probably, in DNA form (under control of
the RNA polymerase Il promoters or as in vitro-synthesized
RNA, capable of self-replication (Kofler, 2004; Aberle,
2005). Direct immunization with in vitro synthesized defec-
tive RNA genomes, which specifies the production of SVPs in
the absence of a complete viral replication cycle, has been
demonstrated to be safe and effective in producing protective
immunity (Kofler, 2004; Aberle, 2005). However, there may
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be significant obstacles in producing an RNA-based vaccine
candidate, due to synthesis, stability, and delivery issues.

Thus, prior art is deficient is deficient in a safe, potent and
effective type of vaccine that can be used against diseases
caused by infection with viruses belonging to the Flaviviridae
family. The present invention fulfills this long-standing need
and desire in the art.

SUMMARY OF THE INVENTION

In one embodiment of the present invention, there is pro-
vided a replication-deficient pseudoinfectious virus of Fla-
viviridae family. Such a replication-deficient pseudoinfec-
tious virus comprises: a deletion in the nucleotide sequence
encoding capsid (C) protein such that the deletion does not
disrupt the RNA sequence required for genome cyclization,
the signal sequence for prM protein that is required for the
proper maturation of prM/M or a combination thereof, where
the replication-deficient pseudoinfectious virus replicates
only in cells expressing C protein or C, prM, envelope pro-
tein, mutated C protein, mutated prM, mutated envelope pro-
tein or combinations thereof of the virus of the Flaviviridae
family.

In another related embodiment of the present invention,
there is provided a cell culture system expressing C protein or
C, prM, envelope protein, mutated C protein, mutated prM,
mutated envelope protein or combinations thereof of the virus
of the Flaviviridae family effective to enable propagation of
the above-described replication-deficient pseudoinfectious
virus of the Flaviviridae family under suitable conditions.

Inyet another embodiment of the present invention, there is
provided a method of producing the replication-deficient
pseudoinfectious virus of the Flaviviridae family described
above. Such a method comprises generating a replication-
deficient pseudoinfectious virus of the Flaviviridae family
that comprises deletion in the capsid gene such that the dele-
tion does not disrupt the RNA sequence required for genome
cyclization, the signal sequence for prM protein that is
required for the proper maturation of prM/M or a combina-
tion thereof; generating a cell line that expresses C protein or
C, prM, envelope protein, mutated C protein, mutated prM,
mutated envelope protein or combinations thereof of the virus
of the Flaviviridae family, where the cell line provides high
levels of the proteins of the Flaviviridae needed for propaga-
tion of the replication-deficient pseudoinfectious virus of the
Flaviviridae family; and infecting the cell line with the
pseudoinfectious virus of the Flaviviridae family, thereby
producing the replication-deficient pseudoinfectious virus of
the Flaviviridae family.

In another related embodiment of the present invention,
there is provided a pharmaceutical composition, comprising
the replication-deficient pseudoinfectious virus of the Fla-
viviridae family produced by the method described herein.

In a further related embodiment of the present invention,
there is provided a method of protecting a subject from infec-
tions resulting from exposure to Flaviviridae. Such a method
comprises administering to the subject an immunologically
effective amount of the pharmaceutical composition pro-
duced by the method described herein, that elicits an immune
response against the Flaviviridae in the subject, thereby pro-
tecting the subject from the infections.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of flavivirus PIV rep-
lication in the cells producing C or all of the viral structural
proteins for trans-complementation of the defect. Replication
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of PIVs in normal cells in vivo or in vitro leads to release
SVPs having no nucleocapsid.

FIGS. 2A-2C show that YFV C and YFV C, prM and
E-expressing cell lines can complement replication of YF
PIV. FIG. 2A is a schematic representation of YFV and GFP-
expressing YF PIV genome. FIG. 2B is a schematic represen-
tation of VEEV replicons expressing Pac gene and YFV C
with the signal peptide of prM (anchored C; VEErep/C1/Pac),
or anchored C with 20 a. a. of prM (VEErep/C2/Pac), or all of
the YFV structural proteins (VEErep/C-prM-E/Pac). FIG. 2C
shows the release of YF PIV by the cell lines transfected with
in vitro-synthesized PIV genome. Media was replaced at the
indicated time points, and titers of PIVs were determined.
Arrows indicate time points when cells were subpassaged at
a 1:5 ratio.

FIGS. 3A-3B show growth curves of YF PIV on the pack-
aging cell lines. BHK-21 cells containing VEErep/C2/Pac
and VEErep/C-prM-E/Pac replicons were infected with YF
PIV at indicated MOIs in infectious units per cell. At the
indicated times, media was replaced and titers of released PIV
were determined. Arrows indicate time points when cells
were subpassaged at 1:5 ratio. FIG. 3A shows growth curve at
MOI 10 inf.u/cell and FIG. 3B shows growth curve at MOI
0.1 infou/cell.

FIGS. 4A-4C show that cells expressing codon-optimized
C gene produced YF PIV. FIG. 4A shows the nucleotide
sequence of synthetic gene. The introduced mutations are
indicated by lowercase letters (SEQ ID NO: 1). FIG. 4B
shows growth curves of YF PIV on the packaging cell lines.
BHK-21 cells containing VEErep/C2/Pac, VEErep/C-prM-
E/Pac, VEErep/C2opt/Pac and VEErep/Copt-prM-E/Pac rep-
licons were infected with YF PIV at indicated MOIs in infec-
tious units per cell. At the indicated times, media was replaced
and titers of released PIV were determined. FIG. 4C shows
plaques developed in VEErep/C2opt/Pac-containing cell line
by YFV and YF PIV after 4 days of incubation at 37° C.

FIGS. 5A-5C show that WN PIV develops spreading infec-
tion in packaging cells. FIG. 5A is a schematic representation
of WN PIV genome and VEEV replicon expressing WNV
structural genes. FIG. 5B shows that WN PIV produced foci
of WNV antigen-positive cells (revealed with an antibody to
NS1-upon infection of BHK(VEErep/C*-E*-Pac) cells after
70 hours of incubation. FIG. 5C shows the same WN PIV
preparations produced only single infected cells (revealed at
70 hours post infection with the same tragacanth staining
method used in FIG. 5B) upon infection of Vero cell mono-
layers.

FIGS. 6A-6C show detection of E protein upon release
from cells infected with YF and WN PIVs. In FIG. 6 A, BHK-
21 cells were infected with YF PIV at an MOI of 5 inf.u/cell.
The released SVPs were harvested and purified by ultracen-
trifugation. Samples were resolved by SDS PAGE, trans-
ferred to filters, E protein was detected by D1-4G2 MAB.
Media harvested from uninfected cells, lane 1; media har-
vested from the cells infected with YF PIV at 48 h post
infection, lane 2; media harvested from the cells infected with
YF PIVsat 72 hpostinfection, lane 3; YFV (2x10” PFU), lane
4. In FIG. 6B, vero cells were infected with WN PIV for 24
hrs, and then portions of the clarified culture fluid (collected
before any cell lysis was detected), were resolved by SDS
PAGE, transferred to filters, and reacted with an E-specific
MAB (7H2; Bioreliance). Reaction of the same samples with
polyclonal sera failed to reveal any cell-associated non-struc-
tural proteins in this preparation (results not shown) confirm-
ing that the E protein was actively secreted. Sample of WNV,
lane 1; media harvested from uninfected cells, lane 2; media
harvested from the cells infected with WN PIV at 48 h post
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infection, lane 3. In FIG. 6C, a western blot showing E protein
content of fractions prepared form a sucrose density gradient
obtained from SVPs harvested from normal (non-packaging)
BHK cells electroporated with YFV PIV RNA. The peak of E
protein reactivity (at 32% sucrose) corresponded to the den-
sity of SVPs and in agreement with this fact, migrated more
slowly than YFV run in a side-by-side analyses (42%).

FIGS. 7A-7F show schematic representation of plasmids
used for Yellow fever (YF) and West Nile (WN) pseudoinfec-
tious virus (PIV) production. FIG. 7A shows pYFPIV, FIG.
7B shows pWNPIV, FIG. 7C shows pVEErep/C1/Pac, FIG.
7D shows pVEErep/C2/Pac, FIG. 7E shows pVEErep/C3/
PAc, FIG. 7F shows pVEErep/C*-E*-Pac.

FIGS. 8A-8V show the sequences of the plasmids used
herein. FIGS. 8A-8D shows sequence of pYFPIV (SEQ ID
NO: 6), FIGS. 8E-8H shows sequence of pVEErep/C1/Pac
(SEQ ID NO: 7), FIGS. 8I-8K shows sequence of pVEErep/
C2/Pac (SEQ ID NO: 8), FIGS. 8L-80 shows sequence of
pVEErep/C-prM-E/Pac (SEQ ID NO: 9), FIGS. 8P-8R shows
sequence of pVEErep/C2opt/pac (SEQ ID NO: 10), FIGS.
8S-8V shows sequence of pVEErep/Copt-prM-E/Pac (SEQ
ID NO:11).

FIG. 9 shows a schematic representation of overlapping
regions of RepliVAX and the VEE replicon used to provide C
in trans. ' Thirty-six mutations were inserted into the VEErep/
pac-Ubi-C* to minimize homologous recombination with the
fragment of C encoded by the RepliVAX genome. *Position
of 5" and 3' CS sequences in the RepliVAX genome.

FIG. 10 shows side by side comparison of infectious foci
produced in the C-expressing cell line {BHK(VEErep/Pac-
Ubi-C*)} by WN RepliVAX at passage 0 (from electropora-
tion) and passage 10 reveals that better-growing variants are
readily selected.

FIG. 11 shows titration of RepliVAX PIV produced in
WHO-certified Vero cells containing a C-expression cassette
(VEErep/Pac-Ubi-C*). Although the resulting PIV is of a
slightly lower titer than that produced in BHK cells, the Vero
cells multiple harvests of high titer PIV, which is not possible
with BHK cells.

FIGS. 12A-12B show cyclization mutants. FIG. 12A
shows replication of WNV/IRES-RLuc replicon with single-
base, matching CS mutations demonstrates that some single-
base mutations replicate at WT levels. Left part of panel
shows the test genome above the 5' and 3' CS sequences.
Right side shows replication levels detected using Rluc
reporter, as a percentage of the WT replication levels. Under-
lined bases denotes mutated bases. FIG. 12B shows replica-
tion of WNV/IRES-RLuc replicon with matching the double-
base changes (m17) derived by combining m10 and m13
(Panel A), compared to replication levels detected with
mutants that combine the WT and mutated CS in either pos-
sible format, along with a mutant designed to produce an
inactive polymerase (negative control). Left part of panel
shows the test genome above the 5' and 3' CS sequences.
Right side shows replication levels detected using Rluc
reporter, as a percentage of the WT replication levels. Under-
lined bases denotes mutated bases. * denotes no replication
detected.

DETAILED DESCRIPTION OF THE INVENTION

Safe and effective vaccines have only been produced for a
handful of diseases caused by flaviviruses. The classical inac-
tivated viral vaccine (INV) and live-attenuated vaccine (LAV)
methods that have been used to produce vaccines to YF, JE,
and TBEV have not yet yielded licensed products to prevent
diseases caused by other flaviviruses, notably dengue and
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West Nile encephalitis (WNE). There remain safety concerns
about existing LAVs (residual virulence or reversion to viru-
lence) and INV products (reactogenicity due to antigen load
and adventitious antigens). Additionally, INVs usually
require multiple vaccinations. Further, both types of vaccines
are subject to production concerns, including the need to
avoid reversion to virulence during propagation of live-at-
tenuated vaccine, and due to the amounts of material needed
to produce strong immune responses to the inactivated viral
vaccine products and the need for high containment facilities
to propagate the virulent viruses used to produce INV prod-
ucts. Although there are promising candidates for new types
of flavivirus vaccines, the road to their development will need
to overcome these problems.

The present invention in general, is drawn to construction
and utilization of replication-deficient pseudoinfective
viruses belonging to the Flaviviridae family. In this regard,
the present invention describes the development a new type of
replication-deficient flaviviruses also referred to as
RepliVAX that combines the safety of inactivated vaccines
with the efficacy and scalability of live attenuated vaccines.
These flaviviruses also identified as pseudo-infectious
viruses (PIVs) in the present invention contain genetically
engineered flavivirus genomes with a deletion of most of the
capsid (C)-encoding region, thereby preventing this genome
from producing infectious progeny in normal cell lines or
vaccinated animals. However, these pseudo-infectious
viruses can be propagated in cell lines expressing either C, or
a C-prM-E cassette, where they replicate to high levels. Thus,
these pseudoinfectious flaviviruses cannot develop spreading
infection in normal cells in vitro or in vivo due to lack of
trans-complementation by C protein, and therefore are inca-
pable of causing disease in animals.

In contrast to the vaccines and the methods to generate
these vaccines that are known in the art, the present invention
provides a system for industrial-scale production of pseudo-
infectious flaviviruses that would make such vaccines
cheaper to produce than inactivated vaccines at the same time
making it safer to use than live-attenuated vaccines. It does so
by providing a new type of recombinant vaccine that is
capable of only single round of replication in the immunized
animals or humans leading to release of subviral particles
(SVPs) lacking the genetic material but serving as efficient
immunogens.

The present invention has demonstrated that pseudoinfec-
tious flaviviruses can be generated for either yellow fever
virus (YFV) or West Nile virus (WNV). Based on this, the
present invention contemplates that the method described
herein could be broadly applicable to the development of
vaccines against other flaviviruses. Further, infection of nor-
mal cell lines with such pseudoinfectious flaviviruses pro-
duced SVPs that lacked nucleocapsid and a genetic material.
The pseudoinfectious flaviviruses described herein demon-
strated inability to cause any disease and thus were safe.
Additionally, these pseudoinfectious flaviviruses were immu-
nogenic in mice due to competency for single round of rep-
lication and release of SVPs, presenting viral antigens. WN
PIVs also protected mice from a lethal encephalitis following
challenge with WNV.

The PIVs described herein could be produced in a manner
that allows for high-yield production in cell culture, and
inability to cause disease in animals. These products could be
delivered to animals where their defective replication process
prevents spread and disease, but permitted the production of
SVPs, aflavivirus subunit immunogen that has been shown to
be effective in eliciting an efficacious immune response
against disease caused by several flaviviruses.
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The present invention also demonstrated that the pseudo-
infectious flaviviruses approach could be applied to two dis-
tantly related mosquito-borne flaviviruses. The applicability
of a similar technology to the development of RNA-based
vaccines for a tick-borne flavivirus (Kofler, 2004) indicates
that the PIV-based technology will be applicable to more
distantly related flaviviruses. Additionally, the work with
TBEV RNA-based vaccines indicates that in addition to anti-
body responses to the SVPs (similar to that described herein),
the introduction of replicationally active flavivirus genomes
into the cells of the vaccinated hosts will produce T-cell
responses as well (Kofler, 2004; Aberle, 2005). Although the
T cell responses were not measured herein, it is contemplated
that the PIVs are capable of inducing T cell response that
mimics those produced by viral infection.

Although the PIV vaccines described herein rely on the
same flavivirus replication and SVP production strategy that
was utilized by the RNA-based vaccines prepared for TBEV
(Kofler, 2004; Aberle, 2005), these PIV vaccines do not
require gene-gun delivery to animals, can be readily grown in
cell cultures, and can subjected to the same types of stabili-
zation and storage (freeze drying) conditions currently being
applied to the commercially produced YFV 17D vaccine, thus
providing a scalable, storable, and marketable vaccine prod-
uct. Preliminary studies on stability of WN RepliVAX have
shown that freeze-dried preparations show no detectable loss
in titer when stored for 30 days at 4 C.

To develop the high-level growth conditions required for
efficient trans-complementation (and hence yield) of pseudo-
infectious flaviviruses, the present invention utilized cells
expressing high levels of C (or C-prM-E) from VEEV repli-
cons. VEEV replicons are less cytopathic than the replicons
derived from other alphaviruses and readily establish persis-
tent replications in some cell lines of vertebrate and insect
origin. This system appears to be suitable for production of
pseudoinfectious flaviviruses, since i) VEEV replicons are
highly efficient in synthesis of heterologous proteins and, in
the present invention synthesized C to the level required for
flavivirus genome incapsidation. ii) VEEV replicons do not
detectably interfere with flavivirus replication (Petrakova,
2005). Moreover, VEE replicons and the YF PIV genomes
can replicate together in BHK-21 cells without causing CPE.
iii) VEEV replicons can be packaged at high-titers into VEE
virions that can be used for rapid establishment of the pack-
aging cell lines producing flavivirus structural protein(s).

Furthermore, examination of the effect of context of C
expression on yield of PIV indicated that the packaging cells
expressing anchored form of C with an additional 20 a.a. of
prM produced more particles than cells expressing anchored
C alone, suggesting the importance of the proper sequence of
processing events in virions formation. The basis fcr the
enhanced packaging efficiency by the construct containing
the first 20 amino acids of prM is unclear but this phenom-
enon might be explained by a requirement of specific order of
cleavage at the two nearby cleavage sites (NS2B/NS3- and
signal peptidase-specific) (Yamshchikov and Compans,
1994) and/or differences in distribution/stability of C protein
products in these two different contexts. In addition, it was
observed that co-expression of C with prM and E (VEErep/
C-prM-E/Pac) caused only minor increase in PIV yield com-
pared to VEErep/C2/Pac, which expressed anchor C with the
fragment of prM.

When the codon-optimization of the VEEV replicon-en-
coded C genes was examined to determine if this alteration of
the C gene sequence enhanced yield of PV, it did not reveal
a strong difference in YFV PIV release from the cells not
expressing a codon-optimized C gene. This observation sug-
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gested that even with the non-optimized gene VEEV repli-
cons appear to produce C at a saturating level. These results
were consistent with other studies demonstrating that the cell
lines that expressed VEEV replicons encoding the WNV C-E
cassette produced level of E greater than those detected in
WNV-infected cells. Despite the inability of the trans-ex-
pressed optimized C gene to increase yield of YF PIV, the
cells harboring the VEEV replicon expressing Copt devel-
oped CPE and produced plaques when infected with YF PIV.
This made a PIV infection in the Copt cells even more similar
to infection developed by replication-competent virus. An
additional advantage of the use of VEEV replicons encoding
a YFV Copt gene in pseudoinfectious flavivirus production
was the level of safety, since the changes in the codons
reduced the chance of homologous recombination with the
pseudoinfectious flavivirus genome. Furthermore, the Copt
gene was also altered in its cyclization sequence (as described
herein for the WNV C coding region in the BHK(VEErep/
C*-E*-Pac) cells), to reduce the chance of the recombination
producing a replicationally active C-encoding flavivirus. To
date, neither the WN nor YF PIV systems described herein
have produced replicationally active flaviviruses that could be
detected in either cell culture, or in highly susceptible ani-
mals. Additionally, in vivo experiments demonstrated that
both YF and WN PIVs were safe and could not cause any
disease even afteri.c. inoculation of 3- to 4-day-old mice with
the highest dose of the PIVs. Nevertheless, WN PIVs were
capable of inducing high levels of neutralizing antibodies and
protected mice against infection with replication competent
WNV.

Furthermore, Hepatitis C ranks with AIDS as a major
infectious cause of morbidity and mortality for which no
vaccine is currently available. In Japan and Korea, HCV now
exceeds hepatitis B in contributing to the development of
hepatocellular carcinoma, one of the most common types of
cancer and a common mode of death due to liver disease. This
pattern is likely to become increasingly common in other
Asian countries and elsewhere in the developing world, due to
the increasing prevalence of HCV coupled with effective
immunization against hepatitis B. In some communities in
Egypt and elsewhere, the prevalence of hepatitis C infection
is spectacularly high, likely due at least in part to traditional
health care practices and/or the introduction of dangerous
Western technologies in the past (e.g., needle-borne transmis-
sion of the virus during public health campaigns directed
against schistosomiasis).

In many developing countries, where rates of liver cancer
and cirrhosis are high, there is little effective control of hepa-
titis C during blood transfusion. Hepatitis C is also a major
public health problem within the United States, where there
are approximately 4 million carriers of HCV, many of whom
are at risk of death due to end-stage liver disease or liver
cancer. Currently it is estimated that there are between 8,000
and 10,000 deaths annually due to hepatitis C in the United
States. This number is likely to triple over the next 10-20
years, potentially exceeding the number of deaths due to
AIDS, in the absence of new therapeutic or preventive mea-
sures.

Yet, no vaccine is available for prevention of this infection,
and efforts (both national and international) to develop a
vaccine are severely limited due to perceived technical diffi-
culties, little interest in vaccine development generally on the
part of big pharma, and the inertia of major funding agencies.
And, as with many infectious diseases, it is the disadvantaged
who are at greatest risk of serious liver disease or death due to
hepatitis C.
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To date attempts to create an effective vaccine against HCV
infection have been unsuccessful. However, within last few
years, the HCV field started to rapidly develop, and now this
virus replicates in tissue culture to reasonably high titers,
approaching 10° inf.u/ml. There is a number of obvious simi-
larities between the HCV genome and the genomes of other
flaviviruses, like YF, JEV, TBE and others. Therefore, the
strategy of designing replication-deficient flaviviruses can be
applied not only to the members of the Flavivirus genus, but
to Hepacivirus genus (that include HCV) as well. The HCV
capsid protein can produced by recombinant alphavirus rep-
licons (based on SINV, VEEV EEEV and others) in a number
of cell lines, including Huh-7 and Huh-7.5 cells that are
currently known to be susceptible to HCV infection. Repli-
cation-deficient HCV genomes, lacking the capsid gene can
be transfected into the capsid-producing cell lines and will be
packaged into infectious, capsid-containing particles. The
successive rounds of infection required for the large-scale
production, can be performed on these cells as well. However,
in vivo, in the naive hepatocytes (and possibly other cell
types), the HCV genomes lacking the complete capsid gene
or no capsid gene at all, will produce only the nonstructural
viral proteins, and glycoproteins E1 and E2. These proteins
will be presented to immune system i) after proteasome deg-
radation; i1) on the cell surface and iii) in the form of virus-like
particles with E1- and E2-containing envelope. Capsid defi-
ciency will make virus incapable of spreading, and thus lim-
ited to the cells infected by the vaccinating dose.

In summary, the present invention demonstrated that
capsid-deficient, pseudoinfectious flaviviruses i) could pro-
duce a spreading infection in the cell lines expressing capsid
or all of the flavivirus structural genes; ii) PIVs were inca-
pable of producing spreading infection in normal cells, (iii)
PIVs produced E protein containing SVPs when they infected
normal cells; (iv) PIVs displayed a high level of safety in the
animals; (v) PIVs protected the mice from subsequent flavivi-
rus infection. Taken together, the present invention demon-
strated that flavivirus PIVs might be a safe, potent, and effi-
cacious platform for development of vaccines against
flavivirus infections and infections caused by viruses similar
to Flavivirus.

The present invention is directed to a replication-deficient
pseudoinfectious Flaviviridae, comprising: a deletion in the
nucleotide sequence encoding capsid (C) protein such that the
deletion does not disrupt the RNA sequence required for
genome cyclization, the signal sequence for prM protein that
is required for the proper maturation of prM/M or a combi-
nation thereof, where the Flaviviridae replicate only in cells
expressing Cprotein or C, prM, envelope protein, mutated C
protein, mutated prM, mutated envelope protein or combina-
tions thereof of a virus of the Flaviviridae family. Generally,
the Flaviviridae comprises a virus belonging to the genus
flavivirus, Hepacivirus or Pestivirus or other chimeras of said
viruses created by exchanging the prM-E cassettes of other
viruses with the prM-E cassettes of the pseudoinfectious Fla-
viviridae. The examples of the viruses belonging to the genus
Flavivirus are not limited to but may include yellow fever
virus, West Nile virus, dengue virus, tick-borne encephalitis
virus, Saint Louis encephalitis virus, Japanese encephalitis
virus, Murray Valley encephalitis virus. Furthermore, the
example of the virus belonging to the genus Hepacivirus
includes but is not limited to Hepatitis C virus and those
belonging to the genus Pestivirus include but are not limited
to Bovine virus diarrhea, a swine fever virus or a hog cholera
virus.

In case of flavivirus, the nucleotide sequence encoding the
C protein of the Flavivirus that is deleted may encode amino
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acids 26 to 100 or a combination of amino acids within amino
acids 26 to 100 of the C protein. Such combinations may
include but are not limited to amino acids 26-93, 31-100 or
31-93. One of ordinary skill in the art can use the same
guidelines to delete nucleotide sequence of C protein from
other viruses belonging to the Flaviviridae family or other
viruses having the same genetic makeup as these viruses. In
general and applicable to all the viruses, the deleted gene is
replaced by a gene encoding a marker protein or an antigen.
The example of a marker protein may include but is not
limited to a green fluorescent protein.

The present invention is also directed to a cell culture
system expressing C protein or C, prM, envelope protein,
mutated C protein, mutated prM, mutated envelope protein or
combinations thereof of a virus of the Flaviviridae family,
effective to enable propagation of the above-described repli-
cation-deficient Flaviviridae under suitable conditions. For
this purpose, the cells expressing wild type or mutated pro-
teins of the Flaviviridae may be generated using genetically
engineered replicons derived from viral vectors.

In general, the gene encoding the protein(s) of the virus of
the virus Flaviviridae family in the replicon is replaced by a
codon-optimized version of the gene encoding the protein(s)
of the virus such that the replacement reduces the ability of
the cell line-encoded genes to recombine with the genome of
the pseudoinfectious virus of the Flaviviridae family and/or
increases the production of the pseudoinfectious virus of the
Flaviviridae family.

For instance, such replicons may express a C protein that
comprises mutations in at least 36 nucleotide positions of the
gene encoding C protein of the virus of the Flaviviridae fam-
ily. The replicon may express a C protein in the replicon that
comprises unnatural cyclization sequences such that presence
of the cyclization sequences reduces the chances of produc-
tive recombination of the replication-deficient pseudoinfec-
tive virus with natural viruses. Further, the replicon may
express proteins comprising altered nucleotide sequences
encoding truncated C-prM junction such that presence of
such altered sequences enhances yield of the replication-
deficient pseudoinfective virus in cell culture, prM/E contain-
ing SVP yield in vivo or a combination thereof.

Furthermore, the replicons expressing the proteins of Fla-
viviridae are introduced into the cells by transfection with in
vitro synthesized replicon RNAs, by transfection with plas-
mid DNAs designed to synthesize functional alphaviral rep-
licons from cellular RNA-polymerase II-specific promoters
or by infection with alphaviral replicons packaged inside the
alphaviral structural proteins. The viral vectors used herein
may be alphaviruses. Representative examples of such
alphaviruses are not limited but may include Venezuelan
Equine Encephalitis Virus (VEEV), Sindbis virus, Eastern
Equine Encephalitis virus (EEEV), Western Equine Encepha-
litis virus (WEEV) or Ross River virus.

The present invention is further directed to a method of
producing a replication-deficient pseudoinfectious virus of
the Flaviviridae family, comprising; generating a replication-
deficient pseudoinfectious virus of the Flaviviridae family
that comprises a deletion in the capsid gene such that the
deletion does not disrupt the RNA sequence required for
genome cyclization, the signal sequence for prM protein that
is required for the proper maturation of prM/M or a combi-
nation thereof; generating a cell line that expresses C protein
or C, prM, envelope protein, mutated C protein, mutated prM,
mutated envelope protein or combinations thereof of a virus
of the Flaviviridae family, where the cell line provides high
levels of the proteins needed for propagation of the replica-
tion-deficient pseudoinfectious virus of the Flaviviridae fam-
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ily; and infecting the cell line with the pseudoinfectious virus
of'the Flaviviridae family, thereby producing the replication-
deficient pseudoinfectious virus of the Flaviviridae family.
All other aspects regarding the types of viruses, the position
of deletions in the capsid gene, the method of generation of
the cell line expressing the mutated and wild type proteins of
the Flaviviridae, the type of replicons and the mutations
within the replicons and the modifications in the gene encod-
ing the mutated and wild type proteins of the Flaviviridae in
the replicons are the same as discussed supra.

The present invention is also directed to a pharmaceutical
composition, comprising the replication-deficient pseudoin-
fectious virus of the Flaviviridae family produced by the
method described supra. The present invention is further
directed to a method of protecting a subject from infections
resulting from exposure to Flaviviridae, comprising admin-
istering to the subject an immunologically effective amount
of the pharmaceutical composition described herein, where
the composition elicits an immune response against the Fla-
viviridae in the subject, thereby protecting the subject from
the infections. Such a composition may be administered via
intraperitoneal, intradermal, subcutaneous, intramuscular,
oral, or intranasal route. Furthermore, the subject benefiting
from use of this composition may be a human, or an animal.

As used herein, the term, “a” or “an” may mean one or
more. As used herein in the claim(s), when used in conjunc-
tion with the word “comprising”, the words “a” or “an” may
mean one or more than one. As used herein “another” or
“other” may mean at least a second or more of the same or
different claim element or components thercof. As used
herein, the term, “Flaviviridae” includes the genera Flavivi-
rus, Hepacivirus and Pestivirus. The examples of virus
belonging to the genus Flavivirus include but are not limited
to yellow fever virus, West Nile virus, dengue virusm a tick
borne encephalitis virusm a Saint Louis encephalitis virus, a
Japanese encephalitis virus or a Murray Valley encephalitis
virus, Similarly, the example of virus belonging to the genus
Hepacivirus includes but is not limited to Hepatitis C virus
and those belonging to the genus Pestivirus include but are
not limited to Bovine virus diarrhea, a swine fever virus or a
hog cholera virus.

Furthermore, although the present invention discloses the
construction and utility of a replication-deficient pseudoin-
fectious Flaviviridae belonging to the genus Flavivirus, one
of ordinary skill in the art can use the same guidelines to
construct chimeras comprising other viruses belonging to the
Flaviviridae or to construct chimeras by exchanging the
prM-E cassettes of viruses within the Flaviviridae or other
similar viruses and the viruses within the Falviviridae.

The pharmaceutical compositions comprising the pseudo-
infectious viruses belonging to the Flaviviridae family dis-
cussed herein may be administered concurrently or sequen-
tially with each other or with other pharmaceutical
composition(s). The eftect of co-administration of such com-
positions is to protect an individual from the infections caused
by such viruses and other vaccine-treatable disease. The com-
position described herein, the other pharmaceutical compo-
sition, or combination thereof can be administered indepen-
dently, either systemically or locally, by any method standard
in the art, for example, subcutaneously, intravenously,
parenterally, intraperitoneally, intradermally, intramuscu-
larly, topically, enterally, rectally, nasally, buccally, vaginally
or by inhalation spray, by drug pump or contained within
transdermal patch or an implant. Dosage formulations of the
composition described herein may comprise conventional
non-toxic, physiologically or pharmaceutically acceptable
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carriers or vehicles suitable for the method of administration
and are well known to an individual having ordinary skill in
this art.

The composition described herein, the other pharmaceuti-
cal composition or combination thereof may be administered
independently one or more times to achieve, maintain or
improve upon a therapeutic effect. It is well within the skill of
anartisan to determine dosage or whether a suitable dosage of
either or both of the compositions comprises a single admin-
istered dose or multiple administered doses. An appropriate
dosage depends on the subject’s health, the protection of the
individual from flaviviral infections, the route of administra-
tion and the formulation used.

The following examples are given for the purpose of illus-
trating various embodiments of the invention and are not
meant to limit the present invention in any fashion. One
skilled in the art will appreciate readily that the present inven-
tion is well adapted to carry out the objects and obtain the
ends and advantages mentioned, as well as those objects, ends
and advantages inherent herein. Changes therein and other
uses which are encompassed within the spirit of the invention
as defined by the scope of the claims will occur to those
skilled in the art.

Example 1
Cell Cultures

The BHK-21 cells were provided by Paul Olivo (Washing-
ton University, St. Louis, Mo.). They were maintained at 37°
C. in alpha minimum essential medium (aMEM) supple-
mented with 10% fetal bovine serum (FBS) and vitamins.
WHO-certified Vero cells, originally prepared for use in
human vaccine manufacture were provided by Dr. Steve
Whitehead of the NIH. Vero cells were maintained in MEM
containing 6% FBS.

Example 2
Plasmid Constructs

Standard recombinant DNA techniques were used for all
plasmid constructions. A schematic representation of the
plasmids used are shown in FIGS. 7A-7F. Maps and
sequences are shown in FIGS. 8A-8F. The parental low-copy
number plasmid pACNR/FLYF-17Dx containing infectious
c¢DNA of YFV 17D strain genome was described elsewhere
(Bredenbeek et al., 2003) and provided by Dr. Charles M.
Rice (Rockefeller University, New York, N.Y.). pYFPIV con-
tained defective YFV genome (YF PIV), in which fragment
encoding amino acid. 26-93 of YF capsid gene was replaced
by codon-optimized GFP gene derived from pEGFP-N1
(Clontech). The WN PIV genome (pWNPIV) was derived
from a Texas 2002 infectious cDNA (Rossi et al., 2005), by
fusion of codon 30 of C to codon 101 of C (see FIG. 5A). The
plasmids pVEErep/C1/Pac, pVEErep/C2/Pac and pVEErep/
C-prM-E/Pac (FIG. 2A) encoded double subgenomic VEEV
replicons, in which the first subgenomic promoter was driv-
ing transcription of the RNAs containing SUTR of VEEV
26S RNA followed by sequences, corresponding to nt 119-
481, 119-541 and 119-2452 of YFV genome, respectively.
The second subgenomic promoter was driving the expression
of puromycin acetyltransferase (Pac) gene, whose product
was making cells resistant to translational arrest caused by
puromycin (Pur). Non-cytopathic VEEV replicons express-
ing the C-prM-E cassette of WNV {derived from a Sindbis
virus replicon (Scholle et al., 2004)} fused to the Pac gene
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(designated pVEErep/C*-E*-Pac) was created from a VEE
non-cytopathic replicon (Petrakova et al., 2005); E-coding
sequence was fused with Pac gene through a linker consisting
of the first 9 codons of NS1 and the last 25 codons of NS2B,
followed by 2 codons of NS3 fused directly to FMDV 2A (see
FIG.5A). The codon-optimized sequence encoding YFV 17D
capsid and first 20 amino acid of prM was designed using the
codon frequency data described elsewhere (Haas et al., 1996).
This gene was synthesized by PCR from the overlapping
synthetic oligonucleotides. The amplified fragment was
sequenced before cloning into expression cassettes VEErep/
C2opt/Pac and VEErep/Copt-prM-E/Pac. The latter replicons
had essentially the same design as pVEErep/C2/Pac and
pVEErep/C-prM-E/Pac, but contained codon-optimized
sequence presented in FIG. 4A.

Additionally, a chimeric WN-RepliVAX expressing the
JEV prM-E has also been generated. This was constructed by
substituting the prM and E genes of Nakayama strain of JEV
in A RepliVAX encoding the WNV genome. The gene
exchange was achieved by direct fusion of the last codon of
the truncated WNV C protein to the first codon of the prM
coding sequence of JEV (Nakayama strain). The same fusion
strategy was employed at the 3' end of the cassette, with the
final codon of the JEV E protein fused directly to the first
codon of NS1 of WNV. These fusions were introduced into a
BAC plasmid encoding the entire WN RepliVAX cDNA
bounded by a T7 promoter and a ribozyme, and RNA recov-
ered from this BAC DNA was introduced into BHK(VEErep/
Pac-Ubi-C*) cells. The resulting RepliVAX (designated JE
RepliVAX) formed spreading infectious foci on BHK
(VEErep/Pac-Ubi-C*). As for WN RepliVAX, the foci
formed on this cell line are smaller than those produced by a
fully infectious WNV-JEV chimera. JE RepliVAX grows to
titers approximately 10 times lower than WN RepliVAX,
achieving titers of over 10° U/ml in BHK(VEErep/Pac-Ubi-
C*). As expected, JE RepliVAX reacts with JE-specific
MAbs, and it is anticipated that like chimeric flaviviruses, JE
RepliVAX will induce high levels of JEV-neutralizing anti-
bodies, and protect against JE.

Example 3
RNA Transciptions

Plasmids were purified by centrifugation in CsCl gradi-
ents. Before the transcription reaction, the plasmids were
linearized by Xhol (for pYFPIV) or Mhul (for VEE replicon
and VEE helper encoding plasmids) or Swal (for pWNPIV).
RNAs were synthesized by SP6 or T7 RNA polymerase in the
presence of cap analog. The yield and integrity of transcripts
were analyzed by gel electrophoresis under non-denaturing
conditions. Aliquots of transcription reactions were used for
electroporation without additional purification.

Example 4
RNA Transfections and PIV Replication Analysis

Electroporation of BHK-21 cells was performed under
previously described conditions (Liljestrom et al., 1991). For
establishing packaging cell cultures, Pur was added to the
media to a concentration of 10 g/ml 24 h post electroporation
of the VEEV replicons. Transfection of in vitro-synthesized
YF PIV genome was performed 5 days later, when replicon-
containing cells resumed efficient growth. Samples were har-
vested at the time points indicated in the figures by replacing
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the media with the same media, containing Pur. In many
experiments, PIV-secreting cells were split upon reaching the
confluency.

VEEYV replicons were packaged into VEEV infectious viri-
ons by co-electroporation of the in vitro synthesized replicon
and 2 helper RNAs (Volkova et al., 2006) into BHK-21 cells.
Replicon-containing viral particles were harvested 24 h post
transfection and used for infecting of naive BHK-21 cells,
followed by Pur selection. In the case of WN PIV, the in
vitro-synthesized PIV RNA was transfected into BHK cells
containing VEErep/C*-E*-Pac replicon expressing WN C,
prM and E and Pac [BHK(VEErep/C*-E*-PAC) cells]. THE
scheme of the VEErep/C*-E*-PAC genome is presented in
FIG. 5A. Harvested PIVs were passaged on these cells using
standard methods (Rossi et al., 2005).

Example 5
Measuring the Titers of YF PIV

For measuring the titers of released YF PIV, BHK-21 cells
were seeded into six-well Costar dishes at a concentration of
5x10° cells/well. Four hours later, cells were infected with
different dilutions of packaged replicons, and after 1 h incu-
bation at 37° C. in an 5% CO, incubator, they were overlaid
with 2 ml of MEM supplemented with 10% FBS. The num-
bers of infected cells were estimated by counting GFP-posi-
tive cells under an inverted UV microscope. The fraction of
infected cells from the seed quantity was determined via
counting of fluorescence-producing cells in a defined area of
microscopic field. Counts for 5 different fields were averaged
and recalculated for the titer corresponding to each serial
dilution.

In the later experiments, titers were also measured by
plaque assay on the monolayers of BHK-21 cells, carrying
VEErep/Copt-prM-E/Pac  replicon, using previously
described conditions (Lemm et al., 1990), except cells were
incubated under agarose for plaque development for 5 days,
then fixed by 2.5% formaldehyde and stained with crystal
violet.

Example 6
Passaging of YF PIVs

Packaging cell lines were established either by transfection
of'the in vitro-synthesized VEEV replicon RNAs or by infect-
ing cells with the same replicons packaged into VEEV struc-
tural proteins at a multiplicity of infection (MOI) of 10 inf.u/
cell. After Pur selection, they were infected with YF PIV at
different MOIs. Samples were harvested at the time points
indicated in the figures by replacing the media.

Example 7

Analysis of YF SVP Production

BHK-21 cells were seeded at a concentration of 2x10° per
100-mm dish. After 4 h incubation at 37° C., cells were
infected with YF PIV at an MOI of 10 inf.u/cell, and then
incubated for 24 h in 10 ml of MEM supplemented with 10%
FBS. Then the medium was replaced by 10 ml of serum-free
medium VP-SF (Invitrogen) that was replaced every 24 h to
analyze SVP release. The collected VP-SF samples were
clarified by low-speed centrifugation (5,000 r.p.m, 10 min, 4°
C.), and then concentrated by ultracentrifugation through 2
ml of 10% sucrose, prepared on PBS, in SW-41 rotor at
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39,000 r.p.m, 4°C. for 6 h. Pellet material was dissolved in the
loading buffer for SDS-polyacrylamide gel electrophoresis,
lacking b-mercaptoethanol (to preserve binding to D1-4G2
MAB) and further analyzed by Western blotting. After protein
transfer, the nitrocellulose membranes were processed by
D1-4G2 MAB, and horseradish peroxidase (HRP)-conju-
gated secondary donkey anti-mouse antibodies purchased
from Santa Cruz Biotechology. HRP was detected using the
Western Blotting Luminol Reagent according to the manufa-
curer’s recommendations (Santa Cruz Biotechnology). To
obtain positive control sample, YFV (2x10® PFU) was sub-
jected to ultracentrifugation through 10% sucrose cushion as
described above for SVPs.

For sucrose density gradient analysis of YFV SVPs, BHK-
21 cells were electroporated with the in vitro synthesized YF
PIV genome RNA. At 24 hours post-transfection, the com-
plete MEM was replaced by VP-SF medium, which was
harvested 24 hours later. At this time, more than 95% of the
cells were GFP-positive and did not exhibit any signs of CPE.
The harvested sample was clarified by low-speed centrifuga-
tion (5000 rpm, 10 min, 4° C.) and then concentrated by
overnight centrifugationina SW-28 rotor at 25,000 rpm, 4° C.
The resulting pellet was suspended in TN buffer (10 nm Tris
HCl (pH 7.5), 100 mM NaCl, 0.1% BSA) and further analysis
was performed as described (Schalich et al., 1996).

Briefly, 0.5 ml samples were loaded in to the discontinuous
sucrose gradient (1.5 ml of 50%, 1.5 ml 0£35% and 1.5 ml of
10% sucrose prepared in PBS buffer). Centrifugation was
performed in SW-55 rotor at 45,000 rpm at 4° C. for 1 h in
Optima MAX Ultracentrifuge (Beckman). Pellets were dis-
solved in the loading buffer for SDS polyacrylamide gel
electrophoresis, lacking b-mercaptoethanol (to preserve
binding to D1-4G2 MAB) and further analyzed by Western
blotting. After protein transfer, the nitrocellulose membranes
were processed by D1-4G2 MAB and horseradish peroxidase
(HRP)-conjugated secondary donkey anti-mouse antibodies
purchased from Santa Cruz Biotechnology. HRP was
detected using Western Blotting L.uminol Reagebbr accord-
ing to the manufacturer’s recommendation (SantaCruz Bio-
technology). Side by side gradient analyses were performed
with YFV (2x10® PFU), subjected to the same procedures as
described above for YFV-PIV derived SVPs.

Example 8
Analyses of WN PIV

Titers of WN PIV were determined by infecting Vero cell
monolayers with serial dilutions of virus, and then fixing 24
hours later and immunohistochemically staining with a poly-
clonal hyperimmune mouse ascite fluid specific for WNV, as
previously described (Rossi et al., 2005). Infected cells were
enumerated and used to determine the titer. To evaluate the
ability of WN PIV for foci formation on Vero cells or the
BHK(VEErep/C*-E*-PAC) cells, monolayers were infected
with dilutions of WN PIV, overlaid with a semisolid traga-
canth overlay, incubated at 37 C, and then fixed and stained
with a MAB specific for WNV NS1 (provided by E. Konishi,
Kobe, Japan), as described above.

Example 9
PIV Safety Studies
PIV safety was established by inoculation of different

doses of virus (YFV 17D or WNV TXO02 recovered from
parental infectious cDNAs) or PIV into 3- to 4-day-old mice
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(outbred Swiss Webster, Harlan) by the intracranial (i.c.)
route (20 ml volume), or 4-5 week old female mice (outbred
Swiss Webster, Harlan) by the intraperitoneal (i.p.) route (100
ml volume). Mice were monitored for 14 days for signs of
disease and death, animals that were moribund, and appeared
to be unable to survive until the next day were humanely
euthanized and scored as “dead” the following day.

Example 10
WN PIV Potency and Efficacy Studies

Selected animals inoculated with WN PIV as described
above were euthanized and bled at 21 days post inoculation.
Sera were harvested from the animals, pooled, and tested for
their ability to reduce WNV focus formation on Vero cell
monolayers using the methods described above. The remain-
ing animals were inoculated with 1,000 inf.u (determined by
focus-forming assay on Vero cells), corresponding to
approximately 100 LD, of the NY99 strain of WNV (Xiao et
al., 2001), and animals were then observed for an additional
14 days as described above.

Example 11

Both YFV C- and YFV C-prM-E-expressing
Cassettes can Complement Replication of YFV PIV

The general strategy for complementation of a C deletion
defect in the flavivirus genome is presented FI1G. 1. It is based
on development of genomes lacking the C gene, and propa-
gation of these pseudoinfectious viral genomes (PIV
genomes) in cells expressing C (or all of the viral structural
proteins), but not in normal cells. Replication in the latter
cells, producing no viral structural proteins required for trans-
complementation of the defect in PIV genome, leads to
release of SVPs containing the critical protective immunogen
E, but lacking the nucleocapsid containing C and the viral
genetic material.

A recombinant YFV genome (YF PIV genome) was engi-
neered to contain GFP in place of amino acid 26-93 of C,
cloned in-frame with the rest of the polypeptide (FIG. 2A).
The expression of GFP provided a convenient way of deter-
mining the titers of genome-containing PIVs in the experi-
ments. The deletion in the C-coding sequence from this PIV
genome was expected to destroy the ability of C to form a
functional nucleocapsid, but it was not expected to affect
production of functional forms of prM and E. Thus, cells
expressing this genome, which produced GFP fluorescence
could not release infectious virus. However, infectious prog-
eny was expected to be produced from “packaging” cells
expressing high levels of C.

For rapid development of the cell lines for efficient PIV
production, the Venezuelan equine encephalitis virus
(VEEV) genome-based expression system (replicons) (Petra-
kova et al., 2005) was used. VEEV replicons are less cyto-
pathic than replicons derived from other alphaviruses and
readily establish persistent replication in some cell lines of
vertebrate and insect origin. The expression cassettes were
designed as double subgenomic constructs (FIG. 2B), in
which one of the subgenomic promoters was driving the
expression of Pac, providing an efficient means to eliminate
cells in the transfected cultures that do not contain the Pac-
expressing VEEV replicon. The second subgenomic pro-
moter was driving the transcription of subgenomic RNA
encoding YFV structural proteins. To identify the most effi-
cient packaging cassettes, VEEV replicons encoding either i)
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YFV C with the signal peptide of prM, also known as
anchored C (Lindenbach and Rice, 2001), (VEErep/C1/Pac),
or ii) C with the signal peptide and 20 amino acid of prM
(VEErep/C2/Pac), or iii) all of the YFV structural proteins
(VEErep/C-prM-E/Pac). The rationale of the design was to
retain the signal peptide in the C-coding cassettes that was
expected to be essential for targeting C into proper cellular
compartment.

The in vitro-synthesized VEEV replicon RNAs were trans-
fected into BHK-21 cells and the Pur® stable cell lines were
selected over the next 4-5 days in the Pur-containing medium.
During the first 2-3 days post transfection, replication of
VEEV-derived RNAs caused growth-arrest, then, as
described our previously (Petrakova et al., 2005), replication
became less efficient and cells resumed their growth. The
resulting Pur® cultures were transfected with the in vitro-
synthesized YF PIV RNAs, and at different times post trans-
fection, titers of the released infectious particles, containing
GFP-expressing genomes were determined (FIG. 2C). Sur-
prisingly, the presence of two different replicating RNAs
(YFV- and VEEV-specific) in BHK-21 cells did not result in
cytopathic effect (CPE), and maintained both resistance to
Pur and expression of high level of GFP, indicating replica-
tion of both the VEEV replicon and YF PIV RNA. As shown
in FIG. 2C, cultures expressing both of these marker genes
were capable of growing and required subpassaging (at ~1:5
ratio every 4 days) to prevent the cultures from reaching
confluency. The experiments shown in FIG. 2 demonstrated
that all three VEEV replicons were capable of supplying YFV
C at levels sufficient for formation of infectious PIVs; no
infectious particles were released from the naive BHK-21
cells transfected with the YF PIV RNA in the absence of
VEEYV replicons (data not shown). However, cells expressing
these packaging cassettes differed in their ability to produce
PIV. Constructs expressing YFV C followed by the prM sig-
nal peptide (anchored C; VEErep/C1/Pac) demonstrated the
lowest level of YF PIV RNA packaging, compared to cas-
settes expressing longer protein sequences. The basis for the
lower packaging efficiency is by the C1 construct is unclear,
but this phenomenon might be explained by a requirement for
a specific ordering of cleavage at the two nearby cleagage
sties (NS2B/NS3 and signal peptidase) (Yamshchikov and
Compans, 1994), and/or differences in distribution/stability
of the C protein produced in these two different contexts. of
the stability of this protein. Thus, after these experiments,
VEErep/C1/Pac was eliminated from all further experiments.
Both VEErep/C2/Pac and VEErep/C-prM-E/Pac replicons
packaged YF PIV to the similar titers approaching above 107
inf.u/ml. Moreover, the release of PIV particles continued
until the experiments were terminated, with each cell releas-
ing ~20 infectious YF PIV per 24 h time period. The same
cells were probably also releasing prM/E-containing SVPs
lacking the nucleocapsid and genome, but this possibility was
not further investigated.

Example 12

YF PIVs with Defective Genomes can be Produced
at a Large Scale

The ultimate utility of PIV as vaccine candidates is depen-
dent upon the ability to produce these particles at the scales
needed, for instance, for commercial production. Reliance on
an RNA-based trans-complementation system (VEEV repli-
cons) for vaccine manufacture requires further standardiza-
tion since there is a possibility of accumulation of mutations
in the heterologous genes cloned into genomes of RNA
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viruses. The use of low-passage cell lines, is one of the solu-
tions for overcoming this limitation. Alternatively, accumu-
lation of mutations in the VEErep genomes can be minimized
by repeated transfection of the replicon into naive cells, or by
production of packaged VEEV replicons followed by infec-
tion of naive cells. The use of packaged VEE replicons was
considered to be one simple and efficient means for establish-
ing the packaging cell lines.

To efficiently produce PIVs, a technology that permits
production of alpha virus replicon expressing cell cultures in
previously packaged VEEV replicons was used. Briefly,
VEEV replicons were packaged into VEEV infectious virions
using previously described two-helper system (Volkova etal.,
2006), into preparations that contained titers approaching 10°
infu/ml. BHK-21 cells infected with these particles and
selected in the presence of Pur could be used to obtain YFV
structural protein-encoding cell cultures in 3-5 days. Follow-
ing establishment, the VEErep/C2/Pac- and VEErep/C-prM-
E/Pac-containing cell lines were infected with previously
generated samples of YF PIVs at high (10 inf.u/cell) and low
(0.1 inf.u/cell) MOIs. In all cases, the defective YFVs repli-
cated productively (see FIG. 3) and infected all of cells in the
monolayers producing high titers of PIVs. Thus, rapid estab-
lishment of packaging cell lines by infecting cells with pack-
aged VEEV replicons, followed by infection with PIVs
appears to be a simple and efficient system a for large-scale
production of PIVs with the deleted C sequence in the
genome.

Example 13

Production of YF PIVs Using VEE Replicons
Expressing Codon-Optimized Form of YFV C Gene

Another possible problem in using the packaging systems
to support replication of defective viruses is recombination
between the defective viral genomes and the RNAs encoding
the trans-complementing gene(s). Such recombination might
lead to generation of the infectious viruses. In the experi-
ments described herein, infectious YFV using a plaque assay
were never detected, but it was necessary to rule out the
possibility that live virus can be formed in these cells.

In addition, the proteins encoded by many arthropod-borne
viruses are expected to have evolved to utilize the transla-
tional machinery in two very different hosts. Thus, their
codon usage is not expected to be optimal for expression in
either host. Therefore, the C-coding sequence in the expres-
sion cassettes was modified to achieve two goals: 1) to
enhance the yield of C production and ii) to reduce possibility
of homologous recombination between YF PIV genome and
C-coding subgenomic RNA of VEE replicons. YFV C was
synthesized using the codon frequency found in the most
efficiently translated mammalian genes (FIG. 4A). These
silent mutations also disrupted the cyclization sequence
required for flavivirus genome replication, thus, reducing the
possibility of generating replication competent YFV in an
event of recombination between YF PIV genome and YFV
C-coding RNA of VEEV replicon.

The Copt gene was cloned into VEErep constructs,
VEErep/Copt/Pac and VEErep/Copt-prM-E/Pac, using the
same strategy as VEErep/C2/Pac and VEErep/C-prM-E/Pac,
and trans-complementing Pur® cell lines were established
either by RNA transfection or by infecting the cells with
packaged RNAs. Transfection of these cells with the in vitro-
synthesized PIV genome RNA produced PIV with efficien-
cies that were similar to those selected with the cells express-
ing VEEV replicons expressing the non-optimized YFV C
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gene (FIG. 4B). However, the cells expressing the codon-
optimized C proved to be a useful reagent in that they were
capable of developing CPE and forming clearly visible
plaques when infected with YF PIV and overlaid with agarose
containing media with low concentration of FBS (FIG. 4C).
Thus, although codon optimization of YFV C gene did not
alter PIV production from these cells, the cells expressing the
codon-optimized YFV C represent a very useful system for
evaluation of YF PIVs, particularly those expressing no fluo-
rescent markers. In additional tests, a very good correlation
was observed between the titers of the same samples deter-
mined in plaque-forming assays and GFP-foci assays.

Plaques formed by YF PIV were smaller than those of YFV
indicating that structural proteins were most likely produced
in cis functio more efficiently in viral particle formation. The
reason for attaining the ability to form plaques is not com-
pletely understood yet. However, it is speculated that YFV C
has some level of cytotoxicity because of cell lines containing
VEEYV replicons expressing the codon-optimized version of
this protein demonstrated lower growth rates (data not
shown) than corresponding counterparts with replicon encod-
ing natural C gene. Thus, YF PIV genome replication might
lead to additional changes in the intracellular environment
that were sufficient to cause CPE.

Example 14
PIVs can be Generated for Other Flaviviruses

To prove that PIVs can be easily generated for other fla-
viviruses, the strategy described above was applied to WNV.
To this end, a WN PIV genome with a 35-amino acid-long C
protein was created (FIG. 5A). To package this WN PIV
genome, a packaging cell line generated by transfection of
BHK cells with a non-cytopathic VEEV replicon expressing
WNV C/prM/E and Pac [BHK(VEErep/C*-E*-Pac) was
used. To minimize the chance that recombination between
WN PIV genomes replicating in this cell line and the VEErep
RNA-encoded C protein could lead to generation of the infec-
tious WNV, the WNV C-coding gene in the VEEV replicon
was modified to contain clustered silent mutations in the
WNV cyclization domain.

Media harvested from BHK (VEErep/C*-E*-Pac) cells
transfected with the synthetic WN PIV genome were capable
of producing antigen-positive foci in the packaging cells
(FIG. 5B) indicating that infectious WN PIV had been pro-
duced. However, only antigen-positive cells were detected
upon infection of Vero cell monolayers with same samples
(FIG. 5C). Titers of up to 1x10® infu/ml of WN PIV were
produced on the packaging cells, and as expected, WN PIV
could be repeatedly passed on this cell line. Thus, using an
established cell line, high titer stocks of WN PIV could be
readily obtained using the same complementation system
described above for YFV. Interestingly, in the case of the
WNYV packaging cell line and WN PIV, it was observed that
the virus yields plateaued late in infection, simultaneously
with the appearance of CPE (results not shown), whereas the
cells co-replicating YF PIV genome and VEEV replicons
continued to produce PIV for many days (FIG. 2).

Example 15
Cells Infected with YF or WN PIVs Produce SVPs
To demonstrate that cells infected with PIVs produced

SVPs, BHK-21 cells were either transfected with the in vitro-
synthesized YF PIV RNA or infected with YF PIVs produced
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in C-expressing cells. The particles released from the BHK-
21 cells were purified by ultracentrifugation, and analyzed by
western blotting using a mouse monoclonal antibody (MAB)
specific for E, D1-4G2 (Gentry et al., 1982). Both RNA-
transfected and PIV-infected cells produced E protein that
could be pelleted from the media (FIG. 6A), indicating that it
was present in a particulate form. Since these cells did not
exhibit any CPE, and the samples were clarified at low-speed
centrifugation prior to ultracentrifugation, it is unlikely that
the E protein detected in the pelleted fraction represented
cellular debris. Similarly, western blot analyses demonstrated
that Vero cells infected with the WN PIV produced (before
development of any signs of CPE) extracellular forms of E
that were indistinguishable in size from those produced by
WNV-infected Vero cells (FIG. 6B).

To further evaluate the physical nature of the E protein
released by PIV-infected cells, media collected from cells
containing replicating PIV genomes only were subjected to
sucrose density gradient analysis in agreement with pub-
lished data (Schalich et al., 1996). SVPs were found in the
fraction having 2% sucrose (FIG. 6C). In the same experi-
ment, YFV virions demonstrated high density and were
detected in the fraction with 42% sucrose. E protein-contain-
ing particles that migrate at the expected size of WNV SVPs
have also been detected in cultures infected with WNV PIVs.
The presence of E in the media of PIV-infected cells was
consistent with the production of SVPs by cells expressing
only prM/E or TBEV RNA vaccines lacking a functional C
gene.

Example 16
PIV Safety, Potency, and Efficacy in Animals

Safety of WN and YF PIVs was established by i.c. inocu-
lation of litters of 3 to 4-day-old mice. These studies showed
that mice inoculated with WT YFV or WNV were quickly
killed, and these viruses displayed a 50-percent lethal dose
(LDs,) of approximately 1 PFU in these animals (Table 1).
However, WN and YF PIVs inoculated into suckling mice at
a dose of 2x10° inf.u failed to kill any mice (Table 1). Safety
was further documented by i.p. inoculation of adult mice with
wild type (wt) viruses and WN PIVs. These studies showed
that the WN PIVs were completely safe in adult mice (Table
2). Furthermore, wt WNV killed a significant portion of adult
mice, with an LD, of less than 1 PFU, and doses of up to
3x10° inf.u of WN PIV failed to cause any death (Table 2).
Most interestingly, however, is the finding that the WN PIVs
were very potent immunogens (NEUT titers were detected
with inoculation of as few as 30,000 inf.u), and 100% of the
animals vaccinated with 3x10%, 3x10°, or 3x10° infu were
protected from a 100L.D., challenge of the NY99 strain of
WNV (Table 2).

TABLE 1

Safety of PIVs in suckling mice.
Inoculum?® Dose (inf - u)® % Survival®  Average survival time?
WN PIV 2,000,000 100 (9/9) NA°
WNV TX02 0.2 56 (5/9) 8.5 (+/-2.9)
WNV TX02 2 0 (0/9) 5.4 (+/-0.5)
WNV TX02 20 0 (0/8) 6 (+/-0)
WNV TX02 200 0 (0/10) 4.9 (+/-0.3)
YF PIV 2,000,000 100 (10/10) NA°
YFV 17D 0.2 89 (8/9) 8 (+/-0)
YFV 17D 2 56 (5/9) 7 (+/-0)
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TABLE 1-continued

Safety of PIVs in suckling mice.

Inoculum® Dose (inf-u)®> % Survival®  Average survival time?
YFV 17D 20 11 (1/9) 6.9 (+/-2.4)
YFV 17D 200 0 (0/12) 6 (+/-0)

“Inoculated preparation, diluted in culture media with 10% FBS
"Delivered by i.c. route in a volume of 20 ml/animal

22

(in each case with infection at an MOI of 0.01), and the
resulting RepliVAX was characterized in detail. To determine
if this passage 10-(p10) population contained any live virus,
Vero cell monolayers were infected at multiplicities 0o 0.1, 1,
and 10 with the p10 WN RepliVAX, and washed extensively
to remove extracellular RepliVAX. These monolayers were
re-washed 24 hours later, and then harvested 2 days later.
Passage of supernatant fluids from these cultures onto fresh
Vero cell cultures failed to reveal any immunopositive cells

“Survival at 14 days postinoculation (live/dead) 10 A . . .. A
dAverage survival time from animals that died from infection (standard deviation) when stained with a hlghly sensitive pOIyCIOHal antlbOdy for
“Not applicable WNYV, indicating that RepliVAX had not productively recom-
bined with the C protein encoded by the packaging cell line.
TABLE 2
Safety, potency and efficacy of PIV in adult mice
Average
Inoculum® Dose (inf - u)® % Survival® survival time? NEUT titer® % Protection’”
none 0 100 (8/8) NA# <1:40" 14 (1/7)
(diluent)
WN PIV 30,000 100 (10/10) NA# 1:40 100 (8/8)
WN PIV 300,000 100 (10/10) NA# 1:160 100 (8/8)
WN PIV 3,000,000 100 (10/10) NA# 1:160 100 (8/8)
WNV TX02 1 40 (4/10) 8.5 (+/-1.4)
WNV TX02 10 30 (3/10) 8 (+/-1.2)
WNV TX02 100 10 (1/10) 7.8 (+/-14)

“Inoculated preparation, diluted in culture media with 10% FBS.

"Delivered by i.p. route in a volume of 100 ml/animal.

“Survival at 14 days postinoculation (live/dead).

dAverage survival time from animals that died from infection (standard deviation).

°NEUT titer of pooled sera collected from 2 animals at 21 days postinoculation (titer shown is the highest dilution giving

80% reduction of WNV foci formation).

rotection from challenge with 100LDsq of the NY99 strain of WNV demonstrated by survival at 14 days post-
challenge; single survivor from the diluent-inoculated group showed signs of disease (hunched back; ruffled fur, and
malaise) from days 8-14. None of the PIV inoculated animals displayed any signs of disease in the 14-day postchallenge

observation period.
2Not applicable.

#NEUT titers in sera from unimmunized mice tested side-by-side with sera from the WN PIV-inoculated mice.

Example 17

Further Modifications to Increase the Yield and
Safety of PIVs/RepliVAX

The present invention demonstrates that repeated passag-
ing of RepliVAX did not result in recombination, but variants
with enhanced growth were selected: The WNV RepliVAX
has been repeatedly passaged on a cell line that encodes the
WNYV C protein. This C protein was produced by fusing a
copy of the WNV C gene to a Pac gene driven by the subge-
nomic promoter of a non-cytopathic VEErep (Petrakova et
al., 2005). In the resulting construct (VEErep/Pac-Ubi-C*),
the ubiquitin (Ubi) gene was inserted in front of the C gene,
and C was followed by a stop codon. In this context, a Pac-Ubi
fusion protein would be produced along with a mature C
protein (lacking the hydrophobic anchor; see FIG. 9). The C
gene in this VEErep (denoted as “C*”) was further modified
by insertion of 36 mutations that ablate the CS signal, con-
verting this 11-base region from GUCAAUAUGCU (SEQ ID
NO: 2)to GUgAAcAUGuU (SEQ ID NO: 3) while maintain-
ing C coding capacity. This large number of mutations dra-
matically reduces the likelihood of homologous recombina-
tion, and furthermore, if recombination did occur between the
genomes, the production of a replicationally active genome
could not occur, since the resulting RNA would have
unmatched CSs, preventing replication (FIG. 9).

To test for the unlikely possibility of productive recombi-
nation, a clonal cell line was derived from BHK cells express-
ing VEErep/Pac-Ubi-C* {BHK(VEErep/Pac-Ubi-C*)}, and
this cell line was used to passage the WN RepliVAX 10 times
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Interestingly, when the p10 WN RepliVAX was compared
to p0 RepliVAX on the BHK(VEErep/Pac-Ubi-C*) cell line,
the pl0 RepliVAX produced polymorphic foci of infection,
many of which were much larger than those produced by the
pO RepliVAX (FIG. 10). Furthermore, p10 RepliVAX repli-
cates 10 times higher than p0 RepliVAX at early time points,
with an endpoint titer twice as high.

Analyses of the PCR products obtained from cDNA pro-
duced from Vero cells infected with this p10 RepliVAX dem-
onstrated that there were no products that contained a full-
length C coding region. However, sequence analyses of the
C-prM junction of the product spanning these regions
revealed that two mutations had arisen during passaging. As
expected from the heterogeneous nature of the foci produced
by the p10 RepliVAX on the packaging cells (FIG. 10), both
mutations were present as mixtures with the original
RepliVAX sequence. One of the mutations, which appeared
to be present over half of the nucleic acid population in these
sequence reactions (sequenced in both directions), consisted
of'a AGC>uGC (S>C) mutation at the P4 position preceding
the signal peptidase cleavage site (S(c)VGAIVTLS (SEQ ID
NO: 4) in the RepliVAX genome. The second mutation,
which was present in only about 30% of the amplified
sequences (again in reactions completed in both directions)
consisted of an AAG>AuG (K>M) at position P3 following
the NS2B/NS3 cleavage site (QKKRIGGK(m)T) (SEQ ID
NO: 5). Although these mutations are in the position of the
deleted SLS, they do not alter predicted RNA structures. The
rapid selection (only 10 growth cycles) of a better-growing
RepliVAX is very exciting since it indicates that selection of
better-growing variants is a powerful method to improve
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RepliVAX. The positions of these mutations was not unex-
pected since it is known that altering efficiency of NS2B/NS3
versus signal peptidase cleavage can influence flavivirus par-
ticle yield and infectivity (Keelapang et al., 2004; Lee et al.,
2000; Lobigs and Lee, 2004; Yamschikov et al., 1997). Stud-
ies are continuing on selection of even better growing vari-
ants, and these two mutations are being targeted for insertion
into second-generation RepliVAX constructs, to confirm
their ability to work separately (or together) to improve
RepliVAX yield and antigen production. Nevertheless, the
data presented herein indicate that under these passage con-
ditions: 1) no recombination occurred, 2) positive selection
could be used to produce improved RepliVAXs.

Blind passage of JE RepliVAX similarly yielded better-
growing variants with mutations in the same regions of the
genome. The ability to blind passage RepliVAX products to
produce better growing variants is a key feature of this inven-
tion, and a clear advantage over traditional LAV, where pro-
duction of better-growing variants is always complicated by
the concern that these better-growing variants may have lost
their attenuation in man.

Furthermore, the mutated, improved C-expression cassette
(VEErep/Pac-Ubi-C*), which has been shown to be stable,
and demonstrated freedom from recombination when used in
a BHK cell line (not approved for human vaccine generation),
has also been shown to be stable and useful for PIV propaga-
tion when introduced into Vero cells (an accepted cell line for
the production of human vaccines). Specifically, RNAs cor-
responding to the VEE replicon have been introduced Vero
cells from a certified seed using the same methods applied to
BHK cells. Following introduction of the RNA into these
Vero cells, the cells were maintained in serum free media (an
important issue for vaccine generation) containing puromy-
cin, and these cells were shown to be useful for PIV propa-
gation. Under these propagation conditions, these cells have
been shown to produce slightly lower titers of PIV than simi-
larly derived BHK cells, but the VEErep/Pac-Ubi-C*-Vero
cells hold up better under these culture conditions, permitting
multiple harvests. FIG. 11 shows the production of PIV from
these cells can be obtained for multiple harvests under serum-
free conditions.

In summary, propagation of PIVs in cell lines that express
C (especially C cassettes that contain the signal sequence of
prM, or this region plus portions of the prM and E genes) can
theoretically recombine with the PIV genome, producing a
live virus that could cause disease, increasing the risk of the
method of vaccine generation. To overcome this problem, the
present invention demonstrated that cell lines for the propa-
gation of WN PIV can be produced using a C protein that ends
precisely at the NS2B/NS3 cleavage site, minimizing the
chance of recombination at this region of the PIV genome,
providing an advantage over other propagation methods in
which cell lines encode RNAs that encode the portion of the
anchor of C (that is also know as the signal peptide of prM)
that are shared by the PIV.

To further enhance the safety of this C-expression cassette,
the present invention demonstrated that the portion of the
cassette that is used to make the VEErep-encoded C that
complements the PIV genome (namely the first 30 codons
encoding the amino acid sequence that are required to pro-
duce a replicating PIV genome due to underlying RNA ele-
ments required for viral replication) could be specifically
mutated to produce a cassette that differs from the PIV
genome at 36 nucleotide positions (introduced without alter-
ing the protein product) resulting in a C gene that has a
dramatically reduced probability of recombination with the
PIV genome (FI1G. 9). Furthermore, this mutated C gene was
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created to have three mutations in the cyclization signal (CS)
that must be complementary to a CS in the 3'UTR of the PIV
genome to allow viral replication, providing a further safety
feature to prevent recombination (FIG. 9). Finally, this C gene
was inserted into the VEEreplicon following the selectable
marker gene (pac), by using a ubiquitin gene to the intact C
product from the resulting polyprotein (alternative self-cleav-
ing sequences such as the auto-proteinase 2A of FMDYV, or
other related sequences could easily be substituted for ubig-
uitin). Creation of this single-polyprotein cassette provides
the advantage of producing a genetically more stable
VEEreplicon, reducing the chance of recombination within
the propagating cell lines, eliminating the C-expression cas-
sette, and reducing PIV vyield. The resulting construct
(VEErep/Pac-Ubi-C*, FIG. 9) was introduced into BHK
cells, and the cells were used to produce a clonal cell line
expressing the VEE replicon using established methods
(Fayzulin et al., Virology 2006).

One clonal cell line was examined after 18 passages from
single-cell cloning, and found to have no evidence of any
genetic deletion of the C cassettes (by RT-PCR), nor was it
found to have any detectable mutations within the C-expres-
sion cassette. Most importantly, this cell line displayed simi-
lar ability to propagate the WNV PIV at a passage level as
high as 41. Finally, following 10 passages of PIV on this cell
line, no evidence of recombination producing PIV-recombi-
nants capable of productive replication on cells that do not
express the C cassette (namely WT Vero cells), and no evi-
dence of introduction of C-encoding sequences into the PIV
genome by RT PCR was observed.

Furthermore, to address concerns that PIV might recom-
bine with flaviviruses in vaccines at the time of their vacci-
nation, producing novel, virulent flaviviruses, the present
invention demonstrated that WNV genomes with “unnatural”
cyclization signals (CS) present in all known naturally circu-
lating flaviviruses, can be generated that replicate to high
levels. Evidence has been produced in several laboratories
that the two CS found at the 5' and 3' ends of the genomes of
all flaviviruses must be 100% complementary to provide pro-
ductive viral replication (Khromykh et al. J. Virol., 2001; Lo
et al., J. Virol., 2003; Alvarez et al., Virol., 2003). These
studies also demonstrated that unnatural CSs could produce
replicating genomes, as long as the CS were 100% comple-
mentary. However these investigators reported that all
genomes with unnatural CS sequences had replication
defects. By systematic analysis of CS in WNV genomes,
specifically the testing the ability of carefully selected single
base swaps to produce high-level replication, single-base
changes, and subsequent double-base changes that permit
high-levels of genome replication (FIG. 12A) were identified.
FIG. 12B demonstrates that high-level replication of WNV
genome with two-base substitutions is possible, and that
genomes intentionally created with mis-matched CS
sequences (namely WT and the 2-base mutant) are not repli-
cationally active. This mutation, and others like it, can there-
fore be utilized to produce PIV with a superior safety profile,
since any recombinant virus resulting from a single-point
genetic recombination between the CS-modified PIV vaccine
and a virus circulating in areas where people are undergoing
vaccination would not be replicationally active, and hence
could not cause disease.

Example 18

BHK Cells Expressing WNV C Gene Maintain their
Phenotype for Multiple Passages

Studies with a WNV C-expressing clonal cell line derived
from BHK cells transfected with VEErep/Pac-Ubi-C* has
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demonstrated its long-term stability and utility in generating
RepliVAX for several reasons. Firstly, these cells were useful
for repeated passaging of RepliVAX. Secondly, side-by side
focus-formation assays on cells at two different passage lev-
els (passages 8 & 24 after single-cell cloning) showed indis- >
tinguishable WN RepliVAX titers and foci sizes. Finally,
direct analysis of the sequence of the C-encoding cassette in
these cells at the passage-24 level revealed no changes rela-
tive to the original VEErep sequence. Taken together these
data indicate that cells harboring C-expressing VEEreps !
should be stable enough for use in the currently accepted
master cell seed lot format used to produce human vaccines.
Furthermore, the fact that VEEreps have already been used in
human trials, make it likely that the application of the
VEErep-cell technology to Vero cells will not encounter any
unexpected hurdles during regulatory approval.

Example 19
Lymphoid Tissue Targeting of WNV VLPs

As indicated supra, WNV VLPs are similar to RepliVAX,
except in place of the flavivirus prM/E proteins, they can
encode a reporter gene, or they can simply contain a flavivirus
replicon without a reporter. VLPs can be readily produced in
packaging cells expressing all three WNV structural proteins,
and have been produced at high titer (Fayzulin et al., 2006).
When 107 U of VLP were inoculated into mice, these animals
produced 1,000 to 5,000 U/ml of type I interferon (IFN) in
their serum 24 hr post-inoculation. IFN responses were pro-
duced by both ip and subcutaneous footpad injection (fp).
Furthermore, popliteal lymph nodes dissected 24 hrs after fp
inoculation with b-galactosidase-expressing VLPs contained
large numbers of b-galactosidase-positive cells, indicating
that VLPs, which enter cells in a manner indistinguishable
from RepliVAX, are targeting important lymph organs. This
result is consistent with the high levels of IFN elicited by
VLP-injection and suggests that similar targeting is respon-
sible for the high potency and efficacy of RepliVAX.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 42
<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1
LENGTH: 423
TYPE: DNA
ORGANISM:
FEATURE:

OTHER INFORMATION:

artificial sequence
synthetic polynucleotide

<400> SEQUENCE: 1
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-continued

28

atgagcggece ggaaggctca gggcaagace ctgggegtga acatggtgag gegeggegtg

cgcagectet ccaacaagat caagcagaag accaagcaga tcggcaacag

agceggggeg tccaggggtt catcttette ttectgtteca acatcctcac

atcacggete acctgaagag getctggaag atgetggace ctegecaggg

ctcagaaagg tgaagcgggt cgtegectece ctgatgegeg gectgtecte

cgcteccacyg atgtgetcac cgtccaatte ctecattetgg gaatgetget

ggcgtgacce tggtgcgcaa gaaccgcetgg ctgctgetga atgtgaccag

999

<210> SEQ ID NO 2

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polynucleotide

<400> SEQUENCE: 2

gucaauaugc u

<210> SEQ ID NO 3

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polynucleotide

<400> SEQUENCE: 3

gugaacaugu u

<210> SEQ ID NO 4

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic peptide

<400> SEQUENCE: 4

Ser Val Gly Ala Val Thr Leu Ser
1 5

<210> SEQ ID NO 5

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic peptide

<400> SEQUENCE: 5

Gln Lys Lys Arg Gly Gly Lys Thr
1 5

<210> SEQ ID NO 6

<211> LENGTH: 14295

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polynucleotide

<400> SEQUENCE: 6

accecggaccyg

aggtaagaag

gectegeggtyg

tcgcaagagyg

gatgactgge

tgaggacctce

gagtaaatcc tgtgtgctaa ttgaggtgca ttggtctgca aatcgagttyg ctaggcaata

60

120

180

240

300

360

420

423

11

11

60
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aacacatttg gattaatttt aatcgttcgt tgagcgatta gcagagaact gaccagaaca 120
tgtctggteg taaagctcag ggaaaaaccce tgggcegtcaa tatggtacga cgaggagtte 180
getecttgte aaacaccatg gtgagcaagg gcgaggagcet gttcaccggg gtggtgccca 240
tcetggtega getggacgge gacgtaaacg gecacaagtt cagegtgtece ggcgagggceg 300
agggcgatge cacctacggce aagctgaccce tgaagttcat ctgcaccacce ggcaagcetge 360
cegtgecctyg geccaccecte gtgaccaccece tgacctacgyg cgtgcagtge ttcagecget 420
acccegacca catgaagcag cacgacttcet tcaagtcege catgeccgaa ggctacgtcee 480
aggagcgcac catcttcecttce aaggacgacg gcaactacaa gacccgcegece gaggtgaagt 540
tcgagggcega caccctggtyg aaccgcatceg agetgaaggg catcgactte aaggaggacyg 600
gcaacatcct ggggcacaag ctggagtaca actacaacag ccacaacgtc tatatcatgg 660
ccgacaagca gaagaacggc atcaaggtga acttcaagat ccgcecacaac atcgaggacg 720
gcagcgtgea gctegecgac cactaccage agaacacccce catcggegac ggecccgtge 780
tgctgeccega caaccactac ctgagcaccce agtccgcect gagcaaagac cccaacgaga 840
agcgegatca catggtectg ctggagtteg tgaccgeege cgggatcact ctceggeatgg 900
acgagctgta caagcttgga ttgtcctcaa ggaaacgcceg tteccatgat gttcectgactg 960
tgcaattcct aattttggga atgctgttga tgacgggtgg agtgaccttg gtgcggaaaa 1020
acagatggtt gctcctaaat gtgacatctg aggacctegg gaaaacattce tetgtgggca 1080
caggcaactg cacaacaaac attttggaag ccaagtactg gtgcccagac tcaatggaat 1140
acaactgtcc caatctcagt ccaagagagg agccagatga cattgattgce tggtgctatg 1200
gggtggaaaa cgttagagtc gcatatggta agtgtgactc agcaggcagg tctaggaggt 1260
caagaagggc cattgacttg cctacgcatg aaaaccatgg tttgaagacc cggcaagaaa 1320
aatggatgac tggaagaatg ggtgaaaggc aactccaaaa gattgagaga tggttcgtga 1380
ggaacccett ttttgcagtg acggctctga ccattgcecta ccttgtggga agcaacatga 1440
cgcaacgagt cgtgattgcc ctactggtct tggetgttgg tccggectac tcagctcact 1500
gcattggaat tactgacagg gatttcattg agggggtgca tggaggaact tgggtttcag 1560
ctaccctgga gcaagacaag tgtgtcactg ttatggcccce tgacaagcct tcattggaca 1620
tctcactaga gacagtagcc attgatagac ctgctgaggt gaggaaagtg tgttacaatg 1680
cagttctcac tcatgtgaag attaatgaca agtgccccag cactggagag gcccacctag 1740
ctgaagagaa cgaaggggac aatgcgtgca agcgcactta ttctgataga ggctggggca 1800
atggctgtgg cctatttggg aaagggagca ttgtggcatg cgccaaattc acttgtgcca 1860
aatccatgag tttgtttgag gttgatcaga ccaaaattca gtatgtcatc agagcacaat 1920
tgcatgtagg ggccaagcag gaaaattgga ataccgacat taagactctc aagtttgatg 1980
ccetgtecagg ctcecccaggaa gtcgagttca ttgggtatgg aaaagctaca ctggaatgece 2040
aggtgcaaac tgcggtggac tttggtaaca gttacatcgc tgagatggaa acagagagct 2100
ggatagtgga cagacagtgg gcccaggact tgaccctgece atggcagagt ggaagtggeg 2160
gggtgtggag agagatgcat catcttgtcg aatttgaacc tccgcatgcec gccactatca 2220
gagtactggc cctgggaaac caggaaggct ccttgaaaac agctcttact ggcgcaatga 2280
gggttacaaa ggacacaaat gacaacaacc tttacaaact acatggtgga catgtttcett 2340
gcagagtgaa attgtcagct ttgacactca aggggacatc ctacaaaata tgcactgaca 2400
aaatgttttt tgtcaagaac ccaactgaca ctggccatgg cactgttgtg atgcaggtga 2460



31

US 9,273,288 B2

-continued
aagtgtcaaa aggagccccec tgcaggattc cagtgatagt agctgatgat cttacagegg 2520
caatcaataa aggcattttg gttacagtta accccatcgce ctcaaccaat gatgatgaag 2580
tgctgattga ggtgaaccca ccttttggag acagctacat tatcgttggg agaggagatt 2640
cacgtctcac ttaccagtgg cacaaagagg gaagctcaat aggaaagttg ttcactcaga 2700
ccatgaaagg cgtggaacgc ctggccgtca tgggagacac cgcctgggat ttcagctecg 2760
ctggagggtt cttcacttcg gttgggaaag gaattcatac ggtgtttggce tcectgecttte 2820
aggggctatt tggcggcttg aactggataa caaaggtcat catgggggcg gtacttatat 2880
gggttggcat caacacaaga aacatgacaa tgtccatgag catgatcttg gtaggagtga 2940
tcatgatgtt tttgtctcta ggagttgggg cggatcaagg atgcgccatc aactttggca 3000
agagagagct caagtgcgga gatggtatct tcatatttag agactctgat gactggctga 3060
acaagtactc atactatcca gaagatcctg tgaagcttgce atcaatagtg aaagcctcectt 3120
ttgaagaagg gaagtgtggc ctaaattcag ttgactcect tgagcatgag atgtggagaa 3180
gcagggcaga tgagatcaat gccatttttg aggaaaacga ggtggacatt tctgttgtceg 3240
tgcaggatcc aaagaatgtt taccagagag gaactcatcc attttccaga attcgggatg 3300
gtctgcagta tggttggaag acttggggta agaaccttgt gttctceccca gggaggaaga 3360
atggaagctt catcatagat ggaaagtcca ggaaagaatg cccgttttca aaccgggtct 3420
ggaattcttt ccagatagag gagtttggga cgggagtgtt caccacacgc gtgtacatgg 3480
acgcagtctt tgaatacacc atagactgcg atggatctat cttgggtgca gceggtgaacg 3540
gaaaaaagag tgcccatggc tctccaacat tttggatggg aagtcatgaa gtaaatggga 3600
catggatgat ccacaccttg gaggcattag attacaagga gtgtgagtgg ccactgacac 3660
atacgattgg aacatcagtt gaagagagtg aaatgttcat gccgagatca atcggaggcce 3720
cagttagctc tcacaatcat atccctggat acaaggttca gacgaacgga ccttggatgce 3780
aggtaccact agaagtgaag agagaagctt gcccagggac tagcgtgatc attgatggca 3840
actgtgatgg acggggaaaa tcaaccagat ccaccacgga tagcgggaaa gttattcctg 3900
aatggtgttg ccgctcctge acaatgccge ctgtgagett ccatggtagt gatgggtgtt 3960
ggtatcccat ggaaattagg ccaaggaaaa cgcatgaaag ccatctggtg cgctcectggg 4020
ttacagctgg agaaatacat gctgtcecctt ttggtttggt gagcatgatg atagcaatgg 4080
aagtggtcct aaggaaaaga cagggaccaa agcaaatgtt ggttggagga gtagtgctct 4140
tgggagcaat gctggtcggg caagtaactc tccttgattt gectgaaactce acagtggetg 4200
tgggattgca tttccatgag atgaacaatg gaggagacgc catgtatatg gegttgattg 4260
ctgcctttte aatcagacca gggctgctca tcggctttgg gectcaggacce ctatggagcece 4320
ctcgggaacg ccttgtgetyg accctaggag cageccatggt ggagattgece ttgggtggeg 4380
tgatgggcgg cctgtggaag tatctaaatg cagtttctet ctgcatcctg acaataaatg 4440
ctgttgcttc taggaaagca tcaaatacca tcttgccect catggcectctg ttgacacctg 4500
tcactatggc tgaggtgaga cttgccgcaa tgttcttttg tgccecgtggtt atcatagggg 4560
tcettcacca gaatttcaag gacacctcca tgcagaagac tatacctctg gtggecctca 4620
cactcacatc ttacctgggc ttgacacaac cttttttggg cctgtgtgca tttctggcaa 4680
ccegecatatt tgggcgaagg agtatcccag tgaatgaggce actcgcagca getggtcetag 4740
tgggagtgct ggcaggactg gcecttttcagg agatggagaa cttcecttggt ccgattgcag 4800
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ttggaggact cctgatgatg ctggttagcg tggctgggag ggtggatggg ctagagctca 4860
agaagcttgg tgaagtttca tgggaagagg aggcggagat cagcgggagt tceccgceccgcet 4920
atgatgtggc actcagtgaa caaggggagt tcaagctgct ttctgaagag aaagtgccat 4980
gggaccaggt tgtgatgacc tcgcectggect tggttgggge tgccctceccat ccatttgetce 5040
ttetgetggt cecttgctggg tggctgttte atgtcagggg agctaggaga agtggggatg 5100
tcttgtggga tattcccact cctaagatca tcgaggaatg tgaacatctg gaggatggga 5160
tttatggcat attccagtca accttcecttgg gggcctecca gecgaggagtg ggagtggcac 5220
agggaggggt gttccacaca atgtggcatg tcacaagagg agctttcctt gtcaggaatg 5280
gcaagaagtt gattccatct tgggcttcag taaaggaaga ccttgtcgece tatggtgget 5340
catggaagtt ggaaggcaga tgggatggag aggaagaggt ccagttgatc gcggctgttce 5400
caggaaagaa cgtggtcaac gtccagacaa aaccgagctt gttcaaagtyg aggaatgggg 5460
gagaaatcgg ggctgtcgcet cttgactatc cgagtggcac ttcaggatct cctattgtta 5520
acaggaacgg agaggtgatt gggctgtacg gcaatggcat ccttgtcggt gacaactcct 5580
tegtgteege catatcccag actgaggtga aggaagaagg aaaggaggag ctccaagaga 5640
tceccgacaat gctaaagaaa ggaatgacaa ctgtceccttga ttttcatcet ggagcetggga 5700
agacaagacg tttcctcecca cagatcttgg ccgagtgege acggagacgce ttgcgcactce 5760
ttgtgttgge ccccaccagg gttgttettt ctgaaatgaa ggaggctttt cacggcctgg 5820
acgtgaaatt ccacacacag gctttttccg ctcacggcag cgggagagaa gtcattgatg 5880
ccatgtgcca tgccacccta acttacagga tgttggaacc aactagggtt gttaactggg 5940
aagtgatcat tatggatgaa gcccattttt tggatccagc tagcatagcce gctagaggtt 6000
gggcagcegea cagagctagg gcaaatgaaa gtgcaacaat cttgatgaca gccacaccge 6060
ctgggactag tgatgaattt ccacattcaa atggtgaaat agaagatgtt caaacggaca 6120
tacccagtga gccctggaac acagggcatg actggatcct agctgacaaa aggcccacgg 6180
catggttcct tccatccatc agagctgcaa atgtcatgge tgcctcectttg cgtaaggetg 6240
gaaagagtgt ggtggtcctg aacaggaaaa cctttgagag agaatacccc acgataaagce 6300
agaagaaacc tgactttata ttggccactg acatagctga aatgggagcc aacctttgceg 6360
tggagcgagt gctggattgce aggacggctt ttaagcctgt gettgtggat gaagggagga 6420
aggtggcaat aaaagggcca cttcgtatct ccgcatccte tgctgctcaa aggagggggce 6480
gcattgggag aaatcccaac agagatggag actcatacta ctattctgag cctacaagtg 6540
aaaataatgc ccaccacgtc tgctggttgg aggcctcaat gectcttggac aacatggagg 6600
tgaggggtgg aatggtcgcc ccactctatg gcgttgaagg aactaaaaca ccagtttccce 6660
ctggtgaaat gagactgagg gatgaccaga ggaaagtctt cagagaacta gtgaggaatt 6720
gtgacctgecc cgtttggcett tcecgtggcaag tggccaaggce tggtttgaag acgaatgatce 6780
gtaagtggtg ttttgaaggc cctgaggaac atgagatctt gaatgacagc ggtgaaacag 6840
tgaagtgcag ggctcctgga ggagcaaaga agcctctgeg cccaaggtgg tgtgatgaaa 6900
gggtgtcatc tgaccagagt gcgctgtctg aatttattaa gtttgctgaa ggtaggaggg 6960
gagctgctga agtgctagtt gtgctgagtg aactccctga tttectgget aaaaaaggtyg 7020
gagaggcaat ggataccatc agtgtgttcc tccactctga ggaaggctct agggcttacce 7080
gcaatgcact atcaatgatg cctgaggcaa tgacaatagt catgctgttt atactggcetg 7140
gactactgac atcgggaatg gtcatctttt tcatgtctec caaaggcatc agtagaatgt 7200
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ctatggcgat gggcacaatg gccggctgtg gatatctcat gttceccttgga ggcgtcaaac 7260
ccactcacat ctcctatgtc atgctcatat tctttgtect gatggtggtt gtgatccccg 7320
agccagggca acaaaggtcc atccaagaca accaagtggce atacctcatt attggcatcce 7380
tgacgctggt ttcageggtyg gcagccaacg agetaggcat gcetggagaaa accaaagagg 7440
acctctttgg gaagaagaac ttaattccat ctagtgcttc accctggagt tggccggatce 7500
ttgacctgaa gccaggagct gectggacag tgtacgttgg cattgttaca atgctctcecte 7560
caatgttgca ccactggatc aaagtcgaat atggcaacct gtctctgtet ggaatagccce 7620
agtcagcctce agtcctttet ttcatggaca aggggatacc attcatgaag atgaatatct 7680
cggtcataat gctgctggtce agtggctgga attcaataac agtgatgcct ctgctcetgtg 7740
gcatagggtg cgccatgcte cactggtectce tcattttacc tggaatcaaa gcgcagcagt 7800
caaagcttgc acagagaagg gtgttccatg gcgttgccga gaaccctgtg gttgatggga 7860
atccaacagt tgacattgag gaagctcctg aaatgcctge cctttatgag aagaaactgg 7920
ctctatatct ccttettget ctcagectag cttetgttge catgtgcaga acgccctttt 7980
cattggctga aggcattgtc ctagcatcag ctgccttagg geccgctcata gagggaaaca 8040
ccagccttet ttggaatgga cccatggctg tctecatgac aggagtcatg agggggaatce 8100
actatgcttt tgtgggagtc atgtacaatc tatggaagat gaaaactgga cgccggggga 8160
gcgegaatgg aaaaactttg ggtgaagtct ggaagaggga actgaatctg ttggacaagce 8220
gacagtttga gttgtataaa aggaccgaca ttgtggaggt ggatcgtgat acggcacgca 8280
ggcatttgge cgaagggaag gtggacaccg gggtggeggt ctecaggggg accgcaaagt 8340
taaggtggtt ccatgagcgt ggctatgtca agctggaagg tagggtgatt gacctggggt 8400
gtggccgegyg aggctggtgt tactacgetg ctgcgcaaaa ggaagtgagt ggggtcaaag 8460
gatttactct tggaagagac ggccatgaga aacccatgaa tgtgcaaagt ctgggatgga 8520
acatcatcac cttcaaggac aaaactgata tccaccgcect agaaccagtg aaatgtgaca 8580
ccettttgtg tgacattgga gagtcatcat cgtcatcecggt cacagagggg gaaaggaccg 8640
tgagagttct tgatactgta gaaaaatggc tggcttgtgg ggttgacaac ttctgtgtga 8700
aggtgttagce tccatacatg ccagatgttc ttgagaaact ggaattgctc caaaggaggt 8760
ttggcggaac agtgatcagg aaccctctct ccaggaattc cactcatgaa atgtactacg 8820
tgtctggage ccgcagcaat gtcacattta ctgtgaacca aacatcccge ctcecctgatga 8880
ggagaatgag gcgtccaact ggaaaagtga ccctggaggc tgacgtcatc ctcecccaattg 8940
ggacacgcag tgttgagaca gacaagggac ccctggacaa agaggccata gaagaaaggg 9000
ttgagaggat aaaatctgag tacatgacct cttggtttta tgacaatgac aacccctaca 9060
ggacctggca ctactgtggce tcctatgtca caaaaacctc aggaagtgcg gcgagcatgg 9120
taaatggtgt tattaaaatt ctgacatatc catgggacag gatagaggag gtcacaagaa 9180
tggcaatgac tgacacaacc ccttttggac agcaaagagt gtttaaagaa aaagttgaca 9240
ccagagcaaa ggatccacca gcgggaacta ggaagatcat gaaagttgtce aacaggtgge 9300
tgttcecgeca cctggccaga gaaaagaacce ccagactgtg cacaaaggaa gaatttattg 9360
caaaagtccg aagtcatgca gecattggag cttacctgga agaacaagaa cagtggaaga 9420
ctgccaatga ggctgtccaa gacccaaagt tctgggaact ggtggatgaa gaaaggaagc 9480
tgcaccaaca aggcaggtgt cggacttgtg tgtacaacat gatggggaaa agagagaaga 9540
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agctgtcaga

cgeggtatcet

aaaactcagg

acctggetge

gcatcacaga

acaaaaaact

tgagaccage

gatccgggca

tcagaatgge

cagttectgac

tggcggtgag

tgtcccatct

aagggtggaa

tgaaggatgg

gaagggtgtc

atgccaacat

ctgtttecte

atgggaaagg

taaccaacaa

atctaaccaa

cectgggecte

aatacactga

gtgagcttat

accggactcc

acttaaaatg

tgagacagaa

aggcagtgca

cccaccceccag

gacggggtct

ccagggaaag

tcaagaataa

cacctecteg

agggagagcc

tacttgettt

ttgttgttgt

caaatttcac

tcaagatcte

gtttatgtaa

acatcagaga

gaaggatcag

gtttgggaaa

tgagtttgag

aggaggagtg

aatggatggt

ggcagacctt

ggcacaagca

cccaggaggyg

ggtagtgact

agaagcagag

caggctggag

tggagacgac

caacgccatg

tgattgggag

caggaggatt

tccaggaaac

gtggtcactyg

agctgttece

ggagtggatg

cccacacatg

gagacaagac

ccacatccat

ctacctaaca

ctgaaacacc

ccacaacctyg

aaacagaaac

gaagttgtca

ggctgggaca

agtaaaaaga

agaggttaga

accggagtgg

gcagaccttt

cggtecgace

acgagctect

aaaaaacctc

taacttgttt

aaataaagca

gagcaagacg

gcagacagtt

ttttgagaca

atcacgcatc

gcaaagggaa
gecetgggat

gaaggcattyg

ggtggattet

gatgatgaac

gtgatggaaa

aaagcctaca

tatgctctga

atggtgatac

gecatggctca

tgtgtggtce

tccaaggtta

aatgtgcect

gtggtgeett

ggctggatga

atgtatttte

acctcatggg

accacggaag

caggacaaga

aagctgtgeg

ttagtcatce

gtcatggaca

atctaacagg

aaaccgggat

cgggataaaa

gcccagaace

gecgacctee

acggagecte

ggagacccte

ttetetgett

ggatgacaaa

tgggcatceg

cgacagatca

ccacacctcec

attgcagett

tttttttcac

tttecegtty

ttattgttca

caacgtgget

ttceccgacaa

geegtgecat

tcctgaatga

gcttacaata

acgcggatga

aggagatctt

tgacatacaa

tggatgtcat

acaccatcac

atcaccaaca

ctgagcacgg

ggcccatcga

gaaaggacat

tctgttecca

gccgagaaca

tcaaggaaac

acaaaaggga

ttccacaagyg

acatgcttga

caatggtgaa

gatcactgat

atcgtatceg

ggtattctgt

aataaccggyg

ataaaccacg

actacggatg

ccacacgagt

aggttgcgaa

cgctaccace

cagggaacaa

ttcctecaga

cacaaaacca

aaggaggacyg

taatcagcca

ccctgaacct

ataatggtta

tgcattctag

aatatggctce

tgatgatata

ttgttgaata

cgcagaccgt

atggtatatg tggctgggag

ggaccattgg gcttccaggg

cctaggatat gtgatcagag

caccgetgga tgggacacge

gaactacatg agcccacatce

gaacaaagtg gtgaaagtgt

aagtcgacga gaccagagag

caacttgaaa gtccaattga

tgttcaagat tgtgatgaat

atgtgacaga ctgaagagga

tgacaggttc ggcctggece

atctgaatgg cagccatcaa

ccacttccat gaactacage

ggacgagete attgggagag

agcttgecte agcaaagect

catgaggcta ctgtcattgg

acgcacaaca tggtcgattce

ggtgtggaac agagtatgga

aaaatggaga gatgtccctt

tggaatgacc aatagggcca

aacgctgatt ggacaggaga

ggatgctgac ctgcaactgg

atacaaacca cgggtggaga

getggagaac cggactecge

gagaaccgga ctccacacat

tttgccactyg ctaagctgty

aaacctggtt tctgggacct

ctceccacgty gtggtagaaa

atagtgggac catattgacg

ggtetgtgag cacagtttge

ctgggtcegge atggcatcte

cacgtccact cggatggceta

taccacattt gtagaggttt

gaaacataaa atgaatgcaa

caaataaagc aatagcatca

ttgtggtttyg tccaaactca

ataacaccce ttgtattact

tttttatctt gtgcaatgta

aatcgaactt ttgctgagtt

tcegtggcaa agcaaaagtt

9600

9660

9720

9780

9840

9900

9960

10020

10080

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680

10740

10800

10860

10920

10980

11040

11100

11160

11220

11280

11340

11400

11460

11520

11580

11640

11700

11760

11820

11880

11940
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caaaatcacc

ctggectggat

cagacctcag

agtgaagtgc

gatacaggat

dgcgagegga

ttaacaggga

caagcatcac

ataccaggceg

accggtgtca

cgggtaggca

ctgegectta

actggcagca

aaggctaaac

tcaaagagtt

tttcagagca

ggtctgacge

aaaggatctt

tatatgagta

cgatctgtet

tacgggaggg

cggetecaga

ctgcaacttt

gttcgecagt

getegtegtt

gatccecccat

gtaagttgge

tcatgecate

aatagtgtat

cacatagcag

caaggatctt

cttcagcatce

ccgcaaaaaa

aatattattg

tttagaaaaa

tgtcgacgeyg

ggacggcgtt

acgagagaga

tattgtegtt

aactggtcca

gatggggcga

cgctagegga

ttcatgtgge

atattceget

aatggcttac

agtgagaggg

gaaatctgac

tttececectygy

ttecegetgtt

gttegeteca

tccggtaact

gccactggta

tgaaaggaca

ggtagctcag

agagattacg

tcagtggaac

cacctagatce

aacttggtct

atttcgtteca

cttaccatct

tttatcagca

atcecgectee

taatagtttg

tggtatgget

gttgtgcaaa

cgcagtgtta

cgtaagatge

gcggegaccey

aactttaaaa

accgctgttyg

ttttactttc

gggaataagg

aagcatttat

taaacaaata

gecgetageg

accagaaact

tgatagggtc

agaacgcgge

cctacaacaa

ttcaggeetyg

gtgtatactg

aggagaaaaa

tcctegetea

gaacggggcyg

cegeggcaaa

gctcaaatca

cggetecete

atggcegegt

agctggactyg

atcgtcettga

attgatttag

agttttggty

agaacctteg

cgcagaccaa

gaaaactcac

cttttaaatt

gacagttacc

tccatagttyg

ggccccagty

ataaaccagc

atccagtcta

cgcaacgttyg

tcattcaget

aaagcggtta

tcactcatgg

ttttetgtga

agttgctett

gtgctcatca

agatccagtt

accagegttt

gegacacgga

cagggttatt

ggggttCCgC

atgaccctge

cagaaggttc

tgcttcagta

tacaattaat

agctctcate

gtatgagtca

gcttactatg

aggctgcace

ctgacteget

gagatttecct

geegttttte

gtggtggcga

gtgegetete

ttgtcteatt

tatgcacgaa

gtccaacceyg

aggagttagt

actgcgetee

aaaaaccgcc

aacgatctca

gttaagggat

aaaaatgaag

aatgcttaat

cctgactece

ctgcaatgat

cagccggaag

ttaattgttg

ttgccattge

ceggttecca

getecttegy

ttatggcage

ctggtgagta

geceggegte

ttggaaaacg

cgatgtaacc

ctgggtgagc

aatgttgaat

gtctcatgag

gcacatttce

tgattggtte

gtccaaccaa

agccagatge

acataacctt

aaccgtgget ccctcacttt

gcaacacctt cttcacgagg

ttggcactga tgagggtgtce

ggtgcgtcag cagaatatgt

acgcteggte gttegactge

ggaagatgce aggaagatac

cataggctce gecccectga

aacccgacag gactataaag

ctgttcctge cttteggttt

ccacgectga cactcagtte

ccececegtte agtccgaccey

gaaagacatg caaaagcacc

cttgaagtca tgcgccggtt

tccaagccag ttaccteggt

ctgcaaggceg gttttttegt

agaagatcat cttattaagg

tttggtcatyg agattatcaa

ttttaaatca atctaaagta

cagtgaggca cctatctcag

cgtegtgtag ataactacga

accgcgagac ccacgctcac

ggcegagege agaagtggte

ccgggaaget agagtaagta

tgcaggcatc gtggtgtcac

acgatcaagg cgagttacat

tcctecgate gttgtcagaa

actgcataat tctcttactg

ctcaaccaag tcattctgag

aacacgggat aataccgcege

ttcttegggy cgaaaactct

cactcgtgca cccaactgat

aaaaacagga aggcaaaatg

actcatactc tteccttttte

cggatacata tttgaatgta

ccgaaaagtyg ccacctgacyg

getgaccatt tcegggtgeg

accgactcetyg acggcagttt

tacacaatta ggcttgtaca

atgtatcata cacatacgat

12000

12060

12120

12180

12240

12300

12360

12420

12480

12540

12600

12660

12720

12780

12840

12900

12960

13020

13080

13140

13200

13260

13320

13380

13440

13500

13560

13620

13680

13740

13800

13860

13920

13980

14040

14100

14160

14220

14280
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ttaggtgaca

ctata

<210> SEQ ID NO 7
<211> LENGTH: 10863

<212> TYPE:

DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 7

gatgggcgge

gttgacatcyg

gaggtagaag

ctggcetteaa

agtgcgeeeg

tgtgcggaag

gaaataactg

cctgacctygyg

caagtcgetyg

gccaataagg

aagaacttgg

acggctegta

tccattctta

accatctacc

ttacgtggca

gtcgttaaaa

acgatgcacc

gtctetttte

ctggcaacag

atagtcgtca

gtagtggccee

aggccactag

cacaagataa

gatttccact

acaagaatca

gacgtacaag

ttgcgegeag

gtcgacttga

aaggttacca

getgtactca

ataacacact

gtgccagagg

attgtgtaca

ggagcgctga

gcatgagaga
aggaagacag
ccaagcaggt
aactgatcga
cccgcagaat
atccggacag
ataaggaatt
aaactgagac
tttaccagga
gagttagagt
ctggagcata
acataggcct
gaaagaagta
acgagaagag
agcaaaatta
gaatagctat
gegagggatt
cegtgtgeac
atgtcagtge
acggtegeac
aggcatttge
gactacgaga
catctattta
cattecgtget
ggaaaatgtt
aagctaagtg
ctctaccace

tgttacaaga

gctacgatgg

agagtgaaaa

ctggccgaaa

gacatgcaat

acgaacgtga

acactgatga

agcccagace

cccattecte

cactgataat

aacggaggtg

gtattctaag

attgtataag

ggacaagaaa

tatgtgecte

tgtatacgeg

cgectactygyg

tccatcatac

atgcagctct

tttgaaacca

ggacttactyg

cacatgtegg

cagtccagge

cttgtgetge

gtatgtgcca

ggacgacgcg

ccagagaaac

taggtgggca

tagacagtta

taagcgeeeyg

gcccaggata

agaggagcac

cgcagecgat

tttggcaget

ggetggggee

cgaggacaag

attatcttge

agggcgttat

accecgtecag

gttegtaaac

agaatattac

aattacctac

agagctttge

gaccatgcta

gacccatccyg

cacaagtatc

tatgcaacta

atgaaggagc

cacgacgacg

gttgacggac

ataggcetttg

tctaccaact

gacgttatgg

tccaacaatg

aggagctggc

tgtgagacta

ctgtatggga

aaagtgacag

gctacattgt

caaaaactgc

accaatacca

aaggaatata

gtcatggggt

gatacccaaa

ggcagtaaca

aaggagcegt

gaggctaagg

gatgttgagg

ggctcagtgg

atcggetett

atccacccte

geegtggaac

gactttcaag

aggtacctge

aaaactgtca

synthetic polynucleotide

ccaaaatgga

agcggagett

atgccagage

acacgatcct

attgtatctg

agctgaagaa

tggccgeegt

agtcgtgteg

cgacaagtct

acaccacccce

gggccgacga

agcggtcacyg

ttctattctce

acctgeegte

tagttagttg

agccttcagyg

acacattgaa

gtgaccaaat

tggttgggct

tgaaaaatta

aggaagatca

gttgttgggc

ccatcatcaa

cattggagat

cacctctcat

aggtgcgtga

agcccactet

agacacctcg

acgctgtget

tcgetgaaca

cataccatgg

ctctgagtga

accatattge

agcccagega

gaaagttcac

ccegeagttt

gttttegeat

tgacattgga

tccgatgaga

aaactgtaag

catgagcgac

ctacgaaggyg

ctatcaccaa

ttttatgttt

aaccgtgtta

tagagggatg

tgttggcteyg

tgtatttcac

cgacgggtac

ctatgetget

¢ggggagagy

gactggcata

caaccagegt

ccttttgece

agaagatgaa

ttttagaagg

agtgaacagc

cgggctgaga

taccgccgag

agccgaggag

ggaagccgat

tggcttgata

ttctecegeag

agtcatagtyg

taaagtagtyg

aagtgccacce

cacacatgga

gcacgacggce

14295

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

1680

1740

1800

1860

1920

1980

2040
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gaatacctgt

gggctcacag

acacgaccag

ggcaagtctyg

aaagaaaact

gccagaactyg

attgacgaag

cctaaaaagg

ctgaaagtge

cgttgcacta

acgacgaatc

caggacgatc

aaaggcaacg

geegtteggt

gtcctactga

ataaaaacac

gcagagcatyg

cagaataagg

atagacatga

tcagcagaga

ggtctatttt

cegtegecta

ccacaactge

cgcaattatg

gtcctecace

ggcagaactyg

ttgtcagacc

gtgcccaaat

cagcagtgtyg

ctgaatceceg

agcatcattg

tcacttgaag

cacaatcctt

gaagccggat

ggagtgatta

ctgtataaga

ctggtcaaag

tcggaggttg

gataacaatt

acgacatcga

gcgagetggt

ccgetectta

gcatcattaa

gtgcagaaat

tggactcagt

cttttgetty

cagtgetetyg

attttaacca

aatctgtgac

cgaaagagac

tcattctcac

aaataatgac

acaaggtgaa

ccegecacgga

tgactgccaa

atgccatcat

caaacgtgtyg

ccactgaaca

tagtattgaa

ctgcacccac

acatgtacgg

ctcegggeagt

atccgegeat

ataatgaaca

tcectggtggt

ggcctgaggc

atgacataat

aagaccatge

geggaaccty

gtgctatage

agacggaagt

acaagcttte

gtgcacccte

taaatgctge

aattccecgga

gtgcagctaa

aaggtgacaa

acaagtcagt

caggaaacag

ggatcctece

ccaagtacca

aagcgcagtce

tataagggac

getettgaat

tcatgcaggt

cggggatcee

cgagatttge

ttcggtegte

taagattgtg

ttgtttcaga

ggcagctgee

tgaaaatcct

ggaccgcatce

gtaccetggyg

gaggcacatc

ttgggccaag

atggaacact

ccaactatge

tgttcegtta

gctgaataaa

tgccactgga

aaacctagta

cccacagagt

cggggaaaag

taccttcaga

atttgttaat

cattaagcett

tgtcagcata

geggecagtte

tctgtttgta

atcaaccttg

atatcatgtg

taacagcaaa

aagcttegat

acatatcatt

acagttggca

agcgattcca

tgcgtcaaga

ttccatgaat

accatagggyg

accaaaaaag

gtcaagaaaa

ggatgcaaac

actctcagag

aaacagtgcg

acacaagtct

tcaaccttgt

attgacacta

gggtgggtga

tctcaaggge

ctgtacgcac

gtgtggaaaa

aatttcactg

ttggagagac

getttagtge

gtggattatt

gtgaggttct

tccattagga

gaagtggtce

agagtctatg

cctgtaaaca

gacttttett

ttgtcegtee

gCthgCtgg

gtgaggacce

agcatgttga

ggttatggtt

aagttttecece

ttecattgggt

accaacattt

gtgcgagggy

ggacaacctyg

ttacagccga

catgcegtag

gaggcttatg

ctttgtccac

aagaactagt cactgggcta

tcgectacga gagtctgaga

tgtatggegt gccaggatca

atctagtggt gagcgccaag

tgaaagggct ggacgtcaat

accccegtaga gaccctgtat

cgctcatage cattataaga

gtttttttaa catgatgtge

tccacaaaag catctctege

tttacgacaa aaaaatgaga

ccggcagtac caaacctaag

agcagttgca aatagattac

tgacccgtaa aggtgtgtat

ccacctcaga acatgtgaac

cactagcegg cgacccatgg

ccacgataga ggagtggcaa

cggaccctac cgacgtette

cggtgetgaa gaccgetgge

ttgaaacgga caaagctcac

ttggactcga tctggactee

ataatcactyg ggataactcc

gtcagetete tcegcaggtac

acatgaacac tggtacactg

gaagactgce tcatgcttta

cattcgtcag caaattgaag

caggcaaaat ggttgactgg

atttaggcat cccaggtgat

catataaata ccatcactat

ccaagaaagce ttgtctgeat

acgctgacag ggccagcgaa

gggtatgcaa accgaaatcce

acgatcgcaa ggcccgtacyg

atacaggttc cagactccac

atattgccac ggccaccgaa

geggaggggt gtgeggageg

tcgaagtagg aaaagcgcga

gaccaaactt caacaaagtt

agtccgctaa gattgtcaac

cggcatcttt tccegggaaca

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380
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aagatcgact

atgtagccat

gagagaagca

agagctggtg

cgatggcaaa

agcagaaatt

tatcctegga

ctccacacca

acagcgecta

gaagtataga

gaaagtgect

gactccggag

tataaccgag

agaggatagc

agacattcac

ctttgatgty

ggcaacgtca

ggthCthg

accgtcactt

cgtgaatagg

caggteggte

aagagaggag

catcttttec

gctatccgaa

ccaagaaaaa

aagcagatac

gcaaggccta

teetgttect

ggaagcctgt

tccagagtac

cagtttttge

aatacgatcg

cacaaaaaga

ctttaatgtg

agaaaacccc

accaaaagct

aatggacagg

tactgaagaa

tctgtgegga

tcatacactg

aacccaatca

atactgcagg

gtggaggaga

agggtgcatc

actttctcat

aatgccatgt

gaaagcatga

cctageacge

aaagcctcac

atcactggtyg

gegtatatte

ccatcggeag

gatgagacca

ataagtttge

gggecgeect

gacagtttat

gccgagacta

cctegaacag

gcacccagca

gtgatcacta

tcgagaacca

tttgaggegt

tccgacaceyg

gtggtgttgg

gaagaattac

cagtccagga

gggcattatt

ttgtattcat

aacgccatgt

gatgcctatt

cctgcaaage

gcagtgecett

aattgcaatg

gaatgcttca

atcaggctta

getgetettt

tttgtaatgg

cggcccaagyg

atccaccgag

tttgatatgt

ttgaaccatt

gacaagaaat

tatgcatatc

cgaagagttce

atttggaagg

ggceegttge

gcagtattag

tgccttgett

gtccagaaca

tgcagaagat

atccaaggaa

agaaccaatc

ggactagaac

tgtcagatgg

ctgtatctag

ccatacttga

actcttactt

tattcaggaa

gggectgete

gagaggagct

gectggtete

tcgtageaca

gtcaagggca

agaggaccga

tacgcaagaa

aggtggagaa

tgaaggcaga

ctagtgtgaa

tgaaagagaa

tggacatggt

tgcgcagett

cagcgatcca

tcacgcaaat

agaaatatgc

ctgaagaaaa

ttgcgaagac

acttaaagag

tacaggtgat

agctggttag

cggctgaaga

tgctgacage

gggaatgact

cgacgactct

tttggctgga

gaccaagttt

aacggaggec

gtcgaaatge

gtgcatccat

aattactgtg

ccaatgetee

gtatctegty

cacagagggyg

gectgagecyg

cccgacccac

ctcatectygyg

caccctggag

cgcaaagagt

ccctecacat

gagaaccagce

cgaggegett

caacccgcca

acaacaatga

tttacaacaa

attggagatt

attacagtta

catgaaagcc

aggaaaagtg

cegtgecttt

ctttececgact

tgacggagcet

tccaaagaaa

gaacacgcte

gagagaattyg

gtgtaataat

cgtggtaaat

acataatttg

agacgtgaaa

ccaggetgec

gagattaaat

ctttgacget

tttagacacc actgatgcag

ctcaaggaag cagtggctag

tcagtgacag aacctgatge

aggaagggct acagcacaag

caccaggegg ccaaggatat

aatgagcagg tatgcatgta

ccegtegaag agtceggaage

gccatgacte cagaaagagt

tgctcatect ttecattgee

cagcctatat tgttctcace

gaaacaccac cggtagacga

acacctgaac aaccaccact

atcatcatcyg aagaggaaga

caggtgctge aagtcgagge

tccattecte atgcatccga

ggagctageg tgaccagegg

atggagtttc tggcgcgace

ccegeteege gcacaagaac

ctagtttcca ccccgecagyg

acccegtecac gcactectag

ggcgtaaata gggtgattac

cggtttgatyg cgggtgcata

aaatcagtaa ggcaaacggt

tcgtatgece cgegectega

aatcccacac ctgctaacag

ataacagcta gacgtattct

gagtgctace gaaccctgca

tcaagccecca aggtcegcagt

gtggettett actgtattat

tcatgetget tagacactge

cactcctatt tggaacccac

cagaacgtcce tggcagetge

ccegtattgg atteggegge

gaatattggg aaacgtttaa

tacattacca aattaaaagg

aatatgttgc aggacatacc

gtgactccag gaacaaaaca

gatccgetag caacagcegta

geggtectge ttecgaacat

attatagccg agcacttcca

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780
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gcctggggat tgtgttctgg aaactgacat cgcgtegttt gataaaagtg aggacgacgce 6840
catggctectg accgcgttaa tgattctgga agacttaggt gtggacgcag agctgttgac 6900
gctgattgag geggcetttceg gcgaaatttce atcaatacat ttgcccacta aaactaaatt 6960
taaattcgga gccatgatga aatctggaat gttcecctcaca ctgtttgtga acacagtcat 7020
taacattgta atcgcaagca gagtgttgag agaacggcta accggatcac catgtgcagc 7080
attcattgga gatgacaata tcgtgaaagg agtcaaatcg gacaaattaa tggcagacag 7140
gtgcgccace tggttgaata tggaagtcaa gattatagat gctgtggtgg gcgagaaagce 7200
gccttattte tgtggagggt ttattttgtg tgactccgtg accggcacag cgtgccgtgt 7260
ggcagaccece ctaaaaaggc tgtttaagcet tggcaaacct ctggcagcag acgatgaaca 7320
tgatgatgac aggagaaggg cattgcatga agagtcaaca cgctggaacc gagtgggtat 7380
tctttcagag ctgtgcaagyg cagtagaatc aaggtatgaa accgtaggaa cttccatcat 7440
agttatggcce atgactactc tagctagcag tgttaaatca ttcagctacce tgagaggggc 7500
ccectataact ctctacgget aacctgaatg gactacgaca tagtctagte cgccaagtct 7560
agaccatgtc tggtcgtaaa gctcagggaa aaaccctggg cgtcaatatg gtacgacgag 7620
gagttcgcete cttgtcaaac aaaataaaac aaaaaacaaa acaaattgga aacagacctg 7680
gaccttcaag aggtgttcaa ggatttatct ttttcttttt gttcaacatt ttgactggaa 7740
aaaagatcac agcccaccta aagaggttgt ggaaaatgcet ggacccaaga caaggcettgg 7800
ctgttctaag gaaagtcaag agagtggtgg ccagtttgat gagaggattg tcctcaagga 7860
aacgccegtte ccatgatgtt ctgactgtge aattcctaat tttgggaatg ctgttgatga 7920
cgggtggata agggccccta taactctcta cggctaacct gaatggacta cgacatagtce 7980
tagtccgeca agtctagage ttaccatgac cgagtacaag cccacggtgce gectcgccac 8040
cegegacgac gtccccaggg ccgtacgcac cetegecgece gegttegeeg actaccccge 8100
cacgegecac accgtegatce cggaccgeca catcgagegyg gtcaccgage tgcaagaact 8160
cttectcacyg cgcegteggge tcgacategg caaggtgtgyg gtegeggacyg acggegecge 8220
ggtggceggte tggaccacge cggagagegt cgaagegggg geggtgtteg cegagatcegyg 8280
ccegegeatyg gecgagttga geggtteceg getggcecgeyg cagcaacaga tggaaggcect 8340
cctggegeceg caccggecca aggageccge gtggttectyg gecaccgteg gegtcetegee 8400
cgaccaccag ggcaagggtc tgggcagege cgtegtgete ceeggagtgyg aggeggecga 8460
gegegeegygyg gtgeccgect tcectggagac ctecegegece cgcaacctec ccttetacga 8520
geggetegge ttcaccgtca ccgecgacgt cgagtgeccg aaggaccgeg cgacctggtyg 8580
catgacccge aagcceggtg cctgacgecce gecccacgac ccgeagcegece cgaccgaaag 8640
gagcgcacga ccccatgate gctagaccat ggggtaccga gtatgttacg tgcaaaggtyg 8700
attgtcaccc cccgaaagac catattgtga cacaccctca gtatcacgcc caaacattta 8760
cagccgeggt gtcaaaaacc gegtggacgt ggttaacatc cctgctggga ggatcagecg 8820
taattattat aattggcttg gtgctggcta ctattgtggce catgtacgtg ctgaccaacc 8880
agaaacataa ttgaatacag cagcaattgg caagctgctt acatagaact cgcggcgatt 8940
ggcatgcege cttaaaattt ttattttatt ttttcectttte ttttceccgaat cggattttgt 9000
ttttaatatt tcaaaaaaaa aaaaaaaaaa aaaaaaacgc gtcgagggga attaattctt 9060
gaagacgaaa gggccaggtg gcacttttcg gggaaatgtg cgcggaaccce ctatttgttt 9120
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atttttctaa

tcaataatat

cttttttgeg

agatgctgaa

taagatcctt

tcetgetatgt

catacactat

ggatggcatg

ggccaactta

catgggggat

aaacgacgag

aactggcgaa

taaagttgca

atctggagec

geectecegt

tagacagatc

ttactcatat

gaagatcctt

agcgtcagac

aatctgetge

agagctacca

tgtcctteta

ataccteget

taccgggttyg

gggttcgtgc

gegtgageat

aagcggcagyg

tctttatagt

gtcagggggy

ata

atacattcaa

tgaaaaagga

gecattttgee

gatcagttgg

gagagtttte

ggcgcggtat

tctcagaatg

acagtaagag

cttectgacaa

catgtaactc

cgtgacacca

ctacttactce

ggaccacttce

ggtgagcgtg

atcgtagtta

gctgagatag

atactttaga

tttgataatc

ccegtagaaa

ttgcaaacaa

actcttttte

gtgtagcegt

ctgctaatce

gactcaagac

acacagccca

tgagaaagcg

gtcggaacag

cctgtegggt

cggagectat

<210> SEQ ID NO 8
<211> LENGTH: 10796

<212> TYPE:

DNA

atatgtatcc

agagtatgag

ttcectgtttt

gtgcacgagt

gecccgaaga

tatccegtgt

acttggttga

aattatgcag

cgatcggagg

gecttgateg

cgatgectgt

tagctteeeg

tgcgctegge

ggtCthng

tctacacgac

gtgcctcact

ttgatttaaa

tcatgaccaa

agatcaaagg

aaaaaccacc

cgaaggtaac

agttaggcca

tgttaccagt

gatagttacc

gcttggagcg

ccacgettee

gagagcgcac

ttcgccacct

ggaaaaacgc

gctcatgaga

tattcaacat

tgctcaccca

gggttacatc

acgtttteca

tganCngg

gtactcacca

tgctgecata

accgaaggag

ttgggaaccyg

agcaatggca

gcaacaatta

cctteegget

tatcattgca

ggggagtcag

gattaagcat

acttcatttt

aatcccttaa

atcttcttga

gctaccageg

tggcttcage

ccacttcaag

ggctgetgee

ggataaggcg

aacgacctac

cgaagggaga

gagggagctt

ctgacttgag

cagcaacgcg

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 8

gatgggcgge

gttgacatcyg

gaggtagaag

ctggcetteaa

agtgcgeeeg

gcatgagaga

aggaagacag

ccaagcaggt

aactgatcga

cccgcagaat

agcccagace

cccattecte

cactgataat

aacggaggtg

gtattctaag

aattacctac

agagctttge

gaccatgcta

gacccatccyg

cacaagtatc

caataaccct gataaatget

ttcegtgteg cecttattee

gaaacgctgg tgaaagtaaa

gaactggatc tcaacagcgg

atgatgagca cttttaaagt

caagagcaac tcggtegecg

gtcacagaaa agcatcttac

accatgagtg ataacactgce

ctaaccgett ttttgcacaa

gagctgaatg aagccatacce

acaacgttgc gcaaactatt

atagactgga tggaggcgga

ggctggttta ttgctgataa

gecactgggge cagatggtaa

gcaactatgg atgaacgaaa

tggtaactgt cagaccaagt

taatttaaaa ggatctaggt

cgtgagtttt cgttccactg

gatcettttt ttctgegegt

gtggtttgtt tgccggatca

agagcgcaga taccaaatac

aactctgtag caccgectac

agtggcgata agtcgtgtet

cagcggtcgg gctgaacggg

accgaactga gatacctaca

aaggcggaca ggtatccggt

ccagggggaa acgcctggta

cgtegatttt tgtgatgete

agctcgattt aggtgacact

synthetic polynucleotide

ccaaaatgga gaaagttcac

agcggagett cccgcagttt

atgccagage gttttegeat

acacgatcct tgacattgga

attgtatctyg tccgatgaga

9180

9240

9300

9360

9420

9480

9540

9600

9660

9720

9780

9840

9900

9960

10020

10080

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680

10740

10800

10860

10863

60

120

180

240

300
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tgtgcggaag atccggacag attgtataag tatgcaacta agctgaagaa aaactgtaag 360
gaaataactyg ataaggaatt ggacaagaaa atgaaggagc tggccgecgt catgagcgac 420
cctgacctgg aaactgagac tatgtgecte cacgacgacyg agtegtgteg ctacgaaggg 480
caagtcgetyg tttaccagga tgtatacgeg gttgacggac cgacaagtct ctatcaccaa 540
gccaataagyg gagttagagt cgcctactgg ataggctttg acaccacccce ttttatgttt 600
aagaacttgg ctggagcata tccatcatac tctaccaact gggccgacga aaccgtgtta 660
acggctcegta acataggcct atgcagetct gacgttatgg ageggtcacyg tagagggatg 720
tccattctta gaaagaagta tttgaaacca tccaacaatg ttctattcte tgttggetceg 780
accatctacce acgagaagag ggacttactg aggagctgge acctgccgte tgtatttcac 840
ttacgtggca agcaaaatta cacatgtcgg tgtgagacta tagttagttg cgacgggtac 900
gtegttaaaa gaatagctat cagtccagge ctgtatggga agecttcagg ctatgctget 960
acgatgcacc gcgagggatt cttgtgctge aaagtgacag acacattgaa cggggagagg 1020
gtctectttte cecgtgtgcac gtatgtgcca gctacattgt gtgaccaaat gactggcata 1080
ctggcaacag atgtcagtgc ggacgacgcg caaaaactgc tggttgggcet caaccagegt 1140
atagtcgtca acggtcgcac ccagagaaac accaatacca tgaaaaatta ccttttgecce 1200
gtagtggcecc aggcatttgce taggtgggca aaggaatata aggaagatca agaagatgaa 1260
aggccactag gactacgaga tagacagtta gtcatggggt gttgttgggce ttttagaagg 1320
cacaagataa catctattta taagcgcccg gatacccaaa ccatcatcaa agtgaacagc 1380
gatttccact cattcgtgct gcccaggata ggcagtaaca cattggagat cgggctgaga 1440
acaagaatca ggaaaatgtt agaggagcac aaggagccgt cacctctcat taccgecgag 1500
gacgtacaag aagctaagtg cgcagccgat gaggctaagg aggtgcegtga agecgaggag 1560
ttgcgecgcag ctctaccacce tttggcagct gatgttgagg agcccactct ggaagccgat 1620
gtcgacttga tgttacaaga ggctggggcce ggctcagtgg agacacctcg tggcttgata 1680
aaggttacca gctacgatgg cgaggacaag atcggctcett acgctgtget ttcectecgecag 1740
gctgtactca agagtgaaaa attatcttgce atccacccte tcegctgaaca agtcatagtg 1800
ataacacact ctggccgaaa agggcgttat gccgtggaac cataccatgg taaagtagtg 1860
gtgccagagg gacatgcaat acccgtccag gactttcaag ctctgagtga aagtgccacce 1920
attgtgtaca acgaacgtga gttcgtaaac aggtacctgc accatattgce cacacatgga 1980
ggagcgctga acactgatga agaatattac aaaactgtca agcccagcga gcacgacggce 2040
gaatacctgt acgacatcga caggaaacag tgcgtcaaga aagaactagt cactgggcta 2100
gggctcacag gcgagctggt ggatccteccce ttccatgaat tcegecctacga gagtctgaga 2160
acacgaccag ccgctcctta ccaagtacca accatagggg tgtatggcgt gccaggatca 2220
ggcaagtctyg gcatcattaa aagcgcagtc accaaaaaag atctagtggt gagcgccaag 2280
aaagaaaact gtgcagaaat tataagggac gtcaagaaaa tgaaagggct ggacgtcaat 2340
gccagaactg tggactcagt gctcecttgaat ggatgcaaac accccgtaga gaccctgtat 2400
attgacgaag cttttgcttg tcatgcaggt actctcagag cgctcatagce cattataaga 2460
cctaaaaagg cagtgctctg cggggatcce aaacagtgcg gtttttttaa catgatgtgce 2520
ctgaaagtgc attttaacca cgagatttgc acacaagtct tccacaaaag catctctegce 2580
cgttgcacta aatctgtgac ttcggtcgtce tcaaccttgt tttacgacaa aaaaatgaga 2640
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acgacgaatc

caggacgatc

aaaggcaacg

geegtteggt

gtcctactga

ataaaaacac

gcagagcatyg

cagaataagg

atagacatga

tcagcagaga

ggtctatttt

cegtegecta

ccacaactge

cgcaattatg

gtcctecace

ggcagaactyg

ttgtcagacc

gtgcccaaat

cagcagtgtyg

ctgaatceceg

agcatcattg

tcacttgaag

cacaatcctt

gaagccggat

ggagtgatta

ctgtataaga

ctggtcaaag

tcggaggttg

aacgataaca

aacaaagatc

gcagatgtag

gctaggagag

gatgcagagce

acaagcgatg

gatatagcag

atgtatatcc

gaagccteca

agagtacagc

ttgccgaagt

tcaccgaaag

cgaaagagac

tcattctcac

aaataatgac

acaaggtgaa

ccegecacgga

tgactgccaa

atgccatcat

caaacgtgtyg

ccactgaaca

tagtattgaa

ctgcacccac

acatgtacgg

ctcegggeagt

atccgegeat

ataatgaaca

tcectggtggt

ggcctgaggc

atgacataat

aagaccatge

geggaaccty

gtgctatage

agacggaagt

acaagcttte

gtgcacccte

taaatgctge

aattccecgga

gtgcagctaa

aaggtgacaa

attacaagtc

gactaaccca

ccatatactg

aagcagtgga

tggtgagggt

gcaaaacttt

aaattaatgc

tcggagaaag

caccacctag

gcctaaaage

atagaatcac

tgcctgegta

taagattgtg

ttgtttcaga

ggcagctgee

tgaaaatcct

ggaccgcatce

gtaccetggyg

gaggcacatc

ttgggccaag

atggaacact

ccaactatge

tgttcegtta

gctgaataaa

tgccactgga

aaacctagta

cccacagagt

cggggaaaag

taccttcaga

atttgttaat

cattaagcett

tgtcagcata

geggecagtte

tctgtttgta

atcaaccttg

atatcatgtg

taacagcaaa

aagcttegat

acatatcatt

acagttggca

agtagcgatt

atcattgaac

cagggacaag

ggagatatgg

gcatccgaag

ctcatatttg

catgtggeee

catgagcagt

cacgctgect

ctcacgteca

tggtgtgcag

tattcatcca

attgacacta

gggtgggtga

tctcaaggge

ctgtacgcac

gtgtggaaaa

aatttcactg

ttggagagac

getttagtge

gtggattatt

gtgaggttct

tccattagga

gaagtggtce

agagtctatg

cctgtaaaca

gacttttett

ttgtcegtee

gCthgCtgg

gtgaggacce

agcatgttga

ggttatggtt

aagttttecece

ttecattgggt

accaacattt

gtgcgagggy

ggacaacctyg

ttacagccga

catgcegtag

gaggcttatg

ccactgttgt

catttgctga

aaatgggaaa

atatccgacyg

agttctttgg

gaagggacca

gttgcaacgg

attaggtcga

tgcttgtgea

gaacaaatta

aagatccaat

aggaagtatc

ccggcagtac caaacctaag

agcagttgca aatagattac

tgacccgtaa aggtgtgtat

ccacctcaga acatgtgaac

cactagcegg cgacccatgg

ccacgataga ggagtggcaa

cggaccctac cgacgtette

cggtgetgaa gaccgetgge

ttgaaacgga caaagctcac

ttggactcga tctggactee

ataatcactyg ggataactcc

gtcagetete tcegcaggtac

acatgaacac tggtacactg

gaagactgce tcatgcttta

cattcgtcag caaattgaag

caggcaaaat ggttgactgg

atttaggcat cccaggtgat

catataaata ccatcactat

ccaagaaagce ttgtctgeat

acgctgacag ggccagcgaa

gggtatgcaa accgaaatcce

acgatcgcaa ggcccgtacyg

atacaggttc cagactccac

atattgccac ggccaccgaa

geggaggggt gtgeggageg

tcgaagtagg aaaagcgcga

gaccaaactt caacaaagtt

agtccatcge taagattgte

ccaccggeat ctttteceggyg

cagctttaga caccactgat

tgactctcaa ggaagcagtyg

actcttcagt gacagaacct

ctggaaggaa gggctacage

agtttcacca ggcggccaag

aggccaatga gcaggtatge

aatgcccegt cgaagagtceg

tccatgecat gactccagaa

ctgtgtgete atccttteca

gcteccagee tatattgtte

tcgtggaaac accaccggta

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040
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gacgagactce

ccacttataa

Jaagaagagyg

gaggcagaca

tcecgactttyg

agcggggcaa

cgaccggtge

agaacaccgt

ccaggegtga

cctagcaggt

attacaagag

gcatacatct

acggtgctat

ctcgaccaag

aacagaagca

attctgcaag

ctgcatcetyg

gcagtggaag

attattccag

actgccagtt

cccacaatac

getgccacaa

geggecttta

tttaaagaaa

aaaggaccaa

ataccaatgg

aaacatactg

gegtatetgt

aacattcata

ttccagectyg

gacgccatgg

ttgacgctga

aaatttaaat

gtcattaaca

gcagcattca

gacaggtgcg

aaagcgectt

cgtgtggcag

gaacatgatg

cggagecatce

ccgaggatga

atagcataag

ttcacgggec

atgtggacag

cgtcagecga

ctgegecteg

cacttgcacc

atagggtgat

cggtectegag

aggagtttga

tttectecga

ccgaagtggt

aaaaagaaga

gataccagte

gectagggcea

ttectttgta

cctgtaacge

agtacgatge

tttgcecctge

gatcggcagt

aaagaaattg

atgtggaatg

accccatcag

aagctgetge

acaggtttgt

aagaacggcc

geggaatcca

cactgtttga

gggattgtgt

ctctgacege

ttgaggecgge

tcggagecat

ttgtaatcge

ttggagatga

ccacctggtt

atttctgtygg

accccctaaa

atgacaggag

ggcagagaac

gaccaggact

tttgctgtca

gecctetgta

tttatccata

gactaactct

aacagtattc

cagcagggec

cactagagag

aaccagecctyg

ggcgttegta

caccggtcaa

gttggagagg

attactacge

caggaaggtg

ttatttgaag

ttcatctagt

catgttgaaa

ctatttggac

aaagctgege

gectteageyg

caatgtcacg

cttcaagaaa

gcttactgaa

tetttttgeg

aatggactta

caaggtacag

ccgagagetyg

tatgtecgget

tctggaaact

gttaatgatt

tttceggcgaa

gatgaaatct

aagcagagtyg

caatatcgtyg

gaatatggaa

agggtttatt

aaggctgttt

aagggcattg

caatccacag

agaacgccetyg

gatggcccga

tctagetceat

cttgacacce

tacttcgcaa

aggaacccte

tgctcgagaa

gagctcegagg

gtctccaace

gcacaacaac

gggcatttac

accgaattgg

aagaaattac

gagaacatga

gcagaaggaa

gtgaaccgtyg

gagaacttte

atggttgacg

agctttccaa

atccagaaca

caaatgagag

tatgcgtgta

gaaaacgtgg

aagacacata

aagagagacg

gtgatccagg

gttaggagat

gaagactttyg

gacatcgegt

ctggaagact

atttcatcaa

ggaatgttce

ttgagagaac

aaaggagtca

gtcaagatta

ttgtgtgact

aagcttggea

catgaagagt

aggggacacc tgaacaacca

agccgatcat catcgaagag

cccaccaggt gctgcaagte

cctggtecat tectcatgea

tggagggagc tagcgtgacce

agagtatgga gtttctggeg

cacatccege tcegegcaca

ccagectagt ttecacceceg

cgcttaccee gtcacgcact

cgccaggegt aaatagggtyg

aatgacggtt tgatgcgggt

aacaaaaatc agtaaggcaa

agatttcgta tgccccgege

agttaaatcc cacacctget

aagccataac agctagacgt

aagtggagtg ctaccgaacc

ccttttcaag ccccaaggte

cgactgtgge ttcttactgt

gagcttcatg ctgcttagac

agaaacactc ctatttggaa

cgctcecagaa cgtectggea

aattgccegt attggatteg

ataatgaata ttgggaaacg

taaattacat taccaaatta

atttgaatat gttgcaggac

tgaaagtgac tccaggaaca

ctgccgatce gctagcaaca

taaatgcggt cctgetteeg

acgctattat agccgagcac

cgtttgataa aagtgaggac

taggtgtgga cgcagagctg

tacatttgce cactaaaact

tcacactgtt tgtgaacaca

ggctaacegg atcaccatgt

aatcggacaa attaatggca

tagatgctgt ggtgggcgag

cegtgacegg cacagegtge

aacctctgge agcagacgat

caacacgctyg gaaccgagtyg

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380
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ggtattettt

atcatagtta

ggggcccecta

aagaggtgtt

cacagcccac

aaggaaagtc

ttcccatgat

agtgaccttg

gtaagggcce

ccaagtctag

gacgtcccca

cacaccgteg

acgcgegteg

gtctggacca

atggccgagt

cegeaccgge

cagggcaagg

ggggtgcecg

ggcttcaccy

cgcaageccg

cgaccccatg

ccececceccgaaa

ggtgtcaaaa

tataattgge

taattgaata

cgccttaaaa

atttcaaaaa

aaagggccag

taaatacatt

tattgaaaaa

geggeatttt

gaagatcagt

cttgagagtt

tgtggcgegg

tattctcaga

atgacagtaa

ttacttctga

gatcatgtaa

gagcgtgaca

gaactactta

cagagetgtyg

tggccatgac

taactctcta

caaggattta

ctaaagaggt

aagagagtgg

gttctgactyg

gtgcggaaaa

ctataactct

agcttaccat

gggCCgtan

atccggacceyg

ggctcgacat

cgccggagag

tgagcggtte

ccaaggagec

gtctgggcag

ccttectgga

tcaccgeega

gtgcctgacy

atcgctagac

gaccatattg

accgegtgga

ttggtgctgg

cagcagcaat

tttttatttt

aaaaaaaaaa

gtggcacttt

caaatatgta

ggaagagtat

gecttectgt

tgggtgcacg

ttcgeccega

tattatcceg

atgacttggt

gagaattatg

caacgatcgg

ctcgecttga

ccacgatgec

ctctagette

caaggcagta

tactctaget

cggctaacct

tctttttett

tgtggaaaat

tggccagttt

tgcaattcct

acagatggtt

ctacggctaa

gaccgagtac

caccctegec

ccacatcgag

cggcaaggtg

cgtegaageg

ceggetggec

cgegtggtte

cgecegtegty

gaccteegeyg

cgtegagtge

ccecgeccecac

catggggtac

tgacacaccc

cgtggttaac

ctactattgt

tggcaagetyg

attttttctt

aaaaaaaaaa

tcggggaaat

tcecgeteatyg

gagtattcaa

ttttgcteac

agtgggttac

agaacgtttt

tgttgacgee

tgagtactca

cagtgetgec

aggaccgaag

tcgttgggaa

tgtagcaatg

ccggcaacaa

gaatcaaggt

agcagtgtta

gaatggacta

tttgttcaac

getggaccca

gatgagagga

aattttggga

gctectaaat

cctgaatgga

aagcccacgg

geegegtteg

cgggtcaceyg

tgggtcgegg

ggggcggtgt

gegecagcaac

ctggecacey

ctceceggag

cceccgcaacce

ccgaaggace

gacccgcage

cgagtatgtt

tcagtatcac

atcecctgetyg

ggccatgtac

cttacataga

ttetttteey

cgcgtcegagg

gtgcgeggaa

agacaataac

catttcecgtyg

ccagaaacgc

atcgaactgg

ccaatgatga

gggcaagagc

ccagtcacag

ataaccatga

gagctaaccyg

ccggagetga

gcaacaacgt

ttaatagact

atgaaaccgt aggaacttcc

aatcattcag ctacctgaga

cgacatagtce tagtccgeca

attttgactyg gaaaaaagat

agacaaggct tggetgttet

ttgtcctcaa ggaaacgccyg

atgctgttga tgacgggtgyg

gtgacatctyg aggacctcegg

ctacgacata gtctagteceg

tgcgectege cacccgegac

ccgactacce cgccacgege

agctgcaaga actcttecte

acgacggcgc cgcggtggcg

tcgecgagat cggeccgege

agatggaagg cctectggeg

tcggegtete geccgaccac

tggaggcggc cgagcgcgcc

tccectteta cgageggete

gegegacetyg gtgcatgace

gecegacega aaggagcegca

acgtgcaaag gtgattgtca

gcccaaacat ttacagccge

ggaggatcag ccgtaattat

gtgctgacca accagaaaca

actcgeggeyg attggcatge

aatcggattt tgtttttaat

ggaattaatt cttgaagacg

ccectatttg tttattttte

cctgataaat gcttcaataa

tcgeccttat teectttttt

tggtgaaagt aaaagatgct

atctcaacag cggtaagatc

gcacttttaa agttctgcta

aactcggtcg ccgcatacac

aaaagcatct tacggatgge

gtgataacac tgcggccaac

cttttttgca caacatgggyg

atgaagccat accaaacgac

tgcgcaaact attaactgge

ggatggaggce ggataaagtt

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520

8580

8640

8700

8760

8820

8880

8940

9000

9060

9120

9180

9240

9300

9360

9420

9480

9540

9600

9660

9720

9780
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gcaggaccac ttectgegete

gccggtgagc gtgggtctcg

cgtatcegtag ttatctacac

atcgctgaga taggtgectce

tatatacttt agattgattt

ctttttgata atctcatgac

gacccegtag aaaagatcaa

tgcttgcaaa caaaaaaacc

ccaactcttt ttccgaaggt

ctagtgtage cgtagttagg

getetgetaa tectgttace

ttggactcaa gacgatagtt

tgcacacage ccagcttgga

cattgagaaa gcgccacgcet

agggtcggaa caggagagcg

agtcctgteg ggtttegeca

gggcggagee tatggaaaaa

<210> SEQ ID NO 9
<211> LENGTH: 12839
<212> TYPE: DNA

ggcecttecy

cggtatcatt

gacggggagt

actgattaag

aaaacttcat

caaaatccct

aggatcttct

accgctacca

aactggcette

ccaccacttce

agtggcetget

accggataag

gcgaacgace

tccegaaggy

cacgagggag

cctetgactt

cgccagcaac

gCtggCtggt

gcagcactgg

caggcaacta

cattggtaac

ttttaattta

taacgtgagt

tgagatcctt

geggtggtet

agcagagcge

aagaactctg

geccagtggeg

gegcageggt

tacaccgaac

agaaaggcgg

cttecagggy

gagegtcegat

gegagetega

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 9

gatgggcggc gcatgagaga

gttgacatcg aggaagacag

gaggtagaag ccaagcaggt

ctggcttcaa aactgatcga

agtgcgeceyg cccgcagaat

tgtgcggaayg atccggacag

gaaataactg ataaggaatt

cctgacctgyg aaactgagac

caagtcgetyg tttaccagga

gccaataagg gagttagagt

aagaacttgyg ctggagcata

acggctegta acataggect

tccattctta gaaagaagta

accatctacce acgagaagag

ttacgtggca agcaaaatta

gtcgttaaaa gaatagctat

acgatgcacce gcgagggatt

agcccagace

cccattecte

cactgataat

aacggaggtg

gtattctaag

attgtataag

ggacaagaaa

tatgtgecte

tgtatacgeg

cgectactygyg

tccatcatac

atgcagctct

tttgaaacca

ggacttactyg

cacatgtegg

cagtccagge

cttgtgetge

aattacctac

agagctttge

gaccatgcta

gacccatccyg

cacaagtatc

tatgcaacta

atgaaggagc

cacgacgacg

gttgacggac

ataggcetttg

tctaccaact

gacgttatgg

tccaacaatg

aggagctggc

tgtgagacta

ctgtatggga

aaagtgacag

ttattgctga taaatctgga

ggccagatgg taagccctece

tggatgaacg aaatagacag

tgtcagacca agtttactca

aaaggatcta ggtgaagatc

tttegtteca ctgagegtca

tttttetgeyg cgtaatctge

gtttgccgga tcaagagcta

agataccaaa tactgtcctt

tagcaccgece tacatacctce

ataagtcgtyg tcttaccggyg

cgggetgaac ggggggtteg

tgagatacct acagcgtgag

acaggtatcc ggtaagcgge

gaaacgcetyg gtatctttat

ttttgtgatyg ctcgtcaggy

tttaggtgac actata

synthetic polynucleotide

ccaaaatgga gaaagttcac

agcggagett cccgcagttt

atgccagage gttttegeat

acacgatcct tgacattgga

attgtatctyg tccgatgaga

agctgaagaa aaactgtaag

tggcegeegt catgagcgac

agtcgtgteg ctacgaaggyg

cgacaagtct ctatcaccaa

acaccaccce ttttatgttt

gggccgacga aaccgtgtta

agcggtcacyg tagagggatg

ttctattete tgttggetceg

acctgeccgte tgtatttcac

tagttagttyg cgacgggtac

agccttcagg ctatgetget

acacattgaa cggggagagyg

9840

9900

9960

10020

10080

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680

10740

10796

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020
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gtctectttte cecgtgtgcac gtatgtgcca gctacattgt gtgaccaaat gactggcata 1080
ctggcaacag atgtcagtgc ggacgacgcg caaaaactgc tggttgggcet caaccagegt 1140
atagtcgtca acggtcgcac ccagagaaac accaatacca tgaaaaatta ccttttgecce 1200
gtagtggcecc aggcatttgce taggtgggca aaggaatata aggaagatca agaagatgaa 1260
aggccactag gactacgaga tagacagtta gtcatggggt gttgttgggce ttttagaagg 1320
cacaagataa catctattta taagcgcccg gatacccaaa ccatcatcaa agtgaacagc 1380
gatttccact cattcgtgct gcccaggata ggcagtaaca cattggagat cgggctgaga 1440
acaagaatca ggaaaatgtt agaggagcac aaggagccgt cacctctcat taccgecgag 1500
gacgtacaag aagctaagtg cgcagccgat gaggctaagg aggtgcegtga agecgaggag 1560
ttgcgecgcag ctctaccacce tttggcagct gatgttgagg agcccactct ggaagccgat 1620
gtcgacttga tgttacaaga ggctggggcce ggctcagtgg agacacctcg tggcttgata 1680
aaggttacca gctacgatgg cgaggacaag atcggctcett acgctgtget ttcectecgecag 1740
gctgtactca agagtgaaaa attatcttgce atccacccte tcegctgaaca agtcatagtg 1800
ataacacact ctggccgaaa agggcgttat gccgtggaac cataccatgg taaagtagtg 1860
gtgccagagg gacatgcaat acccgtccag gactttcaag ctctgagtga aagtgccacce 1920
attgtgtaca acgaacgtga gttcgtaaac aggtacctgc accatattgce cacacatgga 1980
ggagcgctga acactgatga agaatattac aaaactgtca agcccagcga gcacgacggce 2040
gaatacctgt acgacatcga caggaaacag tgcgtcaaga aagaactagt cactgggcta 2100
gggctcacag gcgagctggt ggatccteccce ttccatgaat tcegecctacga gagtctgaga 2160
acacgaccag ccgctcctta ccaagtacca accatagggg tgtatggcgt gccaggatca 2220
ggcaagtctyg gcatcattaa aagcgcagtc accaaaaaag atctagtggt gagcgccaag 2280
aaagaaaact gtgcagaaat tataagggac gtcaagaaaa tgaaagggct ggacgtcaat 2340
gccagaactg tggactcagt gctcecttgaat ggatgcaaac accccgtaga gaccctgtat 2400
attgacgaag cttttgcttg tcatgcaggt actctcagag cgctcatagce cattataaga 2460
cctaaaaagg cagtgctctg cggggatcce aaacagtgcg gtttttttaa catgatgtgce 2520
ctgaaagtgc attttaacca cgagatttgc acacaagtct tccacaaaag catctctegce 2580
cgttgcacta aatctgtgac ttcggtcgtce tcaaccttgt tttacgacaa aaaaatgaga 2640
acgacgaatc cgaaagagac taagattgtg attgacacta ccggcagtac caaacctaag 2700
caggacgatc tcattctcac ttgtttcaga gggtgggtga agcagttgca aatagattac 2760
aaaggcaacg aaataatgac ggcagctgcce tctcaagggce tgacccgtaa aggtgtgtat 2820
gccgtteggt acaaggtgaa tgaaaatcct ctgtacgcac ccacctcaga acatgtgaac 2880
gtectactga ccecgcacgga ggaccgcatce gtgtggaaaa cactagecgg cgacccatgg 2940
ataaaaacac tgactgccaa gtaccctggg aatttcactg ccacgataga ggagtggcaa 3000
gcagagcatg atgccatcat gaggcacatc ttggagagac cggaccctac cgacgtcectte 3060
cagaataagg caaacgtgtg ttgggccaag gctttagtgce cggtgctgaa gaccgctggce 3120
atagacatga ccactgaaca atggaacact gtggattatt ttgaaacgga caaagctcac 3180
tcagcagaga tagtattgaa ccaactatgc gtgaggttct ttggactcga tcectggactcce 3240
ggtctatttt ctgcacccac tgttccgtta tccattagga ataatcactg ggataactcce 3300
ccgtecgecta acatgtacgg gctgaataaa gaagtggtcecce gtcagcectcte tegcaggtac 3360
ccacaactgc ctcgggcagt tgccactgga agagtctatg acatgaacac tggtacactg 3420
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cgcaattatg

gtcctecace

ggcagaactyg

ttgtcagacc

gtgcccaaat

cagcagtgtyg

ctgaatceceg

agcatcattg

tcacttgaag

cacaatcctt

gaagccggat

ggagtgatta

ctgtataaga

ctggtcaaag

tcggaggttg

aacgataaca

aacaaagatc

gcagatgtag

gctaggagag

gatgcagagce

acaagcgatg

gatatagcag

atgtatatcc

gaagccteca

agagtacagc

ttgccgaagt

tcaccgaaag

gacgagactce

ccacttataa

Jaagaagagyg

gaggcagaca

tcecgactttyg

agcggggcaa

cgaccggtge

agaacaccgt

ccaggegtga

cctagcaggt

attacaagag

gcatacatct

atccgegeat

ataatgaaca

tcectggtggt

ggcctgaggc

atgacataat

aagaccatge

geggaaccty

gtgctatage

agacggaagt

acaagcttte

gtgcacccte

taaatgctge

aattccecgga

gtgcagctaa

aaggtgacaa

attacaagtc

gactaaccca

ccatatactg

aagcagtgga

tggtgagggt

gcaaaacttt

aaattaatgc

tcggagaaag

caccacctag

gcctaaaage

atagaatcac

tgcctgegta

cggagecatce

ccgaggatga

atagcataag

ttcacgggec

atgtggacag

cgtcagecga

ctgegecteg

cacttgcacc

atagggtgat

cggtectegag

aggagtttga

tttectecga

aaacctagta

cccacagagt

cggggaaaag

taccttcaga

atttgttaat

cattaagcett

tgtcagcata

geggecagtte

tctgtttgta

atcaaccttg

atatcatgtg

taacagcaaa

aagcttegat

acatatcatt

acagttggca

agtagcgatt

atcattgaac

cagggacaag

ggagatatge

gcatccgaag

ctcatatttg

catgtggeee

catgagcagt

cacgctgect

ctcacgteca

tggtgtgcag

tattcatcca

ggcagagaac

gaccaggact

tttgctgtca

gecctetgta

tttatccata

gactaactct

aacagtattc

cagcagggec

cactagagag

aaccagecctyg

ggcgttegta

caccggtcaa

cctgtaaaca

gacttttett

ttgtcegtee

gCthgCtgg

gtgaggacce

agcatgttga

ggttatggtt

aagttttecece

ttecattgggt

accaacattt

gtgcgagggy

ggacaacctyg

ttacagccga

catgcegtag

gaggcttatg

ccactgttgt

catttgctga

aaatgggaaa

atatccgacyg

agttctttgg

gaagggacca

gttgcaacgg

attaggtcga

tgcttgtgea

gaacaaatta

aagatccaat

aggaagtatc

caatccacag

agaacgccetyg

gatggcccga

tctagetceat

cttgacacce

tacttcgcaa

aggaacccte

tgctcgagaa

gagctcegagg

gtctccaace

gcacaacaac

gggcatttac

gaagactgce tcatgcttta

cattcgtcag caaattgaag

caggcaaaat ggttgactgg

atttaggcat cccaggtgat

catataaata ccatcactat

ccaagaaagce ttgtctgeat

acgctgacag ggccagcgaa

gggtatgcaa accgaaatcce

acgatcgcaa ggcccgtacyg

atacaggttc cagactccac

atattgccac ggccaccgaa

geggaggggt gtgeggageg

tcgaagtagg aaaagcgcga

gaccaaactt caacaaagtt

agtccatcge taagattgte

ccaccggeat ctttteceggyg

cagctttaga caccactgat

tgactctcaa ggaagcagtyg

actcttcagt gacagaacct

ctggaaggaa gggctacage

agtttcacca ggcggccaag

aggccaatga gcaggtatge

aatgcccegt cgaagagtceg

tccatgecat gactccagaa

ctgtgtgete atccttteca

gcteccagee tatattgtte

tcgtggaaac accaccggta

aggggacacc tgaacaacca

agccgatcat catcgaagag

cccaccaggt gctgcaagte

cctggtecat tectcatgea

tggagggagc tagcgtgacce

agagtatgga gtttctggeg

cacatccege tcegegcaca

ccagectagt ttecacceceg

cgcttaccee gtcacgcact

cgccaggegt aaatagggtyg
aatgacggtt tgatgcgggt

aacaaaaatc agtaaggcaa

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760
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acggtgctat

ctcgaccaag

aacagaagca

attctgcaag

ctgcatcetyg

gcagtggaag

attattccag

actgccagtt

cccacaatac

getgccacaa

geggecttta

tttaaagaaa

aaaggaccaa

ataccaatgg

aaacatactg

gegtatetgt

aacattcata

ttccagectyg

gacgccatgg

ttgacgctga

aaatttaaat

gtcattaaca

gcagcattca

gacaggtgcg

aaagcgectt

cgtgtggcag

gaacatgatg

ggtattettt

atcatagtta

ggggcccecta

agtctagacc

acgaggagtt

acctggacct

tggaaaaaag

cttggetgtt

aaggaaacgc

gatgacgggt

tgaggaccte

agccaagtac

ggagccagat

ccgaagtggt

aaaaagaaga

gataccagte

gectagggcea

ttectttgta

cctgtaacge

agtacgatge

tttgcecctge

gatcggcagt

aaagaaattg

atgtggaatg

accccatcag

aagctgetge

acaggtttgt

aagaacggcc

geggaatcca

cactgtttga

gggattgtgt

ctctgacege

ttgaggecgge

tcggagecat

ttgtaatcge

ttggagatga

ccacctggtt

atttctgtygg

accccctaaa

atgacaggag

cagagetgtyg

tggccatgac

taactctcta

atgtctggte

cgctecttgt

tcaagaggtyg

atcacagccc

ctaaggaaag

cgtteccatg

ggagtgacct

gggaaaacat

tggtgcccag

gacattgatt

gttggagagg

attactacge

caggaaggtg

ttatttgaag

ttcatctagt

catgttgaaa

ctatttggac

aaagctgege

gectteageyg

caatgtcacg

cttcaagaaa

gcttactgaa

tetttttgeg

aatggactta

caaggtacag

ccgagagetyg

tatgtecgget

tctggaaact

gttaatgatt

tttceggcgaa

gatgaaatct

aagcagagtyg

caatatcgtyg

gaatatggaa

agggtttatt

aaggctgttt

aagggcattg

caaggcagta

tactctaget

cggctaacct

gtaaagctca

caaacaaaat

ttcaaggatt

acctaaagag

tcaagagagt

atgttctgac

tggtgcggaa

tctetgtggy

actcaatgga

getggtgeta

accgaattgg

aagaaattac

gagaacatga

gcagaaggaa

gtgaaccgtyg

gagaacttte

atggttgacg

agctttccaa

atccagaaca

caaatgagag

tatgcgtgta

gaaaacgtgg

aagacacata

aagagagacg

gtgatccagg

gttaggagat

gaagactttyg

gacatcgegt

ctggaagact

atttcatcaa

ggaatgttce

ttgagagaac

aaaggagtca

gtcaagatta

ttgtgtgact

aagcttggea

catgaagagt

gaatcaaggt

agcagtgtta

gaatggacta

gggaaaaacc

aaaacaaaaa

tatcttttte

gttgtggaaa

ggtggccagt

tgtgcaattc

aaacagatgg

cacaggcaac

atacaactgt

tggggtggaa

agatttcgta tgccccgege

agttaaatcc cacacctget

aagccataac agctagacgt

aagtggagtg ctaccgaacc

ccttttcaag ccccaaggte

cgactgtgge ttcttactgt

gagcttcatg ctgcttagac

agaaacactc ctatttggaa

cgctcecagaa cgtectggea

aattgccegt attggatteg

ataatgaata ttgggaaacg

taaattacat taccaaatta

atttgaatat gttgcaggac

tgaaagtgac tccaggaaca

ctgccgatce gctagcaaca

taaatgcggt cctgetteeg

acgctattat agccgagcac

cgtttgataa aagtgaggac

taggtgtgga cgcagagctg

tacatttgce cactaaaact

tcacactgtt tgtgaacaca

ggctaacegg atcaccatgt

aatcggacaa attaatggca

tagatgctgt ggtgggcgag

cegtgacegg cacagegtge

aacctctgge agcagacgat

caacacgctyg gaaccgagtyg

atgaaaccgt aggaacttcc

aatcattcag ctacctgaga

cgacatagtce tagtccgeca

ctgggegtca atatggtacyg

acaaaacaaa ttggaaacag

tttttgttca acattttgac

atgctggacce caagacaagg

ttgatgagag gattgtccte

ctaattttgg gaatgctgtt

ttgctectaa atgtgacatce

tgcacaacaa acattttgga

cccaatctca gtccaagaga

aacgttagag tcgcatatgg

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160
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taagtgtgac tcagcaggca ggtctaggag gtcaagaagg gccattgact tgcctacgca 8220
tgaaaaccat ggtttgaaga cccggcaaga aaaatggatg actggaagaa tgggtgaaag 8280
gcaactccaa aagattgaga gatggttcgt gaggaacccecc ttttttgcag tgacggctcet 8340
gaccattgcc taccttgtgg gaagcaacat gacgcaacga gtcgtgattg ccctactggt 8400
cttggetgtt ggtcecggect actcagctca ctgcattgga attactgaca gggatttcat 8460
tgagggggtg catggaggaa cttgggtttc agctaccctg gagcaagaca agtgtgtcac 8520
tgttatggcce cctgacaagce cttcattgga catctcacta gagacagtag ccattgatag 8580
acctgctgag gtgaggaaag tgtgttacaa tgcagttctc actcatgtga agattaatga 8640
caagtgccee agcactggag aggcccacct agetgaagag aacgaagggyg acaatgegtg 8700
caagcgcact tattctgata gaggctgggg caatggcetgt ggcctatttg ggaaagggag 8760
cattgtggca tgcgccaaat tcacttgtgc caaatccatg agtttgtttg aggttgatca 8820
gaccaaaatt cagtatgtca tcagagcaca attgcatgta ggggccaagc aggaaaattg 8880
gaataccgac attaagactc tcaagtttga tgccctgtca ggctcccagg aagtcgagtt 8940
cattgggtat ggaaaagcta cactggaatg ccaggtgcaa actgcggtgg actttggtaa 9000
cagttacatc gctgagatgg aaacagagag ctggatagtg gacagacagt gggcccagga 9060
cttgaccctg ccatggcaga gtggaagtgg cggggtgtgg agagagatgce atcatcttgt 9120
cgaatttgaa cctcecgcatg ccgccactat cagagtactg geccctgggaa accaggaagg 9180
ctccttgaaa acagctctta ctggcgcaat gagggttaca aaggacacaa atgacaacaa 9240
cctttacaaa ctacatggtg gacatgtttc ttgcagagtg aaattgtcag ctttgacact 9300
caaggggaca tcctacaaaa tatgcactga caaaatgttt tttgtcaaga acccaactga 9360
cactggccat ggcactgttg tgatgcaggt gaaagtgtca aaaggagccc cctgcaggat 9420
tccagtgata gtagctgatg atcttacagce ggcaatcaat aaaggcattt tggttacagt 9480
taaccccatc gectcaacca atgatgatga agtgctgatt gaggtgaacc caccttttgg 9540
agacagctac attatcgttg ggagaggaga ttcacgtctc acttaccagt ggcacaaaga 9600
gggaagctca ataggaaagt tgttcactca gaccatgaaa ggcgtggaac gcctggecgt 9660
catgggagac accgcctggg atttcagcte cgctggaggg ttcttcactt cggttgggaa 9720
aggaattcat acggtgtttg gctctgectt tcaggggcta tttggcgget tgaactggat 9780
aacaaaggtc atcatggggg cggtacttat atgggttggc atcaacacaa gaaacatgac 9840
aatgtccatg agcatgatct tggtaggagt gatcatgatg tttttgtctce taggagttgg 9900
ggcgtaageg gcccctataa ctectctacgg ctaacctgaa tggactacga catagtctag 9960
tcegecaagt ctagagctta ccatgaccga gtacaagcce acggtgcgece tegccaccceg 10020
cgacgacgtc cccagggcceg tacgcaccct cgccgceegeg ttcecgecgact acccegccac 10080
gcgecacacce gtcgatccgg accgccacat cgagecgggte accgagctgce aagaactcett 10140
cctcacgege gtcecgggcteg acatcggcaa ggtgtgggte gecggacgacg gegcegeggt 10200
ggcggtctgg accacgccgg agagcgtcga agegggggceg gtgttcecgecg agatcggcece 10260
gcgecatggece gagttgagcg gtteccgget ggccgegcag caacagatgg aaggcctect 10320
ggcgecgeac cggcccaagg agcccgegtg gttceectggec accgtceggeg tcectegeccga 10380
ccaccagggc aagggtctgg gcagcgcecgt cgtgcteccce ggagtggagg cggccgageg 10440
cgecggggtyg ceccgecttee tggagaccte cgcgceccege aaccteccect tectacgageg 10500
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geteggette

gacccgcaag

cgcacgaccec

gtcaccceee

cegeggtgte

ttattataat

aacataattg

atgcegectt

taatatttca

gacgaaaggg

tttctaaata

ataatattga

ttttgcggca

tgctgaagat

atccttgaga

ctatgtggeg

cactattctce

ggcatgacag

aacttacttc

ggggatcatg

gacgagcgtg

ggcgaactac

gttgcaggac

ggagccggtyg

tccegtateg

cagatcgetyg

tcatatatac

atcctttttyg

tcagacceeg

tgctgettge

ctaccaactc

cttectagtgt
ctegetetge

gggttggact

tcgtgeacac

gagcattgag

ggcagggteg

tatagtcctg

dgggggegga

accgtcacceyg

cceggtgect

catgatcget

gaaagaccat

aaaaaccgceg

tggcttggtg

aatacagcag

aaaattttta

aaaaaaaaaa

ccaggtggea

cattcaaata

aaaaggaaga

ttttgectte

cagttgggtg

gttttegece

cggtattatce

agaatgactt

taagagaatt

tgacaacgat

taactcgect

acaccacgat

ttactctage

cacttetgeg

agcgtgggtc

tagttatcta

agataggtgc

tttagattga

ataatctcat

tagaaaagat

aaacaaaaaa

tttttccgaa

agccgtagtt

taatcctgtt

caagacgata

agcccagett

aaagcgccac

gaacaggaga

tegggttteg

gectatggaa

ccgacgtega

gacgceecgee

agaccatggg

attgtgacac

tggacgtggt

ctggctacta

caattggcaa

ttttattttt

aaaaaaaaaa

cttttegggy

tgtatcecget

gtatgagtat

ctgtttttge

cacgagtggg

cgaagaacgt

cegtgttgac

ggttgagtac

atgcagtgcet

cggaggaccyg

tgatcgttygg

gectgtagcea

ttcceggeaa

cteggeecett

tcgeggtate

cacgacgggyg

ctcactgatt

tttaaaactt

gaccaaaatc

caaaggatct

accaccgeta

ggtaactgge

aggccaccac

accagtgget

gttaccggat

ggagcgaacg

getteccgaa

gcgcacgagy

ccacctetga

aaacgccage

gtgcccegaag

ccacgaccceg

gtaccgagta

accctcagta

taacatccct

ttgtggccat

getgettaca

tcttttettt

aaaacgcgte

aaatgtgege

catgagacaa

tcaacatttc

tcacccagaa

ttacatcgac

tttccaatga

gccgggcaag

tcaccagtca

gccataacca

aaggagctaa

gaaccggage

atggcaacaa

caattaatag

ceggetgget

attgcagcac

agtcaggcaa

aagcattggt

catttttaat

ccttaacgtyg

tcttgagatce

ccageggtgg

ttcagcagag

ttcaagaact

getgecagty

aaggcgcage

acctacaccyg

dggagaaagyg

gagcttccag

cttgagegte

aacgcgagcet

gaccgegega cctggtgeat

cagcgeccga ccgaaaggag

tgttacgtgce aaaggtgatt

tcacgcccaa acatttacag

getgggagga tcagecgtaa

gtacgtgetyg accaaccaga

tagaactcge ggcgattgge

tccgaategg attttgtttt

gaggggaatt aattcttgaa

ggaaccccta tttgtttatt

taaccctgat aaatgcttca

cgtgtegece ttattcectt

acgctggtga aagtaaaaga

tggatctcaa cagcggtaag

tgagcacttt taaagttctg

agcaactcgg tcgccgcata

cagaaaagca tcttacggat

tgagtgataa cactgcggec

ccgetttttt gcacaacatg

tgaatgaagc cataccaaac

cgttgegcaa actattaact

actggatgga ggcggataaa

ggtttattge tgataaatct

tggggccaga tggtaagece

ctatggatga acgaaataga

aactgtcaga ccaagtttac

ttaaaaggat ctaggtgaag

agttttcgtt ccactgageg

ctttttttet gegegtaatce

tttgtttgce ggatcaagag

cgcagatacc aaatactgtce

ctgtagcacce gectacatac
gegataagte gtgtcttace

ggtcgggetg aacggggggt

aactgagata cctacagcegt

cggacaggta tccggtaage

ggggaaacge ctggtatcett

gatttttgtyg atgctcgtca

cgatttaggt gacactata

10560

10620

10680

10740

10800

10860

10920

10980

11040

11100

11160

11220

11280

11340

11400

11460

11520

11580

11640

11700

11760

11820

11880

11940

12000

12060

12120

12180

12240

12300

12360

12420

12480

12540

12600

12660

12720

12780

12839
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<210> SEQ ID NO 10
<211> LENGTH: 10926

<212> TYPE:

DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 10

gatgggcgge

gttgacatcyg

gaggtagaag

ctggcetteaa

agtgcgeeeg

tgtgcggaag

gaaataactg

cctgacctygyg

caagtcgetyg

gccaataagg

aagaacttgg

acggctegta

tccattctta

accatctacc

ttacgtggca

gtcgttaaaa

acgatgcacc

gtctetttte

ctggcaacag

atagtcgtca

gtagtggccee

aggccactag

cacaagataa

gatttccact

acaagaatca

gacgtacaag

ttgcgegeag

gtcgacttga

aaggttacca

getgtactca

ataacacact

gtgccagagg

attgtgtaca

ggagcgctga

gaatacctgt

gcatgagaga

aggaagacag

ccaagcaggt

aactgatcga

cccgcagaat

atccggacag

ataaggaatt

aaactgagac

tttaccagga

gagttagagt

ctggagcata

acataggcct

gaaagaagta

acgagaagag

agcaaaatta

gaatagctat

gcgagggatt

cegtgtgeac

atgtcagtge

acggtegeac

aggcatttge

gactacgaga

catctattta

cattecgtget

ggaaaatgtt

aagctaagtg

ctctaccacce

tgttacaaga

gctacgatgg

agagtgaaaa

ctggccgaaa

gacatgcaat

acgaacgtga

acactgatga

acgacatcga

agcccagace

cccattecte

cactgataat

aacggaggtg

gtattctaag

attgtataag

ggacaagaaa

tatgtgecte

tgtatacgeg

cgectactygyg

tccatcatac

atgcagctct

tttgaaacca

ggacttactyg

cacatgtegg

cagtccagge

cttgtgetge

gtatgtgcca

ggacgacgcg

ccagagaaac

taggtgggca

tagacagtta

taagcgeeeyg

gcccaggata

agaggagcac

cgcagecgat

tttggcaget

ggetggggee

cgaggacaag

attatcttge

agggcgttat

accecgtecag

gttegtaaac

agaatattac

caggaaacag

aattacctac

agagctttge

gaccatgcta

gacccatccyg

cacaagtatc

tatgcaacta

atgaaggagc

cacgacgacg

gttgacggac

ataggcetttg

tctaccaact

gacgttatgg

tccaacaatg

aggagctggc

tgtgagacta

ctgtatggga

aaagtgacag

gctacattgt

caaaaactgc

accaatacca

aaggaatata

gtcatggggt

gatacccaaa

ggcagtaaca

aaggagcegt

gaggctaagg

gatgttgagg

ggctcagtgg

atcggetett

atccacccte

geegtggaac

gactttcaag

aggtacctge

aaaactgtca

tgcgtcaaga

synthetic polynucleotide

ccaaaatgga

agcggagett

atgccagage

acacgatcct

attgtatctg

agctgaagaa

tggccgeegt

agtcgtgteg

cgacaagtct

acaccacccce

gggccgacga

agcggtcacyg

ttctattctce

acctgeegte

tagttagttg

agccttcagyg

acacattgaa

gtgaccaaat

tggttgggct

tgaaaaatta

aggaagatca

gttgttgggc

ccatcatcaa

cattggagat

cacctctcat

aggtgcgtga

agcccactet

agacacctcg

acgctgtget

tcgetgaaca

cataccatgg

ctctgagtga

accatattge

agcccagega

aagaactagt

gaaagttcac

ccegeagttt

gttttegeat

tgacattgga

tccgatgaga

aaactgtaag

catgagcgac

ctacgaaggyg

ctatcaccaa

ttttatgttt

aaccgtgtta

tagagggatg

tgttggcteyg

tgtatttcac

cgacgggtac

ctatgetget

¢ggggagagy

gactggcata

caaccagegt

ccttttgece

agaagatgaa

ttttagaagg

agtgaacagc

cgggctgaga

taccgccgag

agccgaggag

ggaagccgat

tggcttgata

ttctecegeag

agtcatagtyg

taaagtagtyg

aagtgccacce

cacacatgga

gcacgacggce

cactgggceta

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

1680

1740

1800

1860

1920

1980

2040

2100
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gggctcacag

acacgaccag

ggcaagtctyg

aaagaaaact

gccagaactyg

attgacgaag

cctaaaaagg

ctgaaagtge

cgttgcacta

acgacgaatc

caggacgatc

aaaggcaacg

geegtteggt

gtcctactga

ataaaaacac

gcagagcatyg

cagaataagg

atagacatga

tcagcagaga

ggtctatttt

cegtegecta

ccacaactge

cgcaattatg

gtcctecace

ggcagaactyg

ttgtcagacc

gtgcccaaat

cagcagtgtyg

ctgaatceceg

agcatcattg

tcacttgaag

cacaatcctt

gaagccggat

ggagtgatta

ctgtataaga

ctggtcaaag

tcggaggttg

aacgataaca

acaaagatcg

cagatgtage

gcgagetggt

ccgetectta

gcatcattaa

gtgcagaaat

tggactcagt

cttttgetty

cagtgetetyg

attttaacca

aatctgtgac

cgaaagagac

tcattctcac

aaataatgac

acaaggtgaa

ccegecacgga

tgactgccaa

atgccatcat

caaacgtgtyg

ccactgaaca

tagtattgaa

ctgcacccac

acatgtacgg

ctcegggeagt

atccgegeat

ataatgaaca

tcectggtggt

ggcctgaggc

atgacataat

aagaccatge

geggaaccty

gtgctatage

agacggaagt

acaagcttte

gtgcacccte

taaatgctge

aattccecgga

gtgcagctaa

aaggtgacaa

attacaagtc

actaacccaa

catatactge

ggatcctece

ccaagtacca

aagcgcagtce

tataagggac

getettgaat

tcatgcaggt

cggggatcee

cgagatttge

ttcggtegte

taagattgtg

ttgtttcaga

ggcagctgee

tgaaaatcct

ggaccgcatce

gtaccetggyg

gaggcacatc

ttgggccaag

atggaacact

ccaactatge

tgttcegtta

gctgaataaa

tgccactgga

aaacctagta

cccacagagt

cggggaaaag

taccttcaga

atttgttaat

cattaagcett

tgtcagcata

geggecagtte

tctgtttgta

atcaaccttg

atatcatgtg

taacagcaaa

aagcttegat

acatatcatt

acagttggca

agtagcgatt

tcattgaacc

agggacaaga

ttccatgaat

accatagggyg

accaaaaaag

gtcaagaaaa

ggatgcaaac

actctcagag

aaacagtgcg

acacaagtct

tcaaccttgt

attgacacta

gggtgggtga

tctcaaggge

ctgtacgcac

gtgtggaaaa

aatttcactg

ttggagagac

getttagtge

gtggattatt

gtgaggttct

tccattagga

gaagtggtce

agagtctatg

cctgtaaaca

gacttttett

ttgtcegtee

gCthgCtgg

gtgaggacce

agcatgttga

ggttatggtt

aagttttecece

ttecattgggt

accaacattt

gtgcgagggy

ggacaacctyg

ttacagccga

catgcegtag

gaggcttatg

ccactgttgt

atttgctgac

aatgggaaat

tcgectacga gagtctgaga

tgtatggegt gccaggatca

atctagtggt gagcgccaag

tgaaagggct ggacgtcaat

accccegtaga gaccctgtat

cgctcatage cattataaga

gtttttttaa catgatgtge

tccacaaaag catctctege

tttacgacaa aaaaatgaga

ccggcagtac caaacctaag

agcagttgca aatagattac

tgacccgtaa aggtgtgtat

ccacctcaga acatgtgaac

cactagcegg cgacccatgg

ccacgataga ggagtggcaa

cggaccctac cgacgtette

cggtgetgaa gaccgetgge

ttgaaacgga caaagctcac

ttggactcga tctggactee

ataatcactyg ggataactcc

gtcagetete tcegcaggtac

acatgaacac tggtacactg

gaagactgce tcatgcttta

cattcgtcag caaattgaag

caggcaaaat ggttgactgg

atttaggcat cccaggtgat

catataaata ccatcactat

ccaagaaagce ttgtctgeat

acgctgacag ggccagcgaa

gggtatgcaa accgaaatcce

acgatcgcaa ggcccgtacyg

atacaggttc cagactccac

atattgccac ggccaccgaa

geggaggggt gtgeggageg

tcgaagtagg aaaagcgcga

gaccaaactt caacaaagtt

agtccatcge taagattgte

ccaccggeat ttttceggga

agctttagac accactgatg

gactctcaag gaagcagtgg

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500
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ctaggagaga

atgcagagct

caagcgatgg

atatagcaga

tgtatatcct

aagcctecac

gagtacagcg

tgccgaagta

caccgaaagt

acgagactcc

cacttataac

aagaagagga

aggcagacat

ccgactttga

gcggggcaac

gaccggtgee

gaacaccgte

caggcgtgaa

ctagcaggtce

ttacaagaga

catacatctt

cggtgetate

tcgaccaaga

acagaagcag

ttctgcaagy

tgcatcctgt

cagtggaagc

ttattccaga

ctgccagttt

ccacaatacg

ctgccacaaa

cggectttaa

ttaaagaaaa

aaggaccaaa

taccaatgga

aacatactga

cgtatetgtyg

acattcatac

tccagectygyg

agcagtggag

ggtgagggtyg

caaaactttc

aattaatgcc

cggagaaagce

accacctage

cctaaaagec

tagaatcact

gectgegtat

ggagccatcg

cgaggatgag

tagcataagt

tcacgggeceyg

tgtggacagt

gtcagccgag

tgcgectega

acttgcacce

tagggtgatc

ggtctcgaga

ggagtttgag

ttcctecgac

cgaagtggtg

aaaagaagaa

ataccagtcc

cctagggeat

tcetttgtat

ctgtaacgec

gtacgatgce

ttgcecetgea

atcggcagtyg

aagaaattgc

tgtggaatge

ccccatcagyg

agctgetget

caggtttgta

agaacggccec

cggaatccac

actgtttgat

ggattgtgtt

gagatatgca

catccgaaga

tcatatttgg

atgtggeeeg

atgagcagta

acgctgecett

tcacgtccag

ggtgtgcaga

attcatccaa

gcagagaacc

accaggacta

ttgctgtcag

ccctetgtat

ttatccatac

actaactctt

acagtattca

agcagggect

actagagagg

accagectygg

gegttegtag

accggtcaag

ttggagagga

ttactacgca

aggaaggtgg

tatttgaagg

tcatctagtyg

atgttgaaag

tatttggaca

aagctgegea

ccttecagega

aatgtcacge

ttcaagaaat

cttactgaag

ctttttgcga

atggacttaa

aaggtacagg

cgagagctgg

atgtcggetyg

ctggaaactg

tatccgacga

gttetttgge

aagggaccaa

ttgcaacgga

ttaggtcgaa

gettgtgeat

aacaaattac

agatccaatg

ggaagtatct

aatccacaga

gaacgcctga

atggcccgac

ctagctcate

ttgacaccct

acttcgcaaa

ggaaccctee

gctegagaac

agctcgagge

tctceccaacce

cacaacaaca

ggcatttaca

ccgaattgga

agaaattaca

agaacatgaa

cagaaggaaa

tgaaccgtge

agaactttce

tggttgacgg

getttecaaa

tccagaacac

aaatgagaga

atgcgtgtaa

aaaacgtggt

agacacataa

agagagacgt

tgatccagge

ttaggagatt

aagactttga

acatcgegte

ctcttecagtyg acagaacctyg

tggaaggaag ggctacagca

gtttcaccag gcggccaagg

ggccaatgag caggtatgca

atgccecegte gaagagtcgyg

ccatgeccatg actccagaaa

tgtgtgctca tcctttecat

ctceccagect atattgttet

cgtggaaaca ccaccggtag

ggggacacct gaacaaccac

gecgatcate atcgaagagg

ccaccaggtyg ctgcaagtceg

ctggtccatt cctcatgeat

ggagggaget agcgtgacca

gagtatggag tttctggege

acatcccget ccgegcacaa

cagcctagtt tccacccege

gettacceeg tcacgcacte

gccaggegta aatagggtga

atgacggttt gatgcgggtyg

acaaaaatca gtaaggcaaa

gatttegtat gcccegegece

gttaaatcce acacctgcta

agccataaca gctagacgta

agtggagtgce taccgaacce

cttttcaage cccaaggteg

gactgtggct tcttactgta

agcttcatge tgcttagaca

gaaacactce tatttggaac

getecagaac gtectggecag

attgcccgta ttggattegyg

taatgaatat tgggaaacgt

aaattacatt accaaattaa

tttgaatatg ttgcaggaca

gaaagtgact ccaggaacaa

tgccgateceyg ctagcaacag

aaatgcggte ctgcettecga

cgctattata gccgagcact

gtttgataaa agtgaggacg

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840
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acgccatggce tctgaccgeg ttaatgattce tggaagactt aggtgtggac gcagagctgt 6900
tgacgctgat tgaggcggct ttcggcgaaa tttcatcaat acatttgccce actaaaacta 6960
aatttaaatt cggagccatg atgaaatctg gaatgttcect cacactgttt gtgaacacag 7020
tcattaacat tgtaatcgca agcagagtgt tgagagaacg gctaaccgga tcaccatgtg 7080
cagcattcat tggagatgac aatatcgtga aaggagtcaa atcggacaaa ttaatggcag 7140
acaggtgcgce cacctggttg aatatggaag tcaagattat agatgctgtg gtgggcgaga 7200
aagcgcectta tttcectgtgga gggtttattt tgtgtgactc cgtgaccggce acagcgtgcece 7260
gtgtggcaga ccccctaaaa aggctgttta agcttggcaa acctctggca gcagacgatg 7320
aacatgatga tgacaggaga agggcattgc atgaagagtc aacacgctgyg aaccgagtgg 7380
gtattcttte agagctgtgce aaggcagtag aatcaaggta tgaaaccgta ggaacttcca 7440
tcatagttat ggccatgact actctagcta gcagtgttaa atcattcagce tacctgagag 7500
gggceccctat aactctctac ggctaacctg aatggactac gacatagtct agtccgcecaa 7560
gtctagacca tgagcggcecg gaaggctcag ggcaagaccce tgggcegtgaa catggtgagyg 7620
cgeggegtge gcagectete caacaagatc aagcagaaga ccaagcagat cggcaacaga 7680
cceggaccga gcecggggegt ccaggggtte atcttettet tectgttcaa catcctcaca 7740
ggtaagaaga tcacggctca cctgaagagg ctctggaaga tgctggaccce tegecagggyg 7800
ctcgeggtge tcagaaaggt gaagcgggtce gtegectecce tgatgegegg cctgtectcet 7860
cgcaagaggc gctcccacga tgtgctcacce gtccaattece tcattctgga atgctgectga 7920
tgactggcgg cgtgacccetg gtgcgcaaga accgctggcet getgctgaat gtgaccagtg 7980
aggacctcgg gtaagggccc ctataactct ctacggctaa cctgaatgga ctacgacata 8040
gtctagtcceg ccaagtctag agcttaccat gaccgagtac aagcccacgg tgcgcectege 8100
caccegegac gacgtcececca gggccgtacg caccctegece gecgegtteg ccgactacce 8160
cgccacgege cacaccgtceg atccggacceg ccacatcgag cgggtcaccyg agcetgcaaga 8220
actcttecte acgcgcegteg ggctcgacat cggcaaggtg tgggtcgcecgg acgacggcgce 8280
cgeggtggeg gtetggacca cgccggagag cgtcgaageg ggggceggtgt tcegecgagat 8340
cggceecgege atggecgagt tgageggtte ceggetggece gegcagcaac agatggaagg 8400
cctectggeg cegcaccgge ccaaggagece cgegtggtte ctggecacceyg tceggegtcete 8460
geecgaccac cagggcaagg gtctgggcag cgccegtegtyg ctecceggag tggaggcegge 8520
cgagegegee ggggtgeccg ccttectgga gacctecgeg ccececgcaace tccecttceta 8580
cgageggete ggcttcaccg tcaccgecga cgtcegaggtyg cecgaaggac cgcgcacctg 8640
gtgcatgace cgcaagccceg gtgectgacg cccgecccac gacccgcecage geccgaccga 8700
aaggagcgca cgaccccatg atcgctagac catggggtac cgagtatgtt acgtgcaaag 8760
gtgattgtca cccecceccgaaa gaccatattg tgacacaccce tcagtatcac gcccaaacat 8820
ttacagccge ggtgtcaaaa accgcgtgga cgtggttaac atccctgctg ggaggatcag 8880
ccgtaattat tataattggce ttggtgctgg ctactattgt ggccatgtac gtgctgacca 8940
accagaaaca taattgaata cagcagcaat tggcaagctg cttacataga actcgcggcg 9000
attggcatgc cgccttaaaa tttttatttt attttttett ttcttttcececg aatcggattt 9060
tgtttttaat atttcaaaaa aaaaaaaaaa aaaaaaaaaa cgcgtcgagg ggaattaatt 9120
cttgaagacg aaagggccag gtggcacttt tcggggaaat gtgcgcggaa cccctatttg 9180
tttatttttc taaatacatt caaatatgta tccgctcatg agacaataac cctgataaat 9240
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gcttcaataa tattgaaaaa

tceotttttt geggeatttt

aaaagatgct gaagatcagt

cggtaagatce cttgagagtt

agttctgecta tgtggegegyg

ccgcatacac tattctcaga

tacggatggce atgacagtaa

tgcggecaac ttacttctga

caacatgggyg gatcatgtaa

accaaacgac gagcgtgaca

attaactggc gaactactta

ggataaagtt gcaggaccac

taaatctgga gccggtgage

taagccctee cgtategtag

aaatagacag atcgctgaga

agtttactca tatatacttt

ggtgaagatc ctttttgata

ctgagegtca gacccegtag

cgtaatctge tgcttgcaaa

tcaagagcta ccaactcttt

tactgtcctt ctagtgtage

tacataccte gctctgetaa

tcttaccggyg ttggactcaa

ggggggtteyg tgcacacage

acagcgtgag cattgagaaa

ggtaagcggc agggtcggaa

gtatctttat agtcctgteg

ctcgtcaggg gggcggagcc

actata

<210> SEQ ID NO 11

<211> LENGTH: 12836
<212> TYPE: DNA

ggaagagtat

gecttectgt

tgggtgcacg

ttcgccecega

tattatcceg

atgacttggt

gagaattatg

caacgatcgg

ctcgecttga

ccacgatgec

ctctagette

ttctgegete

gtgggtctcg

ttatctacac

taggtgecte

agattgattt

atctcatgac

aaaagatcaa

caaaaaaacc

ttccgaaggt

cgtagttagg

tcctgttace

gacgatagtt

ccagcttgga

gegecacget

caggagagcg

ggtttegeca

tatggaaaaa

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 11

gatgggcggc gcatgagaga

gttgacatcg aggaagacag

tgaggtagaa gccaagcagg

tctggettca aaactgateg

aagtgcgece gcccgcagaa

agcccagace

cccattecte

tcactgataa

aaacggaggt

tgtattctaa

gagtattcaa
ttttgctcac
agtgggttac
agaacgtttt
tgttgacgee
tgagtactca
cagtgcetgee
aggaccgaag
tcgttgggaa
tgtagcaatg
ccggcaacaa
ggcecttecy
cggtatcatt
gacggggagt
actgattaag
aaaacttcat
caaaatcect
aggatcttct
accgctacca
aactggette
ccaccactte
agtggctget
accggataag
gcgaacgace
tcccgaaggy
cacgagggag
cctetgactt

cgccagcaac

aattacctac
bagagctttg
tgaccatgcet
ggacccatcce

gcacaagtat

catttccgtyg tecgeccttat

ccagaaacgce tggtgaaagt

atcgaactgg atctcaacag

ccaatgatga gcacttttaa

gggcaagage aactcggteg

ccagtcacag aaaagcatct

ataaccatga gtgataacac

gagctaaccg cttttttgca

ccggagetga atgaagecat

gcaacaacgt tgcgcaaact

ttaatagact ggatggaggc

getggetggt ttattgetga

gcagcactgg ggccagatgg

caggcaacta tggatgaacg

cattggtaac tgtcagacca

ttttaattta aaaggatcta

taacgtgagt tttcgttcca

tgagatcctt tttttetgeg

geggtggttt gtttgecgga

agcagagcge agataccaaa

aagaactctyg tagcaccgec

gecagtggeg ataagtegtg

gegeageggt cgggetgaac

tacaccgaac tgagatacct

agaaaggcgg acaggtatcc

cttecagggyg gaaacgectyg

gagegtcegat ttttgtgatg

gegagetega tttaggtgac

Synthetic polynucleotide

ccaaaatgga gaaagttcac

cagcggaget tcccgcagtt

aatgccagag cgttttegea

gacacgatce ttgacattgg

cattgtatct gtccgatgag

9300

9360

9420

9480

9540

9600

9660

9720

9780

9840

9900

9960

10020

10080

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680

10740

10800

10860

10920

10926

60

120

180

240

300
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atgtgcggaa gatccggaca gattgtataa gtatgcaact aagctgaaga aaaactgtaa 360
ggaaataact gataaggaat tggacaagaa aatgaaggag ctggccgecg tcatgagega 420
ccctgacctyg gaaactgaga ctatgtgect ccacgacgac gagtegtgte gctacgaagg 480
gcaagtceget gtttaccagg atgtatacge ggttgacgga ccgacaagtc tctatcacca 540
agccaataag ggagttagag tcgcctactg gataggcettt gacaccacce cttttatgtt 600
taagaacttg gctggagcat atccatcata ctctaccaac tgggccgacyg aaaccgtgtt 660
aacggctcegt aacataggcc tatgcagete tgacgttatg gageggtcac gtagagggat 720
gtecattett agaaagaagt atttgaaacc atccaacaat gttctattet ctgttggetce 780
gaccatctac cacgagaaga gggacttact gaggagctgg cacctgecgt ctgtatttca 840
cttacgtgge aagcaaaatt acacatgtcg gtgtgagact atagttagtt gcgacgggta 900
cgtegttaaa agaatagcta tcagtccagg cectgtatggg aagecttcag gctatgetge 960
tacgatgcac cgcgagggat tcecttgtgctg caaagtgaca gacacattga acggggagag 1020
ggtctctttt ccecgtgtgca cgtatgtgec agctacattg tgtgaccaaa tgactggcat 1080
actggcaaca gatgtcagtg cggacgacgce gcaaaaactyg ctggttggge tcaaccagceg 1140
tatagtcgtc aacggtcgca cccagagaaa caccaatacc atgaaaaatt accttttgec 1200
cgtagtggcce caggcatttg ctaggtgggce aaaggaatat aaggaagatc aagaagatga 1260
aaggccacta ggactacgag atagacagtt agtcatgggg tgttgttggg cttttagaag 1320
gcacaagata acatctattt ataagcgccc ggatacccaa accatcatca aagtgaacag 1380
cgatttccac tcattcgtge tgcccaggat aggcagtaac acattggaga tcgggctgag 1440
aacaagaatc aggaaaatgt tagaggagca caaggagccg tcacctctca ttaccgecga 1500
ggacgtacaa gaagctaagt gcgcagccga tgaggctaag gaggtgegtg aagccgagga 1560
gttgcgcgceca gctctaccac ctttggcage tgatgttgag gagcccactce tggaagccga 1620
tgtcgacttg atgttacaag aggctggggc cggctcagtg gagacacctce gtggcettgat 1680
aaaggttacc agctacgatg gcgaggacaa gatcggctcet tacgctgtge tttcetcecgcea 1740
ggctgtactc aagagtgaaa aattatcttg catccacccect ctecgctgaac aagtcatagt 1800
gataacacac tctggccgaa aagggcgtta tgccgtggaa ccataccatg gtaaagtagt 1860
ggtgccagag ggacatgcaa tacccgtcca ggactttcaa gctctgagtg aaagtgccac 1920
cattgtgtac aacgaacgtg agttcgtaaa caggtacctg caccatattg ccacacatgg 1980
aggagcgetg aacactgatg aagaatatta caaaactgtce aagcccageyg agcacgacgg 2040
cgaatacctg tacgacatcg acaggaaaca gtgcgtcaag aaagaactag tcactgggct 2100
agggctcaca ggcgagctgg tggatcctce ctteccatgaa ttcecgectacg agagtctgag 2160
aacacgacca gccgctcecett accaagtacce aaccataggg gtgtatggceg tgccaggatce 2220
aggcaagtct ggcatcatta aaagcgcagt caccaaaaaa gatctagtgg tgagcgccaa 2280
gaaagaaaac tgtgcagaaa ttataaggga cgtcaagaaa atgaaagggc tggacgtcaa 2340
tgccagaact gtggactcag tgctcttgaa tggatgcaaa caccccgtag agaccctgta 2400
tattgacgaa gcttttgctt gtcatgcagg tactctcaga gcgctcatag ccattataag 2460
acctaaaaag gcagtgctcect geggggatce caaacagtgce ggttttttta acatgatgtg 2520
cctgaaagtg cattttaacc acgagatttg cacacaagtc ttccacaaaa gcatctctceg 2580
ccgttgcact aaatctgtga cttcggtcecgt ctcaaccttg ttttacgaca aaaaaatgag 2640
aacgacgaat ccgaaagaga ctaagattgt gattgacact accggcagta ccaaacctaa 2700
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gcaggacgat ctcattctca cttgtttcag agggtgggtyg aagcagttgc aaatagatta 2760
caaaggcaac gatatgacgg cagctgcctce tcaagggctg acccgtaaag gtgtgtatgce 2820
cgttcggtac aaggtgaatg aaaatcctct gtacgcaccce acctcagaac atgtgaacgt 2880
cctactgace cgcacggagg accgcatcegt gtggaaaaca ctagccggeyg acccatggat 2940
aaaaacactg actgccaagt accctgggaa tttcactgcc acgatagagg agtggcaagc 3000
agagcatgat gccatcatga ggcacatctt ggagagaccg gaccctaccg acgtcttcca 3060
gaataaggca aacgtgtgtt gggccaaggce tttagtgceg gtgctgaaga ccgctggcat 3120
agacatgacc actgaacaat ggaacactgt ggattatttt gaaacggaca aagctcactc 3180
agcagagata gtattgaacc aactatgcgt gaggttcttt ggactcgatc tggactccgg 3240
tctattttet gecacccactg tteccgttate cattaggaat aatcactggg ataactcccce 3300
gtcgectaac atgtacgggce tgaataaaga agtggtccgt cagctctcectce gcaggtaccce 3360
acaactgcct cgggcagttg ccactggaag agtctatgac atgaacactg gtacactgceg 3420
caattatgat ccgcgcataa acctagtacc tgtaaacaga agactgcctce atgctttagt 3480
cctccaccat aatgaacacc cacagagtga cttttcttca ttcgtcagca aattgaaggg 3540
cagaactgtc ctggtggtcg gggaaaagtt gtccgtecca ggcaaaatgg ttgactggtt 3600
gtcagaccgg cctgaggcta ccttcagage tcggctggat ttaggcatcc caggtgatgt 3660
gcccaaatat gacataatat ttgttaatgt gaggacccca tataaatacc atcactatca 3720
gcagtgtgaa gaccatgcca ttaagcttag catgttgacc aagaaagctt gtctgcatct 3780
gaatccecgge ggaacctgtg tcagcatagg ttatggttac getgacaggg ccagcgaaag 3840
catcattggt gctatagcge ggcagttcaa gttttccecegg gtatgcaaac cgaaatccte 3900
acttgaagag acggaagttc tgtttgtatt cattgggtac gatcgcaagg cccgtacgca 3960
caatccttac aagctttcat caaccttgac caacatttat acaggttcca gactccacga 4020
agccggatgt gcaccctcat atcatgtggt gcgaggggat attgccacgg ccaccgaagg 4080
agtgattata aatgctgcta acagcaaagg acaacctggc ggaggggtgt gcggagcgcet 4140
gtataagaaa ttcccggaaa gcttcgattt acagccgatc gaagtaggaa aagcgcgact 4200
ggtcaaaggt gcagctaaac atatcattca tgccgtagga ccaaacttca acaaagtttce 4260
ggaggttgaa ggtgacaaac agttggcaga ggcttatgag tccatcgcta agattgtcaa 4320
cgataacaat tacaagtcag tagcgattcc actgttgtcce accggcatct ttteccgggaa 4380
caaagatcga ctaacccaat cattgaacca tttgctgaca gctttagaca ccactgatgce 4440
agatgtagcc atatactgca gggacaagaa atgggaaatg actctcaagg aagcagtggc 4500
taggagagaa gcagtggagg agatatgcat atccgacgac tcttcagtga cagaacctga 4560
tgcagagctg gtgagggtgce atccgaagag ttetttggct ggaaggaagg gctacagcac 4620
aagcgatggce aaaactttcect catatttgga agggaccaag tttcaccagg cggccaagga 4680
tatagcagaa attaatgcca tgtggcccgt tgcaacggag gccaatgagce aggtatgcat 4740
gtatatccte ggagaaagca tgagcagtat taggtcgaaa tgccccegtcg aagagtcgga 4800
agcctceccaca ccacctagca cgctgecttg cttgtgcatce catgccatga ctccagaaag 4860
agtacagcgce ctaaaagcct cacgtccaga acaaattact gtgtgctcat cctttcecatt 4920
gccgaagtat agaatcactg gtgtgcagaa gatccaatgce tcccagccta tattgttete 4980
accgaaagtg cctgcgtata ttcatccaag gaagtatctc gtggaaacac caccggtaga 5040
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cgagactceg

acttataacc

agaagaggat

ggcagacatt

cgactttgat

cggggcaacyg

accggtgect

aacaccgtca

aggcgtgaat

tagcaggtcg

acaagagagg

tacatctttt

gtgctatcceyg

gaccaagaaa

agaagcagat

ctgcaaggec

catcctgtte

gtggaagcct

attccagagt

gccagttttt

acaatacgat

gccacaaaaa

gectttaatyg

aaagaaaacc

ggaccaaaag

ccaatggaca

catactgaag

tatctgtgeg

attcatacac

cagcctgggg

gccatggete

acgctgattyg

tttaaattcg

attaacattg

gcattcattyg

aggtgcgeca

gegecttatt

gtggcagace

catgatgatg

attctttcag

gagccatcgg

gaggatgaga

agcataagtt

cacgggeage

gtggacagtt

tcagccgaga

gegectegaa

cttgcaccca

agggtgatca

gtctcgagaa

agtttgagge

cctecgacac

aagtggtgtt

aagaagaatt

accagtccag

tagggcatta

ctttgtatte

gtaacgccat

acgatgccta

gecctgcaaa

cggcagtgec

gaaattgcaa

tggaatgett

ccatcagget

ctgetgetet

ggtttgtaat

aacggcccaa

gaatccaccyg

tgtttgatat

attgtgttet

tgaccgegtt

aggcggettt

gagccatgat

taatcgcaag

gagatgacaa

cctggttgaa

tetgtggagg

ccctaaaaag

acaggagaag

agctgtgcaa

cagagaacca

ccaggactag

tgctgtcaga

cctetgtate

tatccatact

ctaactctta

cagtattcag

gcagggcctg

ctagagagga

ccagetggte

gttegtagca

cggtcaaggg

ggagaggacc

actacgcaag

gaaggtggag

tttgaaggca

atctagtgtg

gttgaaagag

tttggacatg

getgegeage

ttcagcgatc

tgtcacgcaa

caagaaatat

tactgaagaa

ttttgcgaag

ggacttaaag

ggtacaggtg

agagctggtt

gtcggetgaa

ggaaactgac

aatgattctg

cggcgaaatt

gaaatctgga

cagagtgttg

tatcgtgaaa

tatggaagtc

gtttattttg

getgtttaag

ggcattgcat

ggcagtagaa

atccacagag

aacgcctgag

tggccecgace

tagctcatce

tgacaccctyg

cttegcaaag

gaacccteca

ctcgagaacc

gctcgaggeg

tccaaccege

caacaacaat

catttacaac

gaattggaga

aaattacagt

aacatgaaag

gaaggaaaag

aaccgtgect

aactttccga

gttgacggag

tttccaaaga

cagaacacgc

atgagagaat

gegtgtaata

aacgtggtaa

acacataatt

agagacgtga

atccaggetyg

aggagattaa

gactttgacyg

atcgcgtegt

gaagacttag

tcatcaatac

atgttectca

agagaacggc

ggagtcaaat

aagattatag

tgtgactceg

cttggcaaac

gaagagtcaa

tcaaggtatg

gggacacctyg aacaaccacce

ccgatcatca tcgaagagga

caccaggtge tgcaagtcga

tggtccatte ctcatgcate

gagggagcta gegtgaccag

agtatggagt ttctggegeg

catccegete cgcegcacaag

agcctagttt ccacccegec

cttacccegt cacgcactcee

caggcgtaaa tagggtgatt

gacggtttga tgcgggtgca

aaaaatcagt aaggcaaacg

tttegtatge ccegegecte

taaatcccac acctgctaac

ccataacage tagacgtatt

tggagtgcta ccgaaccctyg

tttcaagcce caaggtcgca

ctgtggette ttactgtatt

cttcatgetyg cttagacact

aacactccta tttggaacce

tccagaacgt cctggcaget

tgccegtatt ggatteggeg

atgaatattyg ggaaacgttt

attacattac caaattaaaa

tgaatatgtt gcaggacata

aagtgactcc aggaacaaaa

ccgatecget agcaacageg

atgcggtect gettecgaac

ctattatage cgagcacttce

ttgataaaag tgaggacgac

gtgtggacge agagcetgttg

atttgcccac taaaactaaa

cactgtttgt gaacacagtc

taaccggatc accatgtgca

cggacaaatt aatggcagac

atgctgtggt gggcgagaaa

tgaccggcac agcegtgccegt

ctctggcage agacgatgaa

cacgctggaa ccgagtgggt

aaaccgtagg aacttccatce

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440
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atagttatgg ccatgactac tctagctagc agtgttaaat cattcagcta cctgagaggg 7500
gccectataa ctetctacgg ctaacctgaa tggactacga catagtctag tccgccaagt 7560
ctagaccatg agcggccgga aggctcaggg caagaccctyg ggegtgaaca tggtgaggeg 7620
cggegtgege agectceteca acaagatcaa gcagaagacce aagcagatcyg gcaacagacce 7680
cggaccgagce cggggcgtec aggggttcat cttettette ctgttcaaca tectcacagg 7740
taagaagatc acggctcacc tgaagaggct ctggaagatg ctggaccctce gceccaggggct 7800
cgeggtgete agaaaggtga agcgggtcecgt cgcctcectg atgcgeggece tgtecteteg 7860
caagaggcgce tcccacgatg tgctcaccgt ccaattcectce attctgggaa tgctgttgat 7920
gacgggtgga gtgaccttgg tgcggaaaaa cagatggttg ctcctaaatg tgacatctga 7980
ggacctcggg aaaacattct ctgtgggcac aggcaactgc acaacaaaca ttttggaagce 8040
caagtactgg tgcccagact caatggaata caactgtccc aatctcagtce caagagagga 8100
gccagatgac attgattgct ggtgctatgg ggtggaaaac gttagagtcg catatggtaa 8160
gtgtgactca gcaggcaggt ctaggaggtc aagaagggcc attgacttgc ctacgcatga 8220
aaaccatggt ttgaagaccc ggcaagaaaa atggatgact ggaagaatgyg gtgaaaggca 8280
actccaaaag attgagagat ggttcgtgag gaaccccttt tttgcagtga cggctctgac 8340
cattgcctac cttgtgggaa gcaacatgac gcaacgagtc gtgattgccce tactggtcett 8400
ggctgttggt ccggectact cagctcactg cattggaatt actgacaggg atttcattga 8460
gggggtgcat ggaggaactt gggtttcagc taccctggag caagacaagt gtgtcactgt 8520
tatggccecct gacaagcctt cattggacat ctcactagag acagtagcca ttgatagacc 8580
tgctgaggtyg aggaaagtgt gttacaatgc agttctcact catgtgaaga ttaatgacaa 8640
gtgccccage actggagagg cccacctage tgaagagaac gaaggggaca atgcgtgcaa 8700
gcgcacttat tcectgatagag gctggggcaa tggctgtgge ctatttggga aagggagcat 8760
tgtggcatgce gccaaattca cttgtgccaa atccatgagt ttgtttgagg ttgatcagac 8820
caaaattcag tatgtcatca gagcacaatt gcatgtaggg gccaagcagg aaaattggaa 8880
taccgacatt aagactctca agtttgatgc cctgtcaggce tcccaggaag tcgagttcat 8940
tgggtatgga aaagctacac tggaatgcca ggtgcaaact gcggtggact ttggtaacag 9000
ttacatcgct gagatggaaa cagagagctg gatagtggac agacagtggg cccaggactt 9060
gaccctgeca tggcagagtg gaagtggcegg ggtgtggaga gagatgcatc atcttgtcega 9120
atttgaacct ccgcatgcceg ccactatcag agtactggcce ctgggaaacc aggaaggctce 9180
cttgaaaaca gctcttactg gcgcaatgag ggttacaaag gacacaaatg acaacaacct 9240
ttacaaacta catggtggac atgtttcttg cagagtgaaa ttgtcagctt tgacactcaa 9300
ggggacatcc tacaaaatat gcactgacaa aatgtttttt gtcaagaacc caactgacac 9360
tggccatgge actgttgtga tgcaggtgaa agtgtcaaaa ggagccccct gcaggattcce 9420
agtgatagta gctgatgatc ttacagcggc aatcaataaa ggcattttgg ttacagttaa 9480
ccecategece tcaaccaatg atgatgaagt gctgattgag gtgaacccac cttttggaga 9540
cagctacatt atcgttggga gaggagattc acgtctcact taccagtggc acaaagaggg 9600
aagctcaata ggaaagttgt tcactcagac catgaaaggc gtggaacgcc tggccgtcat 9660
gggagacacc gcctgggatt tcagctcecge tggagggtte ttcacttegg ttgggaaagyg 9720
aattcatacg gtgtttggct ctgcctttca ggggctattt ggcggcttga actggataac 9780
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aaaggtcatc

gtccatgage

gtaagcggee

gccaagtceta

cgacgteece

ccacaccgte

cacgegegte

ggtctggace

catggccgag

gecgcacegyg

ccagggcaag

ngggthCC

cggetteace

ccgcaagecc

acgaccccat

acccccecgaa

cggtgtcaaa

ttataattgg

ataattgaat

cgccttaaaa

atttcaaaaa

aaagggccag

taaatacatt

tattgaaaaa

geggeatttt

gaagatcagt

cttgagagtt

tgtggcgegg

tattctcaga

atgacagtaa

ttacttctga

gatcatgtaa

gagcgtgaca

gaactactta

gcaggaccac

gccggtgagc

cgtategtag

atcgctgaga

tatatacttt

ctttttgata

atgggggcgg

atgatcttgg

cctataactce

gagcttacca

agggccgtac

gatccggace

gggctcgaca

acgccggaga

ttgagcggtt

cccaaggage

ggtctgggca

gecttectygyg

gtcaccgecyg

ggtgcctgac

gatcgctaga

agaccatatt

aaccgegtygyg

cttggtgetyg

acagcagcaa

tttttatttt

aaaaaaaaaa

gtggcacttt

caaatatgta

ggaagagtat

gecttectgt

tgggtgcacg

ttcgeccega

tattatcceg

atgacttggt

gagaattatg

caacgatcgg

ctcgecttga

ccacgatgec

ctctagette

ttctgegete

gtgggtctcg

ttatctacac

taggtgecte

agattgattt

atctcatgac

tacttatatg

taggagtgat

tctacggeta

tgaccgagta

gcaccctege

gccacatcga

tcggcaaggt

gegtegaage

cceggetgge

cegegtggtt

gegecgtegt

agaccteege

acgtcgaggt

gecegeccca

ccatggggta

gtgacacacc

acgtggttaa

gctactattyg

ttggcaagct

attttttctt

aaaaaaaaaa

tcggggaaat

tcecgeteatyg

gagtattcaa

ttttgcteac

agtgggttac

agaacgtttt

tgttgacgee

tgagtactca

cagtgetgec

aggaccgaag

tcgttgggaa

tgtagcaatg

ccggcaacaa

ggcecttecy

cggtatcatt

gacggggagt

actgattaag

aaaacttcat

caaaatccct

ggttggcatce

catgatgttt

acctgaatgg

caagcccacyg

cgecegegtte

gegggtcace

gtgggtcgeg

gggggcggty

cgcgcagcaa

cctggecace

geteceegga

gececgcaac

geccgaagga

cgaccegeag

ccgagtatgt

ctcagtatca

catcecetget

tggccatgta

gcttacatag

ttetttteey

cgcgtcegagg

gtgcgeggaa

agacaataac

catttcecgtyg

ccagaaacgc

atcgaactgg

ccaatgatga

gggcaagagc

ccagtcacag

ataaccatga

gagctaaccyg

ccggagetga

gcaacaacgt

ttaatagact

gCtggCtggt

gcagcactgg

caggcaacta

cattggtaac

ttttaattta

taacgtgagt

aacacaagaa acatgacaat

ttgtctctag gagttgggge

actacgacat agtctagtcc

gtgegecteg ccaccegega

gecgactace ccgcecacgeg

gagctgcaag aactcttect

gacgacggcg CCgngtggC

ttcgecgaga teggeccgeg

cagatggaag gcctectgge

gteggegtet cgeccgacca

gtggaggcgg ccgagcgege

ctceecttet acgagegget

ccgegeacct gatgcatgac

cgcecgacceyg aaaggagege

tacgtgcaaa ggtgattgtce

cgcccaaaca tttacagecg

gggaggatca gccgtaatta

cgtgctgace aaccagaaac

aactcgcgge gattgcatge

aatcggattt tgtttttaat

ggaattaatt cttgaagacg

ccectatttg tttattttte

cctgataaat gcttcaataa

tcgeccttat teectttttt

tggtgaaagt aaaagatgct

atctcaacag cggtaagatc

gcacttttaa agttctgcta

aactcggtcg ccgcatacac

aaaagcatct tacggatgge

gtgataacac tgcggccaac

cttttttgca caacatgggyg

atgaagccat accaaacgac
tgcgcaaact attaactgge

ggatggaggce ggataaagtt

ttattgctga taaatctgga

ggccagatgg taagccctece

tggatgaacg aaatagacag

tgtcagacca agtttactca

aaaggatcta ggtgaagatc

tttegtteca ctgagegtca

9840

9900

9960

10020

10080

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680

10740

10800

10860

10920

10980

11040

11100

11160

11220

11280

11340

11400

11460

11520

11580

11640

11700

11760

11820

11880

11940

12000

12060

12120

12180
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gacccegtag aaaagatcaa aggatcttcet tgagatcctt tttttetgeg cgtaatetge
tgcttgcaaa caaaaaaacc accgctacca geggtggttt gtttgecgga tcaagagceta
ccaactcttt ttccgaaggt aactggette agecagagege agataccaaa tactgtectt
ctagtgtage cgtagttagg ccaccactte aagaactctg tagcaccgece tacataccte
getetgetaa tectgttace agtggetget gecagtggeg ataagtegtyg tcettaceggg
ttggactcaa gacgatagtt accggataag gcgcageggt cgggctgaac ggggggtteg
tgcacacage ccagcttgga gcegaacgace tacaccgaac tgagatacct acagegtgag
cattgagaaa gcgccacget teccgaaggg agaaaggegg acaggtatce ggtaagegge
agggtcggaa caggagagceg cacgagggag cttccagggg gaaacgectg gtatctttat
agtcctgteg ggtttegeca cctetgactt gagegtegat ttttgtgatg ctegtcaggg
gggcggagee tatggaaaaa cgccagcaac gcgagctcga tttaggtgac actata
<210> SEQ ID NO 12

<211> LENGTH: 93

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polynucleotide

<400> SEQUENCE: 12

augagcaaaa agccuggugg accuggaaaa uccagagcag ugaacauguu gaagagaggce
augccaaggg uccucagucu gaucggecuu aag

<210> SEQ ID NO 13

<211> LENGTH: 21

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polynucleotide

<400> SEQUENCE: 13

ucaaaacaaa agaaaagaua a

<210> SEQ ID NO 14

<211> LENGTH: 31

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic peptide

<400> SEQUENCE: 14

Met Ser Lys Lys Pro Gly Gly Pro Gly Lys Ser Arg Ala Val Asn Met
1 5 10 15

Leu Lys Arg Gly Met Pro Arg Val Leu Ser Leu Ile Gly Leu Lys
20 25 30

<210> SEQ ID NO 15

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic peptide

<400> SEQUENCE: 15

Ser Lys Gln Lys Lys Arg
1 5

12240

12300

12360

12420

12480

12540

12600

12660

12720

12780

12836

60

93

21
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<210> SEQ ID NO 16

<211> LENGTH: 90

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polynucleotide

<400> SEQUENCE: 16
augucuaaga aaccaggagg gcccggcaag agecgggeug ucaauaugceu aaaacgcegga

augccccgeg uguuguccuu gauuggacuu

<210> SEQ ID NO 17

<211> LENGTH: 33

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic peptide

<400> SEQUENCE: 17

Met Ser Lys Lys Pro Gly Gly Pro Gly Gly Pro Gly Lys Ser Arg Ala
1 5 10 15

Val Asn Met Leu Lys Arg Gly Met Pro Arg Val Leu Ser Leu Ile Gly
20 25 30

Leu

<210> SEQ ID NO 18

<211> LENGTH: 18

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polynucleotide

<400> SEQUENCE: 18

aagcaaaaga aaagagga

<210> SEQ ID NO 19

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic peptide

<400> SEQUENCE: 19

Lys Gln Lys Lys Arg Gly
1 5

<210> SEQ ID NO 20

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polynucleotide

<400> SEQUENCE: 20

cucaauaugc u

<210> SEQ ID NO 21

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polynucleotide

<400> SEQUENCE: 21

gacaauaugc u

60

90

18

11

11
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<210> SEQ ID NO 22

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polynucleotide

<400> SEQUENCE: 22

gugaauaugc u

<210> SEQ ID NO 23

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polynucleotide

<400> SEQUENCE: 23

gucuauaugce u

<210> SEQ ID NO 24

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polynucleotide

<400> SEQUENCE: 24

gucauuaugce u

<210> SEQ ID NO 25

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polynucleotide

<400> SEQUENCE: 25

gucaaaaugc u

<210> SEQ ID NO 26

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polynucleotide

<400> SEQUENCE: 26

gucaauuugce u

<210> SEQ ID NO 27

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polynucleotide

<400> SEQUENCE: 27

gucaauaucc u

<210> SEQ ID NO 28

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence
<220> FEATURE:

11

11

11

11

11

11
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<223> OTHER INFORMATION: synthetic polynucleotide
<400> SEQUENCE: 28

gucaauaugg u

<210> SEQ ID NO 29

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polynucleotide

<400> SEQUENCE: 29

gucaauaugc a

<210> SEQ ID NO 30

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polynucleotide

<400> SEQUENCE: 30

agcauauuga ¢

<210> SEQ ID NO 31

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polynucleotide

<400> SEQUENCE: 31

agcauauuga g

<210> SEQ ID NO 32

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polynucleotide

<400> SEQUENCE: 32

agcauauugu ¢

<210> SEQ ID NO 33

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polynucleotide

<400> SEQUENCE: 33

agcauauuca c

<210> SEQ ID NO 34

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polynucleotide

<400> SEQUENCE: 34

agcauauaga ¢

11

11

11

11

11

11

11
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<210> SEQ ID NO 35

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polynucleotide

<400> SEQUENCE: 35

agcauaauga ¢

<210> SEQ ID NO 36

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polynucleotide

<400> SEQUENCE: 36

agcauuuuga ¢

<210> SEQ ID NO 37

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polynucleotide

<400> SEQUENCE: 37

agcaaauuga ¢

<210> SEQ ID NO 38

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polynucleotide

<400> SEQUENCE: 38

aggauauuga ¢

<210> SEQ ID NO 39

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polynucleotide

<400> SEQUENCE: 39

accauvauuga ¢

<210> SEQ ID NO 40

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polynucleotide

<400> SEQUENCE: 40

ugcauauuga ¢

<210> SEQ ID NO 41

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polynucleotide

11

11

11

11

11

11
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-continued
<400> SEQUENCE: 41
gucuauuugc u 11
<210> SEQ ID NO 42
<211> LENGTH: 11
<212> TYPE: RNA
<213> ORGANISM: artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: synthetic polynucleotide
<400> SEQUENCE: 42
agcaaauaga ¢ 11

What is claimed is:

1. A replication-deficient pseudoinfectious virus compris-
ing:

amutant flavivirus genome having a deletion of nucleotide
sequence encoding amino acids 26 to 93,3110 93,31 to
100, or 26 to 100 of the flavivirus capsid protein,
wherein the deletion mutant genome cannot produce
capsid-containing viral particles in a cell that does not
express a capsid protein, and wherein the deletion does
not disrupt the maturation of prM protein or the RNA
sequence required for genome cyclization.

2. The replication-deficient pseudoinfectious virus of
claim 1, wherein said virus is a chimeric virus comprising a
heterologous prM-E cassette.

3. The replication-deficient pseudoinfectious virus of
claim 2, wherein the heterologous prM-E cassette is from a
yellow fever virus, a West Nile virus, a dengue virus, a tick-
borne encephalitis virus, a Saint Louis encephalitis virus, a
Japanese encephalitis virus, or a Murray Valley encephalitis
virus.

4. The replication-deficient pseudoinfectious virus of
claim 1, wherein the mutant genome further encodes a heter-
ologous marker protein or an antigen.

5. The replication-deficient pseudoinfectious virus of
claim 4, wherein the marker protein is a green fluorescent
protein.

6. The replication-deficient pseudoinfectious virus of
claim 1, wherein the deletion mutant genome further com-
prises one or both of altered C-prM junction sequences SEQ
ID NO:4 and SEQ ID NO:5.

7. An isolated host cell comprising a flavivirus deletion
mutant genome having a deletion of nucleotide sequence
encoding amino acids 26 to 93,31 to 93, 31 to 100, or 26 to
100 of the flavivirus capsid protein, wherein the deletion
mutant genome cannot produce capsid-containing viral par-
ticles in a cell that does not express a capsid protein, and
wherein the deletion does not disrupt the maturation of prM
protein or the RNA sequence required for genome cycliza-
tion.

8. A cell culture system comprising:

(a) a flavivirus deletion mutant genome comprising a dele-
tion of the nucleotide sequence encoding amino acids 26
to 93, 31 to 93, 31 to 100, or 26 to 100 of the capsid
protein, wherein the deletion mutant genome cannot
produce capsid-containing viral particles in a cell that
does not express a capsid protein, and wherein the dele-
tion does not disrupt the maturation of prM protein or the
RNA sequence required for genome cyclization; and

(b) a host cell expressing a flavivirus capsid protein.
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9. The cell culture system of claim 8, wherein the cell
comprises a replicon encoding a codon-optimized flavivirus
capsid protein.

10. The cell culture system of claim 9, wherein the replicon
is an alphavirus replicon.

11. The cell culture system of claim 8, wherein the flavivi-
rus capsid protein expressed by the host cell is a Venezuelan
Equine Encephalitis Virus capsid protein.

12. A method of producing a replication-deficient pseudo-
infectious virus comprising:

introducing into a cell expressing a flavivirus capsid pro-

tein a flavivirus deletion mutant genome comprising a
deletion of the nucleotide sequence encoding amino
acids 26 to 93, 31 to 93, 31 to 100, or 26 to 100 of the
capsid protein, wherein the deletion mutant genome
cannot produce capsid-containing viral particles in a cell
that does not express a capsid protein, and wherein the
deletion does not disrupt the maturation of prM protein
or the RNA sequence required for genome cyclization;
and

culturing the cell comprising the flavivirus deletion mutant

genome under conditions that result in the production of
replication-deficient pseudoinfectious virus.

13. The method of claim 12, wherein the deletion mutant
genome comprises a heterologous prM-E cassette.

14. The method of claim 13, wherein the heterologous
prM-E cassette is from a yellow fever virus, a West Nile virus,
a dengue virus, a tick-borne encephalitis virus, a Saint Louis
encephalitis virus, a Japanese encephalitis virus, or a Murray
Valley encephalitis virus.

15. The method of claim 12, wherein the cell comprises a
replicon expressing a flavivirus capsid protein.

16. The method of claim 15, wherein the replicon is an
alphavirus replicon.

17. The method of claim 16, wherein the alphavirus is
Venezuelan Equine Encephalitis Virus, Sindbis virus, Eastern
Equine Encephalitis virus, Western Equine Encephalitis
virus, or Ross River virus.

18. The method of claim 15, wherein the replicon com-
prises a codon-optimized nucleic acid sequence encoding the
flavivirus capsid protein.

19. The method of claim 15, wherein the replicon com-
prises a cyclization sequence of SEQ ID NO:3.

20. The method of claim 12, wherein the mutant flavivirus
genome comprises an altered C-prM junction sequence of
SEQ ID NO:4 and/or SEQ ID NO:5.

21. The replication-deficient pseudoinfectious virus of
claim 1, wherein the mutant flavivirus genome is a dengue
virus genome.
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22. The host cell of claim 7, wherein the mutant flavivirus
genome is a dengue virus genome.

23. The cell culture system of claim 8, wherein the mutant
flavivirus genome is a dengue virus genome.

24. The method of claim 12, wherein the flavivirus is den- 5
gue virus.
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