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pROD(PK36) Lender Sequence
310 320 330 340 . 350
HIV2ROD GTTGGCGCCT GAACAGGGAC TTGAAGAAGA CTGAGAAGTC TTGGAACACG
ROD(PK36) GTTGGCGCCT GAACAGGGAC TTGAAGAAGA CTGAGAAGTC TTGGAACACG
360 370 380 390 400
HIV2ROD GCTGAGTGAA GGCAGTAAGG GCGGCAGGAA CAAACCACGA CGGAGTGCTC
ROD(PK36) GCTGAGTGAA GGCAGTAAGG GCGGCAGGAA CAAACCACGA CGGAGTGCTC
, 410 420 430 440 450
HIVIROD CTAGAAAGGC GCGGGCCGAG GTACCAAAGG CAGCGTGTGG AGCGGGAGGA
ROD(PK36) CTAGAAAGGC GCGGGCCGAG  GTACCAAAGG GAGCGTGTGG AGCGGGAGGA |
460 470 430 490 500
HIV2ZROD GAAGAGGCCT CCGGGTGAAG GTAAGTACCT ACACCAAAAA CTGTAGCCGA
ROD(PK36) GAAAGAGGCT CCGGGTGAAG GTAAGTACCT ACACC
_ 510 520 530 540 550
HIVZROD - ~AAGGGCTTGC TATCCTACCT TTAGACAGGT AGAAGATTGT GGGAGATGGG
ROD(PK36) T GGGAGATGGG
PROD(SK36) Leader Sequence
. 310 320 330 340 350
HIV2ROD GTTGGCGCCT GAACAGGGAC TTGAAGAAGA CTGAGAAGTC TTGGAACACG
ROD(SK36) GTTGG
. 360 370 380 3%0 400
HIVIROD GCTGAGTGAA GGCAGTAAGG GCGGCAGGAA CAAACCACGA CGGAGTGCTC
ROD(SK36)
© 410 420 430 . 440 : 450
HIV2ROD CTAGAAAGGC GCGGGCCGAG GTACCAAAGG CAGOGTGTGG AGCGGGAGGA
ROD(SK36)
460 470 . 480 4%0 500
.HIVZROD GAAGAGGCCT CCGGGTGAAG GTAAGTACCT ACACCAAAAA CTGTAGCCGA
ROD(SKI6) CT COGGGTGAAG GTAAGTACCT ACACCAAAAA CTGTAGCCGA
510 520 530 540 550
HIV2ROD AAGGGCTTGC TATCCTACCT TTAGACAGGT AGAAGATTGT GGGAGATGGG

ROD(SK36) AAGGGCTTGC TATCCTACCT TTAGACAGGT AGAAGATTGT GGGAGATGGG
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HIV2ZROD
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HIV2IROD
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HIVIROD
ROD(CG36)

HIVZROD
ROD(CG36)

HIVIROD
ROD{CG36)
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FIG. 3C
pROD(SD36) Leader Sequence

310 320

330

US 6,790,657 B1

340 350

GTTGGCGCCT GAACAGGGAC TTGAAGAAGA CTGAGAAGTC TTGGAACACG

GTTGG

360 370

380

390 400

GCTGAGTGAA GGCAGTAAGG GCGGCAGGAA CAAACCACGA CGGAGTGCTC

410 420
CTAGAAAGGC GCGGGCCGAG

: 460 470
GAAGAGGCCT CCGGGTGAAG
CT CCGGGTGAAG

510 520

430

440 450

GTACCAAAGG CAGCGTGTGG AGCGGGAGGA

480

490 500

GTAAGTACCT ACACCAAAAA CTGTAGCCGA

GTAAGTACCT ACACC

53¢

540

550

AAGGGCTTGC TATCCTACCT TTAGACAGGT AGAAGATTGT GGGAGATGGG

FIG.

3D

pROD(CG36) Leader Sequence
(Designed and to be created)

310 320

330

GT GGGAGATGGG

340 350

GTTGGCGCCT GAACAGGGAC TTGAAGAAGA CTGAGAAGTC TTGGAACACG
GTTGGCGCCT GAACAGGGAC TTGAAGAAGA CTGAGAAGTC TTGGAACACG

360 370
GCTGAGTGAA GGCAUTAAGG
GCTGAGTGAA GGCAGTAAGG

410 _ 420
CTAGAAAGGC GCGGGCCGAG

460 470
GAAGAGGCCT CCGGGTGAAG
CT CCGGGTGAAG

510 520

380

390 400

GCGGCAGGAA CAAACCACGA CGGAGTGCTC

430

440 450

GTACCAAAGG CAGCGTGTGG AGCGGGAGGA

480

490 500

GTAAGTACCT ACACCAAAAA CTGTAGCCGA

GTAAGTACCT ACACC

530

540 550

AAGGGCTTGC TATCCTACCT TTAGACAGGT AGAAGATTGT GGGAGATGGG

GT GGGAGATGGG
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pROD(MR36) Leader Sequence
{Designed and to be created)

310 320 330 340 350
HIV2ROD GTTGGCGCCT GAACAGGGAC TTGAAGAAGA CTGAGAAGTC TTGGAACACG
‘ROD{MR36) GTTGG

360 370 380 390 400
HIV2ROD GCTGAGTGAA GGCAGTAAGG GCGGCAGGAA CAAACCACGA CGGAGTGCTC
ROD(MR36) GCGGCAGGAA CAAACCACGA CGGAGTGCTC

410 420 430 440 450
HIV2ROD CTAGAAAGGC GCGGGCCGAG GTACCAAAGG CAGCGTGTGG AGCGGGAGGA
ROD(MR36) CTAGAAAGGC GCGGGCCGAG GTACCAAAGG GAGCGTGTGG AGCGGGAGGA

_ 460 470 480 490 500

HIV2ROD GAAGAGGCCT CCGGGTGAAG GTAAGTACCT ACACCAAAAA CTGTAGCCGA
ROD(MR36) GAAAGAGGCT CCGGGTGAAG GTAAGTACCT ACACC

510 520 530 540 550
HIV2ZROD AAGGGCTTGC TATCCTACCT TTAGACAGGT AGAAGATTGT GGGAGATGGG

ROD(MR36) GT GGGAGATGGG
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FIG. 4A

HIV-2 pROD(SD36/EM) Sequence of Mutant Region of Envelope
(Insertion mutant)

ROD (6351) ACAGAGGCTT TTGATGCAT
EM ACAGAGGCTT TTGATGCATA GGTAGCGTGA GATCTTAGTG CA

ROD G GAATAATA CA (6380)
EM TAGGTAGC GTGAGATCTT AGTGCAAAGA TCGAATAATA CA
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1
51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901
951
1001

TCAATATTGG
ATATTGGCTA
ATITATATIGC
GACTAGTTAT
ATATGGAGTT
CCGCCCAACG
AGTAACGCCA
GGTAAACTGC
CCCCCTATTG
GTACATGACC
TCATCGCTAT
GGATAGCGGT
CAATGGGAGT
GTAATAACCC
GAGGTCTATA
CTTTATTGCG
CTGACACAAC
GGGCAGGTAA
ACTGGGCTTG
TTGGTCTTAC
CAGTTCAATT
GGCTAGCCTC

2004
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pCM-ENV(ROD)(B-14)

CCATTAGCCA
TTGGCCATTG
GCTCATGTCC
TAATAGTAAT
CCGCGTTACA
ACCCCCGCCC
ATAGGGACTT
CCACTTGGCA
ACGTCAATGA
TTACGGGACT
TACCATGGTG
TTGACTCACG
TTGTTTTGGC
CGCCCCGTTG
TAAGCAGAGC
GTAGTTTATC
GGTCTCGAAC
GTATCAAGGT
TCGAGACAGA
TGACATCCAC
ACAGCTCTTA
GA.

TATTATTCAT
CATACGTTGT
AATATGACCG
CARTTACGGG
TAACTTACGG
ATTGACGTCA
TCCATTGACG
GTACATCAAG
CGGTAAATGG
TTCCTACTTG
ATGCGGTTTT
GGGATTTCCA
ACCAAAATCA
ACGCAAATGG
TCGTTTAGTG
ACAGTTAAAT

TTAAGCTGCA -

TACAAGACAG
GAAGACTCTT
TTTGCCTTTC
AGGCTAGAGT

TGGTTATATA
ATCTATATCA
CCATGTTGGC
GTCATTAGTT
TAAATGGCCC
ATAATGACGT
TCAATGGGTG
TGTATCATAT
CCCGCCTGGC
GCAGTACATC
GGCAGTACAC
AGTCTCCACC
ACGGGACTTT
GCGGTAGGCG
AACCGTCAGA
TGCTAACGCA
GAAGTTGGTC
GTTTAAGGAG
GCGTTTCTGA
TCTCCACAGG
ACTTAATACG

GCATAAATCA
TAATATGTAC
ATTGATTATT
CATAGCCCAT
GCCTGGCTGA
ATGTTCCCAT
GAGTATTTAC
GCCAAGTCCG
ATTATGCCCA
TACGTATTAG
CAATGGGCGT
CCATTGACGT
CCAAAATGTC
TGTACGGTGG
TCACTAGAAG
GTCAGTGCTT
GTGAGGCACT
ACCAATAGAA
TAGGCACCTA
TGTCCACTCC
ACTCACTATA

1051 TACACCAGAC AAGTGAGTAT 180
GATGAATCAG CTGCTTATTG CCATTTTATT AGCTAGTGCT TGCTTAGTAT ATTGCACCCA 240
ATATGTAACT GTTTTCTATG GCGTACCCAC GTGGAAAAAT GCAACCATTC CCCTCTTTTG 300

310 320 330 340 350 360
daaal ] 1 1 1 1 'R PO

ala o PEPUPE N

TGCAACCAGA AATAGGGATA CTTCGGGAAC CATACAGTGC TTGCCTGACA ATGATGATTA 360
TCAGGARATA ACTTTGAATG TAACAGAGGC TTTTGATGCA TGGAATAATA CAGTAACAGA 420
ACAAGCAATG AAAGATGTCT GGCATCTATT CGAGACATCA ATAAAACCAT GTGTCAAACT 480
AACACCTITA TGTGTAGCAA TGAAATGCAG CAGCACAGAG AGCAGCATAG GGAACAACAC 540
AACCTCAAAG AGCACAAGCA CAACCACAAC CACACCCACA GARCCAGGAGC AAgagataag 600

610
aal 1

640

N U DTS P
ctgctcagga ttgggagagg
aagagataag aaaaaacagt
aaataatagc acaaatcaga
agaatcatgt gacaagcact
ttatgcecta ttaagatgta

620 630
ad N T | L

tgaggatact ccatgcgcac
caattgccag ttcaatatga
_atggtactca aaagatgtgg
catgaaccat tgcaacacat
tataaggttt agatactgtg

gcgcagacaa
caggattaga
tttgtgagac
cagtcatcac
caccaccggy

aagaaacgat 660
ataatgaaac 720
cccagtgtta 780
attgggatgce 840
atgataccaa 900
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960

N PP |

ttattcaggce
ggaaacgcaa
tatctattgg
cagtttgcat
acatgtgttt

1210
|

tttgcaccca
acttccacat
catggcagag
tgtaagaggc
cactcccact’

1.,

actgttctaa agtagtagcet
ggtttggett taatggcact
ataatagaac tatcatcagce
cagggaataa gatagtgaaa
accagccgat caataaaaga

tctacatgca
agagcagaga
ttaaacaaat
caaataatgc
cccagacaag

1220
1

1230
ol

1240
I

1250
paa 1

ccaggatgat 960
atagaacata 1020
attataatct 1080
ttatgtcagg 1140
catggtgctg 1200
1260

]

gttcaaaggce
caggtataga
agacccagaa
gacttggttc
aaagcaaata

1510
A

aaatggaaag
ggaaccaatg
gtagcataca
ctcaattgga
attaacacat

PP

1520
RPN I

acgccatgca
acacaaggaa
tgtggactaa
tagagaataa
ggcataaggt

o1

1530
NN I

ggaggtgaag gaaacccttg
tattagettt gcagcgceccag
ctgcagagga gagtttctct
gacacaccgc aattatgcac
agggagaaat gtatatttgc
1540

aal .

P P P

1550
N

caaaacatcc 1260
gaaaaggctc 1320
actgcaacat 1380
cgtgccatat 1440
ctcccaggga 1500

1560
N |

aggggagctg
caataatcag
gggagattat
atactcctct
tctcgcaaca

1810
MR B

tcctgcaact
acaaacatta
aaattggtag
gctcacggga
gcaggttctg

1820
1.,

caacagtaac
cctttagtge
aaataacacc
gacatacaag
caatgggcegc

1830
A I

cagcataatt gctaacattg
agaggtggca gaactataca
aattggcttc gcacctacaa
aggtgtgttc gtgctagggt
ggcgtececctg accgtgtegg

'1840
A N WP

1850
NP BTN

actggcaaaa 1560
gattggagtt 1620
aagaaaaaag 1680
tcttgggttt 1740
ctcagtcecg 1800
1860 .

M | 1

gactttactg
acaagaactg
tatagagaag
agtctgecac
gacgtggcag

2110
il

gccgggatag
ttgcgactga
tacctacagg
actactgtac
gaatgggaaa

2120
[T

tgcagcaaca
ccgtetgggg
accaggcgceg
catgggttaa
aacaagtccg

2130
Lo

gcaacagctg
aacgaaaaac
gctaaattca
tgattcctta
ctacctggag

2140
s

ttggacgtgg

gcaaatatca

P 1.,

2150
sl

tcaagagaca 1860

ctccaggcaa gagtcactge 1920
tggggatgty cgtttagaca 1980
gcacctgact gggacaatat 2040

gtaaaagttt 2100
2160
| I |

agaacaggca
ggatattttt
gcttataata
taggcttaga
ccatatccac

2410
N PP B

caaattcagc aagagaaaaa

ggcaattggt ttgacttaac

gtagcagtaa tagctttaag

aagggctata ggcctgtttt

aaggaccggg gacagccagc
2420

A EPENE B

2430
NP B

tatgtatgaa ctacaaaaat taaatagctg 2160
ctcctgggte aagtatattc aatatggagt 2220
aatagtgata tatgtagtac aaatgttaag 2280
ctettccee cccoggttata tccaacagat 2340
caacgaagaa acagaagaag acggtggaag 2400
2440 2450 2460
AP PEPIPE B IS B | I |

caacggtgga gacagatact ggccctggec
GCTGATTCGC CTCTTGACCA GACTATACAG
CCTGACCCTC CAACTCATCT ACCAGAATCT
CTTGCAATAT GGGTGCGAGT GGATCCAAGA
AGAGACTCTT GCGGGCGCGT GCAGGGGCTT
27}0 2720
a 1

1 b

2730
N

gatagcaTAT ATACATTTCC TGATCCGCCA 2460
CATCTGCAGG GACTTACTAT CCAGGAGCTT 2520
CAGAGACTGG CTGAGACTTA GAACAGCCTT 2580
AGCATTCCAG GCCGCCGCGA GGGCTACAAG 2640
GTGGAGGGTA TTGGAACGAA TCGGGAGGGG 2700
2740 2750 2760

1 1 1

AATACTCGCG GTTCCAAGAA GGATCAGACA GGGAGCAGAA ATCGCCTCCT GTGAGGGACG 2760
GCAGTATAGC CAGGGAGACT TTATGAATAC TCCATGG



U.S. Patent

FIG. 4D

1101
1151
1201
1251
1301
1351
1401
1451
1501
1551

CCGCTTCGAG
AACTAGAATG
TTGCTTTATT
AATTGCATTC
TTARAGCAAG
GCTGGCGTAA
CGCAGCCTGA
GCGGGTGTGG
AGCGCCCGCT
GCTTTCCCCG
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CAGACATGAT
CAGTGAAAAA
TGTAACCATT
ATTTTATGTT
TAAAACCTCT
TAGCGRAGAG
ATGGCGAATG
TGGTTACGCG
CCTTTCGCTT
TCAAGCTCTA
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AAGATACATT
AATGCTTTAT
ATAAGCTGCA
TCAGGTTCAG
ACARATGTGG
GCCCGCACCG

GACGCGCCCT

CAGCGTGACC
TCTTCCCTTC
AATCGGGGGC

GATGAGTTTG
TTGTGAAATT
ATAAACAAGT
GGGGAGATGT
TAAAATCGAT
ATCGCCCTTC
GTAGCGGCGC
GCTACACTTG
CTTTCTCGCC
TCCCTTTAGG
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GGCGG
GACAAACCAC
TGTGATGCTA
TAACAACAAC
GGGAGGTTTT
AAGGATCCGG
CCAACAGTTG
ATTAAGCGCG
CCAGCGCCCT
ACGTTCGCCG
GTTCCGATTT
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FIG. 4E .

SDgagRRE

psGT-5(SDMAREIRN) TR [ HIRES-Neo LTR)
oRoD(SD36) [LTR| R [gag[ pol | vif W]R‘—L_[Et ;anv “HLTR]
a

rev

SDgagRRE

0SGT-5(SDMRREV/RN) [LTRH- }{ HIRES-Neo[{ LTR |
pROD(SD3s/EM) [LTR] R [gag ] pol [ vif HX[R] 5 |tatean—-|LTRI
+ - rev
pCM-ENV(ROD) [CMVIH  env HpA|

SDgagRRE

pSGT-5(SDMRREV/RN) [TR-${ H HIRESNeo[{ LTR |

oROD(SD36/EM) [LTR] R [gag| pol | i Hx[R}-[‘iF |t B HoR|
ta
rev

+
pCM-VSV-G [CMVH vsv-G HpAl

pCM-ROD(SD36/EM) [CMV] R [gag] pol | vif HX|R env

tat '
rev:E] /
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FIG. 5A

R—
10
GCTCTGTATT

60
GGTTCTCTCC

110
TCACCAGCAC

160
TAAAGCCCTC

210
TCCCATCTCT

260
AGACCCTGGT
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SIV 5’ LTR Leader Sequence

20
CAGTCGCTCT

70
AGCACTAGCA

120
TTGGCCGGTG

170
TTCAATAAAG

220
CCTAGCCGCC

270
CTGTTAGGAC

+— US |Leader —

310
AATCCCTAGC

360
CTCCTGAGTA

410
GACGGAGTGC

460
CGGGAGAGGA

510
ATAGCTGTCT

560
CGTGAGAAAC

320
AGATTGGCGC

370
CGGCTGAGTG

420
TCCTATAAAG

470
AGAGGCCTCC

520
TTTATCCAGG

30
GCGGAGAGGC

80
GGTAGAGCCT

130
CTGGGCAGAG

180
CTGCCATTTT

230
GCCTGGTCAA

280
CCTTTCTGCT

330
CTGAACAGGG

380
AAGGCAGTAA

430
GCGCGGGTCG

SD

480
GGTTGCAGGT

530
AAGGGGTAAT

40

US 6,790,657 B1

50

TGGCAGATTG AGCCCTGGGA

90

100

GGGTGTTCCC TGCTAGACTC

140
TGACTCCACG

—R[US —

190
AGAAGTAAGC

240

150
CTTGCTTGCT

200
TAGTGTGTGT

250

CTCGGTACTC AATAATAAGA

290

300

TTGGGAAACC GAAGCAGGAA

340
ACTTGAAGGA

390
GGGCGGCAGG

440
GTACCAGACG

490
AAGTGCAACA

540
AAGATAGAGT

350
GAGTGAGAGA

400
AACCAACCAC

450
GCGTGAGGAG

500
CAAAAAAGAA

550
GGGAGATGGG
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FIG. 5B

WTL
SD36

WTL
SD36

WTL
SD36

WTL
SD36

WTL
SD36

320
GATTGGCGC
GATTGG

370
CGGCTGAGTG

420
TCCTATAAAG

470
AGAGGCCTCC
CTCC

520
TTTATCCAGG

Sep. 14, 2004

330
CTGAACAGGG

380
AAGGCAGTAA

430
GCGCGGGTCG

SD

480
GGTTGCAGGT
GGTTGCAGGT

530
AAGGGGTAAT

Sheet 14 of 30

pSIV(SD36)

340
ACTTGAAGGA

390
GGGCGGCAGG

440
GTACCAGACG

490
AAGTGCAACA
AAGTGCAACA

540
AAGATAGAGT
GT

350
GAGTGAGAGA

400
AACCAACCAC

450
GCGTGAGGAG

500
CAAAAAAGAA
CA

550
GGGAGATGGG
GGGAGATGGG

US 6,790,657 B1

360
CTCCTGAGTA

410
GACGGAGTGC

460
CGGGAGAGGA

510
ATAGCTGTCT

560
CGTGAGAAAC
CGTGAGAAAC
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FIG. 5C

WTL
SDM

WTL
SDM

WTL
SbM

WTL
SDM

WTL
SDM

320
GATTGGCGC
GATTGGCGC

370
CGGCTGAGTG
CGGCTGAGTG

420
TCCTATAAAG
TCCTATAAAG

470
AGAGGCCTCC
AGAGGCCTCC

520
TTTATCCAGG
TTTATCCAGG

Sep. 14, 2004

330
CTGAACAGGG
CTGAACAGGG

380
AAGGCAGTAA
AAGGCAGTAA

430
GCGCGGGTCG
GCGCGGGTCG

SD

480

GGTTGCAGGT
GGTTGATATC

530
AAGGGGTAAT
AAGGGGTAAT
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pSIV(SDM)

340
ACTTGAAGGA
ACTTGAAGGA

390
GGGCGGCAGG
GGGCGGCAGG

440
GTACCAGACG
GTACCAGACG

490
AAGTGCAACA
GAGTGCAACA

540
AAGATAGAGT
AAGATAGAGT

350
GAGTGAGAGA
GAGTGAGAGA

400
AACCAACCAC
AACCAACCAC

450
GCGTGAGGAG
GCGTGAGGAG

500
CAAAAAAGAA
CAAAAAAGAA

550
GGGAGATGGG
GGGAGATGGG

US 6,790,657 B1

360
CTCCTGAGTA
CTCCTGAGTA

410
GACGGAGTGC
GACGGAGTGC

460
CGGGAGAGGA
CGGGAGAGGA

510
ATAGCTGTCT
ATAGCTGTCT

560
CGTGAGAAAC
CGTGAGAAAC
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FIG. 7A

pSGT5(SDM/RR)

U3 =530 -520
GGAA GGGCTGTATT ACAGTGATAG

-530 - =520 -510 -500 -490 -480
GAGACGTAGA GTCCTAGACA TATACTTAGA AAAGGAAGAG GGAATAATTG GAGACTGGCA

-470 -460 -450 -440 -430 -420
GAACTATACT CATG GACCAG GAGTAAGGTA TCCAAAGTTC TTTGGGTGGT TATGGAAGCT

-410 -400 -390 -380 -370 -360
AGTACCAGTA GATGTCCCAC AAGA GGGAGA TGACAGTGAG ACTCACTGCT TAGTGCATCC

-350 -340 -330 =320 -310 -300
AGCA CAAACA AGCAGGTTTG ATGACCCGCA TGGAGAAACA TTAGTTTGGA GGTTTGACCC

-290 -280 -270 -260 . =250 -240
CACGCTAGCT TTTAGCTACG AGGCCTTTAT TCGATACCCA GAGGAGTTTG GGTACAAGTC

=230 -220 -210 -200 -190 -180
AGGCCTGCCA GAGGATGAAT GGAAGGCAAG ACTGAAAGCA AGAGGGATAC CGTTAGCTA

-170 -160 -150 -140 -130 -120
AAAACAGGAA CAGCTATACT TGGTCAGGGC AGGAAGTAAC TAACAGAAAA CAGCTGAGAC

-110 -100 -90 -80 -70 -60
TGCAGGGACT TTCCAGAAGG GGCTGTTACC AGGGGAGGGA CATGGGAGGA GCCGGTGGGG

-50 -40 -30 20 -10 U3l
AACGCCCTCA TACTTTCTGT ATAAATGTAC CCGCTACTCG CATTGTATTC

128 10 20 ' 30 40 50 60
GTTCGCTCTG CGGAGAGGCT GGCAGATTGA GCCCTGGGAG GTTCTCTCCA GCACTAGCAG

70 80 90 100 110 120
TGGTCACCTG GGTGTTCCCT GCTAGACTCT CACCAGTGCT TGGCCGGCAC TGGGCAGACG

130 140 150 160 170 RiU5 180
GCTCCACGCT TGCTTGCTTA AAAGACCTCT TAATAAAGCT GCCAGTTAGA AGCAAGTTAA

190 200 210 220 230 240
GTGTGTGCTC CCATCTCTCC TAGTCGCCGC CTGGTCATTC GGTGTTCATC TAAAGTAACA

250 260 270 280 290 300
AGACCCTGGT CTGTTAGGAC CCTTTCTGCT TTGGGAAACC AAGGCAGGAA AATCCCTAGC

US|Leader 310 320 330 340 350 360
AGGTTGGCGC CCGAACAGGG ACTTGAAGAA GACTGAGAAG CCTTGGAACA CGGCTGAGTG

370 380 390 400 410 420
AAGGCAGTAA GGGCGGCAGG AACAAACCAC GACGGAGTGC TCCTAGAAAA GCGCAGGCCG
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FIG. 7B

430 440 450 460 470j—-SDM—| 480
AGGTACCAAG GGCGGCGTGT GGAGCGGGAG TGAAAGAGGC CTCCGGGTGA TATCAGTGCC

490 500 510 520 ' 530 540
TACACCAAAT ACAGTAGCCA GAAGGGCTTG TTATCCTACC TTTAGACGGG TAGAAGATTG

Leader |gag 560 570 580 590 600
TGGGAGATGC CATGGTAGGG CGCGAGAAAC TCCGTCTTGA GAGGGAAAAA AGCAGACGAA

. 610 620 630 640 650 660
TTAGAAAAGA TTAGGTTACG GCCCGGCGGA AAGAAAAAAT ATAGGCTAAA ACATATTGTG

670 680 690 700 710 - 720
TGGGCAGCGA ATGAATTGGA CAGATTCGGA TTGGCAGAGA GCCTGTTGGA GTCAAAAGAG

) 730 740 750 760 770 780
GGTTGCCAAAA AAATTCTTAC AGTTTTAGAT CCATTAGTAC CGACAGGGTC AGAAAATTTA

790 800 810 820 830 840
AAAAGCCTTT TTAATACTGT CTGCGTCATT TGGTGTATAC ACGCAGAAGA GAAAGCGAAA

850 860 870 880 850 900
GATACTGAAG AAGCAAAACA AAAGGTACAG AGACATCTAG TGGCAGAAAC AAAAACTACA

910 920 930 940 950gag(®55) [poly(L)
GAAAAAATGC CAAGTACAAG TAGACCAACA GCACCACCTA GCGGGAACGG AGGAACTCGA

970 980 | RRE(7661) 990 1000 1010 1020
ATGCATGGTG ACCGCGGCCG CAGAGGTGTA TTCGTGCTAG GGTTCTTAGG TTTTCTCACA

1030 1040 1050 1060 1070 1080
GCAGGAGCTG CAATGGGCGC GGCGTCCTTG ACGCTGTCGG CTCAGTCTCG GACTTTATTG

1090 1100 1110 1120 1130 1140
GCCGGGATAG TGCAGCAACA GCAACAGCTG TTGGACGTGG TCAAGAGACA ACAAGAAATG

1150 1160 1170 1180 1190 1200
TTGCGACTGA CCGTCTGGGG AACAAAAAAT CTCCAGGCAA GAGTCACTGC TATCGAGAAA.

1210 1220 1230 1240 1250 1260
TACTTAAAGG ACCAGGCGC AACTAAATTCA TGGGGATGTG CGTCTAGACA AGTCTGCCAC

1270 RRE(7960)| poly(L) 1290 |8770) 1310 1320
ACTACTGTAC CATGGGTAGC GGCCGCTCGC GAGTAGACCA TGGAGAGCCC CAGCAGAAGG

1330 1340 1350 1360 1370 1380
GGAGAAAGGC TCGTACAAGC AACAAAATAT GGATGATGTA GATTCAGATG ATGATGACCT

1390 1400 1410 1420 - 1430 1440
AGTAGGGGTC CCTGTCACAC CAAGAGTACC ATTAAGAGAA ATGACATATA GGTTGGCAAG

1450 1460 1470 (8944)|U3 1480 1490 - 1500
AGAT ATGTCA CATTTGATAA AAGAAAAGGG GGGACTGGAA GGGCTGTATT ACAGTGATAG
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FIG. 7C

1510 1520 1530 1540 1550 1560
GAGACGTAGA GTCCTAGACA TATACTTAGA AAAGGAAGAG GGAATAATTG GAGACTGGCA

1570 1580 1590 1600 1610 1620
GAACTATACT CATG GACCAG GAGTAAGGTA TCCAAAGTTC TTTGGGTGOGT TATGGAAGCT

1630 1640 1650 1660 1670 1680
AGTACCAGTA GATGTCCCAC AAGA GGGAGA TGACAGTGAG ACTCACTGCT TAGTGCATCC

1690 1700 1710 1720 1730 1740
AGCA CAAACA AGCAGGTTTG ATGACCCGCA TGGAGAAACA TTAGTTTGGA GGTTTGACCC

1750 1760 1770 1780 1790 1800
CACGCTAGCT TTTAGCTACG AGGCCTTTAT TCGATACCCA GAGGAGTTTG GGTACAAGTC

1810 1820 1830 1840 1850 1860
AGGCCTGCCA GAGGATGAAT GGAAGGCAAG ACTGAAAGCA AGAGGGATAC CGTTAGCTA

1870 1880 1890 1900 1910 1920
AAAACAGGAA CAGCTATACT TGGTCAGGGC AGGAAGTAAC TAACAGAAAA CAGCTGAGAC

1930 1940 1950 1960 1970 1980
TGCAGGGACT TTCCAGAAGG GGCTGTTACC AGGGGAGGGA CATGGGAGGA GCCGGTGGGG
1990 2000 2010 2020 U3[R 2040

AACGCCCTCA TACTTTCTGT ATAAATGTAC CCGCTACTCG CATTGTATTC AGTCGCTCTG

2050 2060 2070 2080 2090 2100
CGGAGAGGCT GGCAGATTGA GCCC TGGGAG GTTCTCTCCA GCACTAGCAG GTAGGCCTG

2110 2120 2130 2140 2150 2160
GGTGTTCCCT GCTAGACTCT CACCAGTGCT TGGCCGGCAC TGGGCAGACG GCTCCACGCT

-2170 2130 2190 R|
TGCTTGCTTA AAAGACCTCT TAATAAAGC TGCCA
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10
TCTAGAGGAA

70
GGAATAAGGC

130
CAATGTGAGG

190
CCCTCTCGCC

250
AGCTTCTTGA

310
TGGCGACAGG

370
ACAACCCCAG

430
AAGCGTATTC

490
TCTGGGGCCT

550
CCCCCGAACC

610
CATGGCTGAA

670
CGGCTATGAC

730
AGCGCAGGGG

790
GCAGGACGAG

850
GCTCGACGTT

910
GGATCTCCTG

970
GCGGCGGCTG

1030
CATCGAGCGA

1090
AGAGCATCAG

1150
CGGCGAGGAT

1210
TGGCCGCTTT

1270
CATAGCGTTG

1330
CCTCGTGCTT

1390
TGACGAGTTC

20
TTCCGCCCCT

80
CGGTGTGCGT

140
GCCCGGAARC

200
ARAGGAATGC

260
AGACAAACAA

320
TGCCTCTGCG

380
TGCCACGTTG

440
AACAAGGGGC

500
CGGTGCACAT

560
ACGGGGACGT

620
CAAGATGGAT

680
TGGGCACAAC
740
CGCCCGGTTC

800
GCAGCGCGGC

B60
GTCACTGAAG

920
TCATCTCACC

280
CATACGCTTG

1040
GCACGTACTC

1100
GGGCTCGCGC

1160
CTCGTCGTGA

1220
TCTGGATTCA

1280
GCTACCCGTG

1340

TACGGTATCG

1400
TTCTGAGCGG
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FIG. 7D

30 40
CTCCCTCCCC  CCCCCCTAAC
90 100
TTGTCTATAT  GTTATTTTCC
150 160
CTGGCCCTGT  CTTCTTGACG
210 220
AAGGTCTGTT  GAATGTCGTG
270 280
CGTCTGTAGC  GACCCTTTGC
330 340
GCCAAAAGCC  ACGTGTATAA
390 400
TGAGTTGGAT AGTTGTGGAA
450 460
TGAAGGATGC  CCAGAAGGTA
510 520
GCTTTACATG  TGTTTAGTCG
570 580
GGTTTTCCTT  TGAAARACAC
630 640
TGCACGCAGG  TTCTCCGGCC
690 700
AGACAATCGG  CTGCTCTGAT
750 760
TTTTTGTCAA  GACCGACCTG
810 820
TATCGTGGCT  GGCCACGACG
870 880
CGGGAAGGGA  CTGGCTGCTA
930 940
TTGCTCCTGC ~ CGAGAAAGTA
990 1000
ATCCGGCTAC  CTGCCCATTC
1050 1060
GGATGGAAGC  CGGTCTTGTC
1110 1120
CAGCCGAACT  GTTCGCCAGG
1170 1180
CCCATGGCGA  TGCCTGCTTG
1230 1240
TCGACTGTGG  CCGGCTGGGT
1290 1300
ATATTGCTGA  AGAGCTTGGC
1350 1360
CCGCTCCCGA  TTCGCAGCGC

1410

GATCGGCTAG C

50
GTTACTGGCC

110
ACCATATTGC

170
AGCATTCCTA

230
ARAGGAAGCAG

290
AGGCAGCGGA

350
GATACACCTG

410
AGAGTCAAAT

470
CCCCATTGTA

530
AGGTTAAAAA
590
GATGATAAGC

650
GCTTGGGTGG

710
GCCGCCGTGT

770
TCCGGTGCCC

830
GGCGTTCCTT

830
TTGGGCGAAG

as0
TCCATCATGG

1010
GACCACCARG

1070
GATCAGGATG

1130
CTCAAGGCGC

1190
CCGAATATCA

1250
GTGGCGGACC

1310
GGCGAATGGG

1370
ATCGCCTTCT

US 6,790,657 B1

60
GAAGCCGCTT

120
CGTCTTTTGG

180
GGGGTCTTTC

240
TTCCTCTGGA

300
ACCCCCCACC

360
CAARAGGCGGC

420
GGCTCTCCTC

480
TGGGATCTGA

: 540
ACGTCTAGGC

600
TTGCCACAAC

660

AGAGGCTATT

_ 720
TCCGGCTGTC

780
TGAATGAACT

840
GCGCAGCTGT

900
TGCCGGGGCA

960
CTGATGCAAT

1020
CGAAACATCG

1080
ATCTGGACGA

1140
GCATGCCCGA

1200
TGGTGGAAAA

1260
GCTATCAGGA

1320
CTGACCGCTT

1380
ATCGCCTTCT
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FIG. 7TE

HIV2ST
pSGTS(SDM)

HIV2ST
pSGTS(SDM)

HIV2ST
pSGTS(SDM)

HIV2ST
pSGT5(SDM)

HIV2ST
pPSGTS(SDM)

HIV2ST
pSGTS(SDM)

HIV2ST
pSGTS(SDM)

HIV2ST
pSGTS(SDM)

HIV2ST
pSGTS(SDM)

HIV2ST
pSGTS(SDM)

HIVIST
pSGTS(SDM)
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pSGT-5(SDM) S'LTR-Leader Sequence

10 20 30

40 50

GTTCGCTCTG CGGAGAGGCT GGCAGATTGA GCCCTGGGAG GTTICTCTCCA
GTTCGCTCTG CGGAGAGGCT GGCAGATTGA GCCCTGGGAG GTTCTCTCCA

60 70 80
GCACTAGCAG TGGTCACCTG GGTGTTCCCT
GCACTAGCAG TGGTCACCTG GGTGTTCCCT

110 120 130
TGGCCGGCAC TGGGCAGACG GCTCCACGCT
TGGGCGGCAC TGGGCAGACG GCTCCACGCT

160 170 180
TAATAAAGCT GCCAGTTAGA AGCAAGTTAA
TAATAAAGCT GCCAGTTAGA AGCAAGTTAA

90 100
GCTAGACTCT CACCAGTGCT
GCTAGACTCT CACCAGTGCT

140 150
TGCTTGCTTA AAAGACCTCT
TGCTTGCTTA AAAGACCTCT

190 200
GTGTGTGCTC CCATCTCTCC
GTGTGTGCTC CCATCTCTCC

US 6,790,657 B1

210
TAGTCGCCGC
TAGTCGCCGC

260
CTGTTAGGAC
CTGTTAGGAC

220
CTGGTCATTC
CTGGTCATTC

270
CCTTTCTGCT
CCTTTCTGCT

230 240 250
GGTGTTCATC TAAAGTAACA AGACCCTGGT
GGTGTTCATC TAAAGTAACA AGACCCTGGT

280 290 300
TTGGGAAACC AAGGCAGGAA AATCCCTAGC
TTGGGAAACC AAGGCAGGAA AATCCCTAGC

310
AGGTTGGCGC
AGGTTGGCGC

320 330
CCGAACAGGG ACTTGAAGAA
CCGAACAGGG ACTTGAAGAA

360 370 380
CGGCTGAGTG AAGGCAGTAA GGGCGGCAGG
CGGCTGAGTG AAGGCAGTAA GGGCGGCAGG

410 420 430
TCCTAGAAAA GCGCAGGCCG AGGTACCAAG
TCCTAGAAAA GCGCAGGCCG AGGTACCAAG

460 470
TGAAAGAGGC CTCCGGGTGA
TGAAAGAGGC CTCCGGGTGA

480
AGGTAAGTGC
TATC AGTGC

510 520 530

340 350
GACTGAGAAG CCTTGGAACA
GACTGAGAAG CCTTGGAACA

390 400
AACAAACCAC GACGGAGTGC
AACAAACCAC GACGGAGTGC

440 450
GGCGGCGTGT GGAGCGGGAG
GGCGGCGTGT GGAGCGGGAG

490 500
CTACACCAAA TACAGTAGCC
CTACACCAAA TACAGTAGCC

540 550

AGAAGGGCTT GTTATCCTAC CTTTAGACGG GTAGAAGATT GTGGGAGATG
AGAAGGGCTT GTTATCCTAC CTTTAGACGG GTAGAAGATT GTGG AGATG
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FIG. 7F

HIV2ST
pSGT5(SDM)

HIV2ST
pSGT5(SDM)

HIV2ST
pSGTS(SDM)

HIV2ST
pSGT5(SDM)

HIV2ST
pSGT5(SDM)
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PSGT-5(SDM) Leader Sequence

310 320 330 340 350
AGGTTGGCGC CCGAACAGGG ACTTGAAGAA GACTGAGAAG CCTTGGAACA
AGGTTGGCGC CCGAACAGGG ACTTGAAGAA GACTGAGAAG CCTTGGAACA

360 370 380 390 400
CGGCTGAGTG AAGGCAGTAA GGGCGGCAGG AACAAACCAC GACGGAGTGC
CGGCTGAGTG AAGGCAGTAA GGGCGGCAGG AACAAACCAC GACGGAGTGC

410 420 430 440 450
TCCTAGAAAA GCGCAGGCCG AGGTACCAAG GGCGGCGTGT GGAGCGGGAG
TCCTAGAAAA GCGCAGGCCG AGGTACCAAG GGCGGCGTGT GGAGCGGGAG

SD
460 470 430 490 500
TGAAAGAGGC CTCCGGGTGA AGGTAAGTGC CTACACCAAA TACAGTAGCC
TGAAAGAGGC CTCCGGGTGA TATC AGTGC CTACACCAAA TACAGTAGCC

510 520 530 540 550
AGAAGGGCTT GTTATCCTAC CTTTAGACGG GTAGAAGATT GTGGGAGATG
AGAAGGGCTT GTTATCCTAC CTTTAGACGG GTAGAAGATT GTGG AGATG

US 6,790,657 B1
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FIG. 7G

HIV2ST
pSGT5(SDX)

HIV2ST
pSGT5(SDX)

HIV2ST
pSGT5(SDX)

HIV2ST
pSGT5(SDX)

HIV2ST
pSGT5(SDX)
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pPSGT-5(SDX) Leader Sequence

310 320 330 340 350
AGGTTGGCGC CCGAACAGGG ACTTGAAGAA GACTGAGAAG CCTTGGAACA
AGGTTGGCGC CCGAACAGGG ACTTGAAGAA GACTGAGAAG CCTTGGAACA

360 370 380 390 400
CGGCTGAGTG AAGGCAGTAA GGGCGGCAGG AACAAACCAC GACGGAGTGC
CGGCTGAGTG AAGGCAGTAA GGGCGGCAGG AACAAACCAC GACGGAGTGC

410 420 430 440 450
TCCTAGAAAA GCGCAGGCCG AGGTACCAAG GGCGGCGTGT GGAGCGGGAG
TCCTAGAAAA GCGCAGGCCG AGGTACCAAG GGCGGCGTGT GGAGCGGGAG

SD
460 470 480 490 500
TGAAAGAGGC CTCCGGGTGA AGGTAAGTGC CTACACCAAA TACAGTAGCC
TGAAAGAGGC CTCCGG GC CTACACCAAA TACAGTAGCC

510 520 530 540 550
AGAAGGGCTT GTTATCCTAC CTTTAGACGG GTAGAAGATT GTGGGAGATG
AGAAGGGCTT GTTATCCTAC CTTTAGACGG GTAGAAGATT GTGG AGATG

US 6,790,657 B1
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LENTIVIRUS VECTOR SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a U.S. national stage of PCT/US00/
00390 filed Jan. 6, 2000, which was published in English
under PCT Article 21(2), which in turn claims the benefit of
U.S. Provisional Application No. 60/115,247, filed Jan. 7,
1999, both of which are incorporated by reference.

FIELD

The invention relates to retroviral vectors, and their use in
gene transfer.

BACKGROUND

The human immunodeficiency virus (HIV) is the etiologi-
cal agent of the acquired immunodeficiency syndrome
(AIDS) and related disorders. The expression of the virus in
infected persons is regulated to enable the virus to evade the
host’s immune response. The HIV viruses (e.g. HIV-1 and
HIV-2), as well as the simian immunodeficiency virus (SIV),
share many structural and regulatory genes such as gag, pol,
env, tat, rev and nef. See Guyader et al., Narure
328:662-669, 1987, which is incorporated by reference.
HIV has been classified as a lentivirus because it causes slow
infection, and has structural properties in common with such
viruses (Haase. Nature 322:130-136, 1986).

All known retroviruses share features of the replicative
cycle, including packaging of viral RNA into virions, entry
into target cells, reverse transcription of viral RNA to form
the DNA provirus, and stable integration of the provirus into
the target cell genome. Replication competent proviruses
contain, at a minimum, regulatory long terminal repeats
(LTRs) and the gag, pro, pol and env genes which encode
core proteins, a protease, reverse transcriptase/RNAse
H/integrase and envelope glycoproteins, respectively.

HIV shares the gag, pro, pol and env genes with other
retroviruses. HIV-1 also possesses additional genes modu-
lating viral replication, such as the vif, vpr, tat, rev, vpu and
nef genes. HIV-2 contains a vpx gene which is not present
in HIV-1, but lacks the HIV-1 vpu gene. Additionally the
long terminal repeats (LTR) of both HIV-1 and HIV-2
contain cis-acting sequences that are important for
integration, transcription and polyadenylation.

HIV, like other retroviruses, are RNA viruses that repli-
cate through a DNA proviral intermediate which is inte-
grated into the genome of the infected host cell. The virion
particle contains a dimer of positive strand genomic RNA
molecules, which is transcribed from the proviral DNA by
the host RNA polymerase II. A portion of these full length
RNAs which encode the gag and pol genes of the virus are
translated by the host cell ribosomes to produce the struc-
tural and enzymatic proteins required for production of
virion particles. The provirus also gives rise to a variety of
smaller singly and multiply spliced mRNAs coding for the
envelope proteins and regulatory proteins.

Wild type retroviruses have been modified to become
vehicles for the delivery, stable integration, and expression
of cloned genes into a wide variety of cells for experimental
and therapeutic purposes. To achieve the aims of transfer and
expression of nonviral genes, the vector behaves as a retro-
viral genome and passes as a virus from a producer cell line.
Hence its DNA contains the regions of the wild-type retro-
viral genome required in cis for incorporation into a retro-
viral particle. In addition the vector also contains regulatory
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signals that lead to the optimization of the expression of the
cloned gene once the vector is integrated in the target cell as
a provirus.

All viral structural genes can be discarded and replaced by
heterologous coding sequences, but certain essential
sequence elements are retained within the vector. These
sequence elements include the packaging sequence, a tRNA
binding site, sequences in the LTR that permit “jumping” of
the reverse transcriptase between RNA strands during DNA
synthesis, sequences near the ends of the LTRs that are
necessary for the integration of the vector DNA into the host
cell chromosome, and sequences adjoining the 3' LTR that
serve as the priming site for synthesis of the plus strand
DNA molecules. See Rapley and Walker, Molecular
Biomethods Handbook, 1998, chapter 18 for a discussion of
principles of retroviral vector construction, and Lewin,
Genes V, 1995, chapter 35, for a discussion of the function
of retroviral genes. Since vector genomes do not require that
the viral structural genes gag, pol and env be retained,
nonviral genes can be cloned into the space vacated by their
removal.

A significant advance in the use of retroviral vectors has
been the use of packaging cells that stably or constitutively
express the viral gag, pol and env genes (for example from
plasmids) that cannot themselves be packaged by their own
encoded proteins, because they lack the essential packaging
sequences. However, when a retroviral transfer vector
genome is transfected into such a packaging cell, the viral
proteins recognize and package the vector RNA genome into
viral particles that are released into the culture supernatant.
In such a vector system, the transfer vector (which includes
the packaging sequence) shuttles the transgene with the
potential for regulation and high titer encapsidation, while
the packaging cell line encapsidates the transfer vector RNA
but not the viral RNA, so that the packaging cell line does
not act as a helper virus. The viral particles produced in this
manner can be used to deliver the encapsidated retroviral
vector to a target cell with high efficiency.

For HIV-2, it has previously been reported that the leader
sequence of this lentivirus contains a packaging signal
downstream of the splice donor site (Garzino-Demo et al.,
Hum. Gene Ther. 6:177-184, 1995). Another report sug-
gested that the downstream sequence elements made only a
minor or no contribution to RNA encapsidation, and that the
major element was located upstream of the splice donor site
(McCann and Lever, J. Virol. 71:4133-4137, 1997). Since a
knowledge of the packaging signals of HIV-2 is important to
the optimal construction of packaging deficient vectors, this
uncertainty about the location of the packaging signals has
impeded the use of HIV-2 retroviral vector systems.

Moreover, it would be advantageous to express a trans-
gene using an HIV-2 retroviral vector, in such a manner that
packaging of the vector RNA is maximized, without an
increase in the packaging of viral RNA.

SUMMARY

The invention derives from the discoveries that:

1) deletion of sequences both upstream and downstream
of the 5' splice donor (SD) region of the HIV-2 provirus
(packaging vector) results in suppressed encapsidation
of packaging vector genomes without critical loss of
gene expression, thus the production of “helper virus”
is suppressed while making adequate structural viral
protein available for encapsidation of foreign nucle-
otides; and

2) that functional deletion of the SD site of the HIV-2
provirus (transfer vector) results in enhanced encapsi-
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dation of the transfer vector’s own genome, especially
when the host cell has been co-transfected with the
packaging vector as described under (1) above; and

3) that the HIV-2, but not HIV-1, packaging vector

specifically and faithfully packages its own optimally
constructed transfer vector as described under (2)
above; and

4) that HIV-2 packaging vector gives both better quality

and titer of vector.

Transfer and packaging vectors incorporating one or a
combination of these features are useful as gene delivery
agents, for example gene therapeutic agents, and provide an
improved HIV-2 viral vector system that allows transfer of
a transgene into the genome of non-dividing cells. The
vectors of the invention also may be used to create a
high-efficiency packaging cell line that provides greatly
enhanced packaging of foreign DNA, especially when such
DNA is carried within the SD deleted transfer vector of the
invention. Additionally, it has been discovered that, for the
transfer vector of the invention, deletion of the 3' LTR and
its replacement with a puromycin-poly(A) cassette results in
still further suppression of encapsidation of packaging virus
genomes, without substantial loss of viral particle expres-
sion.

The invention includes the transfer vector derived from an
HIV lentivirus, such as HIV-2/ST, wherein the vector is
functionally deleted for the splice donor site (SD), and
contains a functional packaging signal and a transgene
operably linked to a promoter. When susceptible cells (such
as 293 cells) are co-transfected with the transfer vector and
a packaging-defective HIV-2 having a functional deletion of
its packaging signal, production of progeny virions is
enhanced by deletion of the SD. Alternatively, the transfer
vector can be introduced into a packaging cell stably trans-
fected with the packaging vector. In particular embodiments,
the lentivirus is HIV-2, the functional deletion of SD com-
prises nucleotide changes and/or deletions in the SD nucle-
otide sequence, and the transgene is a neo gene.

In other embodiments, the invention includes a packaging
vector derived from HIV-2, such as HIV-2(ROD), compris-
ing a 5' splice donor site, and an upstream and a downstream
packaging signal sequence in the leader sequence, wherein
both the upstream and downstream packaging signal
sequences are functionally deleted to substantially eliminate
packaging of progeny viral RNA, but the splice donor site is
functionally intact. In particular examples, the deletions in
the packaging sequence comprise no more than 164 nucle-
otides upstream of the SD and no more than 62 nucleotides
downstream of the SD, for example 153 nucleotides (nt
306-458) upstream of the SD, and 52 nucleotides (nt
486-538) downstream of the SD. In particular examples,
each deletion is at least 5, 10, 20, 50 or 100 nucleotides in
length.

In other examples, the upstream packaging signal is
contained in nucleotides downstream from nucleotide 300
and upstream from the SD, and the downstream packaging
signal corresponds to nucleotides downstream from the SD
and upstream from nucleotide 539. The packaging vector
may also include a 3' LTR that is functionally deleted, for
example by replacement of the 3' LTR with a heterologous
transcriptional termination sequence.

In an alternative embodiment, the HIV packaging vector
(or stably transfected cell) includes a polynucleotide
sequence which encodes HIV proteins (such as HIV-2
proteins), wherein the polynucleotide sequence includes a
mutation in a leader sequence upstream from a 5' splice
donor site, and a mutation between the 5' splice donor site
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and an initiation codon of a gag gene, which results in HIV
RNA (such as HIV-2 RNA) transcribed from the vector
being substantially packaging defective. The polynucleotide
sequence may include (a) a DNA segment from an HIV-2
genome, wherein the DNA segment comprises the HIV gag,
pot, rev and env genes, and the vector lacks the bipartite
HIV-2 packaging sequence necessary to package HIV-2
RNA into virions; (b) an intact 5' splice donor site; and (c)
a promoter operably linked to the DNA segment of (a),
wherein the vector, when introduced into or expressed in a
eukaryotic host cell, expresses HIV-2 Gag, Pol, Rev, and
Env proteins, as well as the Tat protein (if the linked
promotor is 5' LTR), to form HIV-2 virions that are not
packaged.

In some embodiments, the transfer vector includes a
polynucleotide sequence which encodes a transgene, and an
HIV (such as an HIV-2) packaging signal and promoter, but
which does not encode one or more of a complete gag, pot,
or env gene, and in which the splice donor site is mutated to
render it non-functional, which increases encapsidation of
the transgene vector RNA, compared to encapsidation of the
transgene RNA in the absence of the mutation in the splice
donor site. The splice donor site may be mutated to func-
tionally delete it by substantially deleting the site, changing
its nucleotides, or deleting a sufficient portion of it to
increase encapsidation of the transgene RNA.

The invention also includes a cell that expresses or has
been transfected with the transfer vector and/or the packag-
ing vector, or which stably expresses the genome of the
packaging vector. In particular examples, the cell is a 293T
or SupT cell, the transfer vector is pSGT-5(SDM) and the
packaging vector is pPROD(SD36). When the cell is trans-
fected with or stably expresses both the transfer and pack-
aging vectors, transgene RNA encapsidation is substantially
increased in the presence of the transfer vector with the
mutated splice donor site, as compared to transgene encapsi-
dation in the presence of the transfer vector in which the
splice donor site is not mutated. In particular examples, the
packaging vector is an HIV-2(ROD) clone, such as pROD
(SD36) or a combination of envelope defective pROD
(SD36/EM) and envelope expression plasmid pCON-ENV
(ROD). In addition to parental HIV-2(ROD), HIV-2
envelope is derived from mutant HIV-2 and it can fuse with
a broad variety of cells whether they contain CD4 markers
or not.

Other embodiments include dividing the packaging vector
functionally and structurally into two. The first vector con-
tains all of the necessary elements of a packaging vector,
except that its envelope is defective. In particular
embodiments, this vector is pROD(SD36/EM) or pCM-
ROD(SD36/EM). The second vector provides the envelope
in trans, to complement the defect. In particular
embodiments, this vector is pCM-VSV-G or pCM-ENV
(ROD).

The invention also includes a method for improving
encapsidation of transgene RNA using retroviral packaging
and transfer vectors by (in any order) introducing into the
target cell the transfer vector and packaging vector.
Alternatively, the transfer vector can be introduced into a
cell that stably expresses an HIV-2 packaging genome that
has been rendered packaging deficient by the mutation of
both the upstream and downstream packaging signals.

Also included in the invention are functionally equivalent
transfer and packaging vectors generated using the SIV
genome.

Also included in the invention are the supernatant of the
packaging cell that includes the encapsidated vector RNA,
and the encapsidated vector RNA itself.
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The foregoing and other objects, features, and advantages
of the invention will become more apparent from the fol-
lowing detailed description of several embodiments which
proceeds with reference to the accompanying figures.

BRIEF DESCRIPTION OF THE FIGURES

FIGS. 1A-1C show the restriction map of HIV-2 ROD.

FIG. 2 is a schematic comparison of the genomes of (a)
HIV-1 and (b) HIV-2, showing the genomic locations of the
genes in each retrovirus.

FIGS. 3A-3E show the upstream and/or downstream
sequence deletions from HIV-2(ROD) that generate the
following packaging vectors: (A) pROD(PK36) (SEQ ID
NO 2); (B) pPROD(SK36) (SEQ ID NO 3); (C) pROD(SD36)
(SEQ ID NO 4); (D) pROD(CG36) (SEQ ID NO 5); and (E)
pROD(MR36) (SEQ ID NO 6). Wild-type HIV-2(ROD)
(Leader sequence, SEQ ID NO 1) is shown on top with the
corresponding deletions for the packaging vectors below.

FIGS. 4A—4E show dividing the packaging vector into
two parts. (A) The sequence of SD36/EM, which is identical
to SD36 (see FIG. 3C), except that sequences (SEQ ID NO
7) have been added to the envelope region (nt 6351-6380),
generating an envelope insertion mutant. Wild-type HIV2
(ROD) sequence (SEQ ID NO 8) is shown on top with the
corresponding insertion shown on the bottom for SD36/EM.
(B-D) Sequence of the complementing vector, pPCM-ENV
(ROD), which contains a functional envelope (SEQ ID NO
9). (E) Combinations of transfer vector [pSGT-5(SDM)]
with packaging vectors (either in one or two parts) that can
be used.

FIGS. 5A-5C show the sequences for an SIV vector
system. (A) The SIV 5' LTR leader sequence (SEQ ID NO
10). (B) The packaging vector pSIV(SD36) with deletions
upstream and downstream from the SD (SEQ ID NO 11).
(C) The transfer vector pSIV (SDM) with a mutated SD
(SEQ ID NO 12). For (B) and (C), the wild-type SIV
sequence is shown on top with the deletions and/or muta-
tions shown below.

FIGS. 6A and B show the genetic structure of several
HIV-2 transfer vectors (A) without or (B) with RRE
sequences. The abbreviations represent the following: LTR,
long terminal repeat; SD, splice donor; IRES, independent
ribosomal entry site; neo, neomycin-resistance gene; and
RRE, Rev response element. Clone pSGT(SDM) differs
from clone pSGT-5(RRE) in having a modified splice donor
site, denoted by a cross in the figure, which indicates a
mutated or deleted SD that increases encapsidation of the
vector RNA.

FIGS. 7A-7E show the sequences of the HIV-2(ST)
derived transfer vectors. Wild-type HIV-2(ST) (SEQ ID NO
13) is shown on top with the corresponding deletions in the
transfer vectors below. (A—C) Transfer vector pSGT-5
(SDM/RRE1) (SEQ ID NO 14). Nucleotides -534-0 corre-
spond to the upstream U3 region of pSGT-5(SDM). Nucle-
otides 1-2195 correspond to the HIV-2 part of the pSGT-5
(SDM) sequence. To these sequences, (D) full-length IRES
and neo sequences (SEQ ID NO 15) are attached as shown
schematically in FIG. 6E. The 5TTR sequence of pSGT-5
(SDM/RRE1) (SEQ ID NO 16). (F) Nucleotides 300-550 of
PSGT-5(SDM) (SEQ ID NO 17) showing the substitution
mutation of the SD. Wild-type SD is in italics. (G) Nucle-
otides 300-550 of pSGT-5(SDX) (SEQ ID NO 18) showing
the deletion mutation of the SD.

FIG. 8 illustrates the effect of leader sequence deletions
on the expression of HIV-2(ROD) cellular RNA (cRNA) and
intracellular p27 protein (cp27) in human epitheloid 293
cells.
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FIG. 9 illustrates the effect of leader sequence deletions in
HIV-2(ROD) on the packaging of viral RNA (VRNA) and
viral p27 protein (vp27) in human epithelioid 293 cells.

FIG. 10 illustrates the effect of leader sequence deletions
on the expression of HIV-2(ROD) in human lymphoid CEM
cells.

FIG. 11 illustrates the effect of leader sequence deletions
on the packaging of viral RNA (vVRNA) and proteins (vp27)
of HIV-2(ROD) in human lymphoid CEM cells.

FIG. 12 shows a Northern assay illustrating processing of
vector RNA in human epitheloid 293T cells. (a) Cotrans-
fection with wild type HIV-2 proviral clone (pROD). RNA
from cells transfected with: lane 1, pSGT-3(RN); lane 2,
PSGT-5(RN); lane 3, pSGT-3(RRE); lane 4, pSGT-5(RRE),
and lane 5, pSGT-3(SL). The size of the lower band in all
lanes was about 2.0 Kb and that of the upper band was 2.9
Kb (lane 1), 3.2 Kb (lane 2), 3.2 Kb (lane 3), and 3.5 Kb
(lane 4). (b) Co-transfection with mutant HIV-2 proviral
clone pROD(SD36) (lanes 1-3) in which the splice donor
site has been mutated, and HIV-1 (env) (lanes 5-6). RNA
from cells transfected with lanes 1, pSGT-5(RN); lane 2,
PSGT-5(RRE); lane 3, pSGT-5(SDM); lane 4, pSGT-5
(RRE); lane 5, pSGT(SDM); and lane 6. (¢) Vector clone
containing chemokine RANTES gene (lane 1) or IRES-neo
(lane 2) co-transfected with wild type HIV-2 proviral clone
pROD.

FIG. 13 shows the results of cross packaging experiments
between HIV-1 and HIV-2 vectors.

FIG. 14 shows the genetic structure of several HIV-2
transfer vectors, where the abbreviations represent the fol-
lowing: LTR, long terminal repeat; gag; RRE, Rev response
element; CMYV, Cytomegalovirus promoter; GFP, green
fluorescent protein; AADC aromatic amino acid decarboxy-
lase; BAX; (a-GAL-A, (c.-galactosidase; CMK, chemokine.
Clone pSGT(SDM) differs from clone pSGT-5(RRE) in
having a modified splice donor site, denoted by a cross in the
figure, which indicates a mutated or deleted SD that
increases encapsidation of the vector RNA.

SEQUENCE LISTING

The nucleic and amino acid sequences listed in the
accompanying sequence listing are shown using standard
letter abbreviations for nucleotide bases, and three letter
code for amino acids. Only one strand of each nucleic acid
sequence is shown, but the complementary strand is under-
stood as included by any reference to the displayed strand.

SEQ ID NO 1 shows the nucleic acid sequence for the
HIV-2(ROD) leader sequence. SEQ ID NO 2 shows the
nucleic acid sequence for the pROD(PK36) leader sequence.

SEQ ID NO 3 shows the nucleic acid sequence for the
pROD(SK36) leader sequence.

SEQ ID NO 4 shows the nucleic
pROD(SD36) leader sequence.

SEQ ID NO 5 shows the nucleic
pROD(CG36) leader sequence.

SEQ ID NO 6 shows the nucleic
pROD(MR36) leader sequence.

SEQ ID NO 7 shows the nucleic
pROD(SD36/EM) envelope region.

SEQ ID NO 8 shows the nucleic
HIV-2(ROD) envelope region.

SEQ ID NO 9 shows the nucleic
pCM-ENV(ROD) vector.

SEQ ID NO 10 shows the nucleic acid sequence for the
SIV 5' LTR leader sequence.

acid sequence for the
acid sequence for the
acid sequence for the
acid sequence for the
acid sequence for the

acid sequence for the
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SEQ ID NO 11 shows the nucleic acid sequence for the
pSIV(SD36) leader sequence. SEQ ID NO 12 shows the
nucleic acid sequence for the pSIV(SDM) leader sequence.

SEQ ID NO 13 shows the nucleic acid sequence for the
HIV-2(ST) 5' LTR.

SEQ ID NO 14 shows the nucleic acid sequence for the
transfer vector pSGT-5(SDM/RREL1).

SEQ ID NO 15 shows the nucleic acid sequence for the
IRES and neo sequences within pSGT-5(SDM/RRE1).

SEQ ID NO 16 shows the nucleic acid sequence for the
pSGT-5(SDM/RRE1) 5' LTR.

SEQ ID NO 17 shows nucleotides 300-550 of the pSGT-

5(SDM/RRE1) region containing the substitution mutation
of the SD.

SEQ ID NO 18 shows the nucleic acid sequence for
PSGT-5(SDX/RREL1) leader region. SEQ ID NO 19 shows
the nucleic acid sequence for 300-nucleotide fragment of
HIV-2(ST) RRE1 (nucleotides 7661-7960 of Genbank
Accession No. M31113).

SEQ ID NO 20 shows the nucleic acid sequence for the
transfer vector pSGT-5(RRE1), which contains a wild-type
SD at nt 1023-1028.

SEQ ID NO 21 shows the nucleic acid sequence for the
pROD(SD36/EM) packaging vector.

SEQ ID NO 22 shows the nucleic acid sequence for the
pCM-ROD(SD36/EM) packaging vector.

SEQ ID NO 23 shows the nucleic acid sequence for the
pCM-ENV(ROD) envelope vector.

SEQ ID NO 24 shows the nucleic acid sequence for
RRE2, a 530-nucleotide fragment of HIV-2(ROD)
(nucleotides 7617-8146 of Genbank Accession No.
X05291).

SEQ ID NO 25 shows the nucleic acid sequence for the
GFP (Genbank Accession No U55762).

SEQ ID NO 26 shows the nucleic acid sequence for
792-nucleotide fragment of HIV-2(ST) RRE1 (nucleotides
7462-8254 of Genbank Accession No. M31113).

SEQ ID NO 27 shows the nucleic acid sequence for the
murine a-GAL-A.

SEQ ID NO 28 shows the nucleic acid sequence for the
human AADC.

SEQ ID NO 29 shows the nucleic acid sequence for the
human RANTES gene (nt 1-466 of Genbank Accession
Number NM__002985).

SEQ ID NO 30 shows the nucleic acid sequence for
human BAX (Genbank Accession No. 1.22474).

SEQ ID NO 31 shows the nucleic acid sequence for the
backbone transfer vector, pSGT5(SDM/RRE1/CM).

SEQ ID NO 32 shows the nucleic acid sequence for the
IRES and puromycin sequences.

DETAILED DESCRIPTION OF SEVERAL
EMBODIMENTS

Abbreviations and Definitions

The following definitions and methods are provided to
better define the present invention and to guide those of
ordinary skill in the art in the practice of the present
invention. It must be noted that as used herein and in the
appended claims, the singular forms “a” or “an” or “the”
include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to “a protein”

includes a plurality of such proteins and reference to “the
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antibody” includes reference to one or more antibodies and
equivalents thereof known to those skilled in the art, and so
forth.

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood to one of ordinary skill in the art to which this
invention belongs.

AADC: aromatic amino acid decarboxylase
a-GAL-A: a-galactosidase

CMYV: Cytomegalovirus promotor

GFP: Green fluorescent Protein

PCR: polymerase chain reaction

PMSF: Phenylmethylsulfonyl fluoride. An inhibitor of
serine proteases.

RT: Room temperature
TU: Transduction units

Animal: Living multicellular vertebrate organisms, a cat-
egory which includes, for example, mammals and birds.

Cancer: malignant neoplasm that has undergone charac-
teristic anaplasia with loss of differentiation, increased rate
of growth, invasion of surrounding tissue, and is capable of
metastasis.

¢DNA (complementary DNA): A piece of DNA lacking
internal, non-coding segments (introns) and regulatory
sequences which determine transcription. cDNA may be
synthesized in the laboratory by reverse transcription from
messenger RNA extracted from cells.

Cell lysate: A mixture resulting from the decomposition,
breakdown or lysis of cells or tissue.

Deletion: The removal of a sequence of DNA. The regions
on either side may be joined together, or another sequence
inserted between them.

DNA: Deoxyribonucleic acid: DNA is a long chain poly-
mer which comprises the genetic material of most living
organisms (some viruses have genes comprising ribonucleic
acid, RNA). The repeating units in DNA polymers are four
different nucleotides, each of which comprises one of the
four bases, adenine, guanine, cytosine and thymine bound to
a deoxyribose sugar to which a phosphate group is attached.
Triplets of nucleotides, referred to as codons, in DNA
molecules code for amino acid in a polypeptide. The term
codon is also used for the corresponding (and
complementary) sequences of three nucleotides in the
mRNA into which the DNA sequence is transcribed.

ELISA: Enzyme-linked immunosorbent assay. A form of
quantitative immunoassay based on the use of antibodies (or
antigens) that are linked to an insoluuble carrier surface,
which is then used to capture the relevant antigen (or
antibody) in the test solution. The antigen-antibody complex
is then detected by measuring the activity of an appropriate
enzyme that had previously been covalently attached to the
antigen (or antibody).

Functional Deletion: A mutation in a sequence that has an
effect equivalent to deletion of the sequence, for example
eliminating the function of a packaging signal or splice
donor site by a deletion, insertion, or substitution.

Functionally Equivalent: Sequence alterations, in either
the transfer or packaging vector sequences, that yield the
same results as described herein. Such sequence alterations
can include; but are not limited to, conservative
substitutions, deletions, mutations, frameshifts, and inser-
tions. In the packaging vector, deletions upstream and down-
stream from the SD which allow expression, but not encapsi-
dation of the viral RNA as described in EXAMPLES 1 and
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2, are functionally equivalent to the packaging vector of the
invention. Furthermore, these deletions will not allow for the
production of helper virus. In the transfer vector, alterations
of the SD sequence which yield enhanced encapsidation of
the transfer vector genome, especially when the transfected
cell is co-transfected with a packaging vector of the inven-
tion (as described in EXAMPLE 5), are functionally equiva-
lent to the transfer vector of the invention.

Infective: A virus or vector is “infective” when it trans-
duces a cell, replicates, and (without the benefit of any
complementary virus or vector) spreads progeny vectors or
viruses of the same type as the original transducing virus or
vector to other cells in an organism or cell culture, where the
progeny vectors or viruses have the same ability to repro-
duce and spread throughout the organism or cell culture.
Thus, for example, a nucleic acid encoding an HIV particle
is not infective if the nucleic acid cannot be packaged by the
HIV particle (e.g. if the HIV particle lacks an HIV packaging
site), even though the nucleic acid can be used to transfect
and transform a cell. Similarly, an HIV nucleic acid pack-
aged by an HIV particle is not infective if it does not encode
the HIV particle that it is packaged in.

Isolated: An “isolated” biological component (such as a
nucleic acid, peptide or protein) has been substantially
separated, produced apart from, or purified away from other
biological components in the cell of the organism in which
the component naturally occurs, i.e., other chromosomal and
extrachromosomal DNA and RNA, and proteins. Nucleic
acids, peptides and proteins which have been “isolated” thus
include nucleic acids and proteins purified by standard
purification methods. The term also embraces nucleic acids,
peptides and proteins prepared by recombinant expression in
a host cell as well as chemically synthesized nucleic acids.

Lentivirus: Lentiviruses are characterized by long incu-
bation periods between infection of the host and the mani-
festation of clinical disease. Lentiviruses infect a wide
variety of mammals, including humans, monkeys, sheep,
goats, and horses. Includes for example retroviruses, such as
immunodeficiency viruses, such as HIV-1, HIV-2, FIV, and
SIV.

Malignant: cells which have the properties of anaplasia
invasion and metastasis.

Mammal: This term includes both human and non-human
mammals. Similarly, the terms “subject,” “patient,” and
“individual” includes human and veterinary subjects.

Neoplasm: abnormal growth of cells.

Normal cells: Non-tumor, non-malignant cells.

Nucleic acid: A deoxyribonucleotide or ribonucleotide
polymer in either single or double stranded form, and unless
otherwise limited, encompasses known analogues of natural
nucleotides that hybridize to nucleic acids in a manner
similar to naturally occurring nucleotides.

Oligonucleotide: A linear polynucleotide sequence of up
to about 200 nucleotide bases in length, for example a
polynucleotide (such as DNA or RNA) which is at least 6
nucleotides, for example at least 15, 50, 100 or even 200
nucleotides long.

Operably linked: A first nucleic acid sequence is operably
linked with a second nucleic acid sequence when the first
nucleic acid sequence is placed in a functional relationship
with the second nucleic acid sequence. For instance, a
promoter is operably linked to a coding sequence if the
promoter affects the transcription or expression of the cod-
ing sequence. Generally, operably linked DNA sequences
are contiguous and, where necessary to join two protein
coding regions, in the same reading frame.
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OREF (open reading frame): A series of nucleotide triplets
(codons) coding for amino acids without any termination
codons. These sequences are usually translatable into a
peptide.

Ortholog: two nucleotide sequences arc orthologs of each
other if they share a common ancestral sequence, and
diverged when a species carrying that ancestral sequence
split into two species. Orthologous sequences are also
homologous sequences.

Packaging cell: A cell that provides packaging functions
in trans for a transgene introduced into a cell with a transfer
vector, but which does not encapsidate its own viral RNA.

Packaging defective: A packaging vector which lacks the
nucleic acids necessary for packaging of an RNA corre-
sponding to the packaging vector nucleic acid into a retro-
viral (e.g. HIV, SIV) capsid. That is, packaging vector
nucleic acids are not themselves encapsidated in the HIV or
SIV particles which they encode, i.e. they are not infective.

Packaging signal: Nucleic acid sequences upstream and
downstream from the SD which are necessary for the
efficient packaging of the vector RNA genome.

Packaging vector: Packaging vector nucleic acids lack the
nucleic acids necessary for packaging of an RNA corre-
sponding to the packaging vector nucleic acid into a retro-
viral (e.g. HIV, SIV) capsid. That is, packaging vector
nucleic acids are not themselves encapsidated in the HIV or
SIV particles which they encode, i.e. they are not infective.
The packaging vector optionally includes all of the compo-
nents necessary for production of HIV or SIV particles, or
optionally includes a subset of the components necessary for
HIV or SIV packaging. For instance, a packaging cell may
be transformed with more than one packaging vector, each
of which has a complementary role in the production of an
HIV or SIV particle.

Two (or more) HIV- or SIV-based packaging vectors are
“complementary” when they together encode all of the
functions necessary for HIV or SIV packaging, and when
each individually does not encode all of the functions
necessary for packaging. For example, when two vectors
transduce a single cell and together they encode the infor-
mation for production of HIV or SIV packaging particles,
the two vectors are “complementary.” The use of comple-
mentary vectors increases the safety of any packaging cell
made by transformation with a packaging vector by reducing
the possibility that a recombination event will produce an
infective virus.

Packaging vectors encode HIV or SIV particles. The HIV
particles are competent to package target RNA which has an
HIV packaging site. The SIV particles are competent to
package target RNA which has an SIV packaging site.

PCR: polymerase chain reaction. Describes a technique in
which cycles of denaturation, annealing with primer, and
then extension with DNA polymerase are used to amplify
the number of copies of a target DNA sequence.

Pharmaceutically acceptable carriers: The pharmaceuti-
cally acceptable carriers useful in this invention are conven-
tional. Remington’s Pharmaceutical Sciences, by E. W.
Martin, Mack Publishing Co., Easton, Pa., 15th Edition
(1975), describes compositions and formulations suitable for
pharmaceutical delivery of the lentiviral vectors herein
disclosed

In general, the nature of the carrier will depend on the
particular mode of administration being employed. For
instance, parenteral formulations usually comprise inject-
able fluids that include pharmaceutically and physiologi-
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cally acceptable fluids such as water, physiological saline,
balanced salt solutions, aqueous dextrose, glycerol, ethanol,
sesame 0il, combinations thereof, or the like, as a vehicle.
The carrier and composition can be sterile, and the formu-
lation suits the mode of administration. For solid composi-
tions (e.g., powder, pill, tablet, or capsule forms), conven-
tional non-toxic solid carriers can include, for example,
pharmaceutical grades of mannitol, lactose, starch, sodium
saccharine, cellulose, magnesium carbonate, or magnesium
stearate. In addition to biologically-neutral carriers, phar-
maceutical compositions to be administered can contain
minor amounts of non-toxic auxiliary substances, such as
wetting or emulsifying agents, preservatives, and pH buft-
ering agents and the like, for example sodium acetate or
sorbitan monolaurate.

The composition can be a liquid solution, suspension,
emulsion, tablet, pill, capsule, sustained release formulation,
or powder. The composition can be formulated as a
suppository, with traditional binders and carriers such as
triglycerides.

Probes and primers: Nucleic acid probes and primers may
readily be prepared based on the nucleic acid sequences
provided by this invention. A probe is an isolated nucleic
acid attached to a detectable label or reporter molecule.
Typical labels include radioactive isotopes, ligands, chemi-
luminescent agents, and enzymes. Methods for labeling and
guidance in the choice of labels appropriate for various
purposes are discussed, e.g., in Sambrook et al., in Molecu-
lar Cloning: A Laboratory Manual, Cold Spring Harbor
Laboratory Press (1989) and Ausubel et al., in Current
Prorocols in Molecular Biology, Greene Publishing Associ-
ates and Wiley-Intersciences (1987).

Primers are short nucleic acids, such as DNA oligonucle-
otides 15 nucleotides or more in length. Primers may be
annealed to a complementary target DNA strand by nucleic
acid hybridization to form a hybrid between the primer and
the target DNA strand, and then extended along the target
DNA strand by a DNA polymerase enzyme. Primer pairs can
be used for amplification of a nucleic acid sequence, e.g., by
the polymerase chain reaction (PCR) or other nucleic-acid
amplification methods known in the art.

Methods for preparing and using probes and primers are
described, for example, in Sambrook et al. (Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor Labo-
ratory Press, 1989), Ausubel et al., 1987, and Innis et al.,
PCR Protocols, A Guide fo Methods and Applications, 1990,
Innis et al. (eds.), 21-27, Academic Press, Inc., San Diego,
Calif. PCR primer pairs can be derived from a known
sequence, for example, by using computer programs
intended for that purpose such as Primer (Version 0.5, ©
1991, Whitehead Institute for Biomedical Research,
Cambridge, Mass.). One of skill in the art will appreciate
that the specificity of a particular probe or primer increases
with its length. Thus, for example, a primer comprising 20
consecutive nucleotides of the human AADC cDNA or gene
will anneal to a target sequence such as an AADC gene
homolog (such as the mouse AADC gene) contained within
a cDNA or genomic DNA library with a higher specificity
than a corresponding primer of only 15 nucleotides. Thus, in
order to obtain greater specificity, probes and primers may
be selected that comprise 20, 25, 30, 35, 40, 50 or more
consecutive nucleotides of the AADC cDNA or gene
sequences.

The invention thus includes isolated nucleic acid mol-
ecules that comprise specified lengths of the disclosed gene
sequences. Such molecules may comprise at least 20, 21, 25,
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30, 35, 40, 50 or 100 or more consecutive nucleotides of
these sequences and may be obtained from any region of the
disclosed sequences. By way of example, the cDNA and
gene sequences may be apportioned into halves or quarters
based on sequence length, and the isolated nucleic acid
molecules may be derived from the first or second halves of
the molecules, or any of the four quarters. In particular, the
DNA sequences may code for a unique portion of the
protein, which has not been previously disclosed.

PROD or pSGT clone: A clone derived from a publicly
available HIV-2 ROD or HIV-2 ST genomic clone,
respectively, by standard recombinant techniques such as
subcloning, site-directed mutagenesis and the like, or alter-
natively an artificial nucleic acid synthesized based upon the
genomic sequence.

Promoter: A promoter is an array of nucleic acid control
sequences which direct transcription of a nucleic acid. A
promoter includes necessary nucleic acid sequences near the
start site of transcription, such as, in the case of a polymerase
II type promoter, a TATA element. A promoter also option-
ally includes distal enhancer or repressor elements which
can be located as much as several thousand base pairs from
the start site of transcription. Examples of promotors
includes, but is not limited to: the internal promotor CMV;
LTR (long terminal repeat); inducible promoters such as the
MMTYV promoter and the metallothionein promoter; heat
shock promoters; the albumin promoter; the histone pro-
moter; TK promoters; B19 parvovirus promoters; and the
ApoAl promoter.

Purified: the term purified does not require absolute
purity, rather, it is intended as a relative term. Thus, for
example, a purified AADC protein preparation is one in
which the protein is more pure than the protein in its natural
environment within a cell. In one embodiment, a preparation
of an AADC protein is purified such that the protein repre-
sents at least 50% of the total protein content of the
preparation.

Recombinant: A recombinant nucleic acid is one that has
a sequence that is not naturally occurring or has a sequence
that is made by an artificial combination of two otherwise
separated segments of sequence. This artificial combination
is often accomplished by chemical synthesis or, more
commonly, by the artificial manipulation of isolated seg-
ments of nucleic acids, e.g., by genetic engineering tech-
niques.

Sequence identity: The similarity between two nucleic
acid sequences, or two amino acid sequences, is expressed
in terms of the similarity between the sequences, otherwise
referred to as sequence identity. Sequence identity is fre-
quently measured in terms of percentage identity (or simi-
larity or homology); the higher the percentage, the more
similar the two sequences are. Homologs or orthologs of
proteins and corresponding cDNA sequences, for example
of the AADC gene, will possess a relatively high degree of
sequence identity when aligned using standard methods.
This homology will be more significant when the ortholo-
gous proteins or cDNAs are derived from species which are
more closely related (e.g., human and chimpanzee
sequences), compared to species more distantly related (e.g.,
human and C. elegans sequences).

Typically, orthologs are at least 50% identical at the
nucleotide level and at least 50% identical at the amino acid
level when comparing human sequences, for example when
comparing the AADC or RANTES sequences to ortholo-
gous AADC and/or RANTES sequences. The orthologs may
be at least 60%, 70%, 80%, 90%, 95% or 98% identical at
the nucleotide level.
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Methods of alignment of sequences for comparison are
well known in the art. Various programs and alignment
algorithms are described in: Smith & Waterman, Adv. Appl.
Math. 2:482, 1981; Needleman & Wunsch, J. Mol. Biol.
48:443, 1970, Pearson & Lipman, Proc. Natl. Acad. Sci.
USA 85:2444, 1988; Higgins & Sharp, Gene, 73:237-44,
1988; Higgins & Sharp, CABIOS 5:151-3, 1989; Corpet et
al., Nuc. Acids Res. 16:10881-90, 1988; Huang et al. Com-
puter Appls. in the Biosciences 8, 155-65, 1992; and Pear-
son et al., Meth. Mol. Bio. 24:307-31, 1994. Altschul et al,.
J. Mol. Biol. 215:403-10, 1990, presents a detailed consid-
eration of sequence alignment methods and homology cal-
culations.

The NCBI Basic Local Alignment Search Tool (BLAST)
(Altschul et al. J. Mol. Biol. 215:403-10, 1990) is available
from several sources, including the National Center for
Biotechnology Information (NCBI, Bethesda, Md.) and on
the Internet, for use in connection with the sequence analysis
programs blastp, blastn, blastx, tblastn and tblastx. It can be
accessed at http://www.ncbi.nlm.nih.gov/BLAST/. A
description of how to determine sequence identity using this
program is available at http://www.ncbi.nlm.nih.gov/
BLAST/blast__help.html.

Homologs of the disclosed HIV and/or transgene proteins
typically possess at least 60%, 70%, 75%, 80%, 90%, 95%,
98% or at least 99% sequence identity counted over full-
length alignment with the amino acid sequence of the HIV
and/or transgene protein using the NCBI Blast 2.0, gapped
blastp set to default parameters. For comparisons of amino
acid sequences of greater than about 30 amino acids, the
Blast 2 sequences function is employed using the default
BLOSUMG62 matrix set to default parameters, (gap existence
cost of 11, and a per residue gap cost of 1). When aligning
short peptides (fewer than around 30 amino acids), the
alignment should be performed using the Blast 2 sequences
function, employing the PAM30 matrix set to default param-
eters (open gap 9, extension gap 1 penalties). Proteins with
even greater similarity to the reference sequence will show
increasing percentage identities when assessed by this
method, such as at least 70%, 75%, 80%, 90%, 95%, 98%,
or 99% sequence identity. When less than the entire
sequence is being compared for sequence identity, homologs
will typically possess at least 75% sequence identity over
short windows of 10-20 amino acids, and may possess
sequence identities of at least 85% or at least 90% or 95%
depending on their similarity to the reference sequence.
Methods for determining sequence identity over such short
windows are described at http://www.ncbi.nlm.nih.gov/
BLAST/blast_ FAQs.html.

Alternatively, one may manually align the sequences and
count the number of identical amino acids in the original
sequence and a reference sequence that is compared to the
original sequence. This number of identical amino acids is
divided by the total number of amino acids in the reference
sequence and multiplied by 100 to result in the percent
identity.

One of ordinary skill in the art will appreciate that these
sequence identity ranges are provided for guidance only; it
is entirely possible that strongly significant homologs could
be obtained that fall outside of the ranges provided. The
present invention provides not only the peptide homologs
that are described above, but also nucleic acid molecules that
encode such homologs.

One indication that two nucleic acid sequences are sub-
stantially identical is that the polypeptide which the first
nucleic acid encodes is immunologically cross reactive with
the polypeptide encoded by the second nucleic acid.
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Nucleic acid sequences that do not show a high degree of
identity may nevertheless encode similar amino acid
sequences, due to the degeneracy of the genetic code. It is
understood that changes in nucleic acid sequence can be
made using this degeneracy to produce multiple nucleic acid
sequences that all encode substantially the same protein.

An alternative indication that two nucleic acid molecules
are closely related is that the two molecules hybridize to
each other under stringent conditions, as described in
EXAMPLE 21.

The present invention provides not only the peptide
homologs that are described above, but also nucleic acid
molecules that encode such homologs.

Sample: Includes biological samples containing genomic
DNA, RNA, or protein obtained from cells, such as those
present in peripheral blood, urine, saliva, tissue biopsy,
surgical specimen, amniocentesis samples and autopsy
material.

Specifically hybridizable and specifically complemen-
tary: Terms which indicate a sufficient degree of comple-
mentarity such that stable and specific binding occurs
between the oligonucleotide (or its analog) and the DNA or
RNA target. The oligonucleotide or oligonucleotide analog
need not be 100% complementary to its target sequence to
be specifically hybridizable. An oligonucleotide or analog is
specifically hybridizable when binding of the oligonucle-
otide or analog to the target DNA or RNA molecule inter-
feres with the normal function of the target DNA or RNA,
and there is a sufficient degree of complementarity to avoid
non-specific binding of the oligonucleotide or analog to
non-target sequences under conditions in which specific
binding is desired, for example under physiological condi-
tions in the case of in vivo assays. Such binding is referred
to as “specific hybridization.” See EXAMPLE 21 for
hybridization conditions.

Splice Donor Site (SD): A site in the nucleic acid
sequence which is used in conjunction with a splice acceptor
site elsewhere in the genome to eliminate (splice out) a
segment of RNA which is not a part of the mature, functional
RNA. As used herein, the splice donor site is the major
splice donor used to produce all viral messages (functional
RNAs coding for the proteins) except the gag-pol precursor.
In the infectious full length HIV-2, this site is essential for
RNA processing which is quite complex in lenitviruses and
without it, virus is not replicative or infectious.

The sequence of the SD is conserved in HIV-2’s and
differs slightly from HIV-1. Generally, these sequence ele-
ments form a consensus set:

Consensus: Donor Exon-AG|GT AAGT - - - CAG|N-
Exon Acceptor

HIV-2 (ST) GTGAAG|GTAAGT

HIV-2 (ROD) GTGAAG|GTAAGT

HIV-1 (HXb) CGACTG|GTGAGT

HIV-1 (89.6) CGACTG|GTGAGT

Subject: Living multicellular vertebrate organisms, a cat-
egory which includes, both human and veterinary subjects
for example, mammals, birds and primates.

Sufficient complementarity: When used, indicates that a
sufficient number of base pairs exist between the oligonucle-
otide and the target sequence to achieve detectable binding,
and disrupt expression of gene products (for example the
transgenes described herein). When expressed or measured
by percentage of base pairs formed, the percentage comple-
mentarity that fulfills this goal can range from as little as
about 50% complementarity to full, (100%) complementary.
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In general, sufficient complementarity is at least about 50%.
However, sufficient complementarity can be least about
75%, 90%, 95%, 98% or 100% complementarity.

A thorough treatment of the qualitative and quantitative
considerations involved in establishing binding conditions
that allow one skilled in the art to design appropriate
oligonucleotides for use under the desired conditions is
provided by Beltz et al: Methods Enzymol 100:266-285,
1983, and by Sambrook et al. (ed.), Molecular Cloning: A
Laboratory Manual, 2nd ed., vol. 1-3, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y., 1989.

Supernatant: The culture medium in which a cell is
grown. The culture medium includes material from the cell,
including HIV viral particles which bud off from the cell
membrane and enter the culture medium.

Therapeutically active molecule: A molecule that has a
biological effect in the treatment of a pathological condition.
An example of such a molecule is one which induces Fabry
cells to clear excess glycolipd. Another example of such a
molecule is one which induces neural cells, such as those of
a Parkinson’s patient, to convert L-dopa to L-dopamine.
Examples of nucleic acid-based therapeutically active mol-
ecules are, but are not limited to, lentiviral vectors which
express functional a-GAL-A, AADC, BAX, or chemokine
proteins or fragments thereof. Therapeutically active mol-
ecules also include gene therapy vectors, such as lentiviral
vectors containing therapeutic transgene nucleic acid
sequences.

Transduced and Transformed: A virus or vector “trans-
duces” a cell when it transfers nucleic acid into the cell. A
cell is “transformed” by a nucleic acid transduced into the
cell when the DNA becomes stably replicated by the cell,
either by incorporation of the nucleic acid into the cellular
genome, or by episomal replication. As used herein, the term
transformation encompasses all techniques by which a
nucleic acid molecule might be introduced into such a cell,
including transfection with viral vectors, transformation
with plasmid vectors, and introduction of naked DNA by
electroporation, lipofection, calcium-DNA precipitates, and
particle gun acceleration.

Transfer/Transducing vector: A vector which shuttles a
transgene.

Transformed: A transformed cell is a cell into which has
been introduced a nucleic acid molecule by molecular
biology techniques. As used herein, the term transformation
encompasses all techniques by which a nucleic acid mol-
ecule might be introduced into such a cell, including trans-
fection with viral vectors, transformation with plasmid
vectors, and introduction of naked DNA by electroporation,
lipofection, and particle gun acceleration.

Transgene: An exogenous gene supplied by a vector.
Examples of such genes include, but are not limited to: neo,
GFP, AADC, a-gal, BAX or a chemokine.

Transgenic Cell: Transformed cells which contain
foreign, non-native DNA.

Tumor: a neoplasm.

Upstream and Downstream Sequences: Upstream
sequences are those 5' to the sequence of interest and
downstream sequences are 3' to the sequence of inter-
est.

Variants of Amino Acid and Nucleic Acid Sequences: The
production of proteins can be accomplished in a variety of
ways. DNA sequences which encode for the protein, or a
fragment or variant of the protein, can be engineered such
that they allow the protein to be expressed in eukaryotic
cells, bacteria, insects, and/or plants. In order to accomplish
this expression, the DNA sequence can be altered and
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operably linked to other regulatory sequences. The final
product, which contains the regulatory sequences and the
therapeutic protein, is referred to as a vector. This vector can
then be introduced into the eukaryotic cells, bacteria, insect,
and/or plant. Once inside the cell the vector allows the
protein to be produced.

One of ordinary skill in the art will appreciate that the
DNA can be altered in numerous ways without affecting the
biological activity of the encoded protein. For example, PCR
may be used to produce variations in the DNA sequence
which encodes AADC. Such variants may be variants that
are optimized for codon preference in a host cell that is to be
used to express the protein, or other sequence changes that
facilitate expression.

Two types of cDNA sequence variant may be produced. In
the first type, the variation in the cDNA sequence is not
manifested as a change in the amino acid sequence of the
encoded polypeptide. These silent variations are simply a
reflection of the degeneracy of the genetic code. In the
second type, the cDNA sequence variation does result in a
change in the amino acid sequence of the encoded protein.
In such cases, the variant cDNA sequence produces a variant
polypeptide sequence. In order to optimize preservation of
the functional and immunologic identity of the encoded
polypeptide, any such amino acid substitutions may be
conservative. Conservative substitutions replace one amino
acid with another amino acid that is similar in size,
hydrophobicity, etc. Such substitutions generally are con-
servative when it is desired to finely modulate the charac-
teristics of the protein. Examples of amino acids which may
be substituted for an original amino acid in a protein and
which are regarded as conservative substitutions include:
Ser for Ala; Lys for Arg; Gln or His for Asn; Glu for Asp;
Ser for Cys; Asn for Gin; Asp for Glu; Pro for Gly; Asn or
Gin for His; Leu or Val for Ile; Ile or Val for Leu; Arg or Gln
for Lys; Leu or Ile for Met; Met, Leu or Tyr for Phe; Thr for
Ser; Ser for Thr; Tyr for Trp; Trp or Phe for Tyr; and lie or
Leu for Val.

Variations in the cDNA sequence that result in amino acid
changes, whether conservative or not, are minimized to
enhance preservation of the functional and immunologic
identity of the encoded protein. The immunologic identity of
the protein may be assessed by determining whether it is
recognized by an antibody to AADC (or other protein of
interest); a variant that is recognized by such an antibody is
immunologically conserved. In particular embodiments, any
c¢DNA sequence variant will introduce no more than 20, for
example fewer than 10 amino acid substitutions into the
encoded polypeptide. Variant amino acid sequences can, for
example, be 80%, 90% or even 95% identical to the native
amino acid sequence.

Conserved residues in the same or similar proteins from
different species can also provide guidance about possible
locations for making substitutions in the sequence. A residue
which is highly conserved across several species is more
likely to be important to the function of the protein than a
residue that is less conserved across several species.

Vector: A nucleic acid molecule as introduced into a host
cell, thereby producing a transformed host cell. A vector
may include nucleic acid sequences that permit it to replicate
in the host cell, such as an origin of replication. A vector may
also include one or more selectable marker genes and other
genetic elements known in the art. A vector can transduce,
transform or infect a cell, thereby causing the cell to express
nucleic acids and/or proteins other than those native to the
cell. A vector optionally includes materials to aid in achiev-
ing entry of the nucleic acid into the cell, such as a viral
particle, liposome, protein coating or the like.
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Variant Lentiviral or Transgene peptides: Lentiviral or
transgene peptides having one or more amino acid
substitutions, one or more amino acid deletions, and/or one
or more amino acid insertions, so long as the peptide retains
the properties of the wild-type protein. Conservative amino
acid substitutions may be made in at least 1 position, for
example 2, 3, 4, 5 or even 10 or more positions, as long as
the peptide retains the ability to function as a lentiviral or
transgene protein disclosed in the present specification. For
example, variants of the transgene a-GAL-A can be
expressed by the lentiviral system of the present invention.
Variant a-GAL-A molecules will retain the ability to be
expressed by the lentiviral system at levels above that
observed in Fabry fibroblasts using methods described in
EXAMPLE 11. In addition, the variant a-GAL-A molecules
will retain the ability clear excess lipid deposited in Fabry
fibroblasts at a better rate than observed for untransduced
Fabry fibroblasts, using the methods described in
EXAMPLE 11.

Additional definitions of terms commonly used in
molecular genetics can be found in Benjamin Lewin, Genes
V published by Oxford University Press, 1994 (ISBN 0-19-
854287-9); Kendrew et al (eds.), The Encyclopedia of
Molecular Biology, published by Blackwell Science Ltd.,
1994 (ISBN 0-632-02182-9); and Robert A. Meyers (ed.),
Molecular Biology and Biotechnology: a Comprehensive
Desk Reference, published by VCH Publishers, Inc., 1995
(ISBN 1-56081-569-8).

GENERAL METHODS

The methods of the invention are generally directed to the
production of HIV derived transfer and packaging vectors
which can be used (either together or in conjunction with
other transfer and packaging vectors) to produce packaged
transfer vectors that can be used to transfer a transgene into
a target cell substantially without the production of compe-
tent pathogenic or infectious viral particles.

The present invention utilizes standard laboratory prac-
tices for the cloning, manipulation and sequencing of
nucleic acids, purification and analysis of proteins and other
molecular biological and biochemical techniques, unless
otherwise stipulated. Such techniques are explained in detail
in standard laboratory manuals such as Sambrook et al.,
Molecular Cloning: A Laboratory Manual, Cold Spring
Harbor, N.Y., 1989, and Ausubel et al., in Current Protocols
in Molecular Biology, Greene Publishing Associates and
Wiley-Intersciences (1987). Although the virus from which
the transfer and packaging vectors are derived is an RNA
virus (HIV-2 or SIV), the molecular cloning may be done
using proviral DNA clones, thus allowing the use of standard
cloning techniques.

Vector Construction

The packaging and transfer vectors of the invention may
be derived, using standard genetic engineering techniques,
from a provirus clone of a retrovirus, such as an immuno-
deficiency virus, for example the Human Immunodeficiency
Virus, including HIV-1 or HIV-2, or the Simian Immuno-
deficiency Virus, SIV.

The Packaging Vector

In this example with HIV-2, it is shown that nucleotide
sequences upstream and downstream of the 5' splice donor
(SD) site are necessary for the efficient packaging of the
vector RNA genome. Selective deletion of these essential
packaging sites (packaging sequences) renders the vector
incapable of packaging its own RNA (so that it is a “pack-
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aging vector”). The packaging vector in this example is
made by deleting the HIV-2 packaging site both upstream
and downstream of SD in HIV-2, and may be derived by
genetic engineering of a provirus. The resulting deletion
clones can be used to make viral particles, by transducing
the deletion clone into a packaging cell and expressing the
clone. Because the clones lack the HIV-2 packaging site,
they are not packaged into the viral particles. To increase
safety of the transduced packaging cells, the deletion clone
(or homologous clones) may be cut (eg. by subcloning) into
multiple expression clones with complementary functions.
This decreases the chances that a recombinant event will
result in an infectious particle.

A convenient and well-defined provirus that may be used
for this purpose is the provirus molecular clone (pROD1),
from HIV-2 ROD (the sequence of which is available under
Genbank accession no. M15390, and is further described in
Arya et al., J. Acquir. Immune. Defic. Syndr. 6:1205-1211,
1993; Arya et al,, J. Gen. Virol. 75:2253-2260, 1994; and
Arya et al., Hum. Gene Ther. 9:1371-1380, 1998). Other
retroviral provirus constructs may also be used, for instance
an HIV-1 or SIV provirus. The sequences for these provi-
ruses are available on Genebank at http://
www.ncbi.nlm.nih.gov/Entrez/. Examples include, but are
not limited to: Genbank Accession Nos. AF075702 (HIV-1
isolate SE8603 from Uganda), M17449 (HIV-1 isolate MN)
and AF131870 (SIV). Such a provirus (or combination of
complementary viruses), used to produce the packaging
vector, should contain a substantially complete retroviral
genome including the gag, pol, and env genes, a leader
sequence and the 3' and 5' LTRs, and may contain the other
HIV-2 structural genes shown in FIG. 2.

Deletions may be introduced using standard restriction
vectors at appropriate sites. Sites may be selected using a
restriction map of the pROD sequence (FIG. 1). Restriction
may be done upon the provirus in situ, or for convenience,
fragments of the pROD proviral vector that contain the SD
and surrounding sequence, may be subcloned into a plasmid
vector. The inserted nucleotides in such a subclone may be
restricted or altered as desired, and then reinserted into an
appropriately modified pROD clone. Clones thus con-
structed may then be confirmed by DNA sequencing.

The packaging vector thus produced will not be able to
package its own genome, and is therefore not infective, but
it will be able to package the genome of another virus that
possesses the wild-type packaging sequence(s), for example,
the transfer vector of the invention. The packaging vector
may optionally be surrounded by a capsid to comprise a viral
particle. The engineered proviral DNA packaging vector can
be used to co-transfect cultured mammalian (e.g., human)
cells in vitro or to produce a packaging cell line, as discussed
below.

In another example, the packaging vector can be func-
tionally and structurally divided into two parts. One part will
be as described above, that is it will contain deletions
upstream and downstream of the SD. In addition, it will also
contain mutations or deletions which prevent the production
of an envelope. The second part will provide the envelope
only, thereby complementing the first.

The Transfer Vector

A transfer vector in this example is a nucleotide construct
that delivers a transgene (for example a non-native gene)
into a target cell. The transgene is then generally integrated
into the genome of the target cell where it is expressed. The
transfer vector contains the nucleotide sequences required
for efficient packaging of its RNA genome (including the
transgene) and can be made from an HIV-2 proviral clone,






















































































































































