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Summary of the Invention

30 The present invention provides the isolated nucleic acid sequences and amino acid
sequences of six simian adenoviruses, vectors containing these sequences, and cell lines
expressing simian adenovirus genes. Also provided are a number of methods for using

the vectors and cells of the invention.
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the vectors and cells of the invention. *@0002* The
nmet hods of the invention involve delivering one or
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Fig. 2 provides an alignment of the amino acid sequences of the fiber knob
~ domains of chimpanzee C68 (Pan-9) [SEQ {D NO:18], Pan-6 [SEQ ID NO:19], Pan-7
[SEQ ID NO:20], and Pan-5 [SEQ ID NO:21] and the human adenoviruses serotypes 2

[SEQ ID NO:22] and 5 [SEQ ID NO:23].

DETAILED DESCRIPTION OF THE INVENTION
The invention provides novel nucleic acid and amino acid sequences from Ad
Pan5 [SEQ ID NO:1-4, 15 and 21], Ad Pan6 [SEQ ID NO: 5-8, 16, 19], and Ad serotype
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The invention provides novel nucleic acid and am no
aci d sequences fromAd Pan5 [SEQ ID NGO 1-4,15 and
21], Ad Pan6 [SEQ ID NO 5-8,16,19], and Ad serotype

2 Pan7 [SEQ ID NO 9-12, 17, 20], which were
originally isolated from chi npanzee | ynph nodes. In
several instances throughout the specification, these
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30  maximum correspondence. The length of sequence identity comparison may be over the
full-length of the genome (e.g., about 36 kbp), the full-length of an open reading frame of

a gene, protein, subunit, or enzyme [see, e.g., the tables providing the adenoviral coding
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sequences refers to the residues in the two sequences
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the art can utilize another algorit
varlants including, “comprises”, “comprising”, among other vanants, is inclusive of other

components, elements, integers, steps and the like. The term “consists of” or “consisting

of” are exclusive of other components, elements, integers, steps and the like.
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conmput er programthat provides at |east the |evel of
identity or alignnment as that provided by the
referenced al gorithnms and progranms. As used throughout
this specification and the clains, the term"conprise"
and its 30 variants including, "conprises"",
“conprising", anong other variants, is inclusive of

ot her conponents, elenents, integers, steps and the
like. The term"consists of | or "consisting of' are
excl usi ve of other conponents, elenents, integers,
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25 occurring nucleotides with a degenerate nucleotide.

The invention further encompasses fragments of the sequences of
Pan5, Pan6, Pan7, SV1, SV25 and SV39, their complementary strand, cDNA. and
RNA complementary thereto. Suitable fragments are at least 15 nucleotides in length,
and encompass functional fragments, i.e., fragments which are of biological interest.

30  For example, a functional fragment can express a desired adenoviral product or may




The invention further enconpasses fragnments of the
sequences of Panb5, Pan6, Pan.7, SV1, SV25 and SV39,
their conplenmentary strand, cDNA and RNA

conpl enmentary thereto. Suitable fragnents are at | east
15 nucl eotides in length, and enconpass functional
fragnments, i.e., fragnents which are of biol ogica
interest. 30 For exanple, a functional fragment can
express a desired adenoviral product or may 5 be

use . |
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(=) (Daltons) ITR 1 120 Ela 'Transcript 478 13S
576- 664, 1233- 28120 1436 12S 576-1046, 1233- 24389
1436 9S 576- 644, 12Y3--- 9962 1436 Transcript 1516
El b Transcript 153-2 Small T 1599 2171 -22317




T 1904 3412 55595 |x 3492 3920 14427
#?;ggcript 3959 - E2b Transcript 10349 PTP 10349 8451
72930 -Pol ymerase 8448 5083 127237 1Va2 5604 3980
50466 Transcript 3910 7 2 8. 1 IcD 5155 5979 28141
5979 Agno rotein 7864 8580 25755 LI Transcript 10849
.52/ 55D 10851 12025 -Illa 12050 381-9 -6.5669
-Transcript 13832 - Transcript 13894 L2 Penton 13898 1
490 59292 -Vil 15494 60-78 21478 v 16123 17-166

Mi 17189 17422 8524- transcript 1 T4-42 -
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NO 1] Regions Start | End MW
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Ela | Transcript 478 -
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transcript 21811 -




Regions Start End M W (nt) (nt) (Daltons) E2a
-Transcript 26782 _DBP 23386 21845~ 57358 transcript
21788 L4 Transcript 23406 | OOkD 23412 25805 88223 33
I cD honol og 25525 26356 24538 Vill 26428 27111 24768
1 transcript 27421 - E3 Transcript 26788 Of 41 27112
27432 1 12098 O f #2 27386 28012 23040 Of #3 27994
28527 19525 O f #4 28557 29156 22567 -Of 45 29169
29783 22267 Of #6 29798 30673 31458 O f #7 30681
30956~ 10477 O f #8 30962 31396 16523 -Of #9 31389

31796 [5236 transcript 31837 L5 ngzzgrl 24 32032 -
[ 2035 3 AT
[:IT?ZLS E’lruw 22%&%3@3& . mgyﬂgg 033462 9191 Of 6
34615 3@?&@535005 O f |4 St4i886 BWs2A1 18978 Orf 3
35249 B4896_ 13641 _(f |2 ®@R635 @246 Makwy) IOrf 1
36050 BH¥#e| Hranscript 26782 -
DBP 23386 | 21845 57358
transcript 21788 -
L4 | Transcript 23406 -
100kD 23412 | 25805 88223
33 kD homolog 255251 26356 24538
VIII 26428 | 27111 24768
transcript 27421 -
E3 | Transcript 26788 -
Orf#1 27112 | 27432 12098
Orf#2 27386 | 28012 23040
Orf #3 27994 | 28527 19525
Orf #4 28557 | 29156 22567
Orf #5 29169 | 29783 22267
Orf#6 29798 | 30673 31458
Orf #7 30681 | 30956 10477
Orf #8 30962 | 31396 16523
Orf#9 31389 | 31796 15236
transcript 31837 -
L5 | Transcript 32032 -
Fiber 32035 | 33372 47670
transcript 33443 -
E4 | Transcript 36135 -
Orf7 33710 | 33462 9191
Orf 6 34615 ] 33710 35005
Orf 4 34886 | 34521 13878
Orf3 35249 | 34896 13641
Orf2 35635 ) 35246 14584
Orf 1 - 36050 | 35676 | 13772
_Transcript 33437 -
ITR 36343 | 36462 -




Transcript 33437 | TR 36343 36462 8'Ad Pan- 6 [ SEQ IP
NO. 5] Regions start (ni) nd 'f Adf' W (nt) (D3al;
tons ITR 1 123 Ela . transcript 478 13S 576- 1143,
1229- 28291 1437 12S 576-1050, 1229. 24634 1437 576
- 645, 1229- 10102 1437 transcript El b transcript 1553
Smal | T 1600 2172 LargeT 1905 3413 55394 _|X 3498
3926 14427 transcript 3965 - E2b transcript 10341 PTP
10340 8451 72570 -Polynmerase 8445 5089 126907 | Va2
5610 3986 50452 -transcript 39661 - LI transcript-

38 52/55 kD 1834en¥208RQ IBAR0: 57 [17a 120 7 _37- 99
iI-2)2460 Transcript F3 SQ%?% 28.1]kd 5161 _5985 1
28012 | Regions Start(nt) { End MW. .

(nt) (Daltons)
ITR | 123 -
Ela | transcript 478 -
138 576-1143, 1229- 28291
1437
128 576-1050, 1229- 24634
1437
9s | 576 - 645, 1229- 10102
1437
transcript 1516 -
Elb | transcript 1553 -
Small T 1600 2172 22315
LargeT 1905 3413 35594
X 3498 3926 14427
transcript 3965 -
E2b | transcript 10341 - -
PTP 10340 8451 72570
Polymerase 8445 5089 126907
Va2 56101 3986 50452
transcript 3966 -
L1 | transcript 10838 -
52/55 kD 10840 | 12012 44205
[lla 12036 | 13799 65460
Transcript 13812 -
28.1kd 5161 5985 28012
Agnoprotein 7870 8580 25382
L2 | transcript 13874
Penton 13878 | 15467 59314
VIl 15471 | 16055 21508
\% 16100 | 17137 39388
Mu 17160 | 17393 8506
transcript 17415 -
L3 | transecript 17466 -
VI 17469 | 18188 25860
Hexon 18284 | 21112 106132
Endoprotease 21134 21754 23445
transcript 21803 -
E2a | transcript 26780 -
DBP 23375 | 21837 57299
transcript 21780 -




Agnoprotein. 7870._ 8580-1- 2-5382 L2 transcript
13874 Penton 13878 15467 59314 Vil 154 16055 21508 v
16100 17137 39388 Mu 17160 17393 8506 transcript
17415 L3 transcript 17466 - vi 17469 18188 25860
Hexon 18284 21112 106132 Endoprotease 2113T _TJ 75-4
23445 transcript 21803 - E2a -transcript 26780 BP

tr, ns~,ipt 23375 21837 572 9 Ad Pan-6 (cont'd) [SEQ
IDNO5] Regions Stat t (nt)' End M W 00 (Daltons)
L4 Transcript 23398 | OO cD 23404 25806 88577 33 1cD

honol ¢g 25523,d2%357 (2@ [SBQ [D NBSP6 27109| 24749
transgript 27419 E3 transcript 26786 O f #1| 27110
27430 [R2gAB O f 42 27F$#NQBDOBMZ2880A1m}f #3 27989
28519 (19460 O f #4 28 D 36254 0@altons)
L4 | Transcript 23398 -
100kD 23404 | 25806 88577
33 kD homolog 25523 | 26357 24609
VII 26426 | 27109 24749
transcript _ 27419 -
E3 | transcript 26786
Orf#l 27110 [ 27430 12098
Orf#2 27384 | 28007 22880
Orf#3 27989 | 28519 19460
Orf#4 28553 | 29236 25403
Orf#5 29249 | 29860 22350
Orf #6 29875 | 30741 31028
Orf #7 30749 | 31024 10469
Orf #8 31030 | 31464 16540
Orf#9 31457 | 31864 15264
transcript 31907 | -
L5 | transcript 32159
Fiber 32162 [ 33493 47364
transcript 33574 -
E4 | transcript 36276 -
Orf7 33841 | 33593 9177
Orf6 34746 [ 33841 35094
Orf4 35017 | 34652 13937
Orf3 35380 | 35027 13627
Orf2 35766 | 35377 14727
Orf'1 36181 | 35807 13739
transcript 33558 -
ITR 36482 | 36604 -
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O f #5 29249 29860 22350 O f #6 29875 30741 31028
O f #7 30749 31024 10469 Of #8 31030 31464 16540
Of #9 31457 31864 '15264 transcript 31907 - L5
transcript 32159 Fi ber 32162 33493 47364 transcript
33574 - E4 transcript 36276 Of 7 33841 33593 9177
Of 6 34746 33841 3.5094 Of 4 35017 34652 13937 Of
3 35380 35027 13627 Of 2 35766 35377 14727 Of 1
36181 35807 13739 transcript 33558 - | TR 36482 36604
5 10 Ad Pan-7 [SEQ ID NGO 9] Regio s Start (nt) End

(nt) W (Daltongy pad-71 ﬁﬁi dba -transcript 478
13S 576 - 1143, 1229-143 218 12S 576 - 1050, |1229-
1437 24@%“95 576-6 SSLsghl Eddad)- [4nmwiansatks) 1|t
1516 - T anscri 132 N
1 ITR
Ela | transcript 478 -
138 576 — 1143, 1229-1437 28218
128 576 — 1050, 1229- 1437 24561
9S 576 — 645, 10102
1229 — 1437
transcript 1516 | -
Elb | transcript 1553 -
Small T 1600 2178 22559
LargeT 1905 3419 55698
Va2 3992 5616 50210
transctipt 3971 -
E2b | transcript 10341 -
PTP 10340 8457 72297
Polymerase 8451 5095 126994
IX 3504 3932 _ 14441
transcript 3972 -
28.1kD 5167 5991 28028
Agnoprotein 7876 8586 25424
L1 | transcript 10834
52/55 kD 10836 12011 44302
Illa 12035 13795 65339
transcript 13808 -
L2 | transcript 13870 -
Penton 13874 15469 59494
VII 15473 16057 21339
\ 16102 17139 39414
Mu 17167 17400 8506
transcript 17420 -
L3 | transcript - 17467 -
VI 17470 18198 26105
Hexon 18288 21086 104763
Endoprotease 21106 21732 23620
transcript 21781 -
E2a | transcript 26764 -
DBP 23353 21815 57199
transcript 21755 -
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Smal | T 1600 2178 22559 _LargeT 1905 3419 55698 | Va2
3992 5616 50210 1 transcript 3971 E2b -transcri pt
10341 - _PTP 10340 8457 72297 -Polynmerase 8451 5095
126994 ix 3504 3932 14441 ~t_ranscript 3972 28.1kD
5167 5991 28028 Agnoprotein 7876 8586 25424 LI
-transcript 10834 52/55 JdD 10836 12011 44302 _Illa
12035 13795 65339 transcript 13808 L2 transcript
13870 1 - Penton 13874 15469 59494 -VII 15473 16057
21339 v 16102 17139 39414 -Mi 17167 17400 850

transdri pt 174dFPantB(contand8EQ P2 NO7967 - _V1 17470
18198 {26105 _Hexon 18288 21086 104763 Endopr ot ¢ase
21106 |Regs 1 23620 | Start at)s ¢ Eng(ntp | AW, (Bdeons)
transcrirgt |26mkedbt- DBP 238®58|21815 | 57199 transcript
21755 | Ad PapekD (cont' d) 2%833&EQ | 23780 9] Reggswrs | St art
(nt) Bnd (MBFEdHT W (DAl 69RS) 26338 25155
homolog
VIII 26410 27093 24749
transeript 27403 -
E3 | transcript 26770 -
Orf#1 27094 27414 12056
Orf #2 27368 27988 22667
Orf #3 27970 28500 19462
Orf #4 28530 29150 22999
Orf#5 29163 29777 22224
Orf #6 29792 30679 32153
Orf #7 30687 30962 10511
Orf #8 30968 31399 16388
Orf #9 31392 31799 15205
transcript 31842 -
L5 | transcript 32091 _ -
Fiber 32094 33425 47344
transcript 33517 -
E4 | transcript 36208 -
Orf7 33784 33536 9191
Orf 6 34689 33784 35063
Orf 4 34960 | 34595 13879
Orf3 35323 34970 13641
Orf2 35709 | 35320 14644
Orf1 36123 35749 13746
transcript 33501 -
ITR 36404 | 36535 -

12



L4 transcript 23370 10010 23376 25781 88520 33 kD

25489 2.6338 25155 honolog Vill
transcri pt 27403 -

27414 12056
28500 19462
29777 22224
30962 10511
31799 15205

26410 27093 2. 4749
E3 transcript 26770 Of 01 27094

W #2 27368 27988 22667 O f 43 27970

Of #4 28530 29150 22999 Of #5 29163
Of #6 29792 30679 32153 Of #7 30687
Of #8 30968 31399 16388 Of #9 31392
rtraiiscript 31842 L5 -transcript 32091

Fi ber 32094 33425 473--- transcript 33517 FE4

-tfanscript 30208v-10rf 7 33784 3353@S9423 Of 6 3468039

3310 3003 |t b R008R, 1250, 1Bk bla?, o Rbg oo s

35729 REZiHA6 |tramaeri gt R0l |- Isidt 3§40£nd65B5 Sarl2 | End
ITR 1 106 1 133 1 150
Ela 352 1120 - - 404 1409
Elb 1301 2891 359 2273 1518 3877
E2b 9257 2882 9087 2754 10143 3868
E2a 24415 20281 24034 20086 25381 21228
E3 24974 27886 24791 25792 25790 29335
E4 33498 30881 30696 28163 33896 31157
ITR 34145 34264 30912 31044 33966 | 34115

Ad SV-1 Ad SV-25 Ad SV-39
[SEQ ID NO:24] [SEQ ID NO:29] [SEQ ID NO: 34]

Region Start End Start End Start End
ITR 1 106 1 133 1 150
L1 9513 12376 9343 12206 10416 13383
L2 12453 15858 12283 15696 13444 16877
L3 15910 20270 15748 20080 17783 21192
L4 21715 25603 21526 25420 22659 26427
L5 28059 30899 25320 28172 29513 31170
ITR 34145 34264 30912 31044 33966 34115
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Ad SV-1 Ad SV-25 Ad SV-39 [SEQ ID NO 24) [SEQ ID

NG 29] [SEQ ID NO 34) Region Start End Start End
Start End ITR 1 106 1 133 1 150 Ela 352 1120 - 404
1409 El b 1301 2891 359 2273 1518 3877 E2b 9257 2882
9087 2754 10143 3868 E2a 24415 20281 24034 20086
25381 21228 E3 24974 27886 24791 25792 25790 29335

E4 33498 30881 3069 28163 33896 31157 | TR 34145 34264
30912 31044 33966 34115 Ad SV- | Ad SV-25 Ad SV-39

[ SEQLD 24] [SFQ 1D 29] [SEQ 1D NQ_34] Region
Start End |Fwefein End St af AJESTGL, $ERID NO624 13B 1 150
LI 9513—3123+6—9343—1226610416—13333— 2 1"/";3 15858
12283 15696 13444 16877| SBt1591pF%b27d MB748 o080
1778BITR1192 L4 21715 25603 215P(0625420 226 26427
L5 2B659-30899-25320-28172 205183 31174 . TR 34145
34264 5,10915[\3{ 1044 33966 é%llS 139%r ot € ]ﬁwﬂd Sy-1, SEQ
1010 2e[ et T WY TTR T 108 [T 1ot 953
2391 BWs5 [W8M3  E2b | Vho 4954 po24 54007
LargeT 1301 2413 42293
IX 2391 2885 16882
E2b Va2 4354 2924 54087
Polymerase 6750 4027 102883
PTP 9257 7371 72413
Agno-protein 6850 7455 20984
L1 52/55 kD 9515 10642 | 42675
Illa 10663 12372 636568
L2 Penton : 12454 13965 36725
Vi 13968 14531 20397
A% 14588 15625 39374
Mu 15645 15857 7568
L3 VI 15911 16753 30418
Hexon 16841 19636 104494
Endoprotease 19645 20262 | 23407
2a DBP 21700 20312 | 52107
L4 100kD 21721 24009 | 85508
VI 24591 25292 | 25390

14



Pol ynerase 6750 4027 102883 PTP 9257 7371 72413
Agno-protein 6850 7455 20984 LI 52/55 kD 9515 10642
42675 1lla 10663 12372 636568 L2 Penton 12454 13965
56725 Vii 13968 14531 20397 V 14588 15625 39374 M
15645 15857 7568 D Vi 15911 16753 30418 Hexon 16841
19636 104494 Encl oprotease 19645 20262 23407 2a DBP
21700 20312 52107 L4 | ORD 21721 24009 85508 Vill
24591 25292 125390 14 protein Ad SV- | (cont'd) SEQ
ID NO 24 Start End mw. E3 O f 41 25292 25609 11950
Of #2 25563 26081 18940 O f #3 26084 26893 30452

O f [#4 2690801180 10237 AJ&Y. 14 Rokt’dy /7 17012 12640
Of |46 27905 27873 13639 L5 Fi ber #2 28059 29150 39472
Fi bgr #1 29183 30867 6112FQIEMNQxZ4 7 31098 30892 7837
gx; 22812 g7gli§§823921 St A 3R T T ShgHo 4838 Of
E3 Orf#1 25292 25609 | 11950
Orf#2 25563 26081 | 18940
Orf#3 26084 26893 | 30452
Orf #4 26908 27180 | 10232
Orf#5 27177 17512 | 12640
Orf #6 27505 27873 | 13639
LS5 Fiber #2 28059 29150 | 39472
Fiber #1 29183 30867 | 61128
E4 Orf 7 31098 30892 | 7837
Orf 6 31982 31122 | 33921
Orf 4 32277 31915 | 14338
Orf' 3 32629 32279 | 13386
Orf 2 33018 32626 | 14753
Orf1 33423 33043 | 14301
ITR 34145 34264

15



Of 2 33018 32626 14753 O f 1 33423 33043 14301

| TR

34145 34264 5 15 protein Ad SV-25, SEQ ID NO 29 Ad

SV-39, SEQID NGO 34 Start End MW Start End MW

1 133

25003 El b Snal |

1 150 -

I TR

El a 13S 492 1355 28585 12S 492 1355

T 478 1030 20274 1518 2075 21652

Large T 829 2244 52310 1823 3349 55534 DC 2306 2716
13854 3434 3844 14075 E2b |V a2 4208 2755 54675 3912
5141 46164 Poly- 6581 3858 102839 7753 5033 103988

merase PTP 9087 7207 71326 10143 8335 69274 Agno-
681 718&teln6025Ad SV-25% SEQIIRNO:RY 5pASSV-2H SEU®D NO47 2
42703 110418 11608 44232 |lia 10498 12202 63598 11574
13364 166078 112 Penton 12284 13801156949 13448 14950
56292 |VI | 138065F1369 Exd36q MH#be0 8917 2pBr V| MiH26
15483139289 19507 1066233 16 MO [IpZ483~1 7598
16650 116871 7497 13 M 15749 16591130347 16925 17695
28013 | IBexon 16681 19446 104035 17788 205p855025)28585
Bndo- ﬂi—?ﬂ'%ﬁ@ﬁﬁ'ﬁﬁ@%—?ﬁﬁm 2Tt 852 2 TIP3 R Ot Ty
2a_DBH 3 511 200123 52189 22631 2128153160 "4 1| O
20BB2 {Z@AT 8500 2265M32535H2400362518 2075 21652
Large T 829 2244 52310 1823 3349 55534
X 2306 2716 13854 3434 3844 14075
E2b | IVa2 4208 2755 354675 3912 5141 46164
Poly- 6581 3858 102839 7753 5033 103988
merase
PTP 9087 7207 71326 10143 8335 69274
Agno- 6681 7139 16025 . - -
protein
L1 52/55kD | 9345 10472 | 42703 10418 11608 44232
Illa 10493 12202 | 63598 11574 13364 66078
L2 Penton 12284 13801 | 56949 13448 14959 56292
VII 13806 14369 | 20369 14960 15517 20374
\% 14426 | 15463 | 39289 15567 16628 39676
Mu 15483 15695 | 7598 16650 16871 7497
L3 VI 15749 16591 | 30347 16925 17695 28043
Hexon 16681 19446 | 104035 17785 20538 102579
Endo- 19455 . 20072 23338 20573 21181 22716
protease
2a DBP 21511 20123 | 52189 22631 21231 53160
L4 100kD 21532 23829 {85970 22659 25355 100362
VIII 24408 25109 | 25347 25410 26108 25229
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Vi

Ad SV-25, SEQ ID NO 29 Ad SV-39, SEQ I D NO 34,

(cont'd) (cont'd)

24408 25109 25347 25410 26108 25229 16 protein

Start End M W Start BEnd MW E3

Of 41 25109 25426 11890 26375 27484 42257 Of #2
27580 28357 29785 O f #3 28370 28645 10514 Of #4
28863 29333 18835 Of #5 Of #6 L5 Fi ber

26423 37529 Fi ber

#2 25380

4 1 26457 28136 60707 29515 31116

.56382 E4 Of 7 31441 31118 11856 O f 6 29255 28395
Qrf 4 29550 29188 14399

3390

5 32-292 31438 33437

3)

1
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10

The Pan5, Pan6, Pan7, SV1, SV25 and SV39 adenoviral nucleic acid

sequences are useful as therapeutic agents and in construction of a variety of vector

systems and host cells. As used herein, a vector includes any suitable nucleic acid

molecule including, naked DNA, a plasmid, a virus, a cosmid, or an episome. These

sequences and products may be used alone or in combination with other adenoviral

sequences or fragments, or in combination with elements from other adenoviral or non-

adenoviral sequences. The adenoviral sequences of the invention are also useful as

antisense delivery vectors, gene therapy vectors, or vaccine vectors. Thus, the invention

further provides nucleic acid molecules, gene delivery vectors, and host cells which

contain the Ad sequences of the invention.
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For exanple, the invention enconpasses a nucleic acid

nol ecul e containing siman Ad' | TR sequences of the

i nvention. In another exanple, the invention provides
a nucl eic acid nol ecul e containing siman Ad sequences
of the invention encoding a desired Ad gene product.

Still other nucleic acid nolecule constructed using 5
t he sequences of the invention will be readily
apparent to one of skill in the art, in view of the

i nformati on ;ﬂbomiadmlﬂ, theingéntion dnoropsseeamineiicneit inoletile

tjed. h
- S T L5 B8P i Blby DG af TR tigen

nol epuvides atrolcblcmeld ImoleFige conemnmﬁlman memmﬁnsesafme invention
g?ggﬂeﬁ%ﬁlg Eé%[l ecﬁ?«? ée%?rg 085& oétlll‘%nl}ef el ?cvacird ?noiecxgg co&g{ructed using
gen élea@quvrg:esaof\mer 1avenkmotnb |’oe rendily apmdnagg|ongoﬂskuﬁ tin thedrt, in view of
Sucﬂm1Mﬁﬁkﬁﬁﬁxgﬁ&ﬁQEmﬁﬁs'gned for expression in trans,
Al ternatively, such vectors are designed to provide
cel | s whi ch dpam snbedintealh he gaipn ddgers rogions fdertifisd bgein may be
d es 'u§e@‘§h SO @1.9‘6'f {&@lors tﬁp&ﬁ@érﬁﬁﬁ heferoth ous%?ec@% @ E
b, thé term nal repeat sequ Ences b, E4,

E4 0 R‘Wler veglosTRre gegerptad £y @fpt qsgien Oftah edea@emkyapspctanrotge fFE

19€q ﬂ@@ﬁeﬁﬁﬂxé’@&) for ?%@s@@ S deltefiR O viddi Gectoy! ﬁ%fp?ékaélﬁé host cell. Such

pr0V|d|ng th er functlons necessarY
pr oMERArs BoY t&»fdcwesécrr SHREBEAR Britans. Vilietngidesly( wolyyeotors are designed

adepPptovid ceNORhieH ﬁab@ﬂ!e%ﬁ%cﬂénc@ﬁlﬁm éxﬁllessfdwga «l:log&ﬁﬂrar

adeﬁw associ ated viruses \ﬂ? .. For " such producti on
QIONS: €t 08F AIHTIUR O LEI8DN they e“%ﬁtr@%&ﬂﬁume%ﬁ?é E2b, E4,
mvgml)mcg;aﬁe utilized in such a nethod in a nmanner

simlar tot gdes ri ped for the human Ad. 2o
eowever, due P8I41HRS, BF poeaoviRlRsae seapences end froasentdhasrod are

t h e u&fdﬁcﬁt rpro’&dﬁfgﬁlv{d Heﬁiel ﬁlﬁ&l’dﬁ&f&@e‘é»sa%f for [&Bcﬁlcﬂlcﬂ\é? Hél;&e@ Hep@ﬁﬁint
uences of

| o E e SCBAT ALY AR astena R ﬁ’ﬁ%%fuaB?“Prafsyclﬁfd

h 0 IT()AEQI)U Borrsedmi&luﬁﬁttnl m)elfhom tH& shﬂin&ﬁénoﬁlm 6dqliAB& of ﬂlc ﬂqventxon
functions,

ot P Blien ar AR Bt St ossg B e nan Ac.
20 0 nHantvea rdt:smdh:rd xﬁgencMVsmnmdcsdiemm th@8m Nbﬁdbﬁﬁﬁral&ﬁquences of

Eregﬂllé%h}glguonA@y ol? Pun?adte Ie {x?elhof Iﬂ]e s{)qg%rggsu 1te {m%?rﬁlon gs}éeentlally
hUr sléminatelthe @vssrbaity Qfélpmblygets rec@el@nation with helpSr Madtiomtin a host cell
6, 2 erein e, al so,

s pap Bt ol BE LA 1535 GUL SRl B fice 3Rt

99/ adeggyiral %@S@amﬂwﬁkﬁsA#ﬁwr@Mg@nbe used in production
2@f non- human \gahQk ﬁpﬁo%\{g rA A luHFﬂé %gno'&gﬁ hggé? [Plﬁllgtlons have been

pri mate AAV serotypes. The sim an
seqdepdksd agengtihia thedijaaitie oith Whanpdpnovival skeotyres Sw:e,ogs éJ@rl-yttent

hel pess,§asnal u@n&ere,(ces G thElef: SE, Biso, 'é%f%a@m/s@)[ o8z weRRF6)
can be particul arsy eful in providing t
99/14354; WO 99/1568 WO 99/47691 These methods may also be used in production
of non-human serotype AAY, including non-human primate AAV serotypes. The simian
30 adenoviral gene sequences of the invention which provide the necessary helper functions
(e.g-; Ela, E1b, E2a and/or E4 ORF6) can be particularly useful in providing the

necessary adenoviral function while minimizing or eliminating the possibility of
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necessary adenoviral function while mnimzing or
elimnating the possibility of 18 reconbination wth
any ot her adenoviruses present in the rAAV-packagi ng
cell which are typically of human origin. Thus,
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30  form of naked DNA, a plasmid, a virus or any other genetic element,

19



30 formof naked DNA, a plasmd, a virus or any other
genetic elenent. 19 B. Sim an Adenoviral Proteins of
the Invention The invention further provi des gene
products of the above adenoviruses, such as proteins,
enzynmes, and fragnments thereof, which are encoded by
the adenoviral nucleic acids of the invention. The

i nvention further enconpasses Pan5, Pan6 and Pan7, 5
SVI, SV25 and SV39 proteins, enzynes, and fragnments
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30 Ad may be obtained from GenBank or other suitable sources.
The amino acid sequences of the simian adenoviruses penton proteins of

the invention are provided herein. The AdPan5 penton protein is provided in SEQ ID
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30 Ad may be obtained from GenBanlr, or other suitable
sources. The ami no acid sequences of the sim an
adenoviruses penton proteins of the invention are
provi ded herein. The AdPan5 penton protein is provided
in SEQID 20 NO 2. The AdPan7 penton is provided in
SEQ I D NO 6. The AdPan6 penton is provided in SEQID
NO 10. The SVI. penton is prow ded in SEQ ID NO 25.
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having artificial ser otypes Other artificial capsid proteins can also be constructed using

30  the chimp Ad penton sequences and/or fiber sequences of the invention and/or fragments
thereof.
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serotype of an adenovirus, such artificial hexon
proteins would result in adenoviruses having
artificial serotypes. Oher artificial capsid proteins
can al so be constructed using 30 the chinp Ad penton
sequences and/or fiber sequences of the invention

and/ or fragnents thereof. 21 In one exanple, it nmay
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aboyf other suitable fragments include the fiber having N-terminal and/or C-terminal
truncations of about 50, 100, 150, or 200 amino acids, based upon the amino acid
30 numbering provided above and in SEQ ID NO: 4, 8, 12, 28, 32, 33 and 37. Still other
suitable fragments include internal fragments. Further, the fiber protein may be modified

using a variety of techniques known to those of skill in the art.
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am no acids 247 to 425 of SEQID NO 4, 8, 12, 28, 32,
33 and 37. See Fig. 2. Exanples of other suitable
fragnents include the fiber having N-term nal and/or
C-termnal truncations of about 50, 100, 150, or 200
arni no acids, based upon the am no acid 30 nunbering
provi ded above and in SEQ ID NO 4, 8, 12, 28, 32, 33
and 37. Still other suitable fragnents include
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30 Such antibodies may be generated using any of a number of methods
know in the art. Suitable antibodies may be generated by well-known conventional

techniques, e.g. Kohler and Milstein and the many known modifications thereof.
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25 to a Pan5, Pan6, Pan7, SVI, SV25 or SV39 epitope.
The antibodies in the present invention exist in a
variety of forms including, for exanple, high affinity
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the art. Other useful labels include a colloidal gold label. Still other useful labels include

radioactive compounds or elements. Additionally, labels include a variety of enzyme
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| abel or a tag onto a Pan5, Pan6, Pan7, SV 1, SV25 or
SV39 gene product, antibody or other construct of the
i nvention. As used herein, a detectable |abel is a

nol ecul e which is 25 capabl e, al one or upon
interaction with another nolecule, of providing a
detectabl e signal. Mst desirably, the | abel is
detectable visually, e.g. by fluorescence, for ready
use in inmmunohi stocherni cal anal yses or
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30 In addition, one of skill in the art will readily understand that the Ad
sequences of the invention can be readily adapted for use for a variety of viral and non-

viral vector systems for in vitro, ex vivo or in vivo delivery of therapeutic and
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The sequences, proteins, and fragnents of the

i nvention may be produced by any suitable neans,

i ncl udi ng reconbiriant production, chem cal synthesis,

or other syntheticmeans. Suitable production

techni ques are well known to those of skill in the
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Laboratory Manual, Cold Spring 25 Harbor Press (Cold
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30  adenovirus DNA of Pan5, Pan6, Pan7, SV, SV25 and/or SV39 and a minigene. By

"minigene" is meant the combination of a selected heterologous gene and the other
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pur poses. 20 Still other adenoviral proteins of the
i nvention may be used as alone, or in conbination
wi th ot her adenoviral protein, for a variety of

pur poses which will be readily apparent to one of

skill in the ail. In addition, still other uses for
t he adenoviral proteins of the invention will be
readily apparent to one of skill in the art. 2 5 J1.
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elements derived from an adenoviral genome of the invention. In one embodiment, the
vectors contain adenoviral ITRs from Pans5, Pan6, Pan7, SV1, SV25 or SV39 and
30  additional adenoviral sequences from the same adenoviral serotype. In another

embodiment, the vectors contain adenoviral sequences that are derived from a different
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and replication; i.e., the 5 inverted term nal repeat
(I' TRy sequences (which functions as 20 origins of
replication) and the native 5 packagi ng enhancer
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30 The transgene is a nucleic acid sequence, heterologous to the

vector sequences flanking the transgene, which encodes a polypeptide, protein, or other

product, of interest. The nucleic acid coding sequence is operatively linked to regulatory
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and ot her vector conponents and sequences enployed in
the construction of the vectors described herein are
obt ai ned as descri bed above. The DNA sequences of the
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2]{3 P%H&ibxﬂﬂ TN YRRl A CRN A 2 6H OB R R IRNA sC DR ekdilid dfG useful RNA
uorescence or
sequence is a sequence which extinguishes expression of a targeted nucleic acid sequence

in the treated animal.
The transgene may be used for treatment, e.g., of genetic deficiencies, as a
cancer therapeutic or vaccine, for induction of an immune response, and/or for
30 prophylactic vaccine purposes. As used herein, induction of an immune response refers
to the ability of a molecule (e.g., a gene product) to induce a T cell and/or a humoral

immune response to the molecule. The invention further includes using multiple
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ot her spectrographic assays, fluorescent activating

cell sorting assays and i nmunol ogi cal assays,

i ncl udi ng enzyne |inked ininmunosorbent assay (ELISA),
radi oi rnmunoassay (|1 UA) and i nmunohi st ochem stry. For
exanpl e, where the marker sequence is the LacZ gene,
the presence of the vector carrying the signal is
detected by assays for beta 20 gal act osi dase activity.
Where the transgene is GFP or luciferase, the vector

car rsgnsgenes.lee., tséagmactlor smejioln armaﬁmuneahsvd iBtahi y-skbyini€ plo®i. In
or |.ight . U However , ,
des iclre‘g{l}f i}@gt%ﬂgé]%:dpﬁ%g{ tglrr{ ELE '%%J on- |tq ?1“5 §Féi\gsélafﬁ’§ﬁ£%p’°t°‘“’
enc e korrgeadle diffschatieptides o h)rcptgnsu Sibfsud debirablsivtibiot)y siadet the DNA
medi _JAS I n .

or caraRa kRS ROk Bt £ PR BB osEh, 1R B R Rerves
tSRN&roveks FRstar, opsdysirgpbinigriein Riarder for the geli to piaNIAg theamdti-subunit

ant is&as e caMﬁnfecgann‘ﬁ)ﬂﬁvmoﬁlb Ent@u&ksc%ﬁtyllnmg ftﬂgﬁliﬁgr%gt

is a seguence whi ch extingul shes express
t ar gebuHs. ifternativelyadiffereatsuinaiicef a protein mey heree@ldedjb)am sawk .

The tah B0 eNdistRY, gl tRfscbRr 1néler@$atE£TEﬂk'en€od QF 'eacﬂ of the

genetic deficiencies, as a cancer ft er apeut
vac dhbiaits, pefh theNA for eash sfbusinseparsteriy an équa squymn ditmyrsxte

i 0o r @&y fmﬂx LAGhHICWNR SR S oPHE Bﬂﬁ%ﬁcodﬁ? eé%ﬂ?i %ﬁthe ?L[l):uulups is

i nduction of an i nmune response refers
of &mApiede thedotplsizg of theDYAsacoding d@@ut)unttscand thdllll&%'s ia leFs than five

cel IxilonedsOoks & dnetiRivato an 'Iﬁ@%“ﬂ% DS R t§e elsapatédrbg sequences

mol ecul e. The invention further inc

mul teREAYEE 8 GARERIKE quighself-glegyes mtacsowﬁr?séa@?nabwe@tn&q, oeald.
a Cavdhhdliy0d af ALGROViRY, B(Pb:13-2 SURURDT); ARt el B zlcnme Thel

ert di fferent transgene
o, RLD R E B R ot g ot M B4 O - e 200
di f fRhlseomAt pep@i&tls dedficatlyRimalle? thas an TRIBS SmdkEng & %l1saRd Sor'MERhen
the siz IPNAH encodi ng the protein subunit is
| ar ﬁgace 5 aaxmltu:fgg‘?c A HPWeMs 5|3%Eﬁ5€|d trﬁnsgp}?énay encode any biologically
pl ataefivetprodadtioy exbler 5r0@t‘1@\/&§1 afpaﬁiilﬂrdesuﬂlﬂe for §{Vc§lt r 0ph| n
-protein. In <Q or t oduce

ni ul ti - subunit lta%%rt'&{ls@f’r\‘?s may Eeerle?d'l?' ?lqc?‘?f’ B&?r@d’f\ﬂﬁ”ﬂ # therpat. The

20e C calbétion bf thyirandgene B RbtabAvideeed el IBfitatidhef diid if Rh et
subuni ts. Altzernate ﬁ“% ylgifff%rent subunits of a
protein may be en HEAOH! % ane transgene, In this
case, a single transddiimn tb thelmagbe slemdngs DN QNGO fHiGhe

o2 el Y AP P B B e o
(1 R@S}l ablﬂ'hml@d tosthelternsgendih @ mathveen thbth:&rr&tsit@ trﬂfscntplﬂ&n ERNfslation
£ne %ﬁ&/&%x 1%&!17119{1 EME@&*&{%Q kl‘}itﬁ thetohasml JBCKH of lg%gﬁa wplhgle virus

tota encodi n

| REProdyced &y ghetitvgntion; !Okeuseﬂ htrcxba‘swablyﬁlmkaﬁ sajutreesiatlidedoth
1o QRokBEPoorkif es

enco dll)ln ac% N psés o a\ﬁ@@}; A i thb%:ne cﬁqﬁ’{ergs(’f and expression

pos tcORtFoh PraHaRees i pot & é\;gw{ or aSe distagse ¢p. contigl the gene of interest.
Expression control sequences include appropriate transcription
30 initiation, termination, promoter and enhancer sequences; efficient RNA processing
signals such as splicing and polyadenylation (polyA) signals; sequences that stabilize

cytoplasmic mRINA; sequences that enhance translation efficiency (i.e., Kozak consensus
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Donnelly, et al, J. Gen. Virol., 78(Pt 1): 13-21 (Jan
1997); Furler, S., et al, CGene Ther., 15 8(11):864-873
(June 2001); Klunp H., et al., Gene Ther.
8(10):811-817 (May 2001). This 2A peptide is
significantly smaller than an IRES, making it well
suited for use when space is alimting factor.
However, the selected transgene may encode ally

blologlcally active product or other product, e.g a
pr GRfyRnRcelsEeqiangasthat prhpncepiotajn staility; ane vehen ﬁ@ngcbme@cm@at

be eﬁkﬁﬁ‘&'sbd{et%ﬁ bﬁﬁ& @r@o&w pRIABCtOR pRdtd Aulnbérra)fé,g?eéa&{ 8m¥$16

20 sel ection of ransgene I'S not con ere
a Is¢aurces ingdiag ptpwp@rs W gre ngtive, qenstifedivje ingbeibly aml/as rﬁ@ltw-s

' nsﬁ’e@ﬂ"ctdr@l&otvﬁ irf f1€arfBid May®L GARAL S 1 dentified above for
m ni gene, the vectaol also 1 ncludes conventional

5 c o nt rol el ement s ExenRiesoA eonstjiptive mromoters ipgiude aithput limitetdan,

to tKeh@cr&vﬁﬁ%Gﬂaﬁ:ohE‘ w@us '(RS'V'RTI% ﬁ}éﬁoté}%ﬂﬂ)ﬁaﬁly WfitR the RSV
tra SCfl transl expressi on

in
celf afl?%?n@lr SRRV T ?‘5}4351 5'|°a§ﬁ% @Pt{?é@{wﬂha?e WY etted)
W| t[ne telpe Bobitarte: azprrazzduefezd 33y (1989, ithie B0 hiemoteAtedi§Erofolate

nc
o e PR b el E R e R S Bk Losameer
1ot han@mnEanpmmtaf[Bﬁttrom@l expression control sequences
th at act in traqs o& a dlﬁtance to control the

gene of interest. Pé’?é“%"ﬁs BK F9eBitian ﬁeé‘ﬁéé%esﬁ‘ﬁ‘&?'\g&é“
ap e egptladd By éxfo@éhﬁﬁsﬂy smbpnaa conaﬁumds,l ehVirthmental fAcR: muaaésl on,

prarnot er an@ enh anggr @/ F ﬁfflClent
br ST, OF B BssHes o abroiE POSIOIoBie] galarize dout phse, a
p0|py1&dlﬂﬂ)dlf&’ﬁ‘énﬁﬂlo(l Bﬁleyyﬁbhe 8¢1p oreth EepliBEpURINCESy. t Mddcible
stabl uences that

15t arons s TPl PRy o Fivaot® RS SRR e Bt P goince,

s edurbnitg) witleetjindtates Iitvitaiges ﬁlmauedﬁmﬁ) Adaei Manstoa\bn dybténys have
R el
corindugible psasptrenioeede therbiceiaduayleshasp m@taklzqth;'om (MT) aroenOtcr and

natti‘l xa1§e%ﬁ§&n'e& ') Yrﬁumﬂ:l@ e maﬁ] @rg%n?d} v{guss(ﬁ/{ll{ff\ll) Zméogxoteé.

Speci are Known I n e art
20EX 0Hr anslugible axstoms inclyd the Tp ponoerese slomnt;t gysten [WOt9860088]; the

I

e ki P Pk TR 3L PR A
cy ttearfelepay dine- I’%B’SSQMWIBI{@WBQ"@? al( Bype. Noihadchdy Soi U, BHES4T-
C'V"ésﬁﬂh%%ﬂh)e tetfht%%ﬁne-lﬁdtﬂlbie d éthogseﬁsz@'sm&@'ﬂss :1766-1769

41: 521 pronot er,
di r{;I/%Perﬁ%ﬂaéﬁpéiarweiéenfétcaﬁfeowo@(w&wl 21582- @I%QQ&H Other systems

25P" QRAM R the HK306 BhRS MPOObMBE L g dﬁétﬁ@i%ﬁdlf)llf)e%)mtmsﬁfoﬂ@ttl{%r
l o and the EFl a ronDter (Invitro gﬁé&ﬁﬂ nduc

pr SHBEriRdugible W%@iﬁ“éff %HVaéwageéhel &5dPh a%dqwaftsafﬁal
Gene Ther., 4:432-441 (1997)] and the rapamycin-inducible system [Magari et al, J. Clin.

Invest., 100:2865-2872 (1997)]. The effectiveness of some inducible promoters

increases over time. In such cases one can enhance the effectiveness of such systems by
30  inserting multiple repressors in tandem, e.g., TetR linked to a TetR by an IRES.

Alternatively, one can wait at least 3 days before screening for the desired function. One

can enhance expression of desired proteins by known means to enhance the effectiveness
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be regul ated by exogenously Supplied conmpounds,
environnental factors such as tenperature, or the
presence of a specific physiological state, e.g.,
acute phase, a particular differentiation state of

the cell, or in replicating cells only, Inducible 15
pronoters and i nduci ble systerns are available froma
variety of commercial sources, including, wthout

limtation, Invitrogen, Contech and Ariad. Many ot her
sy sbihis sysmme Fotzsemplelasiog the Seodpherkdienatisie Vi eslpsitpnscriptional
sel i1l in the art. For exanple,

RS %gaftrﬁle%ﬁt(erlzﬁ)k

i ndu € prono s 1nclude the zinc-inducible sheep

met al | ot hi oni ne ( MPpothergmbedisen the naﬁW@'@@kﬁﬁ%ﬁlﬁé@W@w will
(De i f th
e AR H oL TR PO ATt ¥ s (M e
pol yransgens ghqgld(mmcéhe Reive eXpREYSIAM @@/r@@mc}motqrw}/ be used when
ecd 0

%)%HJ%%OA g‘éﬁect 73 cx%gﬂél%s?lge f%ﬁtcgttenﬁ;orall? beveldpWleniB28r in a

t et tissogrerietifie mpanr, oo |r¢§p@scst9§meélﬁp tregseripgipnaptimgyli, Iy fygther
Nat lop, é&ﬁ&t B! natHforon 26 1A, PR ance) mens

t et rac ne-1 nduci b e system [Gossen et al, Science,
268 pmlwsnﬂamg siteg QiOaZRK G@EQSLEF@Ee'WrWWS%PG ugpd tojmie the

QP rglan\gggﬂgssﬁhol 2:512- 518 (1998)] O her systens 25

I ncl ude the FK506 di rrer radi ol ,

di phenol nuri sl er oyW&E e‘t"ﬁ’@" 8{5‘*‘%&%&9%1“@ i %r%'ﬁgenc

(W er@ﬁly Bdked N&ttlssu&sﬁcg’ggrozﬁieﬁ Fb3 fhsiank3, 1f éz@&?@mnam gkeldahg
et a

7
r apdPHpes i§ dF%lélptﬂ’@teﬁg‘f’%‘r?l“ éé‘ﬂ‘ldé “sﬁij drhfsedp‘fl\‘]de the

| NV E§Rdmoterd #6n g&@&znz&m?g skél&ﬁ B)detin, 'Ei?esuef‘téheﬂfaln\aan é)&fro;ihin,
some i nduci bl e Esﬁormt E¥r eas th il S Lllwﬂhan
as dBUSHIR &R KPR M8 f‘fhsé“t P &YES "\/Péﬁ‘B%%'s o] RS %81‘1 g

: Systlﬁﬂﬁauwccuﬁﬁglpmaﬁfety (Eh@ Loaslat u\mlz eBumpc EBBI0#245 (1999)). Examples
t andem

A R S B A Gt om0 oAy el
SCr egRjlLm:5104-32 heme}mpmd vaumdoreqmmcﬁh;aSanmgw c nGeama Fler.,

expressi| [ ot e i
ennah LBy FER BB By gL £ TR DS 0314
gxanpbgs)), bisie pgedchlein (Weisl el CMolHBplaRdzt. i24: 1811' 9,3 997)); bone

Post transcr | | ) t 3
o TS [ SN 7 B %y%)%%or@qq oo iiocid (CD2,

t r anHgwoder ali, V. IImmbwl ukdd 063thd 9mxlmmgnqg&<@ml@pvy@§;n,ﬂ"ecell

prefgrd %‘{J cﬂlmﬁ q‘\eigtmdl §ucﬁ gssrle[u%ﬁi-sﬁe@ﬁE elfONRE G&E) &‘Bmgifel (Wﬂ@ers'in et

transg he native expressi on.

nat i ale Cbli dModtNeprohial), 1@@0@;&%@9%})@ﬁem@Qa@egtslgpbw%fgerter{@ccloh et
% ?lg Pz, )Wtfr ﬂccQIeScrz %l @tﬁ‘#l 5 €10y, ahd ﬁl‘le Rduron-specific vgf gene

dpnent a t1 ssue-Specific manner, or
inr (:Pscrwhsealt, Hetgeieéﬁ 5"r’3c84t(|l WIHAMPE PBPIARI Sstinuli. In a
further ﬁﬂ)tﬁﬁﬁ 2R %Errmttﬂa}{s%el% E’rfc&ﬁl% R agseitailyDlseful or
el ement s, suc hancer el ement S, ol yadenyl ati on

si t egnlmmommodéﬁiﬁ@éhéi%mé‘é‘a Srlqsiable nwaswsar EepoTisBAqTSIE g ude

m m Qeq‘la@es encoding geneticin, hygromicin or purimycin resistance, among others. Such
30 selectable reporters or marker genes (preferably located outside the viral genome to be
packaged into a viral particle) can be used to signal the presence of the plasmids in

bacterial cells, such as ampicillin resistance. Other components of the vector may include
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| o native expression. Another enbodi ment of the

transgene includes a transgene operably linked to a

ti ssue-specific pronoter. For instance, if expression

in skeletal nuscle is desired, a pronoter active in

muscl e shoul d be used. These include the pronoters

froin genes encodi ng skeletal P-actin, nyosin |ight

chain 2A, dystrophin, 15 nuscle creatine kinase, as

wel | as synthetic nuscle pronoters with activities

hi ghedrigtnhed meplicesibn r Selectjon@F theserand gthprpueroatess and(vedeor elaments are
en‘ixon ?lﬁndtﬁa%P SUCP;J ugn%gs agcA’ aélélo%glge)e)c E@‘aml k& all qu

pro%@Yers 8 sue specific are %nown for Iiver

( al tefeminngs chiedthereikk et al . J Virol ., 71:5124- 32

(1997) ; hepat’l‘ht:ée%c%ré’éré E@neﬁ%%sxﬁ% ﬁgﬁ%ﬁﬁque%@ délerRbs provided

al ., Gene fetoprotein
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r ec muwemfwemﬁenonw genegies. polyrerass chain r%ﬁl%f?éé pifyj sgitable

nol al., Cell. ML
RourShs ‘VW@‘@“’@%%%E“M“%“?@%eE%"S%. | anent
Ilght chal

ene (Picciqli e Proc. Natl. Acad
Sci IysaP fOQB“%QBi’.th Rf?t‘@@}%“t {’H%@)af Y6 neur on- speci fi ¢
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ggﬁ%}t@g‘%ﬁ ?crr,]vgZerggﬁ%/n&pexﬁgure-sen51t1vseelrcﬂ.1l€§%gs o dglnt?o%gﬁnrbgnel ﬁ%xes In

ot hetifer entibt@iinedf, isis desirbtsdioaetnie po intaet Bl a@nd/oreki 1k quxcgem'és
(preferabl ocat ed qutsid vi ral .
pac RE\CQ mia%tagengw{).‘s?s g c%xgptuﬁ%c]tt ET region may ¢ l%gaéed lltl s lggll\j]eallocatlon
t he ipmeagdmodrabfenbineoniiasdinds: sitaof dxztetien indlie nathlel agenosived h

as a ICI lin st.ance. O her conmponents of the

ZPectss gPHE{%g%méﬁnan origin of replication.

Sel ect i ofin the corsestiomofthseivIsaniapadenwyires wctarsdondelivenrof a gene to

el engg%q%g%{(& oth%oa&%ﬂ&xla@% LIS %Pméfamm RRAYAD SEReARESan

aval erences
Ci t et etriployed infthe vwes eFoy examples alheres pgeive phthe alenasimgdalayed early

tec h%l ftﬁ_’l?ﬁ]a)%]:del ?ﬁﬁl&@ 'ﬁ%ﬁ%heosrug*éh aRAovicas REEALOWhitH ¥orms a part of

conj 1o wth techniques known to those of skill
2the the teconShingnt Yieng: hﬁlaeofu@gon efcimigeELis hslémdu ) hwne@mﬁm@e

tec E%lhcﬂ*dﬁ §noogro&1% o? Hﬁ?ec@ﬁbﬁlm%f?us paRRR! Sf‘ﬁﬁﬁ ddéhoWi@i%tv%ctors

[ Sanbr oo 'ecul ar G oning: A Labo ¥

Manuaky, alqg(he@onstlucted having a deletion of at least the ORF6 reomn of he E4 gene, and
more desirably because of the redundancy in the function of this region, the entire E4
region. Still another vector of this invention contains a deletion in the delayed early gene

30 [E2a. Deletions may also be made in any of the late genes L1 through L5 of the simian
adenovirus genome. Similarly, deletions in the intermediate genes IX and [Va; may be

useful for some purposes. Other deletions may be made in the other structural or non-
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Spring Harbor Press, Cold Spring Harbor, NY], use of
over | appi ng ol i gonucl eoti de sequences of the

adenovi rus genomnes, polyrnerase chain reaction, and
any suitable [|o nmethod which provides the desired
nucl eoti de sequence. Il1l. Production of the

Reconbi nant Viral Particle In one enbodirnent, the
sim an adenoviral plasmds (or other vectors) are used
to produce reconbi nant adenoviral particles. |In one
enbssptshadenauiTes geasokh #baMe disossadidelsions ay s ugaddndividually,
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I N bdu@ed RDRSbBiSIoh Gith ofhetus@htiths, Sudiiagemad e \sEisitive mutations, to
vectors f d yery of a gene to the human (or other
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18equencean Ekndvirabecteripdkingedy essentidl@denevitabseguentai(e.g., Ela, Elb,
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adenovirus vecto so be.c tructe
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anoPH ] f oP 1& P g
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in the del ayed eafielpey¥ituse8o E2a. Del etions may al so

be niade in any OfThEshge cﬁ&lﬁgslgﬁﬁ]ﬁé SlHlal‘I ag QVIQR cgflteﬁtlaﬁthe
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S eq WRBCLhdIRY viRRVedesitth Blus s cethbifafen With SRS pRBKhlcBIE line.
4 gene, or of the El, E2a and E3 genes or of the El
and E3 genes, or dfel Hff wrtE%naa/ rmed into poly-cation conjugates as

described in Wu et al, J. Biol. Chem., 264:16985-16987 (1989); K. J. Fisher and J. M.
30  Wilson, Biochem. J., 299:49 (April 1, 1994). Helper virus may optionally contain a

l\)

second reporter minigene. A number of such reporter genes are known to the art. The

presence of a reporter gene on the helper virus which is different from the transgene on
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genes, with or without deletion of E3, and so on. As

di scussed above, such deletions may be used in

conmbi nation with other nutations, such as
tenperature-sensitive nutations, to achieve a desired
result. 10 An adenoviral vector |acking any essentia
adenoviral sequences (e.g., El a, EI b, E2a, E2b, E4
ORF6, LI, L2, L3, L4 and L5) nay be cultured in the
presence of the m ssing adenoviral gene products

Wh itz ad ého Girs @ eptiir lalelvsfboth thel Adiveciondnd diteibwliperyvirant be independently

propagatjon. of an adenoviral particle.
s T Sisn Bpaie B e el barind teeer GoBEUBR
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30 Such El-expressing cell lines are useful in the generation of
recombinant simian adenovirus E1 deleted vectors. Additionally, or alternatively, the

invention provides cell lines that express one or more simian adenoviral gene products,
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cells may be adjusted, taking into consideration such factors as the selected vector, the
30 delivery method and the host cells selected.
The vector may be any vector known in the art or disclosed above,

including naked DNA, a plasmid, phage, transposon, cosmids, episomes, viruses, etc.
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~can be utilized to transconpl enent adenovirus vectors
deleted in the essential genes that encode those
products, or to provide hel per functions necessary for
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helper and the vector sequences, which permits the adenovirus-transgene sequences in the
30 vector to be replicated and packaged into virion capsids, resulting in the recombinant viral
vector particles. The current method for producing such virus particles is transfection-

based. However, the invention is not limited to such methods.
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Introduction into the host cell of the vector may be

achi eved by any neans known in the art or as
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30  applications, that the recombinant adenoviral vectors of the invention are particularly well
suited for use in regimens involving repeat delivery of recombinant adenoviral vectors.

Such regimens typically involve delivery of a series of viral vectors in which the viral
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vector particles. The current nmethod for producing

such virus particles is transfection- based. However,

the invention is not limted to such nethods. 37 The
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to provide a therapeutic benefit without undue adverse or with medically acceptable
physiological effects, which can be determined by those skilled in the medical arts.

30  Conventional and pharmaceutically acceptable routes of administration include, but are
not limited to, direct delivery to the retina and other intraocular delivery methods, direct

delivery to the liver, inhalation, intranasal, intravenous, intramuscular, intratracheal,
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30 applications, that the reconbi nant adenovira
vectors of the invention are particularly well suited
for use in reginens involving repeat delivery of
reconbi nant adenoviral vectors. Such reginens
typically involve delivery of a series of vira

vectors in which the viral 38 capsids are alternated.
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immunoglobulins and MHC molecules. Useful gene products also include complement
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administration of a Pan5, Pan6, Pan7, SV1, SV25 or SV39 simian adenoviral vector,
30  followed by re-administration with a vector from the same serotype adenovirus.
Particularly desirable regimens involve administration of a Pan5, Pan6, Pan7, SV1, SV25
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hurdansegeeRI9ding a psetidet Wb'e@tlaer @ pr cmuswluslsmdimed @iemheficredponse
thi s‘to 99&&&?@3 Hhmufdgéd BRE recdnfbfiRf BbOGHARS YELG 1SR JTRAS expected to

i nv
30 be hlghly efficacious at inducing cytolytic T celis and antibodies to the inserted

H

heterologous antigenic protein expressed by the vector.
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ei t her simultaneous or sequential delivery of Pan 5,
Pan6, Pan7, SVI, SV25, and/or SV39 adenoviral vectors
of the invention in conbination with non-adenovira
vectors, non-viral 20 vectors, and/or a variety of

ot her therapeutically useful conpounds or nol ecul es.
The present invention is not limted to these
therapeutic reginmens, a variety of which will be
readily apparent to one of skill in the ail. B.

Ad- Medi at ed DEMieyERRe: SEMUNAsRIRBEESiselectsdffogte sty phral
r ec qrhiliBR mxarﬁplgbms;aa@mﬁwﬂnuﬁ@sgmywmbm daﬁmﬁma&peys@ hould
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s ui teayisenese ql%iﬂgﬂ tigle horag encephaitigheinisesi P ateglantigens may be

e% rh¥d £r618 %ﬁé?t-[ef);ﬁftls th)?thk mﬂﬂgﬁ Rfily, \Qmmyﬂahae‘s 9 ReniRf &
in the range defi ned above for eri§eu 1 C

c onp@grfwméwrusqsrfém aém%owronmﬁyn B POyt peecirediapsatissiple
geneg GaRnle: VIRL o?i &ﬁcxﬁ&xeﬂl@égﬁﬁlﬁﬂtlﬂgeﬁc%alﬂﬁ%ims 'vxﬁ'usgﬁlg/) feline

for “boosters. OW ng_an assessnent of antib
?9 t elpfectioys peyitondtis, ks <°6ﬁ)t felissntenisrgronayitus (cmmxaeeaoroewsrus

ﬁeg)d@a h:@gh resgilaoBtdo@ABdrliyds, whicH aaf tdugd thf&imﬁbi'tcélﬁ QRti/or
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E‘WE%W@’P‘“@’C&W%j W%m@ys targe} agtjpyns pglde th‘bﬂ
adj u(itseéaﬂlcd Mt @mer\padtein)eE2 @RelcdllbesS bi dpike pfdﬂéilb E3 (also called HE
Conponents

known, t,o .t hose of skill t he
C oorfemagaan Bt et PRl e i Al e oty Noe.
76 t h@udledcapsid). altillather hlitlgas mawbstargaédmmstﬂﬁmmh&&pmmw,

lclytp owkluﬁlemauéjes %g gelpelf aoveoi ?iv% usl (¥ £+ agLid, smu o %tﬁg'gtqg ’Vlui%é;%a 31’% general

and lgphavinm(d.g/, ratoeshi Watun b $Inb¢wmedﬁm i suitablardigeris g Be derived

from the G protein or the N protein. The family filoviridae, which includes hemorrhagic

of t

fever viruses such as Marburg and Ebola virus, may be a suitable source of antigens. The
30  paramyxovirus family includes parainfluenza Virus Type 1, parainfluenza Virus Type 3,
bovine parainfluenza Virus Type 3, rubulavirus (mumps virus), parainfluenza Virus Type

2, parainfluenza virus Type 4, Newcastle disease virus (chickens), rinderpest,
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bi ol ogically active factors can be expressed in vivo,
e.g., via a plasmd or viral vector. For exanple,

such an adjuvant can be adm nistered with a primnmng

DNA vacci ne encoding an antigen to enhance the

anti gen-specific i nmune response conpared with the

i Mmmune response generated upon primng with a DNA

vacci ne encodi ng the antigen 20 only. The reconbi nant
adenoVil -Uses are adm nistered in a "an i mmunogenic
anmomisrbillividad) &thich $ncludés neeagieszhd &fnmb @iRRiipir b pnaad@RaN] wHidhS
that is eff.ect adm. ni st.rati.on to. .
¢ e eop oy e By ek iR e R RS Ry b iy
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response to a se
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14 gg}{cgphglgglg gﬁgk&g& at inducing cytolytic T cells and
anti bodies to the inserted heterol og_‘ous anti genic

protein expressedThyetqybusientvincludes e porfamibnensbririnal which
i mTEH&QlQ@JQés SRY hQﬁanSa‘ﬁh Odr ﬁxgryfdfsga@és%s Pﬁé l@&k)é RAfvirdd Hq‘LVI and

famlies. Exa of desirable vira |eséa|
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r hi 1now ruses, Y \Ni.‘lll(gh )ar éner esponsi blngd‘?oﬁtab)ou n%(‘)@gcgfus

1% asUEMViuh @hd HRpYrinad) dmops, © lgafyérses.anan st pritiaare ave

Whi gden Wsrelived encp@h mmwaa&&tedc O Xehripies | 'o?é(ﬁtﬁﬂﬂegl@ﬁl and SIV antigens
echovj ruse | an enteroviruses

hepFiids, Withowy 'F‘lS"%m“H‘ﬁéa& A \é‘éﬁ@?‘a"%ﬁﬁbﬁ% N%fe%ﬁd Rep pigteins,

ar eas Wdﬂsa@ Oﬁfbhbﬁ@nfe% tte@of. F@Nialﬂ"ﬂél tshta@le&"ﬁ%ﬁﬁl% »of the Env protein
primarj inn Wt hin

D1 CBRhae Dy PETRsEaR o e o120 B1G Bl s fsgments
20 ncthede, &. BEOMPIeast W33t 8 M ackPh, lenthd SinBEhy, FABAEMEST the tat

enconsHRREenig e B e G Bl oA il e R e o
an thepidY bah§IVametsiad desceibaige DXH. GaroagH dleln. Virol., 75(5):2462-2467

gasb\;lag &”ﬁo%ﬁ)f | L IdSR SA&.l'Inﬂl.lla e aq c.)’)tczgr?cre 2§?%9—!7f}]mrhéoqqﬁ% rﬁgot’g cFF‘

foruse Tn arelng antir’gensf
r esp@mbsthﬁ HIVh ansidom §I\émhnmm¢mh progms anpaptides mag bd yed to form

23 Dl R bk M BEhid LR e SOV T ppe et
vir ﬂ-‘§1°11 preteins Yehioye|zation régimane degcred\iasW @ 01VSE 0j published August
encems] hd fo HMsEl PJ:inLl{eB‘ ﬁprili @?d%dTﬂEgin%HQ&l il 8ot limited to the

HIV and/or SIV immunogenic proteins or peptides described herein. In addition, a
variety of modifications to these proteins have been described or could readily be made

30 by one of skill in the art. Seg, e.g., the modified gag protein that is described in US Patent

5,972,596. Further, any desired HIV and/or SIV immunogens may be delivered alone or

in combination. Such combinations may include expression from a single vector or from
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15 virus. The flaviviridae famly includes dengue,

yel l ow fever, Japanese encephalitis, St. Louis
encephalitis and tick borne encephalitis viruses.

O her target antigens may be generated frorn the
Hepatitis C or the coronavirus famly, which includes

a nunber of non-human viruses such as infectious
bronchitis virus (poultry), porcine transm ssible
gastroenteric virus (pig), porcine hemaggl utinating

encepl il iRehs! bbt?onw %th(epao%nae‘.ﬁl,ﬁag%w%@e b & g%t GHSr more
peritonitis virus (c 1 ne entéric coronavirus
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whi ch_incl udes ever, viruse
var bt ERur LY. g gndl i B R ket o of
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e AR B P S RO st PR it R e

(lm,l rm:sxmus Gesily inpludesi tinf subreamel iy chbr dcbp%vame, whibh encompasses the genera
par ai nf | uenza | e dj_sease virus

(o cRaseRiRe aregantPoan VRS o, Pmpens, Sopocvis
i ncl weprdponeias] EBOlﬁthlﬂﬂmdmxﬂuslzﬁﬂ'ﬂﬁrsub ﬂi‘rdly entomopoxvmnae

Ui T ot B ity e 5 LG B togg s fepains wich

f am Inyay bestitableyousasiof alsigens ¢ theHdpatididblabiirgs. SUOERr Wial sources
PRy doptiEie i it Bel il eimed ool Faepbione

( Cal irémoduictaveeyud&mlmahxm I Bhe alpBavbudRmisiagiudep BduiHe@mtéritld Sirus and
hormtis AP ERE hosic) " nai rovi us. (Nl robi sheep

d| s eas g) and vari ouEhe pmusm@nmh ibayratya eicompes immimegens which
o o A N 53R AU s
f2ami |bactenipe fungierarasiiic mipsereganismeoviulties!ular parasies wisicl{ fettciuman
cauoes Roth A IARLERL b Erst BFIHEENY mogsof b
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add  acinetobacteria and eikenella; melioidosis; salmonella; shigella; haemophilus; moraxella;

H. ducreyi (which causes chancroid); brucella; Franisella tularensis (which causes

tularemia); yersinia (pasteurella); streptobacillus moniliformis and spirillum; Gram-
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HTLVI1, lentivirinal (which includes hLI Man

i munodeficiency virus (HV), siman inmmunodeficiency
virus (SI'V), feline i munodeficiency virus (FIV),
equi ne infectious 15 anem a virus, and spumavirinal).
Among the lentiviruses, many suitable antigens have
been descri bed and can readily be sel ected. Exanpl es
of suitable H'V and SIV antigens include, Wthout
limtation the gag, pol, Vif, Vpx, VPR Env, Tat, Nef,

and pRaiwedadflGhdisle llst&& M‘@Jobyt@g%ne\é%)‘s@@%thﬁi ﬁﬂﬁ@ﬁhﬁhﬁae
t her eof For exa suitable fragments of the Env
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i nvention is not ) )
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may invol ve deli vé‘fl%f‘y thBSr‘?é"gé'f”S‘ﬂ%ﬁ“é/m feXipy reedyigef! thereby have
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30  psittaci (psittacosis), water safety threats (e.g., Vibrio cholerae, Crytosporidium parvum)

3

Typhus fever (Richettsia powazekii), and viral encephalitis (alphaviruses, e.g.,

Venezuelan equine encephalitis; eastern equine encephalitis; western equine

49



(pseudorabi es, varicella zoster) and the sub-famly
bet aher pesvi ri nae, which includes the genera

cyt ornegal ovi rus (HCW, nmurornegal ovirus) and the
sub-fam |y ganmmaherpesvirinae, which includes the
genera | ynphocryptovirus, EBV (Burkitts |ynphoms),

i nfectious rhinotracheitis, Marek's disease virus, and
rhadi novi rus. The 15 poxvirus famly includes the
sub-fam |y chordopoxvirinae, which enconpasses the
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aci ngtt thi%(&cﬁe[cld%ecﬁﬁﬁ’ce%ak@rﬁgdeg &lealt oH@&ﬂtﬁ’ésgm){p%ptldes will elicit an
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toba ilLus noniliforms and

(pasteurel | St

spir ?hafaﬁtﬁ‘]‘zcg} glﬁﬁsiésgﬁ‘g?“t' EREZCA RS a"ld Nt 9 ¥oBCeYed.i Vo-14,
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r ria ri.a cho
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pat hogenlcc an%%{ﬁ?alg&e?ﬁg]lctg%ry[%g% cl ude tetanus;

bot ul i sm ot hér cl'os cul osis; leprosy; and
ot her 5 rrycoba“the theiapeutiPRYAID geldiels of HiniAR])OF &b sdkick8 géil%%an be

e S r eponenat pses: . ya _pinta an
e h d e mgrgtoge\é Q?] dﬁite' mmegﬂfdg?dggla% f?_ﬂ' E‘?ﬁﬁeé; p@%’é& an AEseepsrd pECDS+
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fungi_ i c pear
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coc Cth@jinmnglgmbgq @:{wq;ghd B gﬁngsachnmlstl ation or in various combination
regimens, €.g., in combination with a regimen or course of treatment involving other
30  active ingredients or in a prime-boost regimen. A variety of such regimens have been

described in the art and may be readily selected.
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aspergillosis, and nucormycosis; sporotrichosis;

paracocci di odornycosi s, petriellidiosis, 10

torul opsosi s, mycetorna and chronomycosis; and

der mat ophytosis. Rickettsia] infections include

Typhus fever, Rocky Mouuntain spotted fever, Q fever,

and Ri ckettsial pox. Exanples of nycoplasm and

chl arnydi al infections include: nycoplasnma pneunoni ae;

| yi nphogranul oma venereum psittacosis; and peri nat al

chl arnydi al ik exaln:ptmprimd:’@iokt(l)@ﬂéxﬁ mayl Kﬂbl}l@ih@ 8dministration of a
m nt hs

t h t nd
i T4 ke PR B b RARERS rPineGie® B sgind Bpaser

mal admiaistriten stithatiadigons] antngqnpﬂmlommmtah i a recombinant virus carrying

t oxqpl 177 YSUS cari fjd .~ Itichans;
Tox%&%@%k %9‘55%%“% Bab e elnog? Cg¥8n g)lldaor%ﬁ%q B“,?bl's‘hed March 2,
tri @AP0a blsbla;oraiﬁd brurefesmies AlEUﬂﬂﬁIRf}O&Om‘ilmmletlonmeg’fﬂdnotikyﬁnvolve

|t L?gige:alﬁ@ﬁri’stlgﬁonfdf Qk&%?{gﬂégs@f?ﬁ E&qgvu(a \%@t%\mfrtm 1{xve)12 fion to boost the
pr odmBues fﬁfﬂi’él?SéEfiya W&Wé(elt@bVltﬁéeerNd@med)fqaeﬂnbw atnhgcn ora
Centyedishn. fR kPR 8@S S r&;

l_ba}:p tarll"]d Shun‘an Se f@%@és& llTL]J[lS'\(l ))I’l re ﬂil{vg&% adﬁl l'lhstl atéon ofa
pot &Ftgimfolipwed hydgosts Wﬁhemgqremodmg tha@ktgen For exanpl e,
190me of thes eInl%hé)én%Hﬁéht ﬁ\gﬁ{\} ﬁmn %Glld%da etl%%%lf E{l rHséand

ant hr acis (anthrax), dostri I num an
t oxPROSHREAT iU Tespeisede hickpied @ntger(lm deljveeing 2 plasnido DA vector

M| Qﬁrryu(g%ﬁﬁ'ah@éﬁ)follﬁe@ B¢ b&@ﬂnig@v:ﬂl%l & RBRhR sér&eh'\l a%gn%WraqX/ector

and glral henorrhagi c fevers (filoviruses
EbolCathe IXFHRR g1 ongabadimeit g U@e@of(te% gnen lm_Vabfssathe expression

Mac h:ﬂﬁhﬁlhbroteﬂis I oﬁnﬁhé’\hlnﬁ‘eﬁn@’ﬁﬁhcblS‘déEtrvt@itnElE Ysée! cags St gl' flar@Science,
la burnetti

u?g% P‘%”’s??zg‘i“é%ml Whighdaserives as')wltllgeﬁewh@ﬂ"xm far G¥Prebsiaaof
( gI PRodak ﬁl)aumBluEdﬁh %1%@1561 ARG BHRUh & ek fhse(dbaifte LAV dRSII§) For

Ri ci nus . co oxin (ricin toxin

Ol oSFPIR AP TS ‘ﬂadé’ﬁ'é"ebﬁsfaGﬁ% 04 ¥i&i YPX pnspir peshEnv, Tat, and

t oxiRey froxﬁtaamabﬁn@mﬁlﬁuﬁltﬁ W@ﬁél?&heﬂ?ﬂd GBSl addINWOSEny is delivered
(enteroto ittac!

{porit Sy by SodityPing mubion S pther eipenere desrived
zohqueW@@S)/KBB&tamsmot!Mm? par vui n) Typhus fever

(Ri chettsi apo[%g viral encep

(al phavi ruses, e%ﬂj td P ’\}ne Bt e rane B 4™ Ela”élf?gé‘bﬂ’&?“i“tzln?“ for
eastidror tcedﬁdmvm oéthcse plhabnst iFe;l e\mmﬂt @riming Gialy mﬁ/ol4'9dehv§| ing with a
enc@g{'lﬁfﬂgtde&@- ofﬂ e m\g]"ltlo\ﬂ‘?‘égﬁ)&/e? %ﬁbgyﬁ%gwt% lg%(asonda Shn"m:]ac \I/e%%r, or
hanwvitha qogmggtxonwhntglhmg\the atigen gsalf Iuyproﬂemi&lnf ilecheaBample, the

t [ @ggﬁéﬁlt
2\/\%”@%%%3%0 cl 52%?40 %Q%?&%QP é]?‘}é%? RV %?ﬁe"f’ruﬁaacter ta or
r nafhep erepeiem frph wbih disghidgen issledvedf byangtheoliesirep emipoigent, the

t N&rfntlddb 8 reghrhen'id

i o O s D PR AL AT ES BB s gy icn
ar estiyeiopfetgeoryefthe pigsensp of thespsdifiernfer whicls herpygiabéisgrs,

Vi rddg@Ssterédei r toxi ns or other by-products, which wll

pr event and/or treat infection or
The priming composition may be administered at various sites in the body

in a dose dependent manner, which depends on the antigen to which the desired immune

response is being targeted. The invention is not limited to the amount or situs of
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ot her adverse reactions wth these biol ogical agents.
Adm ni stration of the vectors of the invention to
del i ver i mrunogens agai nst the variable region of the

T cells elicit an inmune response o including CTLs to
elimnate those T cells. In RA several specific

vari abl e regions of TCRs which are involved in the

di sease have been characterized. These TCRs i ncl ude

V-3, V-14, V-17 and Va-17. Thus, delivery of a nucleic
aci dinpetipnésh aigto thiephar sacoibcaater. Rehat thorginkh nah @s6lve a Friming
pol y Lt .an i rgsponse that w |

Far R, beetch; e oAb er s Bg oague ta s

s pecadinimistera¢ hablly alaite giedig orofionTiGRer whul;c hAsah exdnipl® thé @hmmals

in i . racterl . These TCRs |

i ne ﬁa C# xja% g oﬁgﬁ &%%co%%ﬁﬂg%@%veﬂ s\.}:g pglto %:omliglpgloéplasmld
dci dinsartete fedesivabletamenetof e SNt comasttonmmesch‘etvteh:es:eut 1 pg to about
pol yRembi,gesthwbNA RhbE lﬁosggés may )pﬁ"orﬁ mppﬁ’%eto 4,066 ng\bILTA per

target T cells involved in er ode
S evglfgacr £ subjssbbqdy |“(?‘obfarTh85‘F'@L"‘¢ é'gsllte ﬁfsdchel)’T ICResirgthy mlh:cad based

I nvO&ﬁbﬁehellabn&tlp@ndiéo%&ia&{eofhﬁéﬁﬁama@n characteri zed.
These TCRs include V-6, V- V-14 and Va-16, Va-K,

Va-7, VQ 14' Jbe dnsegemniygf thew&u sutalrieifa delivery Bhbs antigen to the
el IMﬁﬁMalef de@crib&ﬁm MeRtve &b ]ﬁ*@pa?eq?&g(%& {ntRat OIH%'S’ bfm% ¢

encodes %eéi g iygne of these po es W
an i WPRYORE o 7S & aRRarmaggufically o piwsiolygieadly peseptahledavrisgsuch as
in Sl@dt@ﬁ@é‘hﬂﬁer;f&otoﬁ}c s sVt BflerlPdriuaBhn tl%%hl%%*)ﬁguﬁt to those

evel s, evel s M 11| Li ni

th t
e B AL s S8 Rerier e amieiyitibe idehie thobmskiled in

needhe arf amln)wl dép@ﬁd in0Dgd RftSipo Qe toRidloN AR stRRSE Q‘ﬁm ofifions of
opt ional ly, antibody ep

o 1oy e BTGBl eimmal seraking Ritecnsts dyibeiesbove,

deSI in eduste@p:ti redasd fopmuldtio ufx@@Qmeﬁxadbpolc%hd%lﬁﬁhtl@g%Bl?l\‘:brr ?\] by
vectors delivered in a Sin

adm e ?%{Vﬂé{ A5 MR g2 g fesaoson e oA ihegiispsestep of his
e. g.ipventiorcasvbinahates mmlMA;ttrihgamﬂ]elgi P gomBéition S Qftabie amount of
tr ead%@(/arﬁ q¥<% a\s{ arre]%e@ ﬁr 30 active | ngr edients or in

A°Variety of such regi mens
ﬁ)ave been degwfmdbsda qustuimzoa:pdisxt&nak mmlslwedraeatdlzhd/about 27

sel Q s
vl ke afep Rl MU i oS R R e EGmaTa SullE. e
bas edmijnistiatien of thepopsting edmepositivniia eccsmpitsmm;mg seeffesile amount of

bo Osatt%ﬁstmg @Qﬂﬂo@i‘tlgrt &ma'in% ch!ngrJTg of 4t ?el l‘ﬁ L gelnbegpb%}‘«ﬁ

Such as a protein or I nan
t he ad@isisredhy t’éﬁh‘é@di‘ﬁw@Néwewran T biogtin, COISﬂ(BJtIOE ngy be Mposed

B0/ Tk 4 4R ombar? b irs3 DEEh: NBWEH' gﬁm iy S%QQ\QH‘&% éoﬂpcg eD ora%t edlﬁ%y

reference. Alternatively,
i nvEgHences of the invention) or from another source. Alter, natlvely, thc “boosting

composition” can be a composition containing the same antigen as encoded in the
priming DNA vaccine, but in the form of a protein or peptide, which composition induces
an immune response in the host. In another embodiment, the boosting composition

30  contains a DNA sequence encoding the antigen under the control of a regulatory sequence
directing its expression in a mammalian cell, e.g., vectors such as well-known bacterial or

viral vectors. The primary requirements ofthe boosting composition are that the antigen
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the adm nistration of a reconbi nant sim an adenovir al
vector of the invention to boost the inmune response

to a vector (either viral or DNA-based) carrying an
antigen, or a protein. In still another alternative,

an h-nillUnization regi men invol ves adm ni stration of

a protein followed by booster with a vector encoding

the antigen. 10 In one enbodi ment, the invention

provi des a nethod of primng and boosting an i mmne

res mf is:gomposios &ltiechmel amtigt, g&ﬁcr&y-ré‘&edwe\éﬁtﬁgeﬂ,gas %apér{a\édlh Gy the

\{ﬁrﬁggocromtpﬁs"ﬂfoﬂy' ng said anti gen, f ol | owed

boos econbi nant sirni an adenOV|raI vect or

of the i nvent Ingnothérembedimenirieckimiemédendvial vREiofET BR @¥Ention are
I egi iRyl RY; t: 0 roteins from

[ o el BURY 6 B R 8 VKR OB o BoacBl ahd Blrpentipgepimons
Anrar@ich Bgimspcey INBIV2IBEE-of dimid a.éq‘.mml al 2665k ofhY iakntion

des Csl’mlhﬁx?eo@sl}‘wlsédugﬁtﬁglffvﬁl% %ﬁ QLEn Q ofreheé)t %W%?%@?fmglmens in

protein subuni ener
r es pYrdierdengsivah ¥gctory of tlammveslnw arerdgtiver ubeammﬂaeeouay aNyéquentxally

pri Wﬁth"ﬁéﬂ-ﬂ%ét%@ rlegtuhén@ iR ech IF 1% {adenc%dugl’ vec\:{ors 8? p i mantlon are

Env, Tat, and Rev froma sin
Al't éiFh‘éeHd\?@}“}lanePw& ogsaqueRiiglly w.h preteids, bk pﬁdés EnNoriother blologmally

el lu‘é&ﬁlﬂﬁjeraplslﬂlc%l n&&%@énﬁ%&p&ﬂﬁﬁ QYL $48s mg)été'%aﬁﬁ%@aal eny ¢p one

tile |lng ion. Stil ot her " regi nens are
i n WOEoIthes and V\D 01/54719. However, the

pri me-boost rB@ifeRMEn ke S sk
pri %_" Vor to deI | V1eg<;‘€')3/< 18;51 i LeSSle {ahgglloglgﬁbfm‘gsnman adenovnruses

exarfpt Be Csiuefione ﬁﬁi}“ﬂl%’/wwl'@ét gdoravirvryesiotstof the pfebanst

chi rigventivat ThesOfxainbRs 4r8 MREEHi O orf0 bl o%%gt it B2 Qcc‘oﬁ:c Bhe present
1vglth a second chinp vector, or “"wth a conposi

cont"glemﬁg the antigen |tself in protel n form |In one
exanpl e, the 25 prime-boost reginmen can provide a
proé_‘xctllvg e response to the virus, bacteria or
ot he ¥ BP'§ani st 1PB§ﬁaU\ﬂ’ﬂchthe antigen is derived. In

anot her desi rpd Pﬁﬂﬁﬁd‘t@@[&essn&hﬁ% QR'Sgﬁ Ea(ﬁgirET %&fssri]on No.

at c

d t ffect t
5;0:?& %2%@541]%13%%%%5%%&)‘7;@‘3\% 831 Viorsesobriginallg isolated from
2pr emmiaodkfs ﬁblﬂeh ﬁmcﬂe&sl Qae]‘n%ao\é}éaa ﬁqfh9§ Pé‘fs, ‘f‘m‘cd: %RE?&?@?

102{11 thesé eﬁ q E)fél lg O e
adm <t e c§ 'S YA FYBRY i PplBecco'yy Pﬁﬁedo@csyes Memum (DM,
depérgdzarﬁt InmisndO,) suﬁpllemhmﬁ@ﬂ&lm 0% Rl Edise AR (FBSYYst The or
%Pd&Qe &%§Lﬁ§%ﬂ e o gﬁ ponse i s belng tar ed.
The T AVERE Wf'f K UeROmKEn eigmant Infetiey Qf@%3 estls is
51 Enpgmut mrﬂMﬁMeunpdmhetecphalﬁ DR EEDFdr@iRl firg 2l rhbﬁrE /after which FCS
t m
28{303 %?criledttgfﬁé eac comﬁl\ﬁo'&ﬁ I:fllé%/ %'i’fg‘iﬁdd’&@s e §"}' YRled Whessld0%
or elf}ba@éis Mhmt virgs-indubrd ¢)itaphiicefedn (EHE),ymd Q@'tkﬁe&i co%ﬁ&laﬂd
or Egﬁgélmtléd b)%ntylﬁ%&]lc)ﬁ C’Aﬁ peq{c]ts aie réTP spendcg in 10 mM Tri |s (pH 8.0), and
lysed by 3 cycles of freezing and thawing. Virus preparations are obtained following two
ultra centrifugation steps on cesium chloride density gradients and stocks of virus are

30 dilutedto [ to 5 x 10" particles/ml in 10 mM Tris/100 mM NaCl/50% glycerol and stored
at-70°C.
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may receive one or two doses containing between about

10 pg to about 50 Pg of plasmd 5 in carrier. A

desi rabl e amount of a DNA conposition ranges between
about 1 pg to about 10,000 ~Lg of the DNA vector.
Dosages may vary fromabout | [tg to 1000 pg DNA per

kg of subject body weight. The anmount or site of
delivery is desirably sel ected based upon the

identity and condition of the mammal. The dosage unit

of th e % E(Iheﬂblﬁity bt 2913 leglisk@pr oﬁjaﬁ!ué iﬁ@ie)ﬁd&fov&ﬂ@s E@E&&&%QPELQUOHS

t he descri b erein. he vector Is

pr epé’i‘}}éﬁ‘ ergg?aé “Hﬁ“g‘f’llﬁﬁﬁsl Pf‘%)’i‘mbb‘?"f’?@ adenqeipisereapass

di ssol vedVims a phar macewtidl€ehriypalc]ed Biaiceh R ok
acceptablg ca rrier such as |sotanic saline; Isotonic.
salts sol affon or ot her forn%?ét?ons that will be
apparent Pané hose skilled inegugth adm nistration. The
appropri abe 7carr| er will be ?KI (li@l_;lt to those skilled
in the art 'and wil | depend rge part upon the
route of adm nistration. The conpositions of 15 the

inventio e adm nistered to a inanirrial
acco&é‘f”{’i1 t‘n;gy?%éacrteé’&?té@ of désl GemicB¥de, in a
sust ai ned r eI e@a@nﬁ@mmk@s Is&ﬁled%%xﬁ‘ﬂw?un?ﬁeﬁ%?gsr ﬁgp%B 1&13 of

bi oc atible @ on-sit l'iver usi n
rni ce¥pBrle T gad deey E!i“’l‘tf‘ H@@Hh%§“mﬂétq5@ﬁ%ﬂnl eyzymehéﬂlpwmmhng
st ep n@nufadtingrs’ ﬂeéb‘viﬁr&hﬂéﬁﬁnsa|’[‘ﬁ91 ebull§ r}ég%wﬁ‘)qmegkﬂhﬁtrth#gne Pan5,

Wlth\y[ fPE mn gn‘g ion, a suitab

adj uvah (RERCUIRS ohh ‘“d@’F‘P‘h@’é’ tlﬁé’r“é'ilﬁhed%9ﬁéff)€¢r@meyho“a
boostdhﬁb&nc&ﬁt’ﬁ@t&intphWnsl Snd AARTaRY dRE G ARG Unef t O about
-217 weeks afte nlsterlngthe rlmngﬂacorn position

'8 the mammal i 5 ”é‘rf}]ﬁ tide pequepres of Repgdi Rané endzRenbiyere letermined. The
b ? ?Stnlldg)tlde)ﬂ'qqtlﬁllci d)falib oS stAGCENPRMS SRR Gs 1‘d§dtrt@91naSEQ [tD NO: 1. The
effe nposi ti on containin

or cg%g q%de o] o [ é){}léertf’%gmf“igjp é"%ﬂéﬁérﬁ‘l‘:@féﬁd BSEQ ID NO: 5. the
adni museoeldesbqbgncet Sfehaop maﬁkgofDNﬁ NlﬂAGd Bforted MSHIPOINH:RY
conposition ey a reconbi nant viral

vect or derived ?%”Eltor% aﬁ’g C%Cgr}gé RIS éﬂ “‘S?S‘Lﬁl PN A(sgqygnees were
@denddentifEd by deqolegicte snwin ddhevmanveqniric&m)sm@ the CRBRI W” program

t
ano G@Jcnt?e‘a%&f% "at %LC%E Qna se}{m See ﬂ E?Bﬁ%) %Yﬁ RigVidipgthe adepoviral

conmposi tion
ant i gesyengss. @n@u&@bhgl ﬁﬁntehwere pansmen gndOh¥predicred dhino ddkdllsequnces

the Rl fotholoRERlo r&{ou99%s&ﬁtﬁd a%\h i\{%‘@.l qg?%n‘gg%ﬁpé?s Ad4, Ad5,

i nduces an | mune -t esponse’ |
embodidhettl2, aidddidost i ng conposition 30 contains a DNA

sgquence encodi g siseg lleg?cﬂ e%@gg éénlal%e 81%?% ! %Plht%zg is similar to

regul atory sequence directin Xpres
rrarm’ﬁ}aF HPSeRidN fluman agenovijuses; witlsthe @lctteﬁsmvw ity tokhnmanAd4, However,

bact gitis@htiaP8iffedhdedtn tNaR

of the sbolc:;lstll ﬁlg 1c?o - osi %@Qﬁpa{ﬁﬁblﬁ[ég%&elé E%qu beﬁ" ‘%

of t FUMPYREFASERAVEses diopher kpawn édea?l‘tlllugﬁé,nncllﬁinnga*\dl-lu4 These

Cr 0S SiffefRAeds iy RelaRith BE Bbroldical dIeK-rEBHAY e Yt Hal Been obtained (see

30  below),

An alignment of a portion of the hexon sequences is shown in Fig. 1. The
portion shown is from the region of the hexon that corresponds to the outwardly disposed

extended loops DEI and FG1 where the most variability between serotypes is observed.
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prim ng conposition. In another enbodi ment, tile

sim an adenoviral vectors of the invention are also
well suited for use in a variety of other immunization
and therapeutic r eginmens. 5 Such reginmens may involve
delivery of siman adenoviral vectors of the invention
si mul taneously or sequentially with Ad vectors of

di fferent serotype capsids, reginmens in which
adenoviral vectors of the invention are delivered

Si rmlnthaaeamﬁgl ;ﬁért%ﬂ tkﬁﬁ%kiﬁiﬁﬁtbﬂb ki badtlof fhe RORN {*&;rr\é@'amﬁg%o
regi mens he adenoviral vectors

i nv éeﬁ’td}“??r?oﬁﬁ@g °fd'%51 HW@‘W%@%W’&‘H@&&?W“&P,O& 716): and is highly
sequaRérval Beyvosh Sdtotyes islsB Hresdd PTHe €A Rw i OduntHalSs the pair-

b|oIo i cal l seful t herapeutic or inmmunogenic
S%ﬁﬂgﬁ"%ﬂﬁﬂfugﬂgm%ﬂ¥s‘%ggpgﬁﬂpr“épparent to one
ef skill in the art. The fO||0MAhg exanples illustrate
t he cloning of the—sihrrianr—adenowiruses and the
construction of exenﬁ?ﬁwy“?bcor%?ﬁhﬂW“%H@%OVirus
vectors of the present inventi ofimilditeee) exanpl es are
illustrative only, u%# go—peot+HHr-t—-the-scope of the
present 15 inventioﬁ. xaﬂ%le I - Viral Propagation
Tile Pan5 [ ATCC Aclcagss dnader: |VR-5%b[g Pant [ ATCC
Accession No. VR-{592_—land_Pan/7 [ ATCC_Accessi on No.
VR-593] viruses, orﬁ@¢%1Mﬁ%?6p<olaté§3fron1 20 | ynph
nodes froin chi npanaees,| N&r& |Pr opaggay €d 1 293 cells
[ ATCC CRL1573]. Tylpically. these cells arelcultured in
Dul becco’ s Modi fi edAtay| eddWedi um (BWEM  $igma, St.
Louis, MO ) suppl §MRREET REdE7T|[L0% fgtal—calf serum
(FCS) [Sigrna or | =-lydlone, {logan, UT) amnd | %
Peni ci | |'i n-Strept dmpeCh |(A8iC§Pra) . | 76kt i on |of 293
cells is carried o T INEMsTppt ntecw th 2% FCS
for the first 24 5?%6 after |cﬁﬁéés 251is added to
bring the final candd®t r(atdCéh|to 1095 I nfected cells
are harvested whenXGey Fictire—ce extbi t
vi rus-induced cyt gpathi e??ect ( é}, andlare then
coll ected, and conséit8rianeécl by cerB4d f ugat/i on. Cel
pel |l ets are resuspended—+n—6-—mv—Fi+s—pHS8.0), and
| ysed by 3 cycles of freezing and thaw ng. Virus
preparations are obtained following two ultra
centrifugatio densi.t ]
gradi ents an saf%gggthg C\SF@B;& %?2 oléhdlgfeS R LIF for RO’
X 16ndingeaftliechiapapgee adgnovugensitows arsdvlerao@mnlnmy MNeBuitBRYFig. 2).
18l ycerol and 'ﬁ]teQIEﬁsg of@équenzpsu%lalﬁy?’bew&n@Eglgdaf%ﬁ)s of Ail&45 and

cells to ate these adenoviTuses ex
exp@é% i ga{l?écs below) is similar to that between huAd5 and Pan-5, Pan-6, and Pan-7.
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whi ch were based on know edge of other non-human
adenovirus serotypes. Virus Yield (virus particles
produced in 8xl08 cells) Pan5 8,8 x 10" 5 Pan6 1.6 X
10" Pan7 8.8 X 101, Exanple 2 - Characterization of
Viral Genonaic DNA 10 Genom c DNA was isolated from
the purified virus preparations of Exanple I and
digested with Hndlll or BanMrestriction enzymnes
followi ng the manufacturers' recommendations. The
resu Its (not shown) reveal ed that that the Pan5,
Pan6, Pan7 gerenes—of—thejnvention and the published
Pan 9 (C68) lgenSABPERERY dj f EEY@HD ampspifct|i on
patterns, and thus, are difsti each |other. 15
The nucl eot i jde Iee Hences ; Pan7 were
determined. [Th&" Hucl Ebti de sequence of theg top strand
of Pan5 DNA | &dH@dxdesd 1 nf SEQ TD3fgX 1. The
nucl eoti de seguence—ofthetop-strand of Pan6 DNA is
reported in [GEFOWDHAIE 5. [The nuébeotide sequence of
the top strangddnfs [Page? DN TS repejsed Tnm SEQ | D NO

9. Regul at or p—and-lcoding-riegions in the virlal DNA
sequences wer0 (4R8I fijed by hé*hol ogy tlo known
adenovira[ sesuancesais! ngl the ~CgiHgtal Wprogram
descri bed ablve_at! conventional setti ngs___See the

tabl es above| PFOvi|dt4§ t he| adenovh¥al sequences. Open
readi ng frangggaserigadgzansiated anggy e predi cted am no
aci d sequencles_exam ned fior honnl ogy to prilevi ously
descri bed ad i r|edG8Bot ej n sequdhfes, AM| AM  Ad7,
Ad 12, and AVK4GE [A@ySi S| of thegpgyguencereveal ed a
genone organizatiqn that ijs simlar to that present
in human ade®d&6 47 with the gfBatest sijmilarity to
human Ad4. NEMET[ AdCegoStanmtTal ggjferencgs in the
hexon hyperviariahlle regions were noted between the

chi npanzee ad®{dvirAds and ot her 3khown adenovi r uses,

i ncl udi ng Ad 7 INERBg diffferencgpsfTt—wehl with the
serol ogi cal lcross-ireactivifty data at__has |been

obt ai ned (seerd@o |Fd@w). |An al i ghh®nt of 4 portion of
t he hexon se SidcS Stowr T —Fh portion
shown is fro%ﬁwbg rAédgCﬁonrgFfMthe hgﬁ%n t hat jcorresponds
to the outwardly di sposed extended |oops DEI and FGl
where the nost variability between serotypes is
observed. 54

Sequence Identity with human

Ad5

Elb Small T Elb Large T
_ | Protein Protein
C68 47.3% 55.8%
Pan-5 43.2% 54.5%
Pan-6 45.3% 54.5%
Pan-7 46.4% 53.8%
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An i
t he
publ

ntervening portion that contributes to the base of
hexon (corresponding to residues 308-368 of the
i shed AdC68 sequence; US Patent 6,083,716), and is

hi ghly conserved between serotypes, is also present.

The

following table surnmarizes the pair- w se

conparisons of the amno acids in the hexon proteins.
5 Conparison Hexon amno-acid Simlarity #1 #2 AdC5
AdC7 99.0 AdC5 AdC68 98.3 AdC5 AJC6 88.0 AdCS5 AdC
84 9 AdC6 ACpligiornrdeigtiGoveriitts oBAIS, AAGECEIMKT7 vibhe Qeated by

Anm

?ndﬁgtﬁﬁ%go%?%?egl‘éggcsf@% 1113146 f&lo@%@mhleﬁ%@vhicﬁ%ﬂig gene

ySis o

r es ewEPHVee ngerted dteibe plece dithedilmend Bifb getre. Ehe mejeontzeeones of
ade@ﬁé"rbcﬁﬁabfn@ﬁ vﬁhgewe@rbsa\é@ ruﬁi drovd 4F ih 364 Eenf kp 1@; Ihgd ure

Fig. 2). Eree of sequerice si m

et \né'éﬁfa&l%lseg ﬂ}srpa%lé
bel als2d GosG)n Ve@for &@di Wat vhed &ﬁﬁfbl&ﬂéﬁg& ﬁg%ﬁﬁﬂ Which

Pan-

§Csi sedimsaistionaetigaid K( Elek@: & ab)JeYirol,

6, and 55 Conpari son

ami ABRrEngfely .1 efelHt %Weléso;aelmfe#tz N!IH!FS cquns@g Biruspyd Figds
Ad %ve?sﬁieénmﬁﬂl"ﬂ#%eﬁﬂr@%g Jiflal 9art1&9b&d§en&§¥%§ sp%ého@hot@tqmélly After

Addl

10

15

haﬁng c%nstl ructed El-deleted vectors, it was determined that HEK 293 cells (which
express human adenovirus serotype 5 E1 functions) trans-complement the E1 deletions of
the novel viral vectors and allow for the production of high titer stocks. Examples of
virus yields for a few of these recombinant viruses are shown in the table below.

The transgenes for these vectors, B-galactosidase (LacZ), green
fluorescent protein (GFP), alpha-1-anti-trypsin (A1AT), ebola glycoprotein (ebo), a
soluble ebola glycoprotein variant lacking the transmembrane and cytoplasmic domains
(sEbo), and three deletion mutants of the ebola glycoprotein (EboA2, EboA3, and

EboA4), were expressed by the cytomegalovirus promoter (CMV). In the following table,
ND indicates that the study has not yet been done.

Transgene Viral backbone/Vector yield (Viral particles x 10'%)
AdHu5 AdC7 AdC68 AdC6
CMVLacZ 1.5 1.4 3.3 6.1
CMVGFP 25 3.6 8 10
CMVAIAT 3.7 6 10 | IND
CMVEbo | 1 43 ND- | |ND
CMVsEbo 4.9 54 ND ND
CMVEboA2 1 9.3 ND ND
CMVEboA3 0.8 9.5 ND ND
CMVEboA4 1.4 6.2 ND ND
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AdC5 AdC6 68.3 AdC5 AMC7 96.9 AdC5 AdC68 80.4 AdC5
AdC 51.3 AdC6 AdC7 69.3 AdC6 AdC68 59.4 AdC6 AdC
37.7 AdC7 AdC68 81.5 AdC7 AdCl 51.0 AdC68 AdA 54.9
Sequence ldentity with hunman Ad5 Elb Small T Elb
Large T Protein Protein C68 47.3%55.8% Pan-5 43.2%
54.5% Pan-6 45.3% 54.5% Pan-7 46.4% 53.8% 56
Replication-defective versions of AdC5, AdC6 and AdC7
were created by nolecular cloning nmethods described

in the foll OWiT}@a&'ﬁ@rmﬁ)h@ﬁaniaﬂbnmhﬁﬂlmﬂllg-@&galen%ﬂtstﬁ@ﬁ‘,lt -eleted
were j.nserted int f the Ela a

th | ace,
9ene§h‘mﬁﬂ§e%'l S 4P PR Mg of fietaBRoti At peaRs the producion
Vi r USBE] -deeted cmmmd adi:ndvingr\@ktbﬂlsldpthh fhver®idn, Gk Rdfg or

. bl i shed Cs
l ar g%hmi%gt{n% tl15e r% 0810 o%x?sgf%lﬁhpgcg% tp ul J:lllf e(ﬁ?lpqun sequences

Fon et
7(3. 526w I@6nh AdVﬁbﬁmochnrypmhedsdenﬁfiﬁxséaassadbealﬂel’éﬁ. plate
(150 mm preps in which approximately I x 109 293
cells were Infected with the corresgondl ng Vviruses.

Yi el d¥amplede Jpetlegical nudien)t B ds@iendg Vidupeal particl e
concent r aBiQame oBie Gﬁﬂ’é@mﬂn(ﬂm{e{dn%%éx Vanaﬁg chfon 1{\%\4 5&9:1pated

constructed El -deleted vectors
{ hat thaERe 586814 Yispes pruid be v %@q&@&‘s@stwgtrfmn human adenoviruses,

aden@g¢luding Asept ype 5 El functions) trans-conpl enent
the El de#etio s of the novel viral vectors and all ow

for the ptoduct’PBHeBH ¥ Y idinpeirgtescks. Exanpl es of
virus yields fm so@ceﬁﬂ%ﬂ@xlcﬁ@&i@ ube8 TR BRARMIce ¥ bktkiRSition of
are Sllgt%ody c.xoss-reactlwty, Lee 1e1?hc|atlon competent viruses were used and inhibition of
cytopathic effects (CPE) was measured. Briefly, preparations of adenoviruses (Adhus,
15  Pan-5, Pan-6, Pan-7 and AdC68) stored at 5x10'2 particles/m! were diluted 1/600 for the
assays. This concentration of virus was selected since it results in 100% CPE within 48
hours in the absence of neutralization. Prior to adding the virus to 293 cells (4x10°*
cells/well in a 96 well dish), 1:20 dilutions of sera were added. The assay is read as the
presence or absence of CPE; full neutralization would read as no cytopathic effect. The
20  results are summarized in the Table below. The fact that 9/36 human sera neutralized
Adhus5 induced CPE is consistent with previous estimates of neutralizing antibodies in the
human population. The numbers indicate the total individuals who showed neutralization

(numerator) versus the total number screened (denominator). ND = not determined.

Neutralization by 1/20 diln of serum

Human - Rhesus Chimpanzee
(N=36) (N=52) (N=20)
Adhu5 9/36 ND ND
AdCe68 1/36 0/52 12/20
Pan 5 0/36° 0/52 10/20
Pan 6 0/36 0/52 9/20
Pan 7 0/36 0/52 12/20
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The transgenes for these vectors, 0-gal actosi dase
(LacZ), green fluorescent protein (GFP), al pha-1
-anti-trypsin (Al AT), ebola glycoprotein (ebo), a 15
sol ubl e ebol a gl ycoprotein variant |acking the

transi nerribrane and cytoplasm c domains (sEbo), and
three deletion nutants of the ebola glycoprotein
(EboA2, EboA3, and EboA4), were expressed by the
cytoni egal ovirus pronoter (CW). In the follow ng
tabl e, ORRN huishnGat ecseehéﬂaB 5/86weers hepdyvefareiitanizayiod tolXiE)E8

parti PEE o o< Bl BTANED A Teme Rt Ptrin QLS e

1. 4n08keds Ecrdened iviiEishbvidd meiBrabzaB ol 0 anyMifipaAdee 3defiotrud;OrhbiDs
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5 burd22 chibpiiReesBdd Shhgandibl reiitrajizasion oo pr andiberay the usimighnzee

t O atde 1$us§s c%ﬁé sqgﬁﬁ 9/ é‘lﬁ {h? garc]ﬁlhése ﬁg%#ﬂ%EGeGQgi}lgin lﬂiR@a %e%:%pegéﬁci t

perpmhbgns Hetersstinglyc thero are CblﬂanIIZeeSdfeﬂlelblGdﬂ ighg impacmm enly to Pan-

ad ' .

o IespnPér:n é{ @n%dt%gkﬁﬂlp&t@é th%: nﬁso'tl{é%/gﬂ%lj usg\QFale 8‘{)}1 Ecrﬁnﬁgag%éeggegfihral

t 0 vietters wiilf fas crosrogutrdline enclyofber @ettal e Gistinet seeodmweshunan Ad

nd the Ie i ' i

0a Tgpéaﬂ%g%fglasla%gﬁggﬁt b %hur%?n%%g §enlg‘ps @Bl'é? lﬁft)%percent

v r( fehecamples reﬁctqdh@,mlagrpeﬂwr léﬁtff?s%ﬂi degtetido Renso% to Pant;

hy rs%wta@amn@ 6OHH b, Arﬁonwa?e ,e%mt lest &étofth% héeP-

Cs, vi ruses woul e ogi cal 'y distinct

frcﬂﬁrpmmﬁahaméﬁ@wty foi a@é@u chlm@ vvw ud| ng AdHu4. 1.

Cy- 0ss- React c¥iste@aiWibHn ) Bonbik P PRuskOT SCreeni ng

of wild-type viruses in order to nalce a determnation
Lof anti bodyHéhgiy peluelenal ytibgdiesprse qbt-;apﬂed tozpe¢ha the simian

C OMHABL S PliseinoHEER MY feditfadiidnd &Qx‘epbﬁclrdafln&tlahzatlon among
cytopathic effects ( Ea was neasured. Briefly

pr etb%ﬁ Herphnarotypesa dBH 89 $ne &Y% Inframwsesar llwurpéﬁtfmsof‘ rehbis gsing a

Panve donfdie ntASH Sontafidi G abed DX pflBuddptht Hérasd 068 MifFaRzee

diluted 1/ 600 f.or tq$
adenovirus as an adjuvant. The serum was then used to assay for neutralizing activity

20  against each of the three chimpanzee adenoviruses of the invention, AdC5, AdC6 and
AdC7. A rabbit was injected with 5x10'? vital particle per kg of C68CMVGFP vector
intramuscularly and boosted 5 weeks later using the same dose. A bleed collected at the 9
week time point revealed extremely potent neutralizing activity against C68 as well as
Pan-5 and Pan-7 but not against Pan-6 (see Table below), indicating that the

25  administration of a C68 (or Pan-5 and Pan-7) based vaccine could be effectively followed
by a boost using a vector based on Pan-6. However, it has been found that this level of
inter-relatedness does not necessarily prevent with re-administration in a setting where
antiviral antibody titers were not as high as was achieved in this rabbit, In the following
table, + indicates 33% CPE; ++ indicates 66% CPE; +++ indicates 100% CPE.
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assays,

it

of neutralization.
04

cel |

s (4xl

cell s/ well

in a

96 wel |

This concentration of virus was sel ected since
results in 100 CPE within 48 hours in the absence
Prior to adding the virus to 293

di sh),

1: 20

dilUtions of sera were added. The assay is read as the
| neutralization would

presence or absence of CPE;
read as no cytopathic effect.

f ul

The 20 results are

sunmmari zed in the Table below The fact that 9/ 36
human sera neutralized Adhu5 induced CPE is
consistent with previous estimtes of neutralizing
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15 High-titer polyclonal antibodies were obtained to
each of the siman a.denovirLlSeS in order to nore
preci sely gauge the degree of cross-neu tralization
anong the different serotypes. This was done by

i ntramuscul ar i muni zation of rabbits using a
reconbi nant virus contai ning GFP based on previously
the descri bed C68 chi npanzee adenovirus as an

adj uvant. The serumwas then used to assay for
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Wi t rdefeeteditﬂﬂum &tnblas frén 36 ﬁun@an%@i‘ dctsharaVOR FR the@ﬁ]ﬁé éaFf erum
ant i bo h as was achi eve

thi saxp%%so etle teftﬁd %I[\E i&? gll?tltlaw ’H& 19 tgindicated that enly enedrdividual has

3 %oﬂaﬁ’ﬁjcu&a{lzm] ditivay 666K GRitalizing activigh RS ?aﬂ@&%ﬁz’#&s
_5;‘% ection on 293 cells with virus: Pan5 Pané

Pan B840 0s8) CB8 Serum GFP Dilution +++ 1/20 +++

1/40 ++4. 1/ 8l VitrorGrods-NdwDalizhtiom 1/ 320 +++ 11640 +++

+++ +
1_|]§./+_:|L_ i/gg 0, Z;S é\logs negtl alization otl the éun%g ac?énovu use%/b} glgl%-txt%r rabbit

polyclonal antibodies raised against each of the adenoviruses Pan-5, Pan-6, Pan-7, and
C68 was tested.
Rabbits were immunized with intra-muscular injections of 10" particles
of each of the chimpanzee adenoviruses and boosted 40 days later with the same dose
20  with incomplete Freund’s adjuvant. Sera were analyzed or the presence of neutralizing
antibodies by incubating serial two-fold dilutions with 10° genome copies of each of the
appropriate chimpanzee adenovirus vector expressing GFP and testing for the attenuation
of GFP expression when applied to 293 cells. The serum dilution which produced a 50%
reduction of GFP expression was scored as the neutralizing antibody titer against that
25  particular virus.
The results are shown in the Table. The data are consistent with the
expectation from sequence analysis of the hexon amino-acid sequenceé, which indicated
that Ad Pan-6 was likely to be the most serologically distinct compared to the other

chimpanzee adenoviruses.
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copi ach of the. a at e
aden§\§/§ ?[ug k‘/‘gnc Sg?dyésflﬁrﬁé)’snrs)ﬁ’ﬁegi%&?f rﬂ’B"’T‘%E f"’l‘tﬁ §ne %S thechigpanzee
at t endeatvimses (5f CEER, a6 & it abltligrio epgtnesichlitethdian
cel | SqendViRs @ HTS S 4t 0 W 8. Qs ed. 2

0
has ée%n/%ested. No cross-

10  reactivity was observed in any case.

Example 4 — Generation of Recombinant E1-Deleted Pan5 Vector
A modified pX plasmid was prepared by destroying the Fspl site in the bla
gené region of pX (Clontech) by site-directed mutagenesis. The resulting modified
15  plasmid, termed pX’, is a circular plasmid of 3000 bp which contains an f1 ori and an
ampicillin resistance gene (AmpR-cds).

A. Production of Pan-5 Adenovirus Plasmid

A polylinker for sequential cloning of the Pan5 DNA fragments
into pX’ is created. The polylinker is substituted for the existing pX* polylinker
20  following digestion with MIul and EcoRI, The blunt-Fsel fragment of the Pan 5 is

inserted into the Smal and Fsel sites of the polylinker. This fragment contains the 5’ end

62



reducti on of GFP expression was scored as the
neutralizing antibody titer against that 25 particul ar
virus. The results are shown in the Table. The data
are consistent with the expectation from sequence
anal ysis of the hexon am no-acid sequence s, which
indicated that Ad Pan-6 was likely to be the nost
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1dPan-5, Pan-6p, Parlntl%tnaﬁ@Mez@@o@of@é?ze@nﬁ%ﬁ?pz%mfs:?t]Udy
one o

sera fromm ce has been i muni'zed
chi npanzee . adenoVieitjéd plaswid p26is derived fna r@RE ataebvithei r

abi ﬂlésTde 5\5&11%19%5111 @&ﬁécﬁl ds%l@sch@c% a} U gl Aden %V}Larctﬁ’ﬁosl region

SV-1 SV- 23, A- 17, Baboon Adenovi r us ’has
t esctf@a( W%dw%@d ﬂnecbhrnéﬁ@@qd\ﬂmg/qummw@emmdum dreyFspl site

Ca% gl an?m\%{é ai‘ﬂagoé’elﬂ SBQS%EP tﬂfg%@1 3607, SEQ
15pr dpa @d) s idessted myq SvgrltahéFm pites of p}é’LNiK tb Igeuebaltathe gEFRns-
[I'ﬁgj ?J'[ehssrg.fdt (‘ngl(b% dmee.ﬁngl-gy% Se%o%og pf( ig evge}éfga 1se %Eél >
ci rreplhed “pihalmﬂd{/&é cREMO, \l@lﬁclvmmdtbbexmﬂﬁ ahplFied Frofd pRUS to
andcreaart]c pX’Pan5-5’AE1 (4374 bp). Briefly, a sequence containing I-Ceul and PI-Scel
rare cutter sites was PCR amplified from pRCS (3113bp). The 3’ PCR primer was
20  introduced an Ndel site into the PCR product.
To extend the Pan5 DNA in pX’Pan5-5’AE1 (4374 bp), the
Fsel-Mlul region of Pan 5 (bp 3607-15135, SEQ ID NO:1) is added, to create
pX’Pan5-5"Mlu (15900 bp). The remaining Mlul-3’ end of the Pan5 sequence (bp
15135-36462, SEQ ID NO:1) is added to the vector between the Mlul and EcoRV
25  sites of the vector polylinker to form pX’PanSAE] which contains the full-length
Pans5 sequence containing a deletion in the E1 region.
C. Generation of Recombinant Viruses
To generate the recombinant adenoviruses from pX’Pan5AEl,
the plasmid is co-transfected with a helper expressing E1, or from an El-expressing
30  packaging cell line, such as 293 cell line or a cell line prepared as described herein.

The expression of E1 in the packaging cell permits the replication and packaging of
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The. the b&peitznd tte pﬂasmgi;mdltch(pémﬁamlﬁ: ddhmvﬁ&ﬁfrax&gm& quLﬁ,A&B in the
S QI

i esec&q’?‘% }ﬁe 1e%hc|ate? a%cﬂ%acﬂa(gteg mﬁc; Y&U?‘b%apflﬁ% r%sultgﬁ dn E]F I'?Cﬂglblnant
adenadems\amsgenorre) the Fsel-Mul fragnent (bp 3606 to

15135, SEQ I D NO [ into the
and the Ml - EcoR i&ﬂgﬁﬁ%lr?fl fe{k? éﬂytaE&gfi‘rr?tVSH h% 085 s, after
%glt ybvhia}; l&’fe wr(:&p a&f;ﬂe(%]ﬁed exRa6d8ind &E@nb@fdﬂt@cpréﬁmcin of Ithe transgene.

i qnal |y, sir nsgene is inserted intq |-
Ceul }ﬁeaalp@fid@ ? [?ﬂwf ﬁ@%ﬁ replay by,aropigpexRension of
vect e cultheB Firdlly Gleraltd éf@hd\@ésﬁ@% ﬁxfus extract pre ared and the
Gener ati ngpXPan5, 6El . The initi aI Eﬁl asm d 9(

der i VeeMPIPRHCRmANZSRIRIeBAV IS SOntaipiag edlewéltxaame@e s puyified by
d Onbﬁcﬁhﬂt deﬁ’s?ty Q{ﬁﬁeén'tﬁﬁgﬁn% W@Csd%ﬁdﬁe &Hyral mgﬁ‘garrrlén?ﬂmown

regi on deleted and t unt en
pol quth%érOf%a%Hﬁh%@?ted into the Fspl site to
generate pX PLNK (2994 bp). The 5' end-Fsel region of
Pan 5 (bp 1-3607, SEQ 15 ID NO 1) was inserted into
Sb naExample Fsdéltenerptiang! HecqpbinankE @e@eﬁdé’iaa@ Yetthe

pX Pans- 2" pl S%%f&}sjfo 6%1153&1% n0§)0'f Pan—ﬁ A%n goEé/Iua{\EIainwg egi on

of pX Pan575' was-eXcl sé
Ceul Sce cassetilte, @unaﬂgobfaadmhela’mgﬁmsanpl ified from
pPRCS to create pX

El (4374 bp). Briefly,
sequence cont ai ni nga'ab%ﬁls S Cgpgt 'IB?t-edSléyeﬁ'z’“aF%‘ir‘"@%&‘ﬂ%/af’??K
si t egeaasnt RGRhawpbxticted. SymintipREP Pidd LRike)s.arellipated ont&ERviral
' {. {o,t
5, DN B et BRHG Sl Qb Wi 8y AsleBrk T B Tr083). The
(433Vigal BPYA is thlqedig@@é IwithiXba f tagsotate of td?mmaBﬁ 4gopent (6043 bp). The
3607A§§9€g§1 gﬁs N% ki atécﬁlﬁt@‘asﬁﬂk af S?naclraﬁﬁs(fﬁ ésites to é’ormpr-

pX Pa e remal nin

t he PéhaaGéJekMe bevirdh P Al\sxisfsnesawms is SElegEBtNCWIthlf)ac [ &9 isolate
addeg,elo@7s e’ ¥RRhATraRRINRRIT I BRIt oK 1A PEAQRY Sma 1 sites,

25  resulting in pXAdPan6-82-100.
2. Deletion of El firom the 5’ clone
To delete E1 (m.u.1.2-9), the BsiWi-Xba I fragment in pX-
AdPan6-0-16.5 is replaced with a PCR fragment spanning m.u.9-16.7 fragment treated
with BsiWi and Xba [, leading to pX-Ad-Pan6 m.u.0-1, 9-16.5 .

30
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25 sites of the vector polylinker to formpX Pan5 AE 1
whi ch. contains the Rill-length Pan5 sequence
containing a deletion in the El region. C. Generation
of Reconbi nant Viluses To generate the reconbi nant
adenovi ruses from pX Pan5AEl, the plasmd is
co-transfected wth a hel per expressing El, or froman
El - expressing 30 packaging cell line, such as 293
cell line or a cell line prepared as described herein.
The expression of El in the packaging cell permts the
replication and packaging of 63 the Pan5 LElI into a
virion capsid> I n an¥t @b @lonesnd 1 greatp are Risepmsiye to
cel | aecbpramsh@gl HindMIL RadittnPanSAEl is transfected with
an adenovirus vector as described above bearing the

transgene of i nt er Bt thedd alont puis-Rent omdh h Atli6dnis Betberr s
bet a@tnded Beink@tingele Zambatlhﬁgnﬁén@@ﬂg@bp, mihl%'.si-d%?fr% bsh 6

the adenovi njs-transgene sequences in the 5 vector to
be r&PPPCIRoLEe Xt sia BUBREHATRES b Pilodr @R pBigkenstruct is named
r esupXAdBanormi tve, 3-B8;onbi nant  adenovi l us. Transfecti on

is foll owed by an ar, gverlay for 2 weeks, after
whi ch the viruses Sﬁ%g“dpq‘é @?ﬁ,é‘ SRRIBEFd BN dnsy ipatan 5§26 bp

for kiylras$fragmeaf cotvhﬁxfg_ﬁrr.lﬁltﬂl_sma Panf$eg|\éfdl@| iratﬁgﬂil\ﬁlh mtﬂ%'r sites of

roun uri.fi on are followed by another
patisi ’ = the cells are

& %A@jﬁ"g‘kﬁf@eﬁ% ot PAGE SRR ALY (he col

har vest ed, t a Vi rusTheal 4 &16Y bpFIRPALEED ﬂ{ﬂd}_’atnmafrag?]ﬁnt is isolated

reco nt .C adenovi rus cont ai nin e

Gosi TP AL i < B0 R B o b B e s Gyt Hind I and

ul t r Beirtiunt Sitek.gBlis Hrand B fasidiscEne Grealtd @A AR 6AY0-1, 9-19.5, 64-100.

al ternative nean no to thaose of i1l in the art.

15 Exanple 5 - gen@F%ﬁvg}gff "Sﬁélﬁg'%ﬁ“&r‘ﬁé geppme gy the fugion

Pan6clsfect or A. Strategy for Construction of Pan-6

Adenoviral Pl asm d [ of termnpalfi-agnients

Pan 6 viruUsS is dep?‘&%gsgagﬁ‘bﬂgfraﬁqﬂﬁﬁ%%l%ﬁd6@rfgﬂﬂé’éﬁéé~°e

K tingatdinnt Hiad 0] gle@npkAdPahdnaotl, 9095 300 &t fbien h2AdPR6-0-1, 9-

Prre iool inkers are ligated onto the viral 2o DNA as

descri'bed by Berkner and Sharp, ]Vzicleic.Acids

Research, 11: 6603Inb88@n ofthRKGFP sdlecNAminGer i@ Me final

?i gest ed \;\/ith.)(t}a | .to, isol a}pe a 5 termnal fragnent
B04% B! T R et I MRl 8°8¢ UrTISE Y reer PR seleci

I Nt orepofmBindit rahsfSwamnls. and Xba 1 sites to form pX-

AdPan6- 0- 16. 5. TheAvi.r.aI DNA with Pine | linkers is

al so di gested wi t h"PYLEIne gl Pptaxpresses{EFPaundes afias prpmoter and

t er nis fladked wély reeognitn dites bPaRdntion efoBiXg FebtRltio enAyaes, P1-6ed and

S ll-CeSuI I,t wias'isolated from pShuttle-pkGFP (bare) by Sap I and Dra I1I digestions

25  followed by filling-in reaction. The pShuttle-pkGFP (bare) plasmid is 4126 bp in length,
and contains a ColE1-Ori, a kanamycin resistance gene, plac, a LacZ promoter-GFPmut3-
1 cds (Clontech), and a GFPmut3-1 cds (Clontech). This cassette is subcloned into Srf1
cut and blunted pXAdPan6-0-1, 9-100. This final construct is called pX-Pan6-pkGFP
mu.0-1, 9-100, which is useful for generating recombinant E1-deleted Pan 6 molecular

30  clones carrying genes of interest by direct ligation and green/white selection in

combination with the generic pShuttlepkGFP vectors.
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25 resulting in pXAdPan6-82-1 00. 2. Deletion

of EIftoin the 5 clone To delete EIl (mai.1l.2-9), the
Bsi W-Xba | fragment in pX- AdPan6-0-16.5 is repl aced
with a PCR fragnent spanning M U.9-16.7 fragnent
treated wth Bs!W and Xba |, |eading to pX-Ad-Pan6
rn.u.0-1, 9-16.5 . 30 64 3. Fusion of 5 and 3" clones
and to create an anchor site to accept the mddle

H nd Nfragment First, the 5 clon~, pX-Ad-Pan6 n1u.0-
1, 9-16.5, is Burt hﬁeltemaﬁvﬁtﬂwgﬁﬁﬁ déMerbtfb%%‘i‘PérPQ Bgig2 d
Xba | fragnment (4350 bp ﬁ} ronmg 8
genone into the Xbd" | s??@"%' fH@”ﬁ%ﬂﬁﬂ@F@ﬁG rn.u.0-1,

9 16 5. This construct Tie RagRRRXAdRAR d Diiabe and
i s al so expan %

otseC% % regi]
i nse|p [TRET frd ig‘ﬁ’ﬁ@n%éleﬂwwapt}qngédqscrfbpgﬁmgmnd Swwetic Hgbp
VB, Rire inlfrsors fRated Gnigms ofdl DAY Aedofifta Mt AJPBRSS: ot fragment

site I

PXAd e{%’ terdnagﬂﬁﬁ% “lBBX§°rfﬂB%g)9édg%'P kg (B2 0p) asidesibsd in Pert
A7118 9beve. 6 fragnent is i soI ated from pXAd- Pan6-mu

0-1, 9-28 and SUbd ned Pan6- 41-100 at

Hnd Il and Xba " bl u)rb1 eté Z@Sjﬁ?ﬁlﬂ?r% l}’ﬁﬁd 3" fusion

clone is called pXAdPan"Bn%m@telhEl (Brul 929), pﬁ%d@@%—O ?65 [QBsted
t of the geno e fusion

165 CP@REMEI%%ASQ@ ] nc]1 °regtonp F'g: n'tg © Elp and Eltoprgteins @442-

f ;(Zg?;&gpb Thes Veptmgeﬁub@duﬁngﬂdliﬂgﬂ ?llth %aknwsmt Xﬁ%’uon for bluntmg

P o, form an

9- 1001? %% %n!zga ?ett%gmgmgf se:ie Y&ﬁﬂ%el ect ive mar ker

into thefinal 20 donstinmedikoon gfiarseledrivelaniend the gene
of interest and greenlwhite sel ection of reconbi nant

transformants. A rnini JeRE¥ESLEFECY Represeed SiFBsimtes 2 PP
thdeproaoterand prhininit fankedredth récsgritton 3l df Mietiftrdn@EQERE Fs@Brion

E’II E gpgxézﬁf'nes,r ﬁfcef Q%e Qﬂile\g qg&lart]% 6’ rogltsptégutﬁ% IE)Jgﬁqi‘P(?a?cziescr:??bcd above,
pShutle RealkSapbfrgdnsntsy thinylipBad with ta digbea pKLAdPIADBSE.5 BSrm
25 f okJaQpeg Wof”ﬁ'ﬁ%ggﬁbﬂpﬁ eaction. The pShuttl e-pkG-P

(bare) plasmd n | ength,
Extenszon of Pan-6 Adenoviral Sequences
20 pX-AdPan6 MU 0-16.54E1 was subjected to Xbal

digestion to permit insertion of an Xbal-RsII linker. An Xbal/Rstll digestion fragment
from the AdPan6 genome was isolated (mu 28-100, 26240 bp) and ligated into the
Xba/Rsrll-digested pX-AdPan6 MU 0-16.5AE1 to provide pX-AdPan6 MU 0-1, 9-16.5,
28-100. A second Xbal fragment from the Pané genome (mu 16.5-28, 4350 bp) is then
25 ligated into this plasmid to form pX-AdPané MU 0-1, 9-100 (38551 bp).
C. Generation of Recombinant Adenoviruses
To generate the recombinant adenoviruses from a El-deleted Pan6
plasmid prepared as described in Parts A or b, the plasmid is co-transfected with a helper
expressing E1, or from an El-expressing packaging cell line, such as 293 cell line or a
30  cell line prepared as described herein. The expression of El in the packaging cell permits
the replication and packaging of the Pan6-kaFP mu.0-1, 9-100 into a virion capsid.
Alternatively, the packaging cell transfected with pX-Pan6-pkGFP mu.0-1, 9-100 is
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and contains a Col El-Oi, a kananycin resistance gene,
plac, a LacZ pronoter-G-Pmut3- | cds (Contech), and a
GFPMLIt3-1 cds (Clontech). This cassette is subel oned
into Srf I cut and blunted pXAdPan6-0-1, 9-100. This
final construct is called pX-Pan6-pkGP nu.0-1,

9-100, which is useful for generating reconbi nant El
-del eted Pan 6 nol ecul ar 30 cl ones carryi ng genes of
interest by direct ligation and green/white sel ection

in tenfEcrdivitban aﬁﬁeﬁdvirﬁmgtgxeﬁ @éstiGbed hbvk Béaﬁﬁéﬁgﬁer transgene of
vect g{te;?st 65 13. Alternative Strategy for nerati on of

Pan- asmd 1. Coning of 5 termnalfrajinent The
Pan 6 virus is deproteinated by pronase and

prot eghase K & reat ment, and .phe bﬁgxtraction as
descr%f(ue@ggbo(ilfélelgtllﬁfl OE%?W&“EW I??g ted Bamector| | nker s
ase |igated ond o tGenerbricd of DY Bigssigscribed. Tile
AdPan6 5 Xbal fragnment . is isolated and ligated into

pX to form pX- AdPaftGYtietig lisker ggminghe restrictiens stes BeebSinal-Fsel-

Par t MiA-BRbRVPaclAvas @@ﬂeelidt@gzmgg% Eﬁ% @%Q@G&a@%lcgm Jﬁé 2@?&5 E{Re left

del et e El -9), (

i 0 wer{dﬁggntég%ﬁé ﬂ#‘ﬁf@% Wegclonsthistadhe linker hstyieomthe Smeladi Rgl sites.

t he Hhaadenavifh Ebwpsrtinekeised (34 cldhad Rs BiR) by cﬂﬂi'hg _w)ff?&#a%ﬁ and

%? sg%gwﬁgﬁ%ad&. 31 elﬁm th BsiWL in Fr eparation for
untTAg - Wt Heths R TG ene of S8Se frampsiniig (Gdpngech) in its place.

oo K oo oh CE €06, CoSeL Lo ot D og Far BEREE ) G 3610

a fac %‘g%%%ﬁ Heglgsérﬁs l€}‘(\:/ﬁtf) &fjenddhe; Fféﬂ;\éeahWOPﬁfl‘Ct (pPan7pGFP) was

r ecogpmpleteslby diiserting thé 214at bp AOPAnGRigRREOBHhdi@nt Rt thi HAMIQR: (b

enzy s, i%'&%‘éﬁ&ve%@gmildbgfg’m’ V\ﬁs isqlated frorn (bp

pShutt] Q. P A PHEYE PTBESR Mitand Ecolyio epperste 3 complste

¥ agmelneuldr slonhefie! Ideleted atdnwirtidPanh suitd 1S the eneration of recombinant

pX- = 0= 16 f.oFr X- AdPan6 W 0- 16.5 AE 1 o

(7725 Rt hthali o8 0 B AERE Ao s e G e sies

20 p¥timaratieeredtsd Pang veaBiplanamid. subj ect ed to Xbal

di gestion to rmg j rti f bal -Rsrll |inker.

A Xbal | Rsr 1 i geé?'%S%%Swgng@ﬁflegP !’é’f‘f {” BElPENG

genone was i sol at €bb generat? S HROMbiRARARN YN scA 6 lpiDeﬁl@Bl?l%the

bt i« Xb ﬁili EF ted pX-AdPan6 MJ 0- 1 6.5AE

to 8‘?’%5’?‘? dlé%g%ﬁg%%‘g e?)D-ei?XP >y 52 O fﬁ’g‘-ai‘%d.‘ SXpresEigond

Xbal Paplegipgesit litersoeh as A3 eRdlribe germveliine(phdpark®asiiedBibedt3Rbh. The

bp) éx§re§s‘ft@1"bf El in the packaging cell permits the replication and paclaging of the

D]

Pan7AELl into a virion capsid. In another embodiment, the packaging cell transfected

with pX’Pan7 AE1 is transfected with an adenovirus vector as described above Bearing
25  the transgene of interest. Homologous recombination occurs between the helper and the

plasmid, which permits the adenovirus-transgene sequences in the vector to be replicated

and packaged into virion capsids, resulting in the recombinant adenovirus. Transfection
and purification is as described above.

30  Example 7 - Generation of Plasmid Vectors Expressing the E1 Genes

Plasmid vectors are constructed which encode the Pan5 El region gene, and these

plasmids are used to generate stable cell lines expressing viral E1 proteins.

67



25 ligated into this plasmd to form pX- AdPan6 MJ 0-1,
9-100 (38551 bp). C. GCeneration of Reconbi nant

Adenovi ni ses To generate the reconbi nant adenoviruses
frorn a El -deleted Pan6 plasnmid prepared as

described in Parts A or b, the plasmd is
co-transfected with a hel per expressing El, or from
an El -expressi ng packaging cell line, such as 293 cell
line or a 30 cell line prepared as described herein.
The expr Eieshlosgiaf ofHan is cloned 1plaq)Kag$sagnan3edslde@ﬁb¢’di ifi Bxample 4

th |
e 8, B0 e 05 R
t he Thaeipegiionplasmid conteianthe émﬁ edbnthahgannPﬂqﬁenpé(@Eerg at least
t
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Bnt epaueiice erReéingHE ks agd Elf&;fwblmmzcﬂrﬁd)lfan&embmhp ntamnl Eal
- De'h&&%g?ﬁ@ 'ﬁ?om\{?e?t @rmllatse)(/'\ress%r})?aﬁrﬁ{dk on bQ%?r?Fged uLxﬁ?mz 48 pane

A synthetic |inker contalnlng the restr 1 on Si
Pae [aodshyiffan Z &4 |regiqus, igentidicd ivthpibles ahave- cl oned i nt o pBR322
that was cut with EcCoRI and Ndel. The left end (bp |
to 3618) of Ad Pan7 was cloned into the |inker between
t he Egmraple &indereméion ofiGeld &.ines BpeessnpChinpanzes ABlenonviss RIHRzoteins

1%)(0' S ed I\SEIPI”HeE }eﬁés 1 élq;r&elﬁsna%e%?qm & i lg)JF;na%gééhlnE H%E]aa(RITCC

c as é@@ . CEbB iBHlet Rldseld(mEMM)Thpw celt knephameeful foFtie

res
P < n B BSBIGRAAEm Efey WhPhokt Be Bl oo P of
i ns @enoadr Vil BNA andithe prprassignt plasmitls deshribed abrse.r Tratbsfection of these
( PPROYVRGER 1421 b
o %gahn@h%r:l %C] Y#Weg rﬁsgﬁ??ﬂ;%nﬁéﬁl‘#ﬁc?%n o? &E&BWY Jht]%za%ze(: %g‘enop fruses
1351 theyefiomtag: perfermed by @etbwhgmvantbeqlm@themAdmovamas Eedﬂ\:san
L0 QEREVALE [fe CUTMoRN R, dRd a%lvgau' er §4n008 s,
del et ed adenovirus Pan7 suita t he gener at i on of
r ecombi nént %ﬁ@%ﬂﬁé@@ﬁ@éﬁ!m@wm a desired
transgene is H&%@élk%ﬂldcmtd%aésf&?e tan Fed v&i‘tﬂqo g ﬁg%?banél E1

sites of th l%@cr eate Pan/ vect or
CondNVAesinggCedptest Dl Ehumagn Wpmsaly Sveqdenwe@ct @Hcswxmhe

28 €N ot fRolrB® phRseIT L R pcﬁg@ﬂ%&ﬁmﬁeﬁ:eﬁg anLBjDthc? foRhhree

the 20 plasm d is co-transfected
ex prHs ﬂl‘feE’] shocle(d S¥orelyesioldinHeges Bléff@mdé@bnengf{ 71@%\6’?@&@ ange in
cel IpMEM erel) 6/ F 188 (,@% Gl ’ﬂ‘ecﬂnbﬂ leso Fnc@ Gl Lsidnl rl@ip nEd]a

prepared as describe herein. expr essi on
i n tsmieﬁla&tkwﬂhb()/ew 1pdieniStrep, thn@np@pned Easik dpurastg7°C in the
paclkpgt G&cﬁlfedtnfé@ia ﬂi’eﬁ?aﬁslﬂcte‘d r&&lﬁ aft tlYe'nrsFlQ Tht& ?ﬂe lSng plates at

anot her enb ka cell trans
25  ratios of 1:20, 940 1: 80 1: 160 and 1 320 gFollowmg incubation at 37°C overnight, the

media is supplemented with G418 (Life Technologies, Inc.) at a concentration of 1 pg/ml.

The media is replaced every 5 days and clones are isolated 20 days post-transfection.

-

Hela E1 cell clones are isolated and assayed for their ability to augment
adeno-associated virus (AAV) infection and expression of recombinant LacZ protein as

30  described below.
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with pX Pan7 LElI is transfected with an adenovirus
vector as descri bed above bearing 25 the transgene of
i nt erest. Honol ogous reconbi nati on occurs between the
hel per and the plasmd, which permts the

adenovi rus-transgene sequences in the vector to be
replicated and packaged into virion capsids,
resulting in the reconbi nant adenovirus. Transfection
and purification is as described above. 30 Exanple 7 -

Generation of BPl asAAY AlgedeatSorEXREPRS mgﬂﬁ%?lfﬁlevr%%ﬁ@&eﬂ

Pl asir.i d vectors are constructed which enco
INES .
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G i f L he . .
also be used to quantitate levels of antigen, where the marker expresses an antigen. The

assay is not limited by the identity of the marker gene. Twenty to twenty-four hours
post-infection, the cells are stained for LacZ activity using standard methods. After 4
30 hours the cells are observed microscopically and cell lines with significantly more blue

cells than the A549 or HeLa cell controls are scored as positive,
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above described nedia. The transfected cells are then
split into duplicate 15cm plates at 25 ratios of 1:20,
1:40, 1:80, 1:160, and 1:320. Follow ng incubation at
37*C overnight, the nedia is supplenented with G418
(Life Technologies, Inc.) at a concentration of I
gg/m. The nedia is replaced every 5 days and cl ones
are isolated 20 days post-transfection. HeLa El cel
clones are isolated and assayed for their ability to
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B ( Q\ﬁb@&dfu@ Th-ghz?yo%s w§1%qyc%9r?eq go en%al Salglm

generates a novel recombi nant assoei’ tﬂéecPa{ﬁﬂFrlﬁC“ons
(r AR HEB S%ﬁi for hirtergthicraalysis Ztiezoh sige peintechindl @leddingas
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26 oi Aowererdhis may by (Fealﬁaé e certain circumstances, to reduce liver toxicity observed
for huAd5. The gene transfer efficiency in muscle varied less between ser otypes.

B. Mouse study to feasibility of re-administration of adenovirus vectors by
serotype switching between Adhu5, Pan-6, Pan-7, and Pan-9 vectors
Mice were administered (C57/BI6; 4/group) LacZ vectors based on
30  huAds, Pan-6, Pan-7, and Pan-9 (H5.040CMVLacZ, Pan6.000CMVLacZ,
Pan7.000CMVLacZ, Pan9.000CMVLacZ; 10" particles/injection) by tail vein. Thirty

days later the mice were re-administered adenovirus vectors expressing o1-antitrypsin
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medi um cont ai ning 10% FCS is added. It should be

under stood by one of skill in the art 25 that any

mar ker gene (or reporter gene) nmay be enployed in tile
first AAV vector of this assay, e.g., alkaline
phosphat ase, luciferase, and others. An

anti body-enzyne assay can also be used to quantitate
| evel s of antigen, where the nmarker expresses an
antigen. The assay is not |limted by the identity of

t he (BROJ0EMGHIAT, Tave.000CNIOLA MEN b yrof '%&ml@so%% 0Q0CMVhAIAT,
s are stained fo

pos! cell
act | %}}9'7{98@@%1%}[ Qﬁ {BATEISoERGem): Spgopsshul taangblcmmyshetlhe
cel hdmiaistered lysogurianonifoed 6% GefinGRl shmm@mdnﬁ‘fc%lgém bh BES 3 Wl

sig Ik . blue cells than the A549 or "Hela
ﬁhbw%?Qé%gmn'éggcored as positive. 69 Exanple 9 -

Del ivery of Tihaniliznéadeootiostectonlbased BehABUPdnld) an-7, and Pan-
" SCRRRb ARy GRLIRALIRALRLSRONL LU HESErl e S RLE,
t r aths gthrseratypas Wardataimisgd, Tlpn@@rabﬂawmwnﬁn cell. For

. " .

exanpl e, foH#mm#urTTﬂuuuualion of—the—reeconbi nant
virus, humaneghryonigsdk Y 4 .S are infected
at an MO of Sglj%oart cllejs?&%ﬁn Czoesf'lnéutréﬂlmé&pressi on was
docunment ed 24 hours post-infection. A Cene Transfer
in Muse Nb%éﬁ@ﬁvia Paiwd, ParYed(+vacdtblan-[9 vectors

Gene transfer efficiencies and toxicological profile
of reconbi nant  chi npgpzee adgpoviruses were conpared
in nmouse liyer directed gene transfer, nouse 10 | ung
di rected gempe transfer, and nouse muscl e direct ed gene
transfer. E| -del et ed®adenovi Nal vectors gont ai ni ng
LacZ under fhe control of the CMW pronotegr were
constructed|using theahoqbss)ques herein fdr human Ad5,
chi npanzee 4Wy+43-—eh##pan;ee_Ean_Z_and_nbinpanzee Pan
9 (C68). The tors re deljvered to
i mune- def i F%h i ni c&°(80 for eadh study) as
follows. Fof the I|ver study, 100 15 gl (I} x1011
particles) yere injedred intoYeh@véahlolyei|ln. Forthe

| ung study, } 50 gl (5 xlOlO particles) werle delivered
intratracheal ly. Fort)) nusclg study, 25 gl (5
x1010parti c| es) mere |nJecte into tibiallis anterior.
The mce wefe sacrificed on days 3, 7, 14 |and 28 post-
vector injegtion (5 éh¢ﬁé¢@0p§p group at dach tinme

poi nt). At FachTecropsy,; —the—HverHurghnuscl e
tissue was npmvest ed papgk prepgped for crygbl ocks and
par af fi n 20| enbeddi ng. The cryobl ocks werg sectioned
for X-gal staining and the paraffin sectigns are H&E
st ai ned for| hi st opat Rf%anal y¥¢ss. At each|time point,
term nal bl peding was perfornmed. Serum sgnples were
subjected tp liver feacyion tee&l(Sve control)

Pan-9 (C68) Yes
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It was observed in this experinment the chinpanzee
adenoviruses Pan-6, Pan-7, and Pan-9 were |ess

ef ficient than huAd5 in gene transfer to the liver and
to the lung. 25 However, this may be desirable in
certain circunstances, to reduceliver toxicity
observed for huAd5. The gene transfer efficiency in
nmuscl e varied | ess between serotypes, B, Muse study
tofeasibility ofre-adm ni stration of adenovirus
vectors by serotype swtching between Adhu5, Pan-6,
Pan- 7, and|[Pan-9 vector$ M ce weye, adm nistergd
(C57/ Bl 6; 4/|df bugslioacZ Yot infctopSes-1Rhral3fich WAdS,

Pan- 6, Pan- —ant—an—9——841 .
Pan6. OOOCWI a¢.Z n7. LacZ,  Pan9. OCOOCCWlacZ;, 10
1 'particle ??[ﬁfg%{éﬁon) bR | véih. Thi rty ays

ce were re-adm ni stered adenovirusjvectors
expressing al -antitrypsi nPangs (H5. KODCWhHAI AT,
Pan6. Al AT, Ix1 O particles, Pan7. OOOCWhAI AT,
Pan9. COOCWHhHAI AT, 101 ' papdnicl es/ ipjsection).
Successful {ransduction by the re- adm nisterefl vector
is nonitored by neasuring serum al-antitrypsinjon days
3 and 7, follow ng re-adtA"m&PPatYesftvesomed ability
of adenovirus vectors based on, noAdS, Pamr—6—Fan- 7
and Pan-,9.respectively to transduce the livers of
mice in tHEY Bf €°§té’i:?é%t"ﬂ¥d‘ﬁ%&‘f"ﬁ%?llivil'l ih the aresdnboafinesratizing
t heamibbies tsethartsyipgpesvas determ ned. The results are
%ﬁbulat here. |I't im ection 2"d injection

oss- neut't AP PYUEHBHWINEHAS dgsmotmprevens r¢-adneinistcatibn with) either of
Panthe cHﬂﬁpdﬂ&&-aﬁedUOlrusR@diorgPe(n% 8)n-NQ PanE?Z@F@, ’é’}%g%?pe%em also

Pan-6_Yes . (+ve ﬁontroJ Pan-7 Yes
PanZPPRA (B RIG thabaap-bis YetweenBam6 ndvRas-9(in-the spotnitnt afl shtigenic
Panreftefie68gnd ¥@Ss-reacts with both; however Pan-6 and Pan-9 do not neutralize each

|ater the m

other. This is a surprising result based on homology comparisons, which indicates that |

10 Pan-6 is quite distinct from Pan-7 and Pan-9. Evaluation of antisera generated against

Pan-9 indicated no cross-neutralization against Pan-6 but some neutralization against Pan-

7, arguing that Pan-6 is distinct from the others.

15  Example 10 - Generation of Recombinant E1-Deleted SV-25 Vector

A plasmid was constructed containing the complete SV-25 genome except for an
engineered E1 deletion. At the site of the E] deletion recognition sites for the restriction
enzymes I-Ceul and PI-Scel which would allow insertion of transgene from a shuttle

plasmid where the transgene expression cassette is flanked by these two enzyme

20  recognition sites were inserted.

25

A synthetic linker containing the restriction sites Swal-SnaBI-Spel-Afill-EcoR V-
Swal was cloned into pBR322 that was cut with EcoRI and Ndel. This was done by
annealing together two synthetic oligomers SV25T (5’-AAT TTA AAT ACG TAG CGC
ACT AGT CGC GCT AAG CGC GGA TAT CAT TTA AA-3’, SEQ ID NO: 38) and
SV25B (5’-TAT TTA AAT GAT ATC CGC GCT TAA GCG CGA CTA GTG CGC
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" injection 2 d injection Cross-neutralization Pan-9
(C68) Adhu5 No Pan-6 No Pan-7 Yes Pan-9 (C68) Yes
(+ve control) Ability of vectors to transduce nurine
liver in the presence of neutralizing antibodies to
ot her serotypes. 5 Thus, imunization with huAd5 does
not prevent re-admnistration with either of the

chi npanzee adenovirus vectors Pan-6, Pan-7, or Pan-9
(C68). This experinent also appears to indicate that
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of RIS ol s ) o Moth R Rplsema O
excepite. by lealﬂtmgemgmmeeaselcgeﬁtd veithl Iamnmrand #E cdnbtalcsapseogfwas
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MR YRR C 2S5 o LRGeS

lin k@ﬂnsemtmatf’ meﬂéwlr?@d PESeef sites pfghe m;w!}ecseated pSV25 vector plasmid.

Swal - SnaB. b
BRa2> 1 oo St WS VSRR e Mo RR, FOPRRIC Ml essip
E? Hﬁﬁ@éF’fHﬁs'?’b@éﬁﬁ%wC‘tlmlymcdwletthecplwmdgﬁlmm(mﬂ%ﬁlj was

5 il I i A

EBGA @Fe%%éd C‘ﬁl_tljﬁ_{g Aeﬁlﬁ‘% o-g%@yé%l F%ch(a{:d ﬁ%ltegg\to pSQg; (or

Sv2580ter of A PrglimpraiteEeanT AR BIHERAd METIEGHR: :

TAC , ) idsert
%SFMHEFQSTX d (ﬁi@5b sz ﬁﬁgst%&qil 'SanErg sclfpggfe té%ctenal

( pr P ?Samhg@ﬁbonsm flaasfmdzyy the{E1 Admsieeitinge!! dhoHBK 2Dt About

[h e a s r at e ne icati
n e 1oectaw1et , laRiepatihes e 2?%5@“@'& EQ@L %ﬁ% g%?ﬁf tixe

SV25VIWaS b SSﬁ"@é‘?‘ﬁﬁ?“SmPﬂb"flaPﬁléé 26%%%%@!1@ vegtor|ekpressilg GFP

EcoRvasgbtfesied by applying the supernatant from the transfected culture on to fresh cell

cultures. The presence of secondarily infected cells was determined by observation of
green fluorescence in a population of the cells.
25
Example 11 - Construction of E3 deleted Pan-5, Pan-6, Pan-7 and C68 vectors
In order to enhance the cloning capacity of the adenoviral vectors, the E3 region
can be deleted because this region encodes genes that are not required for the propagation
of the virus in culture. Towards this end, E3-deleted versions of Pan-5, Pan-6, Pan-7, and

30  C68 have been made (a 3.5 kb Nru-Avrll fragment containing E31-9 is deleted).
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s The adenovirUS El was then excised between the EcoRl
site (bp 547) to Xhol (bp 2031) fromthe cloned |eft

end as follows. A PCR generated |-Ceul -Pl-Scel

cassette from pShuttle (C ontech) was inserted

between the EcoRl and Spel sites. The 10 154 bp Xhol
fragment of Ad SV-25 (bp2031 to 12185, SEQ I D NG 29)

was then inserted into the Spel site. The resulting
plasm d was digested with H ndlll and the construct
(pSV25) was | 83 dasmed Bhehded velrserti ng the 18344 bp Ad
SV-25 Hindl || Ira}%@nt bpl 1984 to 30328, SEQID

NO 29) to genBHAtEedprenpiEreavideves fragted it Bfenginuclease to
del ettt A58 ROFhguLA OMARiIng HH3AEY ) ch@Fe-diBRatd Sﬁa‘%!fs-?;ﬁcgﬁﬁ‘with
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P SeeL ARl B T PR EE A et G n vl
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ane enzyhes. ., Lhe.resyltin | asm d (pSV25G-P) was
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Ad b ral..ve [ e ssi ng- GFP,
comflé }(f%?rfelg?a%@glgg%ﬁrgl%# 51?4}%8’11303 garnﬁééigﬁ? Wt %‘\%?IP’I‘FS tato pPan6-E3 to
151 arfepie pPE@-FE3opkGIP avith g 4tkb deleteontin BBl | cul tures. The
presencecol SesaIday bhy dliPa gfel | S vas deter mi ned

0

by observation green uorescence in a popul ation
of the cells. TiESamxdmolewdsised tCahisve B deletionsafi b&B vectors. First,

del =0 . Pan- 68 .vectors | T der

(o £ KOy Reo A B B B0 SRR NBUETR Ska
Vede@e.gq oftB3cbyRu f digistion. Thawesultag plabmiti ederbeeatidSathtIpt Sand Avr
o€ Oy %b@aﬂ{:@gﬁﬁﬁ‘ fs al;drb‘%ne s %%ﬁ’;- p[c&ﬁy éln(rge ?n]:?gprkﬁi’P gt Avr ]

propagatlon Of'_ eVIYU$ I n tuare.
endsiteEg repicethe grigie! 53 eantnindis ADal figmpres repeciaiy: The MabpPan’-

30 BBk MdPPRD-EIR PG KPR oRstRck Jikedp@gment
cont a?ni ng E?l- 9 i sgdel etoesd) ?t %b‘%ﬂ@gs géelFtéotnséd Pan5
based vector El-del eted pPan5- pkGFP pl asm d was

t r eZxedpleil 2 h CArstruttionef #8nand|FdakRtdd®ani7sedtat € a 5.8 kb
ragnment Lni,ng. the E3 regiop and re-circul ate
2 P, O ALEE IR Seh 0P bR e B BiRS g (it senseta
- pPaa&nplitiSHRIEEY rekders them réplibmieninedrigeent, txpeesforBoritht aBdtoviral
vector backbone genes is not fully abolished. Deletion of the E4 region considerably

attenuates this residual gene expression and may confer a safety advantage. An E4-

N

deleted Pan-7 vector containing a 2.5 kb deletion (a Pvull-Agel fragment containing

30 E4ORFI1-ORFY7 is deleted) has been constructed, High titer stocks of this virus were

generated using a HEK 293-based cell line, which in addition to E1, expresses an
essential E4 gene (orf 6).
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5 11 fragnment was subel oned into pSL-Pan5-E3-Avr ||
for a further deletion of E3 region by Nu I
digestion. This led to a plasm d pSL-Pan5- E3-del eti on.
The final construct pPan5- E3-pkG-P was produced by
renoving a 4.3 kb Avr H Spe | fragnent from

psL- Pan5- E3- deletion plasmd and inserting into
pPan5- pkGFP- E3- Avr H at Avr 11 site. IIl this final
construct, a 3.1 kb deletion in E3 regi on was
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ori VA§ nts, respectively.
The AR e e GRIRE i feoptand-BeoR
constB4at EeoRlaite f@losvek by didbg d8IkeWivoD Sragdrt@iighe 12 -
Con f d t vector 25
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r epliag gtgnt, expression of the adenoviral
vect.or?g%jack gﬁéﬁggneg is not fully abolished. Deletion

of the E& regirgndussne ojﬂwrz@‘@hqcassatt&s@mhagee& o;fbw& est including

resigd r onf er S
vy e BB Bt R e DY 05 sy pig o6Per
2.5 Wfodel etion (a Pvull-Agel fragnment containi ng 30

A0RFI - ORF7 t ct
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del et ed
25  swapping w1th kaFP cassette at I-Ceu I and PI-Sce [ sites and screening a

few white colonies for correct recombinants.

4, Rescue of molecular clones of Pan vectors with multiple deletions in
early regions and virus propagation
For rescue of E1-E3-deleted molecular clones of chimpanzee adenovirus
30 vectors, the clones were linearized with appropriate restriction enzymes and transfected

into regular 293 cells. Once a full cytopathic effect (CPE) observed in the transfected
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resulting in pPan7-Xba |-E4. pPan7-E4- pkGFP plasm d
was generated from pPan7-Xba s I-E4 in two sequentia
cl oning steps, adding 19 kb Xba | and 15 kb % - Ceu
I/Mu | fragments, both of which cane from pPan7-
pkGFP construct. 2. Introduction of E3 and E4 del etions
in Pan9 vector A 11 kb plasm d, pPan9- EcoRI

containing E4 region was created by retrieving | | kb
EcoRl fragment from pPan9 pkGFP after EcoRI digestion
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?cooibehalg el AlhERPhg helt it RF pERLTE cobihe petos

wer én tvhiehnthe enmgeuie pastaﬁesa#nrﬂmmémto tacidae vl E Ligelbiaak Thne

| asm Pan P h. vario del eti on
e e R T v
1Bl - Selgs tor laige-etglcemdﬁWDreemg@CbsecﬂnemntaﬁunmetlmdI onies for
oS RIRLARA BuFESEARRY DR e
r egiponisced naevaivatg shepreipgivg anmmmgﬁmlty felowing apfntr amuscular
El - B3 &%&ﬁ gﬂxe%'ﬁ%’ Lé's@l(;bl‘é b?(ﬂ%ﬁla fEb%Eh RBRZ HBons, Bopd

adenov were’linearr zed
Wi t Ebapst Bprd et quﬂé&and thAéﬁ Wenqzyamsedamthe tnutahfafccem ed

Jont Nt QuiaRg L&oathe%gé sEiftnhred mﬁeefo@ovmag thIC Wile %Ql&wgg fect
( E) 75 ceI

observed in the transfecte . cru
| ys apsiclim@eral of édtbrrodier w4 sapkfied fiom infgeied 39P cgfls pags
| ar gensRMdyispdcREihoRfsiry rhd@ng, Vi ruses were purified by
Csd sedinentation nethod,
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For

T

El -E4 and El -E3-E4-del eted Pan vectors, 10-3

cells, a 293-based EI-E4-conplenenting cell Iine,
were used for rescue and propagation of vectors. E4 s
ORF6 gene expression in 10-3 cells was i nduced by
addi tion of 150 AM ZnS04 to the culture nedium

Exanpl e 13 - Vaccination with adenovirus vectors
expressing wild type and variant EbozZ GP. 10 AdHu5 or
AdC7 vectors expressing Ebola envel ope chineras were

pr OdM};ﬁpermﬁanrbfwdm_dr AU A d @bl iR vePElch B Ziviriant.
C57BL/ 6

m ce. Reconmbinant viruses wth different

viral backbonggagere created by nphegul ar cl oni ng
method in ich the m npggne casSettes Wwer epgdiserted
into the placepf El-del gkigons. Tihge nol eculyagq cl ones

of all reconbj t virusegpyere regeged and @mpgwn up

in 29%pd5 cel i@yhpr | arggedcal e pygibmicati onolfsi ng.

Csd sedi mentation net héd. Five EboZ variants encoded
by Adt#ewwar AdPan7 (C7) wgpe sel ecyed and prgduced to.
evaluate their relative i nmunogenicity follow ng ail

i ntraggsscul ar49Ad injectigon. The wg Ebo, a sgl ubl e Ebo
vari ant, EboA 1, EboA2, EboA3, EboA4, 'EbOASS,
EboA6ghoaRbO, &5 and EboA®S were egyal uat ed i mgat he

initial vaccine 20 studies. For the data summarized in
t he fedodagwi ngiyabl e, thegnunmber ofsviral pagsticles

(per M or total) produced and anplified frominfected
293 ceddrg was3 establishad by speafir ophot onegy y

readi ng. .76 Tabl e: Production of Adhu5 or AdC7

Adenovi r vect or, encodi. EboZ varjant. HuAd5 Ad
Total Torteetr S R g ey Gl Bbpecqhielan i e
x5 ( iicx arfdaiecprdsorcg ofivijus €itralizingbOflibiyg (VN AO was@lad)ated ER dayatlater

2.6

2.6 43 e R lndredadh BB EBORRe Bucha Sdlofh 93

10

15

glycoprotein. VNA is defined here as serum.antibody able to inhibit transduction of HeLa
cells mediated by HIV-based vector pseudotyped with the wild-type Ebola envelope.
VNA to the EboZ pseudotypes was detected with AdPan7 (C7) yielding higher
titers than AdHuS. The EboZA3 elicited the highest VNA in terms of the transgene
targets. For the data summarized in the following table, neutralizing antibody titers to

HIV-EboZ-GFP pseudotypes (reciprocal dilution) are provided (IN=5 animals/group),

VNA Titers

EboZ wildtype EboZs EboZA3
AdHu5 12 16 12
AdC7 44 12 140
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Vector was adm nistered intranmuscularly (1011 genone
copies/cell) in C57BL/6 5 mce and the presence of
- virus neutralizing anti body (VNAO was eval uated 28
days later as a first neasure of an inmune response
generat ed agai nst the Ebola envel ope glycoprotein.
VNA i s defined here as serum anti body able to inhibit
transduction of HeLa cells nediated by H V-based |
vector pseudotyped wth the wild-type Ebola envel ope.
VNA mmﬂelElemedi@ked ER&Essiva st BefieplbRehsW t h AdPan7

yi el dIY"gS O tlters t han AdHuU5. The EboZA3
eI icited ¥ eﬁtf@ﬁsefgfvwm e 7veqtors exprestitebbolagnesiepn groteins and
targ ateﬁEbolEﬁiicldahﬁm@éli [BvEbERMitla%e dTHebe drO@irebRd loQaid? gvaluatlon of
tabl e ¢ utrab Sb@b\/g %tlt s to H V-EboZ- GP
psculBEgRE iy PG siey InmusspleRly QAW (hAghus or
ani Mehis7 euposgyg eachVdiA Fhotaené cdnbiauéiswi | dl ype EboZs EboZA3

AdHu5 12 16 1 [ 4 77 Exa
Pan7- FTEdIé;lt ed @ra g@%‘fm Egg/fé(%rﬂf’ﬁﬁ’éﬁeffgy%ﬂ%’éfidhu-s or Pan-

st ud|7ce§vrte.mngvkzlElmfceerBamns?mwectors expressi ng Ebol a
envel ope prot ell ns ?ﬁ@g Ebol a nucl ear anti gen have
T

] 6een initiated. léengf é"pd""i"?gf’é'awf BHALEYa &YW uat i on

of neutralizing aNcuttKhduh@SntibﬁHy@ﬁKB} r‘e@poﬂﬂeﬁo théEbola envelope
nuscul hu5 or 5 Pan-7

éggfg\égl‘%ﬁé nzte‘g c’f l°016?g % "E%Bé‘%fmé‘l’?{}seéﬁﬁg‘ﬂ@&q Reutralization of a lentiviral
Eval (&) &wtcmbse@a'dlﬁned) witChEBevkR| dingRicts (HESS, NTH2VWITDE NTDA4) of the

Ad h %%bﬁ erJ:> QlOpe c%xr%{eu > %SQEL[R,:& %E%)/{: %lcgg%pggd\r}llsqtu{%%t?amusculal
Neut nr_attctuzn_ Qf g xd@ Ipbtbldlﬁs KekAB)ise oS P QIUSTRIS-7) €ncbdigy RG] eﬂvelope
enve I nmun

crvel s, Nl AURIVSES Bl PRI RL I 100
QB V)Zalmwptymiéﬂérowpmjcthgifoxtmlasmxmadsbmmsvw $vas

Ebheu r © i ution at inactivale
éleycé)n r%%g?on ZNTQ?EW (NCEH ﬂ% &rp_té,]?t I(:JPI?J ?ie%cg a? d d‘lE)Oé]SCSﬁeHla" e

intr mc“i Fﬁoéd’flihéwumf E®Z#IYG~@92 yearthemoiselsto efect HeLa cells

use adr 16Kr e(t MCP&K&CWJW%@ Rebald b?b{oéa?stﬁﬂxféﬁﬁﬁsd\fceﬂ e etls

Neut r al | Zi ng a.@ ‘%F%l s eval uated 30

post POIE 9 rgalgptost Piplizipg iecrepr qssntzw splempm@mt dijytieh

kb vV WGQE 6)60% deopedbanig tlfteElmBel‘%@B-@Qic@b%id%%@sxtwe blue cells was pbserved.

(Ebo %ex e a]?:ZQe g@g i ncubat ed , f or r at 377Cw ?1

di f 7 &F gﬁ’f §PYES ‘i'i F PYSF g%{{lunllzﬁfg@t vhich cogsisisstjin a smgle mtramusculal

- ser (t\b) administration of 5 x 10'° particles/animal. Neutralizing antibody to Ebola
pseudotyped HIV could be detected from all groups with antibody titers ranging from 20
for Ad-EboZ (Adhu5 expressing EboZ), Ad-NTD3 (Adhu5 expressing NTD3) and C7-

25  sEbo (Ad Pan-7 expressing soluble EboZ) to over 130 for C7-NTD3 (Ad Pan-7
expressing soluble NTD3) and C7-NTD4 (Ad Pan-7 expressing soluble NTD3). The same

immunization strategy in BALB/c mice resulted in lower neutralizing antibody titers for
Ad-and C7-NTD2, and NTD4.

B. Cellular Immune Response

30 The cellular immune response to the Ebola envelope in C57BL/6 mice
was evaluated 8 days after a single LM. administration of 5 x 10' particles of C7-LacZ or

C7-Ebola envelope variant per animal. Mice were vaccinated LM. with 5 x 10'° particles
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Fol l owi ng the incubation with serum EboZ-H V-LacZ was
then used to infect HeLa cells for 16 hr at 370C.
Infectivity was reveal ed by X-gal staining of
transduced HelLa cells positive for J13-gal actosi dase.
Neutralizing titer represent the serumreciproca

di lution 20 where a 50% decrease in the nunber of

- 13-gal act osi dase positive blue cells was observed.

Sera were coll ected 30 days post- immunization, which
consif§¥7 encorling facj angbela envelopamag ot Spienic d}lmpM)éytes from immunized

adm
RO PETa BLoRe o o3 ool BBl HoSLERHET Tl witedenoels
be dérlenda apioexiesfrom dntrgatesimpice mfectbd widinbinko dhdeddvirerssrotype 5

e oS Y B e AR P BBBAG: RO Ry
Pan-WergRgsiopacdiusige s6r-labaled spngemy Chbeedywanste@er Wit anERprdERDS

(Ad Hgap- 7 expressing soluble NTD3) and C7-NTD4 (Ad

Pan-7 expressi ng sol ubl e NTD3). The sarne
i muni zat AR MECagsrided ciatorr & lymphecyte(€TL) webonss wapolserved

neutfici AlZAdPgn-a@hdoBRg Yor Eh d
nﬁ%@ d]-’?l ug?]b l %une&%e@elg% veal lé‘gs Tﬂﬂﬂl é]%r Mgpggs’e s
NIR3 sENTha iniizeg pica 1 et cBprioricells EOMELT Goqdingdibola
wgs eav&idmﬂaflmﬂt ihhalyed @ikcd REogniz&d I%tﬁk@raﬁsf%ed& etL cells and gave
SRR Ao IRl 08 LS8 et e
vac cetefr@undiveldr LauZtinmbnixed bortfd! pRE CorEinemg cht&yé?ﬂ‘ wés §pecific for
encqﬁdoﬂg ‘!,ezflo% aﬁ{ efsP0l @. envel ope variant. Splenic

l'ynmp ocy I'mmuni zed mce were collected 8 days
post vac@' nat PmtecawdStsdzemul ated in vitro with feeder
rom unti,eated mce

el s (spleniy hoc
1|C5nf ected wit hJr eunrlr%swp % ‘?ﬁ‘éa \afinedt A (A Pan-7)sneqstinerer the
fS or Eblad vaviahtd-as ypleceﬁﬂfujlv&cml\tﬁhlw&as&@&sésﬁ ﬁrgﬂbtﬂ)h%{a)mst weight loss
t a pertior usi n -
o MR e B Bl R 44 e LBV mice
ex pr\'@ggglmmugfze Elfozsingle doesiftSinie' vkiGeleaimet &l @Slper fonmeg
cyt observe
£ orbr ey dod Wy le ik hal LR WS S0H1Y B e e
At I’F‘bﬁlal%aﬁ‘h@r day$iatsty Méomqoblmce (Fgle adTOBL0L) difd¥étween day 5 to
| mMMuay g ﬁéht-ahaqilamge |IH G&Mst afth b mkE Ht%mfh (IR il £ C7-sEbo group)

encodi n Vg 5b Hég Ee vari ant I mmuniized

r ecSNoe e ?’gFP"’ét UefdE target cells and gave
r ecal | ) CWenmlelsm essewpd tr@n &Q%v&d@ﬁlﬁtbé Whh d:‘/ §Et§> frohaea§§4 to day
than7 EA) %5 sssuc%as @ ecti rgl fmec Oro Cell |

naYve RPYEY (’:8'?1? Jlompelito seyae ‘?ﬁfﬁ sa/gvctewéio noted
dsy's |fs>nwa$e sqyeloatéd witlf G-sEbENITDR. .00 Waho B&w@dﬁtd'age Btay & Mice

Pr Otu%%hmge% v§ {h%j]l EboZ and C7-NTD4 did not show sign of illness. Overall, & single

dose of C7-EboZ and C7-NTD4 completely protected immunized mice from illness and

death possibly due to a significant T cell mediated immunity.

30
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The nost direct nmeans of evaluating C7 (Ad Pan-7)
encoding for the EboZ variants as a succes sful

vaccine in mce was-to.assess protection agai nst

wei ght loss and death follow ng | ethal challenge with
nouse adapted Ebola Zaire virus. BALB/c mice were

i mmuni zed wth a single dose of 5 x 1010 particles per
ani mal as perforned previously-and vacci nated ani nal s
were chall enged with 200 LD50 of nobuse adapted 20

Ebol a Zaire 21 days later. Al control nice (vehicle

and C7 La@@ﬂodﬂﬂn&dts b&t’c&tﬁﬁaﬁvﬁz&& indorpérated Bdteid by reference Numerous

post hal | enge. . 1 n cont al | vaCC|nat

Do MORGHtas it \ana P el 5 bt invalfipy i G HLIn the soope of the
chal h@%@-&le\tﬁlﬁéﬂ dpbifiutid@indQue expddddh be biRSchs YPShe P BIEN YiEHe art.
fromm. ce vaCC|nated with C7-SsEbo frorn day 4 to day

75 sPumanedifigafipnicnd alisitions o th qoywesiiunsaphpigergses pbie plesent
I'i ghfnvbRioREMER 8s Aeﬁt:tlﬂﬁ‘x% gf" dlﬂ@xre@t n@h%@na@ Bt s%f!:ctlc](nro‘? b g@f the
vaccinated with C7-sE t ween

t o dH§etors onmpine mmﬁtozs@ep Wlt:\h?d Grbeppigin aanelcotw of\th@zﬂamsd
not Wieai@RtPf illness. Overall, a single dose of
C7- EboZ and C7-NTD4 conpl etely protected i mruni zed
rnice’ fromillness and death possibly due to a
significant T cell nmediated immunity. 30 79 Al
docunents recited above are incorporated herein by
reference. Nunmerous nodifications and variations of
the present invention are included in the scope of the
above-identified specification and are expected to be
obvious to one of skill in the art. 5 Such

nodi fications and alterations to the conpositions and
processes of the present invention, such as
selections of different mnigenes or selection or
dosage of the vectors or inmune. nodul ators are
believed to be within the scope of the clains

appended hereto. 80 WHAT IS CLAIMED IS: | . An

i sol ated sim an adenovirus nucl eic acid sequence
selected fromthe group consisting of: (a) Panb
havi ng the sequence of nucleic acids | to 36462 of SEQ
ID NGO 1; (b) Pan6 having the sequence of nucleic
acids | to 36604 of SEQ ID NO 5;
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(c)
.3653
nucl
havi

Pan7 havi ng the sequence of nucleic acids | to

5 of SEQID NO9; (d) SVI having the sequence of
eic acids | to 34264 of SEQ ID NO 24; (e) SV25
ng the sequence of nucleic acids | to 31044 of SEQ

ID NO 29; (f) SV39 having the sequence of to nucleic
acids | to 34115 of SEQID NO.: 34, and (g) a nucleic

aci d

(a)

t he
repe
regi

sequence conpl ementary to the sequence of any of

f). 2. i sol ated sim an adenovirus serotype
nucl%ﬁﬁ? i - ce selected fromone or nore of

group consisting of-, (a) 5 inverted termna

t (1TR S th El
on, dr & SGREREImERbeI NG AR CET iSO AL

13S,gr&@$oﬁmﬁm93 regions; (c) the adenovi rus E I

regi
grou

on, or a f nt thereof s ted LO {Fﬁ§ﬁb
p consi st Iaﬁgg a\{l% 1€ ?ngmnce]oefnrlc eic acld.lil t 54% 5

regiN@g; (d) the E2b region; (e) the LI region, or a

frag
cons

ment ther fpaésglgé‘gé @{%séq]ben?tg & ﬁ&él?{b@ds 1tt$1 ?6665 8tékqQ D

i sting of

agnoNOdt ei n, 52155 kD protein, and IIIa proteln t he

L2 r
grou

oo o BTk el e e

p consisti’n

prot®és; (g) the U region, or a fragnent thereof

sel e

or endoprotease (h) t

cted -fromyfe STEnE sdgPNed oFhlidMic &fdsﬁ '&?34‘9%4 oifsﬁa&ﬁmo

2a protern-, (1)

regléﬁ or a fragnment thereof selected fron1the group

cons

md VIII; the

sel e
ORF2,
ORF8

i sting of ¢ 2@2399{1]@1@%&&%&% nilcRR 28id$S1 1oBPodHITBEQID NO:

3 region, or a fragnment thereof
8%ed fi-omthe group consisting of E3-ORF1, E3

E3 Q?F3 @3’3%&@ t@e% of BRud¥RELids B30 34ME-65 SB@ID

and E3 F9;
NO: 34, and _ |
' (g) a nucleic acid sequence complementary to the sequence of any of ()
to (f).

2. Anisolated simian adenovirus serotype nucleic acid sequence selected
from one or more of the group consisting of;
(a) 5’ inverted terminal repeat (ITR) sequences;
(b) the adenovirus Ela region, or a fragment thereof selected
from among the 13S, 128 and 98 regions;
' (c) the adenovirus E1b region, or a fragment thereof selected
from among the group consisting of the small T, large T, IX, and IVa2 regions;
(d) the E2b region;
(e) the L1 region, or a fragment thereof selected from among
the group consisting of the 28.1 kD protein, polymerase, agnoprotein, 52/55 kD

protein, and IIla protein;
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(k) the L5 region, or a fragnent thereof selected from
a fiber protein; (1) the E4 region, or a fi-agnent

t hereof selected fromthe group consisting of E4

ORF7, E4 ORF6, E4 ORF4, E4 ORF3, E4 ORF2, and E4 ORFI;
and (in) the TITR of any of Pan5 SEQ ID NO 1; Pan6
SEQ ID NO 5; Pan7 SEQ ID NO9, SVI SEQID NO 24;

SV25 SEQ ID NO 29; and SV39 SEQ ID NO 34, or _
sequence conplenentary tq any of (a) . to . 3. A

si mi an adenovi rus (grﬂéﬁle% rﬁgle%ebagregrw% Ehﬁngﬁ%lqc@fiéroglcth@group
SeqURAGSing BEGE HEHEH] VIOVE laRd Muroténs; A Nucl ei ¢ acid

nol ecul e conprising a heterol ogous si m an adenovi ral
sequence accor di ndextbe b} egionor afagmerd theveolf e¢lectesddiagn the group

ol ec%Héﬁin?%?QE qﬁlﬂﬁx&f,’ oPéngzbﬁbtéasemer ein said siman

adenoviral’ sequence encodes an adenoviral gene product

and i s operativel yh) theRapiote; regul atory control

sequences which di j el Al
OREILAXREE 3P : Borfint 1RO AARBMNIHOR! the group

gene product in a “host e huclerc acid
ol ewosiging©f e d P KD protein, dherd3kDoonlognmet ¥l sai d

| m denovira g onpr | | ,
and %?1’%3%%88 LJ%];\HDRI;)?A' 7: A phar maceuti cal

conp ion"conprisi ng the nucl eic acid nol ecul e

accordi ng to cl ai nikptha bl regignhorsi fmentabdréof selen@ibfianbh Gber
cairier. 8. An isolated siman adenoviral capsid.

pr ot%‘f’{?“%el ected fromthe group consisting of (a) a
hexon protein of Rk B dN@fidgmdémifereoESldciddkomthe group

| or RS EEY (AR B YRF 5 Qi b ARted R4 GRPE A QRF i

penton protein of @yng BER,I D NO 2, Pan6 SEQ ID NO 6,

Pan.7 SEQ I D ;1 | SEQ | D NO 25, SV25 SEQ | D

NO 3.0 er Svgpgly O%E@%\égQ,{&]\gg};PanG SEQ fD'NO:S;Pan78EQ IDNO:9; -
SV1 SEQID NO: 24; SV25 SEQ ID NO: 29; and SV39 SEQ ID NO: 34, or sequence

complementary to any of () to (m).

3. A simian adenovirus protein encoded by the nucleic acid sequence

according to claim 2.

4, A nucleic acid molecule comprising a heterologous simian adenoviral

sequence according to claim 2.

5. The nucleic acid molecule according to claim 4, wherein said simian
adenoviral sequence encodes an adenoviral gene product and is operatively linked to
regulatory control sequences which direct expression of the adenoviral gene product in a

host cells.
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(c) a fiber protein of Pan5 SEQ I D NO 4, Pan6 SEQ I D

NO 8, Pan7 SEQID NGO 12, SV I SEQ ID NO 27 and SEQ

I D NO 28, SV25 SEQ ID NO 32 and SEQ I D NG 33 or SV39
SEQ DD NO 37, or a fragnment thereof 9. An artificial
adenovirus serotype, conprising a capsid protein
according to claim8 or a fragnent thereof. 10. The
artificial adenovirus serotype according to claim?9,
wherei n said ,Fapsi d conprises a fragnent of the

hexo. n prt ei ntfe@Pees & melewlerapesrdjngiv iclainc oS, Sihérdig sai®imian

Panb5 adsh6idalseblignceldompRab e B i an | D
N0 3 AL, Jhe ALt Ll e FEkobith M d Sm G RONGRD Par? S8 B
accordimng to PG DY S LIANSr 24; V25 8EQ IR NPS29) and SV39 SEQ
conpilNOs34 fi-agi nent of the fiber protein selected

fromthe group consisting of Pan6 SEQ I D NO 19, Pan7
SEQ I D NO 20 and Pan5 SEQ I D NO 21. 83 12. A nucleic,

aci d nol €bul e Aplmpnicing] @ntRkias ek :
enco%icglg. 3 ggot i n, accor din,tr%g to cc?lg?rr@g?%g]lrﬂ&gﬁg?ldﬁ?lecule
arti Te 2 REEHDS Ard arlysieloeiplly wawetitle pgriero  any of
claims 9 to 11. 13. A reconbinant vector conprising a
sim an a}enovi rus sequence according to claim2 or a
nucl ei c dcid ritf SREPEs AR Srenomgel cepsid moteindclested.Lora b ghoup
het econbistiypus’: gene operatively |inked to sequences

whi ch direct expreﬁi on of said gene in a host cell.
14. The reconbi nant?® & 88108 Proieie of Rinh §EQIDA@B/Pah8 SEQ ID NO:7,

f ur t Peal SEQIDY NSi1NgS B ): | | 5: el nt.s
necessar y%ﬂfgjr re f?ca??%r@gg}n%dwggggggagg@i%?l%§%§§Q ID
recg[ﬁéi Ralit r‘iﬁ@’f’f‘ﬁ erepfcording to claim 13 or claim 14,
wherein said vect ' j i conbi-nant
vect cordin t%ﬁgg&t%fﬁf téﬁ%%ﬁrfr%’%’%ﬁ(gﬁlﬁgv%g?@ $EQ ID
sai o‘%'égf%ﬂ SF&&%NQ; 10, %Yl SEQID NM15,1Sves BEQIBND: 3b%r 539
r eCO8HY IMPRD:¥4.r us. conprising a siman capsid protein

according to ‘claim3 or an artificial adenovinis

serot ype accor di ngc} ofieenyrotdin of Fah TSR IbNG:4; Pah§SEA ID NO:8
hostpaf h§i i ¢ acid nol ecul'e accordrng ™’
to anyﬁgifzqqgll@d?'rlrg’ s}fﬂt %Cgﬁg#rgl% and SEQULNBI28a$Y25/85Q B NO:

accordnhSEQIDANG:3dbr 8V SBQ IBNDO3AGr a Bhgrent iffea™! nant

virus according to claim17. 19. The host ce
according to claim 18, wherein said host cell is

stably 9 An artificial adenovirus serotype comprising a capsid protein
according to claim 8 or a fragment thereof,

10. The gxtiﬁqial adenovirus serotype according to claim 9, wherein said

capsid comprises a fragment of the hexon protein selected from the group consisting
of Pan5 SEQ ID NO: 15, Pan6 SEQ ID NO:16 and Pan7 SEQ ID NO:17.

11, The artificial adenovirus serotype according to claim 9 or 10, wherein

said capsid comprises a fragment of the fiber protein selected from the group

consisting of Pan6 SEQ ID NO: 19, Pan7? SEQ ID NO:20 and Pan5 SEQID NO:21
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transfornmed with the nucleic acid nolecule or the
reconbi nant vector. 84 20. The host cell according to
claim 18 or claim19, wherein said host cell

expresses one or nore adenoviral gene products from

sai d nucl eic acid nolecule or reconbi nant vector,.

sai d adenoviral gene products selected fromthe group
consisting of E1 a, E1 b, E2a, and E4 ORF6. 21. The
host cell _according to anY of clains 18 to 20, wherein
sai d host 12-cel f npaéig pcigmp ecvla aeshprisingch hetetdlogaunseghedtEencoding
aci d grpedtsia Ué@r lo]a®d i.m depovi rus o

i nver ?Sg&d ter(ﬁidri}a _rcggiéi\?cs’gd@rzaﬁ aﬁlf@%} %%3%#%“]5 of Stype according to
compPPsohfdpims P&-bivbi nant vector in a pharmaceutically
acceptable carrier, said vector conprising a siman
adenovi rus_ sequence_according to any of clainms | or 2
and a sel bt ed? FépEbiBrE getier qgopdsiopesiafdnadinpvirissefi@dce

t o rgeleld; ; | ' expressi pn Qf

sai d_gen e_ﬁ?&ﬁ)ﬁg uﬁ 22) t&J Eggcﬁfic X@%&B}&gﬁr}ég %éréhq‘gg? “Hat ‘l?%]% anda

a helheeuicggeLesny erreatively dinkedtoa¢quenvecwhich diesongxpieadititof said
in”g@ﬂé‘i?%%&%&. said cell an effective amount of the
vector of any o clainms 13 to 16 or a virus according
to claim17. 24. A nethod for repeat adm nistration of

a heterol pgou ene to manmal conprising the steps
of : (a) ig'r ozrl}%ilﬁcﬁnﬁ%%% VESPLACRRYAIRE fo Glaim 3sfurthergppprising 5’
ihi ¢ hnd oxdpiviraseid-Hembaes miodag 84S AR erclidarion

i ntroducing into said manmal a second vector eh
conpri ses the heterol ogous gene; wherein at |east the
first viildis Tie rtdombhasoBetoNREsBe keScl@mMi WSl ~
acco %&U&tortioa%luai m 17 and wher ei ngt he f;dﬁs#aglﬁ%m’ wherein
second I econbl hant vector are different. 25. A method
for producing a selected gene product conprising

i nfecti ng, mal i g cell with the vector of any of
clains 13 q‘?o 16'° SreomoyARtysctaracenrding tp any of QJiimis 8 16715 wherein
cul t seid ngtcs dctls A1brla @efhemiglgﬁél e conditions and
recovering fromsaid cell <culture the expressed gene
product. 85 26. A nethod for eliciting an i mmne
response im aATedBidadiyi [ . L.nfective .
agent copmprising adm n%{ﬁg%nﬁ% ?I%aggr%lal?ﬁag? pléoﬁelnaccmdmg to
ef f etlpim,3 l'a%ﬁtgmal adenovirus serotype according to any of claims 9 to 11.

18. A host cell comprising a nucleic acid molecule according to any of
claims 4 to 6 or 12 , a recombinant vector according to any of claims 13 to 16, ora
recombinant virus according to claim 17.

19.  The host cell according to claim 18, wherein said host cell is stably

transformed with the nucleic acid molecule or the recombinant vector.
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of the reconbinant adenovirus of claim17, wherein
sai d heterol ogous gene encodes an antigen of the -
infective agent. 27. The nmethod according to claim 26,
conprising the step of primng the host with a DNA
vacci ne conprising the heterol ogous gene prior to

adm ni stering the reconbinant adenovirus . 28- A
conp03|t|on conprising-a siman adenovirus capsid

| ogous
rotein I cIa|n18 linked to a hetero
Pml ecul e for ci@’le ?@% Fé’l qegording &¢ elaimeld g5 glaim 19.svtierei Said Kost cell

nmet hegprésad¢s cha bgﬁbﬂe Rdendvic |glsne|}ii‘d/du9t9 i3k s@@qﬂgl:é{cra%d molecule or
receptor. conprising delivering to a su

conpbe cepmbigant Yectog, mqnpélexgqyué] pmxg@wtmlectcd from the group con31st1ng..
of Ela, Elb, E2a, and E4 ORF6.

21.  The host cell according to any of claims 18 to 20, wherein said host
cell is stably transformed with a nucleic acid molecule comprising the simian

adenovirus inverted terminal repeats.

22. A composition comprising a recombinant vector in a pharmaceutically
acceptable carrier, said vector comprising a simian adenovirus sequence according to

any of claims 1 or 2 and a selected heterologous gene operatively linked to regulatory

sequences which direct expression of said gene in a host cell,

23. A method for delivering a heterologous gene to a mammalian cell

- comprising introducing into said cell an effective amount of the vector of any of

claims 13 to 16 or a virus according to claim 17.

24. " A method for repeat administration of a heterologous gene to a
mammal comprising the steps of:

(a) introducing into said mammal a first vector which
comprises the heterologous gene and

(b) introducing into said mammal a second vector which
comprises the heterologous gene;
' wherein at least the first virus or the second vector is a virus according

to claim 17 and wherein the first and second recombinant vector are different.

25. A method for producing a selected gene product comprising infecting a
maminalian cell with the vector of any of claims 13 to 16 or a virus according to
claim 17, culturing said cell under suitable conditions and recovering from said cell

culture the expressed gene product.
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26. A method for eliciting an immune response in a mammalian host
-against an infective agent comprising administering to said host an effective amount
of the recombinant adenovirus of claim 17, wherein said heterologous gene encodes

an antigen of the infective agent.

27.  The method according to claim 26, comprising the step of priming the
host with a DNA vaccine comprising the heterologous gene prior to administering the
recombinant adenovirus . '

28.. A composition comprising a simian adenovirus capsid protein

according to claim 8 linked to a heterologous molecule for delivery to a selected host

cell.

29. A method for targeting a cell having an adenoviral receptor comprising

delivering to a subject a composition according to claim 28.
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