PCT/US2021/022583

WO 2021/188554

114

gl Old

1OVLISYOVDOOLIVOLYYOOYD LIV

ADVLILOYIOVOODILIVILINYIOVILIVL
LOVIITDVOVODOLIVOLIVYOOVOLLY
LOVILOYOVOOOLIYOLYVYOOYDLIvE
IOVLLOVOVOODLIVILIYYIOVILIVL
ADYILDVOVODOLIVOLIYYOOVYO LIV
LENLIDVOVODOLIYOLLYVYOOYS LIV

LOVLIOVYIVODOIINGEINMYOIVO LIV

SOVYYAYDOOOOVYOSO0D0I0LL
SOOVYYIVODTODVOIONODOI0LLS YOO L

SOOVYYLYDODOOVIOO0O0000LL
SAVVYYVIVDODOOVYODO30030204119
DOOVYVYIVODODOVI0DODOI00LLDY
SOOYYYIVDOSIOVYIOODOoI0ILIOVWI0L
DUOYVYVIVODRIOYIDDODOIDDLILDYOOL joppysiiviii oy

AV s80eds0inilg 75

1eaday L

&<

BoUUS
BANTSISS

()

LB

Vi Old

-y

dogieer

[ w51 7

IAVoSYDd

Aeaae sy
pajipow

Suissaooud
Asiz wpid

Avise yul

ggdBn




PCT/US2021/022583

Y
50
60
40

o <

- N 4 < D (O e O
CODOLool
ZERZLZZZEZEZZ
QoeRgaon
wIntolelntotels]
[RERIRRNERTRE TAREERERETR]
ISP RARTIRIFRIARVIRIFEIN

% Corratiness

- (NS-4P008 410
- zeenv{ngd)ipn0Z 410
13209 (NOALPenZ 410

- Lwosd (NDAILP00Z 41
asv NS0 P007 410
- A0 Y007 470

214

WO 2021/188554

- - (NSNS A
-1 5 SE0027 A
& -~ Bppwuep
OROITUTOL %vﬁ
Q ATGO0 g B
(3 QOO0 =
SRS TSTETAES] p
232332 | (98
T 22%zE - 3
: b4
prapryde g T
EGIUIGIGIY)
G GEREE
3 BEGOE
B GEGHE
P F AEXEE _ wﬂmf
-9 S IS TS TS PA TS - e
£ 88388y \\. < 9
e Retetstate] \\ <
O DO CO0 7 =
SR statsTets _ SN
G QCOGo _ B =
£ REERE @
oo bbb i o e
3 HEODEYY 2
& EEELXELLZR 3
I GIIOTOITOTY:
O OOSO000
e e e aF =g

FIG. 1D

Host Strains



WO 2021/188554 PCT/US2021/022583

314

Tarm

pCASCADE

1400 120
1200 100
1000 e S
% 8G MM
€ 300 9]
& 3 SIS A S
z — £ 60 IR
£ ow H HH - f
3 BT IR
- 400 S % I 1 I .
3 I SI I
200 1 20
0 — :

FGU {DAS‘+4} + & 3+ 4 FGU {DAS“ME} % * 3 +
FORNAFST S BE FORNAT ST 5 e
FG1G2 gRNA + i+ + 4§ ¥ FG1G2 gRNA + i+ + i+
pFABE Bl Bl pFABI I




WO 2021/188554

414

PCT/US2021/022583

Plasmid

Insert

promoter

ort

Res

Addgene

Source

pCASCADE-G2 G2 guide ugpBp plda Cm 65817 Cit
pCASCADE-G1 Gl guide ugpBp plsa Cm 71334 Ala
pCASCADE-F F gmde ugpBp plda Cm 66633 This study
pCASCADE-U U guide ugpBp plSa Cm 65518 Ala
pCASCADE-Z Z guide ugplp ptia Cm 05825 Cit
pCASCADE-UZ U, 7 guide array wgpBp plsa Cm §7153 Ala
pCASCADE-G2Z (G2, Z guide array ugpBp pl5s Cm 71338 Cit
pCASCADE-GIZ G, 2 guide arvay ugpBp pisa ra 71337 Ala
pCASCADE-GIU G, U guide array upBp p1Sa o 71339 Ala
pCASCADE-GZU (2, U guide amay ugpBp pisa {ra 63849 Ala
pCASCADE-IG2 Gi, G2 goade array ugpBp pisa Crm 71348 Ala

pCASCADE-GIGRU G, G2, U guide amay ugpBp b15a Cro 71343 Aln
pCASCADE-GIGR2Z i, G2, 7 guide arvay ugpBp plia Cro 71347 Ala

FIG. 2
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Plasmid Insert promnter | ord Res Addgene | Source
pCASCADE-GIGIUZ G1, G2, U, Z guide array | ugpBp plfa Cm 87152 Ala
pCASCADE-FGI F, GGi puide array ugpBp plée Cm 71340 This study
pCASCADE-FG2 ¥, (32 puide amray ugpBp plda Cm T1341 This study
pCASCADE-FU F, U guide array ugpBp piéa Cm 66536 This study
pCASCADE-FZ F, & auide amay ugpBp plsa Cm 713353 This study
pCASCADE-FGIGE F, G, G2 guide array ugpBp plsa Cm 71342 This study
pCASCADE-FGIGZ E,G,G2, 2 gade array | ugpBp o154 Cm 66636 This study
pUASCADE-FGIGZU F,G, G2, U guide array | ugpBp plse Cm 66637 This study
pCASCADE-FGIGIUZ | 8,G, G2, U, Z poide array | ugpBp pla Cra 57148 This study
pFABI fabl M7 celtl] Kan 138659 This study

FIG. 2
CON'T




WO 2021/188554 PCT/US2021/022583

814

Strain (enotype Source

E. cloni 10G Fe merd  Almrr-hsdBMS-morBCY  endAl recAl  ©B0MacZ AMIS | Lucigen
AlacX74 arai3 39 Aara, few)7657galll galk rpsh nupG A~ fonA (SirR)

DBLF 20025 Fu, Re, MaraBlearaB)567, 1acZ4787(del} xrnB-3) | phei, AlrhaD- § Cit
thal31568, hedR314, AackA-pta, ApoxB, Aplils, AldbA, AadhE, AiclR,

AarcA, AsspBuitr, Acas3: ugpBp-sspB-J23100p-casA

BLF 20045 DLE 70025, pltA-DASA 2e0R, udhA-DABS:bsdR Cit

DLF 70047 DLE_ 70045, fabl-DAS4: gent® Al

DLE 70047, recd] DLF 70047, recd i ampR This study

DLF 70047, Ascbed DILE_Z0047, dsbelscampR This study

DLF 70047, deas] DLE 70047, doasi:purR This study

DLF 70047, deas2 DLF 70047, doas: purk This study

DLE_S0025 F-, b MaraD-aaB)867, lacZ4787(del(mmB-3) | pb-1, A{rhaD- | This study
rhaB)5oR, hadR314, AackA-pta, ApoxB, AptiB, AldhA, AadhE, AicIR,
AarcA, AsapBiiit, Acas3: ugpBp-sapB-vibDp-casA

DLE 86047 DLF 80023, fabl-DAS4gentR, ghA-DAS4 zeoR, udhA-DAS4ubsdR | This study

Res - resistance marker, Cin- chioramphenicol, bsd - blusticidin, zen- zeocin, gent - gentamichy, awmpR- ampictilin, pwrR - puromyein,
5 ] t 1 & 2 > iR Y

FIG. 3
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sgRNA/Primer et . b

Nasmie Seguence Template

fabi TOGAGTTCOCCGUGUCAGUGGHGATAAACCGTTIGATTAT
AATAACCGTTTATCTGTTCOTATCGAGTTCCCUGCGCUA
GCGGGHATAAACCGSEG ID NO: 9)

fabl-FOR GTTTATCTGTTCGTATCGAGTTCCCCGCGUCAGCGGGGA
TAAACCGAAAAAAAAACCCCREG ID NG 1) pCASCADE conteod

fabl-REY GOTTATTATAATCAACGOTTTATCCCCGUTGGCGCHGG
GAACTCGAGOTGGTACCAGATCOSER I NG 1)

FGi TCGAGTTCCCCGORCCAGCHEGGATA44CCGTTGATTAT
AATAACCOTTTATCTOTTCGTATCGAGTTCCCCHEUGICA
GCGORGGATAAACCGAAAAGCATATAATGUGTAAAAGTT
ATGAAGTTUGAGTTUCOCGCGUCAGUGHGGATAAACCHS
EQIDNG: 1)

gHAL-FOR GCGUCAGCGGGGATAAACCGAAAAGCATATAATGCG(SEQ

IDNO: 13)

pCASCADE-REY

CTTGCCCGCCTGATGAATGCTCATCCGG{SEQ 1D NO: 14)

pASCADE-gtAL

pCASCADE-FOR

CCOGGATGAGCATTCATCAGGCGGGCAAGISEQ IDNO: 15)

fabl-REV

CGOTITATCCCCGLTGGOGUGGGGAACTCGATACGAAC
AGATAAACGGTTATTATAATC{SEQ ID NO: 16)

pCASCADE-fabl

TCGAGTICCCCGUGUCAGUGGRGATAAACCGTTIGATTAT
AATAACCGTTTATCTGTTCOTATCCAGTICCCUGOGCCH
GOGGGHEATAACCGTATTGACCAATTICATICGGGACAGT
TATTAGTTCGAGTTCCOCGUGUCAGLGGERGATAAACCEN
EQIDN®IT

GHA2-FOR

GCGCCAGCGGUGATAAACCGTATTGACCAATTCATICSE
QD NG 18)

PCASCADE-REV

CTTGCCOGCCTGATCGAATGCTCATCCGGESEQ ID KO 19)

pCASCADE-gitA2

FIG. 4
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sgRNA/Primer
Name

Seguence

Template

pCASCADE-FOR

CCGGATGAGCATTCATCAGGUGGGCAAGREQ IDNG: 20

fabl-REY

CEATTTATCCCCGCTOGCGEGHERAACTCOATACGAALC
AGATAAACGGTTATTATAATC(SEQ ID NO: 21

pCASCADE-fabl

FU

TCGAGTICCOCGURUCARCERGGATAAACCETTGATTAT
AATAACCOTTEATCTGTTOGTAL CCCGCGOCA
CGUGGGUATALACCETTACCATT ATGTATA
AGAATCGAGTTCCOCGCGUCAGCGRGGATALACCG(SED
DNG: 2}

udhA-FOR

GCGCCAGCGGGUATAAACCOTTACCATTOTGTTG(SEQ
ID NG 23)

pCASCADE-REY

CTTGCCCGCCTGATGAATGCTCATCCGGSEQ 1D NO: 24)

pCASCADEudhA

pCASCADE-FOR

CCOOGATGAGCATTCATCAGGCGGGCAAG(SE IDNO: 28)

{fabl-REY

COOTTTATCCCCOCTGGCGCEGGOAACTCGATACGAAL
AGATAAACGGTTATTATAATCSER D RO: 26)

pCASCADE-fabl

FZ

TCCAGTTOCCOGUGCCAGCOUGCATAAACCGTTGATTAT

AATAACCOTTTATCTCTTCOTATCGAGTICCCCGLGTCS

GCGGGRATAAACCGUTCOTAAAAGCAGTACAGTGCACC

GTAAGATCGAGTICTCUHCGCUAGCCGGGERATAAACTGRE
QIDNG: 27

ot

awi-FOR

GCGCCAGCGOGGATAAACCGCTCGTAAAAGSEQ 1B
NO28)

pCASCADE-REY

CTTGUCOGCCTGATGAATGCTCATCCGG{SEQ 1D NO: 28)

pUASCADE-zwf

pCASCADE-TOR

CCGOATCAGCATTCATCAGGCGGOCAAGISEQ 1D NG 30)

fabl-REV

CGOTTTATCCCCGOTOOCGOGHOGAACTCGATACGAAL
AGATAAACGGTTATTATAATCHEQ ID NG 3

pCASCADIE-fab]

FIG. 4
CON'T 1
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sgRNA/Primer
Name

Seguence

Template

FG1G2

TCCAGTICCCCGOGCCAGCOGECATAAACCGTICATTAY

AATAACCGTTTATCTATTCOTATCCAGTTICCCCGLGECY

GCGGGRATAAACCGAAARGCATATAATGCOTAAAAGTT
ATGAAGTICCGACGTTCCCCGCGLCAGUGGHGATALACTGT
ATTGACCAATTCATTCGGGACAGTTATTAGTTICGAGTTC
CCCGCECCAGCGEGGOATALACCG(SEQ 1 NO: 37)

gHAZ-FOR

GCGUCAGCGGOGATAAACCGTATTGACCAATTCATICSE
QIDNG:33)

PCASCADE-REV

CTTGCCUGCCTOATGAATGCTCATCCGGSEQ 1D NO: 34)

pCASCADE-gHA2

pCASCADE-FOR

CCGGATGAGCATTCATCAGGCGGGCAAGSEQ I NO: 38)

gHAL-REV

CGOTTTATCCCCGUTGROGCGGGRAACTCGAALTTCAT
AACTTITAC(REQ 1D NO: 363

pCASCADE-FGH

FGIGRIU

TCGAGTICCCCCUGCCAGIGGGHATAAACOGTIGATTAT
AATAACCGTTTATCTOTTCOTATCGAGTICOCTGCGCTA
GOGGCHATAALCOGAAAAGCATATAATCGUGTAAAAGTT
ATGAAGTICGAGTTCUCUGIGCUAGCGGGUEATAALCTGT
ATTGACCAATTCATTCGGGACAGTTATTAGTICGAGTTC
COCGUGUCAGCGHGGATA4ACCGTTACCATICTGTIGCT
TITATCTATAAGAATCGEAGTICOCCGUGCTAGCGGGTAT
A4ATCHBEQ NG 3T

SHAZFOR

GCGCCAGCGGGGATAAACCGTATTGACCAATTCATICSE
Q10 NG 38)

pCASCADE-REY

CTTGCCCGCCTGATGAATGCTCATCCGQISEG IDNG: 39)

pCASCADE-udhA

pCASCARE-FOR

CCOGATGAGCATICATCAGGCGGGUAAGREQ ID NG 40y

gHAL-REY

CGGTTTATCCCCGCTGRCGUGGGGAALTCGAACTTCAT
AACTTTTAC(SEQ I NO: 41)

pCASCADE-FGIG2

FIG. 4
CON'T 2
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RNA/Prime . .
;gi{\ APrimer Seguence Template
ame
FGIGREZ TCGAGTTCCOCGUGCUCAGUGGEEATAAACCETTIGATTAT
AATAACCGTTTATCTGTTCOTATCCAGTICUCOGCGCCA

GOGGEFATAAACCGAAAAGCATATAATGCOTAAAAGTT
ATGAAGTICGAGTTCOCUGOGCCAGCGGGEATAAACTGT
ATTGACCAATTCATTCOGOGACAGTTATTAGTIVGAGTIT
COCGCGUCAGCGEGGATA4ACCGUTCGTAAAAGCAGTA
CAGTGUCACCGTAAGATCGAGTICCCUGIGCCAGLGGGE
ATAAACCHSEQ IDNO: 42)

EHA-FOR

GUGCCAGCUGGGATAAACCGTATTGACCAATTCATTCORE
Q1D NO: 43)

pCASCADE-REV

CTTGCCCOCCTGATGAATOCTCATCCGGSER 1D NO: 44)

pCASCADE-zwt

pCASCADE-FOR

CCGGATGAGCATTCATCAGGCOGGGUAAGIREQ HINO: 45)

HAL-REY

CGOTTTATCCCCGOTGGUGUGGGGAATUTCGAACTTCAT
AACTTTTAC(SEQ 1D NO: 46)

pCASCADE-FGIG2

FGIGIUZ

TCGAGTIOCCCGORCCAGCHERGCATALACCETTGATTAT
AATAACCOTTTATCTOTTCGTATCGAGTTCCCCGUGUCA
GOEGGGATAAACCGAABAGCATATAATGCGTAAAAGTT
ATCGAAGTTCGAGTTOCUCHCHUCARUGHGGATAAACCHTY
ATTGACCAATTCATTCGGGACAGTTATTAGTTCGAGTIC
CCUGLGCLAGCGGGEATAAACCCTTACCATTICTGTTGOT
TITATGTATAAGAATUGAGTTCCCCHCHUCAGUGHRTGAT
ARACCGCTCOTAAAAGCAGTACAGTGCACCOTAAGATC
GAGTTCOCCCOGCTAGUGGGHEATAAACCGSEQ ID NO: 47)

Fwi-FOR

GCGCCAGCGGGGATAAACCGCTCGTAAAAGISEQ 1D NO:
48)

pCASCADE-REV

CTTGCCCGLCTCATOAATGCTCATCOGG(REQ I3 NG 49)

pCASCADE-zwf

pCASCADE-FOR

CCOGOATCGAGCATTCATCAGGCGOGCAAGISEQ D NO: 58}

udhA-REV

COGTTTATCCCCGOTGOCGOGOGGAACTCGATTCTTATA
CATAAAAGUSEQ ID NO: 81

pCASCADE-FGIG2U

FIG.

4
CON'T 3
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tet A~sacB Cassetle

TCCTAATTTTTGTTGACACTCTATCATTGATAGAGTTATTTTACCACTOCCTATCAGTGATAGAGAAA
AGTCGAAATCGAATACTTCOACAAAGATCOCATTGOTAATTACGTTACTCCATOCCATGGGGATTGGCC
TTATCATGCCAGTCTTGCCAACGTTATTACGTCAATTTATTCCTTCOGAAGATATCOUTAACCACTTT
GGCGTATTGCTTCCACTTTATGCGTTAATGCAGGTTATCTTITGCTCCTTOGCTTGGAAAAATETICTGA
CCGATTTCOTCOOCOCCCAGTOCTATTATTGTCATTAATAGGCGCATCGETGOATTACTTATTGCTGS
CTTTTTCAAGTGCGCTTTGOATGCTOTATTTAGGCCOGTTTGCTTTCAGGGATCACAGGAGCTACTGGG
GCTOTCGCOGCATCOUTCATTGCCGATACCACCTCAGCTTCTCAACGCOTOAAGTGHTTCGGTTGOT
TAGGGOCAAGTTITGOGCTTOOTTTAATAGCGOGOCCTATTATTIGG TGO TTTTGCAGGAGAGATTTC
ACCGCATAGTCCCTTTTTTATCOCTGCOTICCTAAATATTIGTCACTITCCTYIGTGOTTATOTTTIOGOTY
CCOTGAAACCAARAATACACGTOATAATACAGATACCGAAGTAGGGGTTGAGACGCAATCOGAATTC
COTATACATCACTYTATTTAAAACGATGCCCATTTITGTTGATTATITATTTTTCAGCGCAATTGATAD
GCCAAATTCCCGCAACGOGTGTGGOTOCTATTTACCGAAAATCOTTTITGGATGGAATAGCATOATGGT
TGGCTTTTCATTAGCGOGTCTTGOTCTTTTACACTCAGTATTCCAAGCCTTTGTGOGCAGGAAGAATAG
CCACTAAATGGGOCGAAAAAACGGCAGTACTGCTCOOATTTATTOCAGATAGTAGTGCATTTGCCTT
TITAGCOTTTATATCTGAAGGTTOGTTAGTTTTCCCTOTTTTAATTTTATTIOGCTGOTOGTGGGATCG
CTTTACCTOCATTACAGGGAQTOATOTCTATCCAAACAAAGAGTCATCAGCAAGOTOCTTTACAGGG
ATTATTGOGTCGAGCCTTACCAATOCAACCGOTGTTATTGGCCCATTACTGTTITGOTGTTATTTATAATC
ATTCACTACCAATTTGGGATOGCTOOATTIGGATTATIGGTTTAGCOTTTTACTGTATTATTATCCTG
CTATCGATGACCTTCATOTTAACCCCTCAAGCTCAGGGGAGTAAACAGGAGACAAGTGCTTAGTTAT
TICGTCACCAAATGATOTTATTCCGUGAAATATAATGACCCTCTTIGATAACCCAAGAGCATCACATA
TACCTGCCGTTCACTATIATTTAGTGAAATGAGATATTATGATATITTICTGAATTGTCGATTAARAAGG
CAACTTTATGCCCATOCAACAGAAACTATAARAAATACAGAGAATGAAAAGAAACAGATAGATTTY
TEAGTTCTTTAGGCCCOTAGTCTGUAAATCOTITTATGATTTTCTATCAAACAAAAGAGGAARATAG
ACCAGTTGCAATCCAAACGAGAGTCTAATAGAATGAGOTCGAAAAGTAAATCGCGCGGGTTTGTTA
CTGATAAAGCAGGCAAGACCTAARATGTGTAAAGGGCAAAGTOTATACTTIGGCGTCACCCCTTAL
ATATTTTAGGTCTTITITTATTIGTGCGTAACTAACTIGCCATCTTCAAACAGGAGGGUTGGAAGAAG
CAGACCGCTAACACAGTACATAAAAAAGGAGACATGAACGATGAACATCAAAAAGTTTGCAAAAL
AAGCAACAGTATTAACCTTTACTACCGCACTGCTGGCAGGAGGCGCAACTCAAGOGTTIGCGAAAG
AAACGAACCAAAAGCCATATAAGGAAACATACGOCATTTCCCATATTACACGCCATGATATGCTGE
AAATCCCTGAACAGCAAAAAAATGAAAAATATCAAGTTICCTGAGTTCGATTCGTCCACAATTAAAA
ATATCTCTTICTGCAAAAGGCCTGGACGTTTOGGACAGCTGGUCATTACAAAACGCTGACGGCACTGT
COCAAACTATCACGGCTACCACATCGTCTTTGCATTAGCCGGAGATCCTAAAAATGUGGATGACACA
TCGATTTACATOTTCTATCAAAAAGTCGGCGAAACTTCTATTGACAGUTGGAAAAACGCTGOUCGLG
TCTTTAAAGACAGCGACAAATTCGATGCAAATGATICTATCCTAAAAGACCAAACACAAGAATGGT
CAGOTTCAGCCACATTTACATCTGACGGAAAAATCCOTTTATICTACACTGATTTCTCCGGTAAACA
TTACGGCAAACAAACACTGACAACTGCACAAGTTAACGTATCAGCATCAGACAGCTUTTTGAACAT
CAACGGTGTAGAGGATTATAAATCAATCTTTGACGGTGACGGAAAAACGTATCAAAATGTACAGCA
GTTCATCCGATGAAGGUAACTACAGCTCAGGCOGACAACCATACGCTGAGAGATCCTCACTACGTAGA
AGATAAAGGUCACAAATACTTAGTATTTGAAGCAAACACTGOAACTGAAGATGGUTACCAAGGCGA
AGAATCTTTATTTAACAAAGCATACTATGGCAAAAGCACATCATICTTICCGTCAAGAAAGTCAAAAA
CTTCTGCAAAGCCGATAAAAAACGCACGGCTGAGTTAGCAAACGGUGCTCTCGOTATGATTGAGITA
AACCATGATTACACACTGAAAAAAGTCATGAAACCGCTOGATTGUATCTAACACAGTAACAGATGAA
ATTGAACGCGCGAACGTCTTTAAAATGAACGOCAAATGGTACCTOTTCACTGACTCCCGUGGATCAA
AAATGACCGATTGACGOCATTACGTCTAACGATATTTACATGCTTGOTTATGTTTCTAATICTTTAACT
GOGCCCATACAAGCCGUTOAACAAAACTGGCCTTGTOTTAAAAATGCATCTTCGATCCTAACGATGTAA
CCTTTACTTACTCACACTTICGCTGTACCTCAAGCUGAAAGGAAACAATGTCOTGATTACAAGUTATAT
GACAAACAGAGOATTCTACGCAGACAAACAATCAACGTTTGUGCCAAGCTTCCTGETGAACATCAA
AGGCAAGAAAACATCTGTTGTCAAAGACAGCATCUTTGAACAAGGACAATTAACAGTTAACAAATA
AAAACGUAAAAGAAAATGCCGATATTCACTACCGGAAGCAGTGTCGACCOTGTGUTTCTCAAATGTC
TGATTCAGGCTGICTATGTCTGACTGTTGAGCTGTAACAAGTTGTCTCAGGTGTTCAATTTCATGTYIC
TAGTTGCTTTOTTTTACTGOTTTCACCTOTICTATTAGGTGTTACATGUTOTTCATCYGTTACATIGTC
GATCTGTTCATGGTGAACAGCTTTAAATGCACCAAAAACTCOTAAAAGCTCTGATGTATCTATCTTT
TITACACCGTTITCATUTGTGCATATGOACAGTTTTCCCTTTCGAT(SEQ ID NO: 52)

FIG. 5
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recAlampR

CCATCTCTACCGOTTCGCTTTCACTGGATATCGCGCTTGGGGCAGGTGOTCTGUCGATGGGCCGTAT
COTCGAAATCTACGGACCGGAATOTTCCGGTAAAACCACGUTOACGCTGCAGGTGATCGCCGCAGC
GCAGCGTGAAGGTAAAACCTGTGCOTTITATCGATGCTGAACACGCGCTGGACCCAATCTACGCACG
TAAACTGGOGCGTCGATATCCACAATCTGETGTOCTCCCAGCCGUACACCGGLGAGCAGGCACTGGA
AATCTGTGACGCOCTGGCGCETTUTGOCGCAGTAGACGTTATCGTCGTTCACTCCOTGGUGGCACTG
ACGUCGAAAGCGGAAATCGAAGGOGAAATCGATGACTCTCACATGGGCCTTGUGGCACGTATGATG
AGCCAGGCOGATGCGTAAGCTGGOGGGTAACCTGAAGCAGTCCAACACGCTGCTGATCTTCATCAAC
CAGATCCGTATGAAAATTGGTOTGATGTTCGOTAACCCGGAAACCACTACCGGTGGTAACGCGITG
AAATTCTACGCCTCTGTTCOTCTCGACATCCGTCGTATCGGUGCGGTGAAAGAGGGCGAAAACGTGG
TGGGTAGCGAAACCCGCGTGAAAGTGOTGAAGAACAAAATCGOTGCGCCGTTTAAACAGGCTGAAT
TCCAGATCCTCTACGGCGAAGGTATCAACTTCTACGGCCGAACTGGTTGACCTGGGCGTAAAAGAGA
AGCTGATCGAGAAAGCAGGCGCGTGUTACAGCTACAAAGGTGAGAAGATCGGTCAGGGTAAAGCG
AATGCGACTGCCTGGCTGAAAGATAACCCGCGAAACCOCGAAAGAGATCCAGAAGAARAGTACGTGA
GTTGCTGCTGAGCAACCCGAACTCAACGCCGCATTTCTCTGTAGATGATAGCGAAGGCGTAGCAGA
AACTAACGAAGATTTTTAATGATTGCAGTCCAGTTACGCTGRAGTCTCGAGGUTCGTCCTGAATGATA
TCAAGUTTGAATTCGTTGOTTCATCCCGTOGGUATTGCATAGGUATAACAGGGTAATCTAAATACAT
TCAAATATCTATCCGCTCATCGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAG
AATATCAGTATTCAACATTTCCOTCTCGCCCTTATTCCOTTTTTTGCOGCATTYTGCCTTCCTGTTTTY
GCTCACCCAGAAACGCTGOTGAAAGTAAAAGATCCCGAAGATCAGTTGGGTGCACGTGTGGGTTAC
ATCOAACTOGACCTCAACAGCGGTAAGATTCTTOGAGAGTTTICGCCCCGAAGAACGTTTCCCAATGA
TGAGCACTTTTAAAGTICTCCTCTGTGOCGCGETATTATCCCGTATTGACGCCGGGCAAGAGUAALT
CQUTCGCOGCATACACTATICTCAGAATGACTTGOTTOAGTACTCACCAGTCACAGAAAAGCATCTY
ACGCACGGLATGACAGTACGCOAATTATGCAGCGUTGCCATAACCATGAGTGATAACACGGLGGLC
AACTTACTTCTGACAACGATCGCGAGCGACCGAAGUGAGCTTACCGUTTTTITGCACAACATGGUTGATC
ATGTAACTCGCCTTGATCGTIGGGAACCGOGAGCTCAATGAAGCCATACCAAACGACCAGCGTGACA
CCACGATOCCTGTAGCTATGCGCAACAACGTTGCGUAAACTCTTAACTGGUGAACTTCTTACTCTOGC
TTCCCGOGCAACAATTAATAGACTGUATGOAGGCGGATAAAGTTGCAGCGACCACTTCTGLGCTCGOT
CCTTCCGOCTGGOTGGTTTATIGCTCATAAATCTGGAGCCGGTCAGCGTGGOTCCCGUGGTATTATT
GCAGCCCTGGGGCCAGATGOTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGCCAGGLA
ACTATGOACGAACGTAATCOOCAGATCGUTGAGATAGGTGCOTCCCTOATTAAGCATTGGTAATAAC
CAGGCATCTCGICTTOTTTCATACACAAGGOTCOCATCTGCOGCOCTITTGCTTITTTTAAGTTIGTAAG
GATATGCCATCACAGAATCAACATCCCGTCGCCCOQUATATGCTCGCOTOTTOGATCGTCQCGRTALG
CATTCTOGCOGTOCOCCATCACAGTCAGCAAGAACTOCGACGTAAALTCGUGGUACCOATTATEGG
CAAAAATGOCCCAGAAGAGATTCGATGCTACGGCAGAAGATTACGAGCOCGTTATTGSEQ TR NG: 33)

FIG. 5
CON'T 1
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AsheDampR

TGATTGCAGTCCAGTTACGCTGOAGTCTGAGGCTCGTCCTGAATGATATCAAGCTTGAATTCGTTGR
TTCATCCCGTOGOECATTGCATAGGCATAACAGGGTAATCTAAATACATTCAAATATCTATCCGCTCA
TOAGACAATAACCOTGATAAATGCTTCAATAATATIGAAAAAGGAAGAATATCAGTATTCAACATT
TCCOTGTCGCCCTTATTCCCTTTTTTGCGGCAT TTTGCCTTCCTGTTTTIGCTCACCCAGAAACGUTGG
TOAAAGTAAAAGATGUCGAAGATCAGTTGGGTGCACGTGTGGUGTTACATCOAACTGGACCTCAACA
GUGGTAAGATICTTCAGAGTITTCGCCCCCAAGAACGTTTOCCAATGATGAGCACTTTTAAAGTTCY
GCTCTGTOGCGCGETATTATCCCGTATTGACGUCGGGLAAGAGCAACTCGGTCGCCGCATACACTAT
TCTCAGAATGACTTGOTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGACGGCATGACAGTA
CGCOAATTATGCAGCGCTGOCATAACCATOAGTOATAACACGOCGGCCAACTTACTTCTGACAACG
ATCGGAGCGACCGAAGGAGCTTACCGCTTTTTTGCACAACATGGOTCATCATGTAACTCGCUTTGATC
GTTOGOAACCGGAGTTGAATOAAGCCATACCAAALGACGAGCOTUACACCACCATGCCTGTAGCTA
TGOCAACAACGTIGCQCAAACTCTTAACTOCGCGAACTTCTTACTCTCOCTTCCCOGOAACAATTAAT
AGACTGRATGGAGGLGGATAAAGTTOCAGGACCACTICTOCGCTCOECCCTTCCGSITGGCTGATTY
ATTGCTCATAAATCTGOAGCCGGTGAGCGTCGGTCCCOCGOTATTATTGCAGCLCTHEQGLCAGATG
GTAAGCCCTCCCOTATOOTAGTTATCTACACGACGOOGAGUCAGGCAALTATGCACGAACGTAATC
GOCAGATCGCTOAGATAGGTOCCTCCCTOATTAAGCATTOGTAATAACCAGGUAT(SEQ 13 NO: 54)
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TATGAGCAGCATCGAAAAATAGUCCGUTOATATCATCGATAATACTAAAAAAACAGGGAGGCTATT
ACCAGGCATCAAATAAAACGAAAGGCTCAGTCGAAAGACTGGGCCTTICGTTTTATCTGTTGTTITOT
CEGTGAACGCTCTCTACTAGAGTCACACTOGCTCACCTTCOOGTGGHCCTTTCTGCGTTTATATCTIT
CTOACACCTTACTATCTTACAAATOTAACAAARAAQGTTATTTTICTOTAATTCGAGCATOTCATGTTA
CCCCGLEGAGCATAAAACGCOTOTOTAGGAGGATAATCTATGGATTTGTCACAGCTAACACCACGTC
GTCCCTATCTGCTOCOTOCATTCTATOAGTGOTTGCTOGATAACCAGCTCACGCCGCACCTGOTGHT
GOATOTGACGCTCCCTGGCOTGCAGGTICCTATGGAATATGCGUGTGACGOGCAAATCOTACTCAAC
ATTGCGCOGCGTGCTOTOGGUAATCTGOGAACTGGLGAATOATGAGGTOCGUTTTAACGOGLGUTTTG
GTGOCATTCOGUGTCAGGTTTCTGTGCCGUTGGCTGCOGTGUTOGCTATCTACGCUCGTOAAAATOG
COCAGGCACGATGTTTGAGCCTGAAGCTGUCTACGATOAAGATACCAGCATCATGAATGATGAAGA.
GGCATCGGCAGACAACGAAACCGTTATGTCOGTTATTOATOGCGACAAGOCAGATCACGATGATGA
CACTCATCCTGACGATGAACCTCCGCAGCCACCACGCGGTGGTCGACCGOCATTACGCGTTGTGAAG
TAATCGACCTAGCATAACCCCGCOGGGCCTCTTCGGOGGTCTCGCGGOOTTTTITGCTGAAAGAAGC
TTCAAATAAAACGAAAGGCTCAGTCGAAAGACTGOGCCTTTCGTTTITATCTGTTGTTITGTCGLTGCG
GCCGOOGTCAGGTATGATTTAAATGGTCAGTAACGGOGTCTTGAGGGOTTTTTTGCCACAGETAACACC
ACGTCOTCCCTATCTGUTGCCCTAGGTCTATCAGTGHTTGCTGGATAACGTGLGTAATTGTGCTGATC
TCTTATATAGCTGUTCTCATTATCTCTCTACCCTGAAGTGACTCTCTCACCTGTAAAAATAATATCTC
ACAGGCTTAATAGTTTCTTAATACAAAGCCTGTAAAACGTCAGOATAACTTCTATATTCAGGGAGAC
CACAACGOTTTCCCTCTACAAATAATTTTGTTTAACTTTTGAAGGAGAACAAATGAATTTGCTTATTG
ATAACTGGATCCCTGTACGCCCGCGAAACGGGOGGAAAGTCCAAATCATAAATCTGCAATCGCTAT
ACTOCAGTAGAGATCAGTGGCGATTAAGTTTGCCCCGTGACGATATOGGAACTGGCCGCTTTAGCACT
GCTOGTTTGCATTGGGCAAATTATCOCCCCGGCAAAAGATGACGTTGAATTTCGACATCGCATAATG
AATCCGCTCACTGAAGATGAGT(RED ID NG: 59
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