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WO 99l41369 PCTlUS99/03022 Figure 7 Vector for promoter evolution Internal
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(RULE 26)    1 1 SEP 2002 WO 99/41369 PCT/US99/0302'_ Figure 8: Cycling
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- coat proteins - transgenes Selection for stability to stomach Selection
for transfer to moot ver M13 intestine, eat cycle stomac Recover M 1 from
blood, repeat cycle 9I20 SUBSTITUTE SHEET (RULE 26)   N C m N _'. C -~i m~
N I m m ?~ C r m N o~ Figurz 10: Promoter sequences of the immediate/early
gene of two human CMV strains (AD169 and Towne) and twc Munk~y strains
(rhesus monkey and Vervet monkey) were PCRed; the alignment demonstrates
the homologies between the PCR products from Towne strain and the two
monkey strains illustrating the feasibility of family shuffling. Towne
promoter-fr-PCR prod_seq Rhesus,monkey-PCR-prod^821bp Vervet_(Simian)_PCR
product-seq 1 ATA....TGAGGCTATATCGCCGATAGAGGCGACATCAAGCTGGCACATGGCCAATGCAT
ACT....TGGCACGGTGCCAA.GTTTGGGGCGGGGTC...TTGGCACCGTGCCAA.....
ATTGAATTGGCATGGTGCCAATAATGGCGGC..CATA...TTGGCTATATGCCA...... 61 60 120
Towne promoter_fr_PCR prod-seq
ATCGATCTATACATTGAATCAATATTGGCAATTAGCCATATTAGTCATTGGTTATATAGC Rhesus
monkey-PCR prod-821bp
...GTCCGCCATATTGGTTTGGCAT.....ATGTCCAATATTATTGAT...CCATATAGC
Vervet-(Simian)^PCR product_seq
...............GGATCAATAT.....ATAGGCAATATC.........CAATATGGC 121 Towne
promoter-fr_PCR-prod_seq Rhesus monkey-PCR-prod-821bp Vervet_(Simian)_PCR
product-seq Towne promoter-fr-PCR prod-seq Rhesus-monkey-PCR prod^821bp
Vervet-(Simian)-PCR product-seq l80
ATAAATCAATATTGGCTATTGGCCATTGCATACGTTGTATCTATATCATAATATGTACAT
CAATATCCAATATGGCTAATAGCCA...........GGTTCAATAGAATGGCCAATAAGC
CCTATGCCAATATGGCTATTGGCCA...........GGTTCAATACTATGTATTGGCCCT 181 240
TTATATTGGCTCATGTCCAATATGACCGCCATGTTGACATTGATTATTGACTAGTT..AT
CAATAT..GCCATTGGCCAACATGGCAA.TGGGCCAGTATTGATTATAGCCAATAT..AT
ATGCCA..TATAGTATTCCATATATGGGTTTTCCTATTGACGTAGATAGCCCC'rCCCAAT O w ~o n 0 w
0 ~J IJ m N O O N 



Figure 10 (continued) Towne-promoter-fr-PCR prod-seq Rhesus
monkey-PCR`prod_821bp Vervet_(Simian)-PCR product_seq Towne
promoter-fr_PCR_prod_seq Rhesus monkey-PCR`prod-821bp Vervet (Simian)--PCR
product-seq C m N c Towne-promoter-fr_PCR-prod_seq Rhesus-monkey_PCR
prod-821bp N ~ Vervet_(Simian)-PCR product_seq m m jd
Towne-promoter_fr-PCR-prod-seq r Rhesus monkey_PCR-prod_821bp m Vervet
(Simian) PCR product seq N _ _ or v Towne promoter-fr-PCR-prod-seq
Rhesus_monkey_PCR-prod-821bp Vervet-(Simian)-PCR product_seq Towne
promoter-fr-PCR prod_seq Rhesus-monkey-PCR-prod-821bp Vervet-(Simian)-PCR
product-seq 241 300
TAATAGTA......ATCAATTACGGGGTCATTAGTTCATAGCCCATATATGi~AGTTCCGC
AGGCAATA......ATCCATATTGG...CATATGTCCATATTGCCTATAGCCATATTGGC
GGGCGGTCCCATATACCATATATGG...GGCTTCCTAATACCGCCCATAGCCACTCCCCC 301 360
GT...T..ACATAACTTACGGTAAATGGCCCGCCTCGTGACCGCCCAACGACCCCCGCCC
TTATGT..CCATTACCAATACCATATATGGGTCTTCCTATATACGTCATAGGTACCGCCC
AT...TGACGTCAATGGTCTCTATATATGGTCTTTCCTATTGACGTCATATGGGCGGTCC 361 420
.ATTGACGT................................................CA_~.
.ATTGACGTAATATGGATACGCCTCCATTGACGTCAATGGGAGGGATTAATATACGTCAC
TATTGACGTA.TATGGCGCCTCCCCCATTGACGTCAATTACGGTAAATGGCCCGCCTGGC 421 480
TAATGACGTATGTTCCCAT...............AGTAACGCCAATAGGG..ACTTTCCA
TAATACCGCCCATTGACGTGTA'rAGGACCGTCCCATTGACGTCAATAGGCCCACCTCCCA
T_.CAATGCCCATTGACGT.......................CAATAGGACCACCCACCA 481 540
TTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTT..........GGCAGTAC
TTGACGTCAATGGG..........GTGGCCCATTGCCCATTC..................
TTGACGTCAATGGG..........ATGGCTCATTGCCCATTCATATCCGTTC........ 541 600
ATCAAGTGTATCATATGCCAAGTCCGGCCCCCTATTGACGTCAATGACGGTAAATGGCCC
......................CCACGCCCCCTATTGACGTCAATGACGGTAAATGGCC.
......................TCACGCCCCCTATTGACGTCAATGACGGTAA.A`TGGCC. 0 w n 0 w O
IJ tJ i ~1 rn O O N   Figure 10 (continued) 0 601 660 Towne promoter fr PCR
prod seq GCCTGGCATTATGCCCAGTACATGACCTTACGGGACTTTCCTACTTGGCAGTACATC..T _ _
Rhesus monkey-PCR-prod-821bp
.........................................CACTTGGCAGTACATCAAT
Vervet_(Simian)-PCR product-seq
.........................................CACTTGGCAGTACATCAAT Towne promoter
fr PCR-prod-seq c Rhesus monkey_PCR_prod-821bp Vervet~(Simian)_PCR
product-seq -~1 



C Towne promoter fr PCR prod seq _ _ Rhesus monkey-PCR prod 821bp m ~
Vervet_(Simian)-PCR-product_seq C Towne promoter-fr_PCR prod-seq Rhesus
monkey-PCR,prod_821bp Vervet-(Simian)_PCR product-seq 661 720
ACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACACCAA........
ACCTATTAATAGTAACT..TGGCAAGTAAATGGGTACTTGGCAGTACACCAAGG.TACAT
ATCTATTAATAGTAACT..TGGCAAGTACATTACTATTGGCAAGTACGCCAAGGGTACAT 721 780
...............TGGGCGTGGATAGCGGT..TTGACTCACGGGGAT'rTCCAAGTCTC
TGGCAG.TACTCCCATTGACGTCAATGGCGGTAAATGGCCCGCAATGGCTGCCAAGTACA
TGGCAGGTACTCCCATTGACGTCAATGGCGGTAAATGGCCCGGCATGGCTGCCAAGTACA 781 840
...CACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAA.A.ATCA,ACGGGACTTTCCA
...TGCCC.ATTGACGTCAATGGGG...................................
ACATCCCC.ATTGACGTCAATGGGAA.................................. 841
900Towne-promoter-fr-PCR
prod-seqAAATGTCGTAATAACCCCGCCCCGTTGACGCAAATGGGCG....................Rhesus
monkeyPCR 821bp
prod.................CGGTCCTATGACGTCAA'TGGGCG....................Vervet
(Simian)- - - PCR product
seq..................GGGGCAATGACGCAAATGGGCGTTCCATTGACGTAAATGGCGn- __ _c901
960~~nTowne promoterfr PCR prod
seqGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCG'rCAGATCGo'D- Rhesus
monkey_ - PCR prod
821bpGTAGGCGTGC.CTATGGGCGGTCTATATAAGCAATGCACGTTTAGGGAACCGCCATTCTGo- -N
Figure 10 (continued) Vervet-(Simian)_PCR_product-seq
GTAGGCGTGCCTAATGGGAGGTCTATATAAGCAATGCTCGTTTAGGGAACCGCCATTCTG 961 1020
Towne~promoter_fr_PCR prod-seq
CCTGGAGACGCCATCCACGCTGTTTTGACCTCCAT.AGAAGACACCGGG.ACCGATCCAG
Rhesus_monkey-PCR prod_821bp
CCTGGGGACGTCG..........GAGGAGCACCAT.AGAAGGTACCGGGGACCGATCCAG
Vervet-(Simian)`PCR`product-seq
CCTGGGGACGTCG..........GAGGAGCTCCATTGGAAGAGACCGGG.ACCGATCCAG Towne_promoter
fr PCR prod-seq m Rhesus monkey_PCR prod-821bp Vervet!(Simian)_PCR
product_seq C -~i m z 23 m m -a c r m N v 1021 10S7
CCTCCGCGGCCGGGAACGGTGCATTGGAACGCGGATT CCTCCATAGCCGGGAAGGGTGCATTGGAACGCGGATA
CCTCCATAGCCGGGGACGGTGCATTGGAATGCGGATA 0 ~o y w o, n ~D O w 0 N tJ 



J m -v   N C m N C -~I m N s m m C r rn N v Figure 11: Alignment of Intron
A sequences from CMV strains Towne and AD169 illustrating the feasibility
of family shuffling. AD_169_Intron_A seq Towne`Intron A-fr map 1 60
AD-169_Intron A-seq Towne_Intron A-fr map AD-169_Intron A_seq Towne Intron
A fr map AD_169_Intron_A_seq Towne-Intron A_fr map AD_169_Intron_A_seq
Towne Intron A fr map AD-169-Intron A-seq Towne-Intron A-fr map
AD-169_Intron A-seq Towne Intron A fr map
GTAAGTACCGCCTATAGAGTCTATAGGCCCACCCCCTTGGCTTCTTATGCATGCTATACT
GTAAGTACCGCCTATAGACTCTATAGGCACACCCCTTTGGCT.CTTATGCATGCTATACT 61 120
GTTTTTGGCTTGGGGTCTATACACCCCCGCTTCCTCATGTTATAGGTGATGGTATAGCTT
GTTTTTGGCTTGGGGCCTATACACCCCCGCT.CCTTATGCTATAGGTGATGGTATAGCTT 121 180
AGCCTATAGGTGTGGGTTATTGACCATTATTGACCACTCCCCTATTGGTGACGATACTTT
AGCCTATAGGTGTGGGTTATTGACCATTATTGACCACTCCCCTATTGGTGACGATACTTT 181 240
CCATTACTAATCCATAACATGGCTCTTTGCCACAACTCTCTTTATTGGCTATATGCCAAT
CCATTACTAATCCATAACATGGCTCTTTGCCACAACTATCTCTATTGGCTATATGCCAAT 241 300
ACACTGTCCTTCAGAGACTGACACGGACTCTGTATTTTTACAGGATGGGGTCTCATTTAT
ACTCTGTCCTTCAGAGACTGACACGGACTCTGTATTTTTACAGGATGGGGTCCCATTTAT 301 360
TATTTACAAATTCACATATACAACACCACCGTCCCCAGTGCCCGCAGTTTTTATTAAACA
TATTTACAAATTCACATATACAACAACGCCGTCCCCCGTGCCCGCAGTTTTTATTAAACA 361 420
TAACGTGGGATCTCCACGCGA.ATCTCGGGTACGTGTTCCGGACATGGGCTCTTCTCCGGT
TAGCGTGGGATCTCCACGCGAATCTCGGGTACGTGTTCCGGACATGGGCTCTTCTCCGGT O .o w o, 0 b
n .~ C 0 w 0 tJ IJ 



..a i m -o O Q N   Figure I1 (continued) O 421 480 i. AD-169_Intron A-seq
AGCGGCGGAGCTTCTACATCCGAGCCCTGCTCCCATGCCTCCAGCGACTCATGGTCGCTC Towne-Intron
A_fr map AGCGGCGGAGCTTCCACATCCGAGCCCTGGTCCCATGCCTCCAGCGGCTCATGGTCGCTC ` 481
540 AD~169_Intron A-seq
GGCAGCTCCTTGCTCCTAACAGTGGAGGCCAGACTTAGGCACAGCACGATGCCCACCACC Towne-Intron
A,fr map GGCAGCTCCTTGCTCCTAACAGTGGAGGCCAGACTTAGGCACAGCACAATGCCCACCACC N C m
C m Z rn m c r m N o~ v 541 600 AD-169-Intron A-seq
ACCAGTGTGCCGCACAAGGCCGTGGCGGTAGGGTATGTGTCTGAAA.ATGAGCTCGGGGAG Towne-Intron
A_fr map ACCAGTGTGCCGCACAAGGCCGTGGCGGTAGGGTATGTGTCTGAAAATGAGCTCGGAGAT 601
660 AD-169-Intron A-seq
CGGGCTTGCACCGCTGACGCATTTGGAAGACTTAAGGCAGCGGCAGAAGAAGATGCAGGC Towne-Intron
A_fr map TGGGCTCGCACCG.TGACGCAGATGGAAGACTTAAGGCAGCGGCAGAAGAAGATGCAGGC 661
720 AD_169_Intron_A_seq
AGCTGAGTTGTTGTGTTCTGATAAGAGTCAGAGGTAACTCCCGTTGCGGTGCTGTTAACG Towne-Intron
A-fr-map AGCTGAGTTGTTGTATTCTGATAAGAGTCAGAGGTAACTCCCGTTGCGGTGCTGTTAACG 721
780
AD_169-IntronA-seqGTGGAGGGCAGTGTAGTCTGAGCAGTACTCGTTGCTGCCGCGCGCGCCACCAGACAT
AATTowne-Intron
A-fr-mapGTGGAGGGCAGTGTAGTCTGAGCAGTACTCGTTGCTGCCGCGCGCGCCACCAGACATAATbn781
827AD169 IntronAseqAGCTGACAGACTAACAGACTGTTCCTTTCCATGGGTCTTTTCTGCAG_ Towne_
Intron A_ frmapAGCTGACAGACTAACAGACTGTTCCTTTCCATGGGTCTTTTCTGCAG- --0N ~N Om.
O c m c m z rn m c rm N v Figure 12 AD16 9 Towne Rhesus monkey Velvet
monkey Generation of a Library of Shuffled CMV Promoters .~.. 



- AD 169 vs. Towne 95% - Rhesus vs. vervet 78% - Human vs. primate 70% 821
by 824 by - Library size 5x105 176S by l765 by .o W n s a w rn o -p tJ tV O
O N   Figure 13 O p w o. Enrichment of Promoter Library by Cetl Sorting c m
c m -, m ~ I-~ lg h activit (~ wild-type) 0 c r N Intermediate v Low FACS
Library ~ Sorted 55/162 34% 348/705 49% 36/162 22% 71I162 44% 183/705 26%
168l705 24% Non-transfected 30I192 16% 43/748 6% b i W C/7 o rn N tJ N O O
N   



c ao m -~t c -a m m Z rn m ~o c rm N v Figure ~4 p Functional Diversity and
Enrichment of High-activity Shuffled CMV Promoters Original Library 120 ~
10U a~ 80 U 60 40 20 0 Wild-type CIYIV (mean of 6) 1 120 100 80 60 40 20 0
FRCS-sorted Library Wild-type CI~IV (mean of 8) Antigen Expression by
Individually Analyzed Shuffled CI~fV Promoters (I~fFI Measured by FIow
Cytometry) n a W 0 td tJ J rn -v N N   WO 99/4I369 1 1 SEP 2002
PCT/US99/03022 Figure 15 50000 ~> 40000 ~ 30000 a~ 20000 .~ I0000 Transgene
Expression in vivo by a Shuffled CNN Promoter 1 Wild-type O Shuffled S17 0
1 2 3 4 7 10 14 28 Days after intramuscular injection 19I2 0 SUBSTITUTE
SHEET (RULE 26) 



WO 99/4I369 ~ ~ SEP 2002 PCT/US99/0302 Figurc 16 Shuffling of
oligo-directed CpG knock-outs Natural promoter sequence which has many CpG
motifs, some of which are essential for function, other which eventually
cause shut-down of the promoter CG CG CG CG CG CG CG CG CG CG CG Design
oligos which each knock out one of the CpGs. CG CG CG CG CG CG CG CG CG CG
CG Fragment templates, spike in the oligos) reassemble, screen for promoter
that are functional and do not lead to shutdown in cells. Non-replaceable
CpGs 20I20 CpGs which could be replaced with the selected sequence.
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