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Figure 1.
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Figure. 3

Alignment tfaD {aminoacid change A>T}

>Tfal Protein alignment Alignment of 2 sequences: TfaD wildtype, Tfal} mutated

Score = 757.0, Identities = 145/146 (99%), Positives = 145/146 (99%), Gaps = 0/146 (0%)

TfaD wildtype 1 IPAGEFVAVFENSDESSWHLVEDHRGKTVYDVASGDALFISELGPLPENVIWLSPEGEFQK
W &0

Consensus IPAGEVAVENSDESSWHLVEDHRGKTVYDVASGDALFISELGPLEPENVITWLSPEGEFQK
W

Tfab mutated 1 IPAGFVAVENSDESSWHLVEDHRGKTVYDVASGDALFISELGPLPENVIWLSPEGEFQK
W &0

TfaD wildtvype &1 ABEKLFRIREAEETKNSLMOVASEHIAPLODAVDLEIATEEETSLLEAWK
K 126

Consensus

K

TEaD mutated 61 NGTAWVEH] SAEKLFRIREAEETKNELMOVASEH I APLQDAVELETATEEETSLLEAWK
K 1z2¢

121 YRVLLNRVDTSTAPDIEWPTNPVRE* 146
YRVLLNRVDTSTAPDIEWPTNPVRE*
1231 YRVLINREVDTSTAPDIEWPTNPVEE* 146
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>TtaD Nucleotide alignment Alignment of 2 sequences: TfaD wildtype, TfaD mutated

Score = 2063
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764, Identities = 429/438 (97%), Positives = 429/438 (97%), Gaps = 0/438

ATTCCAGCTGGCTTCETGGCTGTTTTCAACAGTGATGAGT CATCGTGGCATCTCGTTGA
ATTCCAGCTGGCTTCETEGECTAGTTTTCAACAGTGATGAGTCATCETGGCATCTCAETTGA

ATTCCAGCTGGCTTCETGGCTGTTTTCAACAGTGATGAGTCATCGETGGCATCTLGTTGA

GATCATCCGEGETAAAACGCTTTATGACGTAGCGT CAGGGGACGCETTATTTATTTCTGA

GATCATCGGGCTAARAACGGTTTATGACGT GC TC GG GACGCETTATTTATTTCTGA

GATCATCCGGGTAAAACGGTTTATCACGTGGCTTCCGGCGACGCETTATTTATTTCTGA

CTCGETCCGTTACCGGAAALTGTTACCTGGTTATCGCCGGAAGGGGAGTTTCAGAAGTG

b=

CTCGGETCCGTTACCGCARAATGTTACCTGGTTATCGCCGGAAGGGGAGTTTCAGRAGTG

CTCGGTCCGTTACCGGAAAATGTTACCTGGTTATCGCCGEAAGGGGAGTTTCAGAAGTC
AACGGTACAGCCTGGETEARAGATECAGAAGCAGAAAARALCTGTTCCGGATTCGGEAGGT

C GAAGCAGAAAMNNCTGTTCCGGAT CGGGAGGC

ACGRAAGCAGAAARACTETTCCEGATCCGEEAGEC

GAAGAAACAAAADACAGCCTGATGCAGGTAGCCAGTGAGCATATTGCGCCACTTCAGGA

GAAGAANCAAAALACAGCCTGATGCAGGTAGCCAGTGAGCATATTGCGCCACTTCAGGA

GRAGAAACAAARALCAGCCTGATGCAGGTAGCCAGTGAGCATATTGCGCCACTTCAGGA

GCTGTAGATCTGGARATCGCAACGGAGGARGARAACCTCATTGCTGGAAGCCTGGARRAA

GCTGTAGATCTGGARATCGCAACGGAGGAAGAAACCTCATTGCTCGAAGCCTGGABARA

GCTGTAGATCTGGAAATCGCAACGCGAGGAAGAAACCTCATTGCTGGAAGCCTEGAAAAL

AACCCTGTCAGGGAGTAR 438
Z&A CCCTGTCAGGGAGTAA
ACCCTGTCAGGGAGTAR 438



Patent Application Publication  Dec. 29, 2022 Sheet 5 of 14 US 2022/0411746 A1

Figure. 5
Alignment vej0 {aminoacid change W -> R}
>vei(d Protein alignment Alignment of 2 sequences: yejO wildtype, yejO mutated

Score = 6358.0, Identities = 1262/1263 (99%), Positives = 1262/1263 (99%), Gaps =
0/1263 (0%)

ye’i0 wildtype 1 VRTSP*YEIMFVIWSHRTGF IMSHQLTFADSEF
SEK 60

Consensus MHQSGSVSLORSAISVLVATAL KVRTSP*YEIMFVIWSHRTGF IMSHQLTFADSEF
88K

ye30 mutated 1 VRTSP*VEIMFVIWSHRTGF IMSHQLTFADSER
S8k 6

D
)

RROTRKEIFLSRMEQILPWONMVEVIEPFYPKAGNGRRPYPLETMLRIHCMOHEWY.

'-‘

RROTRKEIFLSRMEQILPWONMVEVIEPFYPRAGNGRRPYPLETMLRIHCMOHEWYNL

61 RRQTRKEIFLSEMEQILPWONMVEVIEPFYPKAGNGREPYPLETMLRIHCMOHWYNL

121 AMEDALYEIASMRLFARLSLDSALPDRTTIMNFRHLLEQHQLARQLFKTINRWLAEA

AMEDALYEIASMRLFARLSLDSALPDRTTIMNFRHLLEQHQLARQLFKTINRWLAEA
G\/M
veil mutated 121 ASMRLFARLSLDSALPDRTTIMNFRHLLEQHQLARQLFKTINRWLAEA

vei0 wildtype 181 MTQGTLVDATIIEAPSSTKNKEQQRDPEMHQTKKGNQWHIGMKAHIGVDAKSGLTHS
LvT 240
MTQGTLVDATIIEAPSSTKNKEQQRDPEMHOTKKEGNOWHEGMKAHIGVDAKSGLTHS

181 MTQOGTLVDATIIEAPSSTKNKEQQEDPEMHQTKKGNQWHFGMKAHIGVDAKSGLTHS

veil wildtype 247 TAANEHDLNQLGNLLHGEEQFVSADAGYQGAPQREELAEVDVDWLIAERPGKVRTLK
QHE 300

Consensus TAANEHDLNQLGNLLHGEEQFVSADAGYQCGAPCREELAEVDVDWLIAERPGKVRETLK
(‘\T_:’E

QHI

yeil 241 TAANEHDLNQLGNLLHGEEQFVSADAGYQGAFPQREELAEVDVDWLIAERPGEKVRTLK
QHP

yeil 301 RRKNKTAINIEYMKASIRARVEHPFRIIKROFGFVKARYKGLLENDNQLAMLETLA
FRA

Conse RENKTAINIEYMKASIRARVEHPFRIIKRQFECFVKARYKGLLKNDNQLAMLFTLANL
FRA

yeil mutated 201 REKNKTAINIEYMKASIRARVEHPERI IKROQFGFVKARYKGLLKNDNOQLAMLFTLANL
FRA 360

yveijl wildtype 261 DOQMIRQWERSH*KLGITP*MAKKRSK*ADSRHLREKKSAQT* RNEMTESAEKNEFPAY
SHL 420

Consensus DOMIRQWERSH*KLGITR*MAKKRESK* ADSRHLREKKSAQT* RNEMTESAEKNEPAY
SHL

yveil mutated 361 DOMIRCWERSH*KLGITP*MAKKRSK*ADSRHLREKKSAQT* RNEMTESAEKNEPAY
SHL 420

yveild wildtype 421 PYTHPRP*HWHQLLSMVROLMVLS

LTE 480

Consensus YIHP*HWHQLLSMVROLMVLSWKKIS

LTE

vei0 mutated 421 PYIHP*HWHQLLSMVROLMVLSWKKI

LTE 480

S
©
h

"1

vei0 wildtype GISTLRK*MAPONTQY*MIVIKLFKWVARQTRLRSIMV! "MAQRMIPRLKAGA*SL
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K¥M 540
Consensus GISTLKAMARPONTOQY*MTVIKLFKWVARQTRLES IMVCYRFMAQRMIPRLEKAGA*SL:
KKM

yeiC mut
KKM 540

]

ated 481 GISTLK*MAPQNTOY*MTIVIKLFKWVARQTRLRSEIMVCOYRFMAQRMIPRLKAGA*SL

veil wildtype 5471 GGRPSLSLEKREDYWRLKRGDUHLE* IRKQAVLLKQPRGPWRYSEQTVSVEETSRMVL
LII &00

GGPSLELSKREDYWRLKRGDLHLR* IRKQAVLLKQPREPWRYSEQTVSVSSISEMVL

LIT
yveilC mutated 541 GGPSLSLEKREDYWRLKRGDLHLR*IRKQAVLLKQPRGPWRYSEQTVSVSSISRMVL
LII 600

yeil wildtype 601 CCWKTAEVCELKKMTSLIIPL* IVAAYWRLWMAGL*LALIKKQAEN*LSQRMRWK*V
vQT 660

Consen COWKTAEVCELKKMTSLI IPL* IVAAYWRLWMAGL* LALIKKQAEN *LSQORMRWK*V
5 rQT

yeild mutated 601 CCWKTAEVCELKEMTSLIIPL* TVAAYWRLWMAGL* LALITKKQAEN* LSQRMRWK*V
VQT 660

yveijl wildtype 661 VKANLV*KMVCQKIMNWMMVPGSLLWETRRPLILSLISMPLONRWERILVRKCRQMR
YMI 720

Consensus VKANLV*KMYCOKIMNWMMVPGSLLWRTREPLILSLISMPLCNRWER T LVRKCROME.
YMI

yveil mutated 561 VHANLV*EKMVCQKIMNWMMVPGSLIWRTRRPLILSLISMPLCNREWERI LVRKCROMR
YMIT 720

yveil wildtype 721 BVYDHIRMEVSRIPOKPSLEKIWLSTMAALTSGLAQWLTFQSEGMMAFLRS*SRK* IMH
PQC 780

Consensus SVDHIRMEVSRIPOKFSLKIWLSTMAALTSGLAQWLTFQSEGMMAFLRS* SRK* ITMH
PQC

vejO mutated 721 SVDHIRMEVSRIPQKPSLKIWLSTMAALTSGLAQWLTFOSEGMMAFLRS* SRK* IMH

vei0 wildtype 781 WWVR*WFLRALLLERMVPWIPAKRTFRSKIAYGPSLPISLRRTKTPSST*PTLRCLT
QOM* 840

Consensus WWVR*WFLRALLLERMVPWI PAKRTFRSKIAYGPSLPISLRRTKTPSST*PTLRCLYT
QM*

<

veil nutated T8L WWVR*WFLEALLLERMVPWLPAKRTFRSKIAYGPELPISLERRTKTPSST* PTLRCLT
oM* 840

veil wildtype 8§41 LAWMSQ*LVHQ*ROVRKISLR*PRPIPCRETAIFICVPIWLITIRAISSTSPVRQOVIS
KYs 9500

Consensus LAWMSO* LVHQ* ROVRKISLR*PPIPCRETAIFICVPIWLIIRAISSTSPVRQOVIS
KYS

yeil mutated 841 LAWMSQ*LVHQ*ROVRKISLR*PPIPCRETAIFICVPIWLIIRAISSTSPVRQOQVIS
KYs 9G0

veil wildtype S0L *RTPVPARCQEIALHW*QRAAVMUHLRWAMPEALLISVRMNI PCWIMATIAGVWOR L
ARK 960

Consensus *RTPVPARQQEIATHW*QORAAVMLHLRWAMPEALLISVREMNI PCWIMATIAGVWORI
ARK

yeil mutated 901 *RTPVPARQOEIALHW*QRAAVMLHLRWAMPEALLI SVRMNIPCWIMATIAGVWQRI
ARK 960

yveijl wildtype 961 LPLOPLMC*IWRPHNRWYLMONWTPCVSVLVA*KALVTIRRCGVROLTPATT*PLMR
ELV 1020

Consensus LPLQPLMC* LWRPHNRWY LMONWTPCVSVLVA*KALVTIRRCGVROLTPATT * PLME
ELV

yveil mutated 961 LPLOPLMC* IWRPHNRWYLMONWIPCVSVLVA*KALVIIRRCGVRQLTPATT*PLMR
ELV 1020

vej0 wildtype 1021 LSKH*RA*REVSIAVERPVEKAVOFAA*SLVILILILVLIAAAKVISIAIPWGLMPVG
SIR 1080

Consensus LEKH*RA*RSVSIAVSPVKKAVOFAA*SIVTLILILVLIAAAKVISIAYPWGLMPVG
SIR

vei0 mutated 1021 LEKH*RA*RSVSIAVSPVKKAVQOFAA*SLVTLILILVLIAAARKVISIAIPWGLMEVG
SIR 1080

b2
(@]
[oe]
-t

yveij0 wildtype
WP, 1140
Jonsensus TVPMLMGW*KLTVLPTPSMAR*VMGQORLAITIVTARVLMLEAGSVGLTDCGVLDPI

TVEMLMGW*KLTVLPTPEMAR*VMGQORLATITIVTARVILMLRAGSVGLTDCGVLDET
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yveid mutated
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TVPMLMGW* KLTVLPTRPSMAR* VMGQORLATITIVTARVIMLRAGSVGLTDCGVIDPI

PALPOMVRTTRYQTACARMWEI PGYYALKRERR* AT TWITCKTVRRWNEPG* KRPCVRN

PAT
PALE

POMVRETTRYQTACARMWEL PCYYALKREERR* A

LTWTCKTVRRWNPG* KRPOVEN

PALPOMVRTTRYQTACARMAWEIPGYYALKRERRYAITWICKTVERWNPG* KRPCVRN

LTR*KUMTMANLIMMWELEPVAFIRLV*GHRLPRR*AVIC
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]
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oo
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Figure. 6
>veij(Q Nucleotide alignment Alignment of 2 sequences: yej0 wildtype, yej0 mutated

Score = 18940.974, Identities = 3790/3791 (99%), Positives = 3790/3791 (99%;), Gaps =
/3791 (O”V-r)}

veiC wildtype 1 ATGCATCAATCIGGTTCIGTTTICTCTTTETCGTTCCGCAATATCTETTCTGETGGCTA
CA 38

Consensus ATGCATCAATCTGGTTCTGTTTCTCTTTGTCGTTCCGCAATATCTGTTCTGETGGCT
ca

yveil mutated 1 ATGCATCAATCIGETTCTCGTTTCTCTTTCTCGTTCCGCAATATCTGTTCTGGTGEGCTA
C 60

GAAGGTGCGAACAAGTCCCTCATATGACATCATGTTTCTCATCTGGAGCT

(s3]
IS

yvei0 wildtype
AT 120

Consey GCGTTA GGAAGGTGUGAACAAGTCCOTGATATGAGATCATGTTTGTCATCTGGAGC

GAAGGTGCGAACALAGTCCCTGATATGAGATCATGTTIGTCATCTGGAGCC

"
o
o

t
O

o}
oy
ot
o
o
1
O
ol
(62}
-2

yeild wildtype 121 AGAACAGGGTTCATCATGAGTCATCRAACTTACCTTCGCCGACAGTGAATTCAGCAGTA

AG 18¢C

Consensus AGBACAGGGTICATCATCGAGTCATCAACTTACCTICGCCEACAGTGAATTCAGCAGTA
G

veil mutated 121 AGAACAGGETITCATCATGAGTCATCAACTTACCITCGCCGACAGTGAATTCAGCAGTA

[}
@}

GTCAGACCAGAAAAGAGAT T TICTTGT COCGCATGGAGCAGA T TCTGCCATE

~
1]
@]
I
[
o
lad
[
o
1]
i
-
s
]
[

9]
Q

]

Consensus CGCCGTCACACCAGARANGAGATTTTICTTGTCCCGCATGGAGCAGATTCTECCATGEE!

veil mutated 181 CGCCCTCAGACCAGAAARAGAGATTTICTTGICCCGCATGGAGCAGATTCTGCCATGEC

41 AACATGETGGAAGTCATCGAGCLGTTTTACCCCARGGCTGGETAATGGCCS

AHKCATCETGCAAGTCATCGAGCCGTTTTACCCCAAGGUIGETAATGCCCEGLGACCTT

241 MACATGOTGEAAGTCATCGAGCCGTTTTACCCCAAGGUTGETANTGECCEGCGACCTT

veil wildtype 301 CCECTGGARACCATCCTACGCATTCACTCCATGCAGCATTGETACAACCTGAGCGATG
GC 260

Consensus CCECTGGABACCATGCTACGCATTCACTGCATGCAGCATTGGTACAACCTGAGCGATGG
C

70 mutated 201 CCGUTGGAARCCATGCTACGCATTCACTGUCATGCAGCATTEGTACAACCTGAGCGATG

yveil wildtype 361 GCGATGGAAGATGUTICTCTACCGAAATCGCCTCCATGUETCTGTTTGCCCEETTATCCT
TG 426

Congensus GUOATCGGRAGATGCTCTOTACGARATCGLOTCCATGCGTOTCTTTGCCCEETTATCCC
TG

yeild mutated 361 GCGATGGAAGATGCTOTGTACGAAATCECCTCCATGCET

TG 420

ildoype 421 GATAGCGCCTTGCCGGACCGCACCACCATCATGAATTTCCGCCACCTGUTEGAGCAGC

Consensus TGCCGGACCGCACCACCATCATGAATTTCCGCCACCTGOTGGAGCAGC
AT

yveil mutated 421 GATAGCGCCITGUCCGACCGCACCACCATCATGAATTTCCGCCACCTIGUTGEGAGCAGT
AT 480

yeij0 wildtype 481 CAACTGGCCCGCCAATTGTTCAAGACCATCAATCGCTGECTCGCCGAAGTAGGCETCA
TG 540

Consensus CAACTGGCCCGCCAATTGTTCAAGACCATCAATCGCTGGCTGGCCEARGCAGGCGTCA
TG

veil mutated 481 CAACTGGCCCGCCAATTGTTCAAGACCATCAATCGCTGGUTGGCCGRAGTAGGCGTCA
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ATGACTCAAGGCACCTTGGTCGATGCCACCATCATTGAGGCACCCAGCTCGACCAAGA

TCATTGAGGCACCCAGCTCGACCAAGA

AGGCACCTTGGETCGATECC ATCATTG

laleF Nalal 4
A NN

GCACCCA FACCARGA,

AADAGAGCAGCAACGCGATCCGGAGATGCATCAGACCAAGARAGGCAATCAGTGGCACT

AAAGAGCAGCAACGCGATCCGGAGATGCATCAGACCAAGAANGGCAATCAGTGGCACT

AALGAGCAGCAACGCGATCCGGAGATGCATCAGACCAAGAAAGGCAATCAGTGGCACT

GGCATGAAGGCCCACATTGGETGTCGATGCCAAGAGTGGCC

TCACCCACAGCCTGGTCA

L()

GGCATGARGGCCCACATTGETGTCGATGCCAAGAGTGGEICTGACCCACAGCCTGETCA

GGCATGAAGGCCCACATTGETGTCCGATGCCARGAGTGGCCTGACCCACAGCCTGETCA

ACCGCGGCCARCCAGCATGACCTCAATCAGCTGGGTA

CCAACGAGCATGACCTCAAT CAGCTGGETA

ACCGCGECCAACGAGCATGACCTCAATCAGCTEEGTAATCTCGCTGCATGEAGAGGAGTC
ATGCCGGOTACCAAGGGGLGCCACAGLGLGAGGAGCTGGLCGAGE

GCCGATGCCGGUTACCAAGGGGECGCCACAGCGCGAGGAGCTGELCCGALG

TTTGTCTCAGCCGATGCCGGECTACCARGGGGCEICACAGT

CGAGGAGCTGGCCGAGG

GATGTGGACTGGCTGATCGCCGAGCGCCICGGCAAGCTAAGAACCTTGAAACAGCATC

GATGTGCACTGGECT

ATCGCCGAGCGCCC

CTTGAARCAGCATC

ATGTGGACTGGCTGATCGCLGAGCECCCCGGCAAGGTAAGAACCTTGARACAGCATC

CGCAAGAACARARCGGCCATCAACATCGAATACATGAAAGCCAGLATCCGGGCCAGGG

~n SOOR NENOS VA S
TEAAAGCCA: CA e

AGAACARBAACGGCCATCAACATCGAATACKA! GGGCCAGGE

CGCAAGAACAANNCEGCCATCAACATCGAATACATGAAAGCCAGCATCCCGGELCAGES

GAGCACCCATTTCGCATCATCAAG CTTCGTGAAAGCCAGATACAAGS

SAGCACCCATTTCGCATCATCAAGCGACAGTTCGGCTTCGTGAAAGCCAGATACARGG

GAGCACCCATTTCGCATCATCAAGCGACAGTTCCGCTTCGTGAAAGC CAGATACAAG

[£9

TTGCTGAAAAACGATAACCAACTGECGATGTTATTCACGCTGGCCAACCTGTTTCGEG

TTGCTGAAAAACGATAACCAACTGGCGATETTATTCACGOTGGCCAACCTETTTCGGEG

TTGCTGAAAAACGATAACCAACTGGCGATGTTATT CACCLTGGCCAACCTGTTTCGEG

GACCAAATGATACGTCAGTGGGAGAGATCTCACTARAARACTGGEGATAACGCCTTAAA

GACCAAATGATACGTCAGTSGE GATCTCACTAAAAACTCEGGE.

GACCAAATGATACGTCAGTGGGAGAGATCTCACTAAARACTGGECGATAACGCCTTAAA



Patent Application Publication  Dec. 29, 2022 Sheet 10 of 14  US 2022/0411746 A1l

GCGAAGAAACGGTCTAAATAGGCTGATTCAAGGCATTTACGGGAGARAANATCGGCTC

-
-
N
"
G

¢

GCGAAGAAACGETCTAAATAGGCTGATTCAAGECATTTACGGGAGAAAAANTCGEGCTC

yeil mutated 1141 GCGAAGAAACGGTCTAAATAGGCTGATTCAAGGCATTTACGGGAGAARAAATCGGCTC
An 1200

,_,
B vl
<
b
Q

CATGAAGAAATCARRATGACTGAGTCAGCCGAGAAGRAATTTCCCCGCTTATTCGCACT

ACATGAAGAAATGABATGACTGAGTCAGCCGAGAAGAATTTCCCCGCTTATTCGCACC

utated 1201 ACATGAAGAAATGAAATGACTGAGTCAGCCGAGAAGAATTTCCCCGCTTATTCGCACC

yejo wildcype 1261 CCTTATATTCACCCATAGCATTGGCATCAACTGTTGAGTATGGTGAGACAGTTGATGG
TG 1320

Consensus CCTTATATTCACCCATAGCATTGGCAT CAACTGTTEAGT ATGGTGAGACAGTIGATES
TG

yej0O mutated 1261 CCTTATATTCACCCATAGCATTGGCATCAACTGTTGAGTATGGTGAGACAGTTGATG

TG 1320

vei0 wildtype 1321 TTGTCCTGGAAAANGATATCCAGCTGGTTTATCGGACCGCCAATAATACGARAARTCAR

TTGTCCTCCARAAAGATATCCAGCTGGTTTATGGGACCCGCCAATAATACGARARARATCA

>

veil nutated 1321 TTETCCTGGAAAAAGATATCCAGOTGGTTTATGGGACCGCCAATAATACGARAATCAA
TC 1380

veil wildtype 1381 CTGGCGGAGAACAGCATATAAAAGAATTTGCTGTAAGTARATAATACTGAARTTAACGG
AG 1440

Consensus CTGGCGGAGALACAGCATATAARAGAATTTGETCTAAGTAATAATACTGAAATTAALGE
AG

veil mutated 1381 CTGGELGGAGAACAGCATATAAANGAATTTCETCGTAAGTAATAATACTGAAATTAACGS

veil wildtype 1441 GGTATCAGTACATTGAAATGAATGGECGCCGCAGAATACTCAGTATTAAATCGACGGTTA
T 00

GGTATCAGTACATTGAAATGAATGGCGCCGCAGAATACTCAGTATTAAATGACGETTA

yeil mutated 1441 GCTATCAGTACATTGAAATGARATGGCGCCGCAGAATACTCAGTATTARATCGACGGTTA

yeil wildtype 1501 AAATTGTTCAAATGGETGOCGCGAUARACCAGACTACGCTCAATAATGGTGTECTACA

Consgensus AAATTGTTCAAATGGGTGGCGLGEGCARARCCAGACTACGCTCAATAATGGTGTGCTACA

—
i
<
i

yeild mutated ABATTETTCARATGGETEGCGOEGCARAACCAGACTACGCTCAATAATGETGTGCTACA

yveild wildtype 1561 TTTATGGCGCAGCGAATGATACCACGATTAAAGGCGGGCGCTTAATCGTTGAAARAGA
TG 16290

Consensus TTTATGGCECAGCGAATCGATACCACGATTAMAGGCEGGCGCTTAATCGTTGAAAAN

TG

/230 m 1561 TTTATGGCGCACCGAATGATACCACGATTAAAGGCGGGLGCTTAATCGTTGAARAAGA
G 182

yveil wildtype 1621 GGGGGGECCGTCTTTCTCGCTATCGAAAAGGCGAGCACTACTGCAGGTTAAAGAGGEGGE
AT 1680

Consensus GGGEGECCETCTTTGTCGCTATCCGARAAGGGAGCGACTACTESGAGCTTAAAGAGGGGES
AT

vei 1a21 CTTTCTCGCTATCGARARAGGGAGGACTAL STTARAGAGGGE

A

veit wildtype 1681 TTGCATTTGCGGTAGATCAGARAGCAGGLGGTGOTAT TARAACARLCAC

Ge 1740

Consensus TTGCATTTGCGGTAGATCAGAAAGCAGGCGETECTAT TARAACAACCACGUGEGECCAT
ete]

veil mutated 1681 TTGCATTTECGGTAGATCAGAAAGCAGGCGETECTAT TARAACAACCACGCEGECCAT

ve3o wildtype 1741 AGGTATTCGGAACAAACCETCTCAGTCAGTT
TA 1800

ATATCAAGAATGGTATTGCTAATAA
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AGGTATTCGGAACAAACCGTCTCGETCAGTTCGATAT CAAGAATGETATTGCTAATAA
1741 AGGTATTCGGAACAAACCGETCTCGETCAGTTICGATATCAAGAATGGTATTGCTAATAA

1801 TGTTGCTTGGAAAACGGCGGAAGTTTGCCAGTTCAAGARANTGACTTCGCTTATAATAC

TCTTGTTGGARAACGGCCCAAGTTTGCCGAGTTGAAGARAATGACTTCGCTTATAATALC

TTGTTGGAAAACCGCGGAAGTTTGCGAGTTGAAGAAAATGACTTCGCTTATAATAC

1851 CTGTAGATAGTG

CGGCTTACTGGAGGTTATGGATGGCGGEGACTGTAACTGGCGTTGA

h=
=
Lo
B
=]

CTGTAGATAGTEGCGGCTTACTEGAGGTTATGEATGGCEGEACTGTAACTGGLETTGA

3C mutated 1861 CTGCTAGATAGTGGCEGCTTACTCGAGGTTATGCGATGGCGGEACTGTAACTGELGTTGA

F3hC () R
G e

5

0

»o oo

ve 1921 AAAAAGCAGGCGGAAAATTAATTGTCTCAACGAATGCGCTECAAGTGAGTGETCCAAA
ca
Co AAAAAGTAGGCECGAARATTAATTGTCTCAACCGAATGCGITGCGAAGTGAGSTGGETCCARA
ca
yeil 1921 AAARARGCAGGCG AATTAATTGTCTCAACGAATGCGCTGGAAGTGAGTGGTCCAAR
CA

ye O w 1981 GTAARAGGCCAATTTAGTATAAAMNGATGGTCTGTCAAAAANTTATGAACTGCGATGATSG

Conseq 8 GTAAAGGCCAATTTAGTATAARAGATGGTGETGTCARARARTTATGAACTGGATGATGG

yeild 1981 CTAGTATAARAGATGETGTGTCAAARAATTATGAACTGGATGATCG
T 2¢

yveild wildtype 2041 TEGAGGACACGCAGGCCATTGATACTATCCTTGATAAGCATGC
Ca 2100

Consensus CCCEGUTCATTGTTATGGAGGACACGCAGGCCATTGATACTATCCTTGATAAGCATSC
ca

vei0 mutated 2041 CCGGGCTCATTGTTATGGAGGACACGCAGGCCATTGATACTATCCTTGATAAGCATGC
P N

{

>
o
o
o
>

yveil wildtype 2101 CTATGCAATCGCTGGGAAAGGATACTGETACGAAAGTGCAGGCAAATGCEGTATATGA
TC 2160

Consensus CTATGCAATCGCTGEGAAAGSGATACTGGTACGAARAGSTGCACGCAALRTGCGETATATGA
TC

veil mutated 2101 CTATGCAATCGCTGGGAARGGATACTGGTACGAAAGTGCAGGCAAATGCGETATATGA
TC 2160

. ldoype 2161 TCGGTCGATCATATCAGAATGGAAGTATCACGTATTCCTCARRAGCCATCTCTGARAAA
TCGETCGATCATATCAGAATGGAAGTATCACGTATTCCTCARAAGCCATCTCTGAAAA

ated 2161 TCGGTCGATCATATCAGAATGGAAGTATCACGTATTCCTCAAAAGCCATCTCTGAAARL

veil wildtype 2221 TGETTATCAACAATGGCCGECGCTAACGTOTEGGUTGGCACAATGGTTAACGTTTCAGT
Ca 2280

Consensus TEGTTATCAACAATGGCCGCGCTAACGTCTCGGUTGGCACAATGGTTAACGTTTCAGT
ca

yeil mutated 2221 TGGTTATCAACAATGGCCGCGCTAACGTCTGGGCTEGCACAATGGTTAACGTTTCAST
CA 2280

2281 GAGGGAATCATGGCATTCTTGAGGTCATGAAGCCGCAAATARATTATGCACCCGCAAT
GAGGGAATGAT TTCTTCAGGTCATGAAGCCGCAAATARATTATGCACCCGCAAT
yeild mutated 2281 GAGGGAATCGATGGCATTCTTGAGGTCATGAAGCCGCARATARATTATGCACCCGCAAT

GT 2340

A
3
3]
-
N
[
iS
i

TGGTGGEETARAGGTAGTGETTTCTGAGGGCGUTTCTTTTAGRACGCATGETGCCGTGGA

ol 3

TGETGGGTAAGGTAGTG

PTTCTGAGGGLGCTTCTTTTAGAACGCATGGTGCCGTGEA

EReNCL:
¢



Patent Application Publication  Dec. 29, 2022 Sheet 12 of 14  US 2022/0411746 A1l

TGETGGETAAGGTAGTGCTTTCTGAGGGCECTTCTTT TAGAACGCAT

]
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2401 CCAGCAANGCGGACGTTTCECTCGAAAATAGCGTATGGACCATCATTGCCGATATCAC

CCAGCAAAGCGEACGTTTCGCTCGAARATAGCETATGGACCATCATTGCCGATATCAC

2401 CCAGCAAAGCGGACGTTTCGCTCGARRATAGCGTATGGACCATCATTGCCGATATCAL

2461 CGACGAACCAAAACACCCTCCTCAACTTAGCCAACCTTGCGATGTCTGACGCARAATET

CGACGAACCARARCACCCTCCTCAACTTAGCCAACCTTGCGATGTCTGACGCARATGET

2461 CGACGAACCAAAACACCCTCCTCAACTTAGCCAACCTTCCGATGTCTGACGCARATET

520
yveild wildtype 2521 TTATGATGCGATGAGCCAGTGACTCGTTCATCAGTGACGECAAGTGCGGARRATTTCAT
TA 25890
Consensus TTATGATGGATGAGCCAGTGACTCGTT CATCAGTGACGCGCAAGTGCEGAAANTTTCAT
TA
vei0 mutated 2521 TTATGATGGATGAGCCAGTGACTCGTTCATCAGTGACGGCAAGTGCGCAARAATTTCAT
TA 2580
Y wildtype 2581 CETTGACCACCAATACCCTGTCGEGGARACGGCAATTTTTATATGCGTACCGATATGGC
TA 2640

Consensus CCTTGACCACCAATACCCTETCGGEAAACGGCAATTTTTATATGCGTACCGATATGET

=4 )
S ;

veil mutated 2581 COGTTGACCACCAATACCCTGTCGGGAARACGGCAATTTTTATATGCGTACCGATATGGEC
TA 2640

[
o
N
-t

ATCATCAGAGCGATCAGCTCAACGTCACCGETCAGGCAACAGGTGATTTCAAARTAT'

?".l

yejo wildtvpe

TCATCAGAGCCATCAGCTCAACGTCACCGETCAGGLAACAGETGATTTCAAAATAT

g
-3

2641 ATCATCAGAGCGATCAGCTCAACGTCACCGETCAGGCAACAGGTGATTTCAAAATATT

veil wildtype 2701 TGACGGACACCGOTGCCAGCCCGGCAGCAGGAGATAGCCTTACACTEGTAACAACGESG
CG 2760

Consensus TCACGGACACCEGTGCCAGCCCEGCAGCAGCGAGATAGCCTTACACTGGTAACAACGGE
CG

yve10 mutated 2701 TGACGGACACCGGTGCCAGCCCGGCAGCAGGAGATAGCCTTACACTGGTARCAACGEG
CG 2760

yeil wildtype 2761 GCGGETGATCCTGCATTTACCTTGGECAATGICGGAGSGCETTGTTIGATATCGESTACGTA
TG 282

Consen GCGGTCGATGCTGCATTTACGTTGGGECAATGCCGEAGGCGTTGT TGATATCGGTACGTA
TG

yeild mutated 2761 GCGETGATGOTGCATTTACGTTGGGCAATGCCGEAGGCETTGTTGATATCGETACGTA

TG 2820

veiC wildtype 2821 AATATACCTTGCTGOATAATGGCARCCATAGOTGOAGTCTG
AR 2880

CAGAGA SCGCGCA

Consensus RAATATACCTTGOTGGATAATGGCAACCATAGCTGGAGTCTGGUAGAGAR CGCA
yay

?:jo mutated 2821 AATATACCTTGCTGGATAATGGCAACCATAGCTGGAGTCTGGCAGAGAATCGCGUGCA
AR 2880

yesi 2881 TTACCCCTTCAACCACTGATGTGCTGAATATGECGGCCGCACAACCGCTGETATTITG
5;» TTACCCCTTCAACCACTGATGTGCTGAATATGACGECCGCACAACCECTGETATTTGA
;gjo mutated 2881 TTACCCCTTCAACCACTGATGTGCTGAATATG GCTGGTATTTGA
TG 2940

yveij0 wildtype 2941 CAGAACTGGACACCGTGLGTGAGCGTCTTGGTAGCGTAAAAGGCGTTAGTTACGATAC
a2

&t SO0
(G4 Ul
Jonsensus CAGAACTGGACACCETGCGTGAGCGTCTTGETAGCEGTARARGGCETTAGTTACGATAC
GG
veil nutated 2941 CAGAACTGGACACCGTGCETGAGCGTCTTGETAGCGTAARAGGCGTTAGTTACGATA
,‘
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yveild wildtype 3001 CGATGTGGAGTTCGGCAATTAACACCCECAACAACGTGACCACTGATGCGEGGAGCTGG
TT 3060

Consensus CGATGTGGAG CAACGTGACCACTGATGCGEGAGCTGE
TT

vei0 mutated 3001 CGATGTGGAGTTCGGCAATTAACACCCECAACAACGTGACCACTGATGCGGGAGITGG
: 30

IT 3060
yejo wildeype 3061 TTGAGCAAACATTIGACGGGCCTGACGCTIGETATCGATAGCCETTTCTCCCGTGAAGA
An 3120
Consensus TTGAGCARACATTGACGGGCCTGACGCTCGGTATCGATAGCCGTTTCTCCCGTGARGA

icated 3061 TTGAGCAAACATTGACGGGCCTGACGCTOGCTATCGATAGCCGTTTCTCCCGTGARGA

vel0 wildtype 3121 GCAGTACRATTCGCGGUTTGATCTTTGGTTACTCTCATTCTGATATTGGTTTTGATCG
CG 3180

Consensus GCAGTACAATTCGCGECTTGAT CTTTGGTTACTCTCATTCTGATATTGEGTTTTGATCG
CG

yvei0 mutated 3121 GCAGTACAATTCGCGGCTTGATCTTTGETTACTCTCATTCTGATATIGGTTTTGATCG
CG 3180

veil wildtype 3181 GCGGCAAAGGTAATATCGATAGCTATACCCTGGGGGLITTATECCGGETTGCGGAGCATCA
GA 2240

Consensus GCGGCAMAGGTAATATCGATAGCTATACCCTGEGEECTTATCGCCGGTTEEGAGCATCA
Gh

yeil mutated 3181 GCGGCAAAGGTAATATCGATAGCTATACCCTIGGGEECTTATGCCGETTGGGAGCATCA
GA 3240

veiC wildtype 3241 ACGGTGCCTATGTTCATGGECTGETGARAGTTGACCETTTTGCCAACACCATCCATGS

Ca 3300
Consensus ACGGTGUCTATETTGATGEGCTGGETGAAAGTTGACCETTTTGCCAACACCATCCATEG
Ch

3241 ACGGETGC

SOTGAAL T TEACCOTT TTCOCALCAC CATOOATOO

GCGATTACRATAGTAACGGCGCGGETGCTCA

AGATGAGTAATGGGECAACAGCETTTGGCGATTACAATAGTAACGGLGCGEETGOTCA

3301 AGATGAGTAATGGGGCAACAGCETTIGECGATTACAATAGTAACGGCGCEGETGCTCA

yveil wildtype 3361 TTGAGAGCGGETTCCGTTGGETTGACGEATTGTGGAGTETTAGACCCTATCTGGCCTT
TA 34290

Consen TGAGAGCEGGTTCLGTTGEGTTGACGGATTGTGGAGTGTTAGACCCTATCTGGCCTT
vei 3361 TTGAGAGCGGGTTCCGTTGGCTTGACGGATTGTGGAGTGTTAGACCCTATCTGGCCTT
TA

3421 CCGGCTTITACCACAGATGGTCAGGACTACACGTTATCAARCGGCATGCECGCGGATET

fN N §

Consensus CCCGUTTTACCACAGATGGTCAGGACTACACGTTATCAAACGGCATGCGCGCGGATET

GG

veil nutated 3421 CCACAGATGGTCAGGACTACACGTTATCAAACGGCAT CGCGGATGET
¢

veil wildtype 3481 GAAATACCCGGATATTACGCGCTGAAGCGGGAACGELGETAAL ATGGACCT
GC 3540

Consensus GAAATACCCGGATATTACGCGCTGAAGCGGGAACGGCGETAAGCTATCACATGGACCT
GC

yeil mutated 3481 GAAATACCCGGATATTACGCGCTGAAGCGGGAACGECGCTAAGCTATCACATGGACCT
GC 3540

3541 AAAACGGTACGACGUTGGAACCCTGGCTGARAGCGECCETGCGTCAGGAATACGCCGA

AAAACGETACGACGCTGGAACCCTGGCTGAAAGCGGCCGTGCCTCAGGAATACGICGA

3541 AARACGGTACGACGUTGCGARCCCTGGCTCARAGCGELOCTGCGTCAGGAATACGCCGA

3601 CTAACCAGGTGAAAGTTAATGACGATGGCARATTTAATAATGATGTGGCTGGARACCAL
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TG 3660

Consensus CTAACCAGGTGAAAGTTAATGACGATGGUAAATTTA
TG

yeiC mutated 3601 CTAACCAGETGAAAGTTAATGAC

TG 3660

veil wildtype 3661 GOGTTTATCAGGUTGGTATAAGGTCATCGTTTA

AG 3720

Consensus GCGTTTATCAGGCTGGTATAAGGTCATCGTTTACCCC
AG

'y'e 30 M itated 3661 GCGTTTATCAGGCTGGTATAAGGTCATCGTTTACCCC

ATEGCAATEGCGC?

Congen TCAGCTATGECARTGGCGCAGES
o
yeid T 3721 TCAGCTATGGCAATGECGECACL
CT 3780
3781 GGACGTTCTGA 3791
GG zxCG’I‘TCTG}A

3781 GGACGTTICTGA 3

-1
0
-t

CCCCGALCK

GGGTAGAATCGCCGTGGAATACTCAGGCGGES
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ATAATGATGTGGCTGGAACCAG

GATGGCAAATTTAATAATCATGTGGCTGEAACCAS

CATTTGETC

GACGTTAAGCGGTCATTTGTC

GACGTTAAGCGGTCATTTGTC

GTGET

TAGAATCGCCGETGGAATACTCAGGCGGETGTGET

GGGGTAGAATCGCCGTGGAATACTCAGGCEGETETGET
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PHAGE-RESISTANT MICROORGANISMS

FIELD OF THE INVENTION

[0001] The present invention provides genetically modi-
fied microorganisms that are resistant to infection by bac-
teriophages. The present invention also provides a method of
making bacteriophage-infection resistant microorganisms.

BACKGROUND OF THE INVENTION

[0002] Bacterial cultures are the center of the biotechnol-
ogy industry. Whether a process is profitable or not depends
on proper growth. Therefore, numerous and rigorous mea-
sures are employed to maintain control over culture condi-
tions. However, these cultures are prone to contamination by
other microorganisms, or they can be infected by a great
number of viruses, called bacteriophages or phages.

[0003] During phage infection, the phage recognize and
attack their host cell in the lytic cycle until the host is
completely destroyed releasing hundreds of viral particles
which has the potential of attacking the remaining sensitive
cells in the culture. Prior to the present invention, the threat
of phage infection is one of the most serious problems
affecting bacterial cultures of biotechnological interest lead-
ing to significant losses in the production process. This has
led to the need of finding methods that allow for the
generation of enhanced strains which are resistant to infec-
tion by bacteriophages.

[0004] U.S. Pat. No. 5,240,841 A describes a method to
generate an E. coli strain resistant to bacteriophage Qf is
described. This method consists of isolating a specific region
of the corresponding viral replicase gene. This region
encodes for the peptide moiety of the viral replicase, which
has the function of binding the viral genome in a specific
sequence for its replication. After being isolated, this moiety
can be introduced in the £. coli genome. When expressed as
a peptide, it competes for the binding site with viral replicas
preventing the replication and spreading of the virus, which
provides resistance to the host. However, in order to apply
this strategy to all bacteriophages which infect E. coli, a
peptide must be generated for each phage in an E. coli strain,
which is inviable.

[0005] Hong J et al. (Hong, J. et al. Identification of host
receptor and receptor-binding module of a newly sequenced
T5-like phage EPS7. FEMS Microbiology letters. Vol 289
(2). pp 202-209. 2008.) demonstrated that the BtuB protein,
which is a transmembrane transporter in E. coli involved in
the transport of vitamin B12, acts as a receptor of T5-like
phage EPS7. By making a series of mutations of the encod-
ing gene of this protein, btuB, the infection by phages was
blocked demonstrating that this receptor has an important
role during the adsorption process of the phage.

[0006] Knirel, Y A. et al. (Knirel, Y A. et al. Variations in
O-antigen biosynthesis and O-acetylation associated with
altered phage sensitivity in Escherichia coli 4s. Journal of
Bacteriology. Vol 197(5). pp 905-912. 2015) describes varia-
tions in the synthesis and structure of antigen O of E. coli
strain 4s isolated from fecal matter from horse. These
mutations induce resistance to bacteriophage G7C and fur-
ther modify the interaction of E. coli 4s with other different
bacteriophages leading to both resistance and sensitivity to
the host cell.

[0007] WO1997020917A2 describes the use of a gene
called AbiE, which encodes for a protein that interrupts the
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infection by phages. This gene resides in native form in the
Lactococcus lactis strain. This gene was isolated and cloned
in plasmid pSRQ800. The transformation of Lactococcus
lactis or other microorganisms used in the dairy industry
gives resistance to infection by phages 936, c2 and P335.

[0008] WO2001007566A2 describes a genetic system
capable of imparting resistance to infection by phages,
winch consists of two plasmids, pCRB33 and pCRB63.
After transformation in Streptococcus thermophilus strain,
this strain acquires resistance to infection by phages. Plas-
mids encode for elements of a type 1 methylation-restriction
system called “s” subunits. Both plasmids have these incom-
plete genetic elements. Due to the great homology in the
sequence of “s” subunits, they recombine inside the cell
producing a third plasmid (pCRB96). This recombination
produces a complete ORF for the “S” subunit imparting
resistance to phages.

[0009] CA2311598A1 describes a method and elements
necessary for imparting resistance to phages in Lactococcus
lactis and other strains used in dairy industry. This patent
describes the use of an Abi900 protein encoded by plasmid
pSRQ900. By being transformed by this plasmid in the
strain of interest, resistance to phages 936, c2 and P335 by
the infection interruption mechanism is provided.

[0010] Denes et al. (Denes, T., et. al., Appl Environ
Microbiol, 81 (13), pp 4295-4305 (2015)) isolated strains of
Listeria monocytogens resistant to phages LP-048 and
LP-125. By sequencing, they found mutations in two key
loci for the adsorption of phages LP-048 and LP-125.

[0011] Proper phage isolation is necessary to corroborate
that one has phage-resistant strains. Examples of phage-
isolation protocols known in the art include: (1) (Uc-Mass,
Augusto. et al. An orthologue of the cor gene is involved in
the exclusion of temperature lambdoid phages. Evidence
that Cor inactivates FhuA receptor functions. Virology., Vol
329. pp 425-433. 2004.) and (2) (Kameyama, Luis. et al.
Characterization of wild lambdoid bacteriophages: detection
of a wide distribution of phageimmunity groups and iden-
tification of a nus-dependent, nonlambdoid phage group.
Virology. Vol 263. pp 100-111. 1999), or they can be
acquired from microbial collections, such as the ATCC, etc.
[0012] It is important to note that prior to the present
invention no disclosure has been made that relates mutations
or deletions in tfaD and yejO genes to impart resistance to
different types of phages which infect E. coli.

SUMMARY OF THE INVENTION

[0013] The present invention provides a method for gen-
erating genetically modified microorganisms that are resis-
tant to infection by different phages.

[0014] The present invention also provides genetically
modified microorganisms that are resistant to infection by
different phage families.

[0015] Further, the present invention provides E. coli
strains that have point mutations or deletions in different
genes, and which also impart resistance to various phage
families.

[0016] The present invention provides E. coli strains that
are resistant to phages of the Siphoviridae and Myoviridae
families.

[0017] The present invention provides E. coli strains that
are resistant to phages A, ¢80 and T4.
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[0018] Moreover, the present invention provides E. coli
strains that are resistant to phages A, ¢80 and T4 and that
retain their kinetic constants relative to wild type strains.
[0019] The above objects highlight certain aspects of the
invention. Additional objects, aspects and embodiments of
the invention are found in the following detailed description
of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] A more complete appreciation of the invention and
many of the attendant advantages thereof will be readily
obtained as the same becomes better understood by refer-
ence to the following Figures in conjunction with the
detailed description below.

[0021] FIG. 1 shows the difference between wildtype E.
coli K-12 and E. coli LCT-BF-01 strains infected by phage
A, 80 and T4 in M9 agar medium. It was observed that
strain LCT-BF-01 grew normally, while the wild type strain
exhibited lytic plaques which are indicative of cellular lysis.
[0022] FIG. 2 shows the difference between growth of E.
coli LCT-BF-01 and wild type E. coli K-12 strains in liquid
M9 medium before and after infection by phages A, $80 and
T4. LCT-BF-01 strain is resistant to infection by bacterio-
phages, while wild type K12 strain is lysed. Growth kinetics
of wild type strains (X) and LCT-BF-01 strain (O). The
arrow indicates the point where cultures are infected with
the phage mixture.

[0023] FIG. 3 shows a protein alignment of the wildtype
TfaD protein (SEQ ID NO: 2) and the mutated TfaD protein
(SEQ ID NO: 4).

[0024] FIG. 4 shows a protein alignment of the wildtype
TfaD gene (SEQ ID NO: 1) and the mutated TfaD gene
(SEQ ID NO: 3).

[0025] FIG. 5 shows a protein alignment of the wildtype
YejO protein (SEQ ID NO: 6) and the mutated YejO protein
(SEQ ID NO: 8).

[0026] FIG. 6 shows a protein alignment of the wildtype
YejO gene (SEQ ID NO: 5) and the mutated YejO gene
(SEQ ID NO: 7).

DETAILED DESCRIPTION OF THE
INVENTION

[0027] Unless specifically defined, all technical and sci-
entific terms used herein have the same meaning as com-
monly understood by a skilled artisan in enzymology, bio-
chemistry, cellular biology, molecular biology, and the
medical sciences.

[0028] All methods and materials similar or equivalent to
those described herein can be used in the practice or testing
of'the present invention, with suitable methods and materials
being described herein. All publications, patent applications,
patents, and other references mentioned herein are incorpo-
rated by reference in their entirety. In case of conflict, the
present specification, including definitions, will control.
Further, the materials, methods, and examples are illustra-
tive only and are not intended to be limiting, unless other-
wise specified.

[0029] In order to better understand the object of the
present invention, the following definitions and abbrevia-
tions are established.

[0030] The terms “gene” or “genes” refer to biological
molecules composed of nitrogen compounds or nitrogen
bases known in the state of the art, such as Adenine,
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Guanine, Cytosine and Thymine. Genes are molecules
which transmit information in a cell for the biological
synthesis of enzymes.

[0031] The term “locus™ refers to the fixed position of a
gene on a chromosome.

[0032] The term “loci” refers to the plural of “locus”, i.e.,
the fixed positions of two or more genes on a chromosome.
[0033] The term “substrate” refers to a molecule which
can be used as a carbon source for the microorganism to
grow or to be used as a desired product. Examples of
substrate can be carbohydrates, lipids, proteins, organic
acids, alcohols, aldehydes, ketones, hydrocarbons, etc.
[0034] The term “deletion or removal of genes™ refers to
the procedure of totally or partially removing a gene, modi-
fying the reading frame or adding a stop codon in any region
of the gene other than the natural stop codon; it also refers
to adding or removing regions which prevent the transcrip-
tion and/or reduction of the gene.

[0035] The term “plaque-forming units” refers to cells
which were infected by the bacteriophage or to the number
of bacteriophages which infected a cell from the culture.
[0036] The terms “phages™ or “bacteriophage” refer to a
virus which is capable of infecting bacteria and which can
produce the cell rupture of bacteria during the infection
cycle. Examples of these phages can be M13, T4, Lambda
or any other virus which is described in the state of the art
which causes infection of bacteria, whether by the lytic cycle
or lysogenic cycle. The lytic and lysogenic cycles of a phage
are widely known by any person related to the field of the
invention.

[0037] The term “biomass” refers to the total amount of
organic matter which makes up the culture and which
corresponds to a single type of microorganism, in this case,
the producing strain and its exponential growth resulting
from the fermentation process. Biomass is spectrophoto-
metrically determined by optical density at 600 nm and by
dry weight in thermoscale expressed in g/L..

[0038] The term “inoculum” refers to the initial biomass
portion corresponding to the strain of interest to initiate the
fermentation process.

[0039] The term “fermentation” refers to the catabolic
metabolism in which the oxidation of the carbon source can
be complete by having Oxygen as final electron acceptor or
incomplete, wherein an organic compound is produced
which functions as electron donor and electron acceptor at
the same time and wherein ATP is produced by phosphory-
lation at substrate level.

[0040] The term “culture medium” refers to the solution
which contains the necessary nutrients to allow the growth
of the strain of interest. Known media in the state of the art
are M9. LB 2YT, and any other medium which is reported
in the state of the art which could be useful for the growth
of the strain of interest.

[0041] The term “anaerobic conditions™ refers to a fer-
mentation period in which oxygen is fed to the reactor tank,
which acts as ultimate electron acceptor and the oxidation of
the carbon source is complete.

[0042] The term “expressed” refers to the gene or set of
genes which are transcribed in certain conditions during
fermentation.

[0043] The term “wild type strain” refers to an organism
which retains the original genetic material of its species, i.e.,
its genetic information has not been modified.
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[0044] The term “p” refers to the specific rate of growth of
the strain of interest, expressed in h™*, which depends on the
concentration of nutrients in the medium and on operating
parameters, such as agitation and aeration.
[0045] The term “Qs” refers to the consumption of a
specific substrate, expressed in (g/g*h), i.e., the mass of
substrate consumed by biomass unit during a certain period.
[0046] The term “attenuated phage or bacteriophage”
refers to a virus whose genome is capable of replicating
together with that of its host and does not cause cellular
death in a state called lysogeny.
[0047] The term “reactor” refers to a physical space built
from a suitable material in which, in a controlled way, a
chemical, biochemical or biological reaction can take place,
or combinations thereof. Different types of reactors can be
found in the state of the art. By way of example, reactors
such as a continuous stirred-tank reactors (CSTR), piston
flow reactors, fluidized bed reactors and packed bed reactors
(PBR) are described. Some of the features of reactors are: a)
their resistance to corrosion due to the reaction which is
taking place; b) their capacity for monitoring and controlling
operation variables, such as temperature, agitation, pH,
concentration of dissolved gases, pressure, etc.; ¢) the opera-
tion mode, which can be continuous, semi-continuous or
batch (different operation modes in which a reactor can work
are described in the state of the art); d) the capacity of using
different types of catalysts which will carry out the reaction,
for example, the catalysts can be dissolved or trapped or
immobilized (different modes in which a catalyst can carry
out the reaction inside a reactor are described in the state of
the art). The present invention provides a method that allows
microorganisms sensitive to infection by phages to acquire
resistance to infection by phages, due to genetic changes.
[0048] More specifically, the present invention provides a
method that allows microorganisms sensitive to infection by
phages to be resistant to infection by one or more phages at
the same time.
[0049] Further, the present invention provides a method
that allows microorganisms sensitive to infection by phages
to be resistant to infection by one or more phages from the
same family at the same time.
[0050] Further, the present invention provides a method
that allows microorganisms sensitive to infection by phages
to be resistant to infection by one or more phages from
different families at the same time.
[0051] Moreover, the present invention provides microor-
ganisms that are capable of resisting an infection by one or
more types of phages due to mutations in certain genes.
[0052] Further, the present invention provides microor-
ganisms that are capable of resisting an infection by one or
more phage families due to genetic changes.
[0053] Finally, the present invention provides microorgan-
isms that are capable of resisting an infection by one or more
phage families and also retain the same kinetic constants.
[0054] In another embodiment of the present invention, a
method for generating microorganisms resistant to infection
by phage k is provided, wherein the phage k come into
contact with the microorganism during a certain time to
allow the infection. Subsequently, the culture is allowed to
recover during a certain time. Bacteria which could survive
the infection are isolated and biochemically, microbiologi-
cally and genetically characterized as follows:

[0055] 1. In a flask containing M9 culture medium, the

microorganism is allowed to grow until reaching an

Dec. 29, 2022

optical density from 0.6 to 5, more specifically from 1
to 3 and more specifically from 2 to 2.5.

[0056] II. Phage A is added to the culture medium,
wherein the concentration of the phage is at least 100
plaque-forming units, more specifically at least 250
plaque-forming units, and more specifically at least 500
plaque-forming units.

[0057] III. Phage infection is allowed from 30 minutes
to 6 hours, more specifically from 2 hours to 4 hours,
and more specifically from 2.5 hours to 3.5 hours at
room temperature, more preferably at a temperature
ranging from 20 to 25° C.

[0058] IV. The culture is allowed to lyse from 1 hour to
8 hours, more specifically from 3 hours to 6 hours and
more specifically from 4 hours to 5 hours at 37° C.,
more preferably at a temperature ranging from 35 to
39° C.

[0059] V. The culture is allowed to recover from 1 hour
to 24 hours, more specifically from 6 hours to 20 hours
and more specifically from 10 hours to 16 hours.

[0060] Recovery may be at room temperature, more
preferably at a temperature ranging from 20 to 25° C.

[0061] VI. Colonies are isolated into plates with M9
medium or with other medium suitable for cell growth.

[0062] VII. It is verified that the colonies are resistant to
phage A by repeating steps [ to VI at least twice.

[0063] In another embodiment of the present invention, a
method for generating microorganisms resistant to infection
by phage ¢80 is provided, wherein the phage ¢80 come into
contact with the microorganism during a certain time to
allow the infection. Subsequently, the culture is allowed to
recover during a certain time. Bacteria which could survive
the infection are isolated and biochemically, microbiologi-
cally and genetically characterized as follows:

[0064] 1. In a flask containing M9 culture medium, the
microorganism is allowed to grow until reaching an
optical density from 0.6 to 5, more specifically from 1
to 3 and more specifically from 2 to 2.5

[0065] II. Phage ¢80 is added to the culture medium,
wherein the concentration of the phage is at least 100
plaque-forming units, more specifically at least 250
plaque-forming units, and more specifically at least 500
plaque-forming units.

[0066] III. Phage infection is allowed from 30 minutes
to 6 hours, more specifically from 2 hours to 4 hours,
and more specifically from 2.5 hours to 3.5 hours at
room temperature, more preferably at a temperature
ranging from 20 to 25° C.

[0067] IV. The culture is allowed to lyse from 1 hour to
8 hours, more specifically from 3 hours to 6 hours and
more specifically from 4 hours to 5 hours at 37° C.,
more preferably at a temperature ranging from 35 to
39° C.

[0068] V. The culture is allowed to recover from 1 hour
to 24 hours, more specifically from 6 hours to 20 hours
and more specifically from 10 hours to 16 hours.
Recovery may be at room temperature, more preferably
at a temperature ranging from 20 to 25° C.

[0069] VI. Colonies are isolated into plates with M9
medium or with other medium suitable for cell growth.

[0070] VII. It is verified that the colonies are resistant to
phage ¢80 by repeating steps I to VI at least twice.

[0071] In another embodiment of the present invention, a
method for generating microorganisms resistant to infection
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by phage T4 is provided, wherein the phage T4 come into
contact with the microorganism during a certain time to
allow the infection. Subsequently, the culture is allowed to
recover during a certain time. Bacteria which could survive
the infection are isolated and biochemically, microbiologi-
cally and genetically characterized as follows:

[0072] 1. In a flask containing M9 culture medium, the
microorganism is allowed to grow until reaching an
optical density from 0.6 to 5, more specifically from 1
to 3 and more specifically from 2 to 2.5.

[0073] 1II. Phage T4 is added to the culture medium,
wherein the concentration of the phage is at least 100
plaque-forming units, more specifically at least 250
plaque-forming units, and more specifically at least 500
plaque-forming units.

[0074] III. Phage infection is allowed from 30 minutes
to 6 hours, more specifically from 2 hours to 4 hours,
and more specifically from 2.5 hours to 3.5 hours at
room temperature, more preferably at a temperature
ranging from 20 to 25° C.

[0075] IV. The culture is allowed to lyse from 1 hour to
8 hours, more specifically from 3 hours to 6 hours and
more specifically from 4 hours to 5 hours at 37° C.,
more preferably at a temperature ranging from 35 to
39° C.

[0076] V. The culture is allowed to recover from 1 hour
to 24 hours, more specifically from 6 hours to 20 hours
and more specifically from 10 hours to 16 hours.
Recovery may be at room temperature, more preferably
at a temperature ranging from 20 to 25° C.

[0077] VI. Colonies are isolated into plates with M9
medium or with other medium suitable for cell growth.

[0078] VII. It is verified that the colonies are resistant to
phage T4 by repeating steps I to VI at least twice.

[0079] In another embodiment of the present invention, a
method for generating bacteria from the E. coli genus which
have mutations in the tfaD and yejO genes and which are
also resistant to infection by phages is provided, wherein the
phages come into contact with the microorganism during a
certain time to allow the infection. Subsequently, the culture
is allowed to recover during a certain time. Bacteria which
could survive the infection are isolated and biochemically,
microbiologically and genetically characterized as follows:

[0080] 1. To an E. coli strain, mutations are made in the
tfaD and yejO genes.

[0081] II. In a flask containing M9 culture medium, the
E. coli strain is allowed to grow with the tfaD and yejO
mutations until reaching an optical density from 0.6 to
5, more specifically 1 to 3 and more specifically 2 to
2.5.

[0082] III. Phages A, ¢80 and T4 and are added to the
culture medium, separately or mixed, wherein the con-
centration of the phage is at least 100 plaque-forming
units, more specifically at least 250 plaque-forming
units, and more specifically at least 500 plaque-forming
units.

[0083] IV. Phage infection is allowed from 30 minutes
to 6 hours, more specifically from 2 hours to 4 hours,
and more specifically from 2.5 hours to 3.5 hours at
room temperature, more preferably at a temperature
ranging from 20 to 25° C.

[0084] V. The culture is allowed to lyse from 1 hour to
8 hours, more specifically from 3 hours to 6 hours and
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more specifically from 4 hours to 5 hours at 37° C.,
more preferably at a temperature ranging from 35 to
39° C.

[0085] VI. The culture is allowed to recover from 1 hour
to 24 hours, more specifically from 6 hours to 20 hours
and more specifically from 10 hours to 16 hours.
Recovery may be at room temperature, more preferably
at a temperature ranging from 20 to 25° C.

[0086] VII. Colonies are isolated into plates with M9
medium or with other medium suitable for cell growth.

[0087] VIII. It is verified that the colonies are resistant
to the phages A, $80 and T4, separately or mixed by
repeating steps I to VII at least twice.

[0088] The above written description of the invention
provides a manner and process of making and using it such
that any person skilled in this art is enabled to make and use
the same, this enablement being provided in particular for
the subject matter of the appended claims, which make up a
part of the original description.

[0089] As used herein, the phrases “selected from the
group consisting of,” “chosen from,” and the like include
mixtures of the specified materials.

[0090] Where a numerical limit or range is stated herein,
the endpoints are included. Also, all values and subranges
within a numerical limit or range are specifically included as
if explicitly written out.

[0091] The above description is presented to enable a
person skilled in the art to make and use the invention, and
is provided in the context of a particular application and its
requirements. Various modifications to the preferred
embodiments will be readily apparent to those skilled in the
art, and the generic principles defined herein may be applied
to other embodiments and applications without departing
from the spirit and scope of the invention. Thus, this
invention is not intended to be limited to the embodiments
shown, but is to be accorded the widest scope consistent
with the principles and features disclosed herein.

EXAMPLES

[0092] The following examples are intended to clarify the
novelty of the present invention. It should be understood that
the following examples do not limit the scope of the present
invention. From the disclosure of the invention, as well as
the following examples, a person skilled in the field of the
invention can make some modifications, which in any way
remain within the framework protected by this invention.

Example 1. Generation of Strains Resistant to
Phages ., ¢80 and T4

[0093] In the case of the present invention, different envi-
ronment phages which infect different microorganisms were
isolated, although, to exemplify the method of the present
invention, the E. coli bacteria was used.

[0094] Different culture media were used to make bacteria
come into contact with phages. Some of the media were LB
agar medium and M9 agar medium (Sambrook, J., and
Green, M. (2012). Molecular cloning: a laboratory manual,
4th edition. Cold Spring Harbor Laboratory, Cold Spring
Harbor, N.Y.).

[0095] A culture of wild type E. coli K-12 in liquid M9
medium was prepared, it was left to grow from 6 hours to 24
hours, after that, a mixture of phages A, ¢80 and T4 was
added. A cycle of infection was allowed from 30 minutes to
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6 hours at room temperature. Thereafter, the culture was
incubated at 30° C. from 1 hour to 8 hours for the culture to
clarify, in this moment most of the cells are dead. Subse-
quently, incubation was continued to allow for the repro-
duction of phage-resistant cells. After a period from 1 hour
to 24 hours, it was observed that the culture starts growing
again and it was taken as inoculum to isolate the resistant
colonies.

[0096] Plates were seeded by extension in M9 agar. After
16 hours of incubation at 37° C., phage-resistant colonies
were observed and were selected to be infected again.

[0097] Selected candidate colonies were challenged
against the phage by the pour plate method. First, a culture
was left to grow in liquid from the strain of interest for 6
hours, subsequently, it was infected with the phage allowing
for an infection cycle to happen for 1 hour at room tem-
perature. Thereafter, infected cells were mixed in soft M9
agar medium and were incubated for 16 h at 37° C. At the
end of this incubation period, it was observed that resistant
strains did not exhibit lytic plaques, while sensitive strains
did (FIG. 1).

[0098] Isolated colonies were subjected to at least 5 infec-
tion and isolation cycles. After the infection and isolation
cycles, strains were biochemically, microbiologically and
genetically reviewed in order to verify that genetic modifi-
cations made at the beginning were the cause of the resis-
tance. The strain that resisted infection by the tested phages
was named LCT-BF-01.

[0099] In order to demonstrate that strain LCT-BF-01 was
resistant to phages A, $80 and T4 and grew in liquid
medium, cultures in a 14 L reactor were made using M9
medium at different operating conditions. The operating
conditions are shown in Table 1.

TABLE 1

Operating conditions of the reactor.

Condition Values

pH 6.8-8
Temperature 20-40° C.
Dissolved oxygen 0.1-8 mg/L

[0100] The reactor was prepared, sterilized at 121° C. and
pressure of 15 psig, inoculated with a colony from strain
LCT-BF-01 with sterilization and was allowed to grow for
six hours. Subsequently, it was infected by a mixture of
phages A, $80 and T4 and its growth, pH, temperature and
oxygen were further monitored in the reactor. After 16 hours
of growth, it was observed that the culture did not clarify in
any moment during fermentation (FIG. 2). The same experi-
ment was made with the wild type E. coli K-12 strain, this
strain did not exhibit growth after infection (FIG. 2). With
this example it was demonstrated that strain LCT-BF-01 is
resistant to phages A, $80 and T4.

[0101] Subsequently, strain LCT-BF-01 was sequenced in
an [llumina MiniSeq System sequencer, using the bacterial
sequencing kit and following the manufacturer’s instruc-
tions ([llumina Inc.), in order to corroborate the generated
mutations. In table 2, genes that underwent mutations during
the corresponding infection process are shown.
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TABLE 2

Identified mutations in different E. co/i genes

Position of mutation

Gene in protein Aminoacid changed
TfaD 69 A->T
YejOo 23 W->R

TfaD wildtype gene appears as SEQ ID NO: 1 and the
wildtype TfaD protein appears as SEQ ID NO: 2. The
mutated TfaD gene appears as SEQ ID NO: 3 and the
corresponding mutated TfaD protein appears as SEQ ID
NO: 4.

YejO wildtype gene appears as SEQ ID NO: 5 and the
wildtype YejO protein appears as SEQ ID NO: 6. The
mutated YejO gene appears as SEQ ID NO: 7 and the
corresponding mutated YejO protein appears as SEQ ID NO:
8.

Example 2. Comparison of Kinetic Parameters of
Strains LCT-BF-01 and Wild Type E. coli K-12
Strain

[0102] Strains LCT-BF-01 and wild type E. coli K-12
were cultured in M9 medium in a 14 L reactor in order to
determinate the kinetic parameters in aerobic conditions.
The culture took 24 h, the operating conditions are shown in
Table 3.

TABLE 3

Operating conditions of the reactor.

Condition Values
pH 7
Temperature 37° C.
Dissolved oxygen 2 mg/L

[0103] The concentration of glucose and organic acids
were monitored during fermentation using an HPLC Ulti-
mate 3000 equipment (Thermo) with an index of refraction
detector using a Rezex-ROA organic acids H* column.
Results of fermentations are shown in Table 4.

TABLE 4

Kinetic constants of strains LCT-BF-01 and Wild type

Variable Strain LCT-BF-01 Wild type (WT)
n 0.44 0.45
Qs 0.88 0.89
[0104] These results demonstrate that strains developed in

the present invention are resistant to phages from different
families and have the same kinetic constants as W, in spite
of having mutations of TfaD and YejO genes.

[0105] Numerous modifications and variations on the
present invention are possible in light of the above teach-
ings. It is, therefore, to be understood that within the scope
of the accompanying claims, the invention may be practiced
otherwise than as specifically described herein.
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SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 8
<210> SEQ ID NO 1
<211> LENGTH: 438
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic tfaD wildtype gene
<400> SEQUENCE: 1
attccagetyg gettegtgge tgttttcaac agtgatgagt catcegtggca tctegttgaa 60
gatcatcggg gtaaaacggt ttatgacgta gegtcagggg acgegttatt tatttctgaa 120
cteggteegt taccggaaaa tgttacctgg ttategecgg aaggggagtt tcagaagtgg 180
aacggtacag cctgggtgaa agatgcagaa gcagaaaaac tgttcceggat tcegggaggeg 240
gaagaaacaa aaaacagcct gatgcaggta gccagtgage atattgegece acttcaggat 300
gctgtagate tggaaatcge aacggaggaa gaaacctcat tgectggaage ctggaaaaaa 360
tatcgggtgt tgctgaaceg tgttgataca tcaactgcac ctgatattga gtggectacyg 420
aaccctgtca gggagtaa 438
<210> SEQ ID NO 2
<211> LENGTH: 145
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic tfaD wildtype protein
<400> SEQUENCE: 2
Ile Pro Ala Gly Phe Val Ala Val Phe Asn Ser Asp Glu Ser Ser Trp
1 5 10 15
His Leu Val Glu Asp His Arg Gly Lys Thr Val Tyr Asp Val Ala Ser
20 25 30
Gly Asp Ala Leu Phe Ile Ser Glu Leu Gly Pro Leu Pro Glu Asn Val
35 40 45
Thr Trp Leu Ser Pro Glu Gly Glu Phe Gln Lys Trp Asn Gly Thr Ala
50 55 60
Trp Val Lys Asp Ala Glu Ala Glu Lys Leu Phe Arg Ile Arg Glu Ala
65 70 75 80
Glu Glu Thr Lys Asn Ser Leu Met Gln Val Ala Ser Glu His Ile Ala



US 2022/0411746 Al

-contin

ued
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85

90

Pro Leu Gln Asp Ala Val Asp Leu Glu Ile Ala Thr Glu Glu

100

105

110

95

Glu Thr

Ser Leu Leu Glu Ala Trp Lys Lys Tyr Arg Val Leu Leu Asn Arg Val

115

Asp Thr Ser
130

Glu
145

<210> SEQ I
<211> LENGT.
<212> TYPE:

120

125

Thr Ala Pro Asp Ile Glu Trp Pro Thr Asn Pro

D NO 3
H: 400
DNA

135

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 3

attccagetg
gatcatcggg
cteggteegt
aacggcacag
gaagaaacaa
getgtagatce
tatcgggtgt
<210> SEQ I

<211> LENGT.
<212> TYPE:

gettegtgge
gtaaaacggt
taccggaaaa
cctgggtgaa
aaaacagcct
tggaaatcge
tgctgaaccy
D NO 4

H: 145
PRT

tgttttcaac

ttatgacgtyg

tgttacctygg

ggatacggaa

gatgcaggta

aacggaggaa

tgttgataca

agtgatgagt
getteeggey
ttatcgcegy
gcagaaaaac
gccagtgage
gaaacctcat

tcaactgcac

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 4

Ile Pro Ala
1

His Leu Val

Gly Asp Ala

Thr Trp Leu
50

Trp Val Lys
65

Glu Glu Thr

Pro Leu Gln

Ser Leu Leu

115

Asp Thr Ser
130

Glu

Gly Phe Val Ala Val

5

Glu Asp His Arg Gly

20

Leu Phe Ile Ser Glu

40

Ser Pro Glu Gly Glu

55

Asp Thr Glu Ala Glu

70

Lys Asn Ser Leu Met

85

Asp Ala Val Asp Leu

100

Glu Ala Trp Lys Lys

120

Thr Ala Pro Asp Ile

135

140

Synthetic tfaD mutated gene

catcgtggea

acgcgttatt

aaggggagtt

tgttcecggat

atattgcgee

tgctggaage

ic tfaD mutated protein

Phe Asn Ser
10

Lys Thr Val
25

Leu Gly Pro

Phe Gln Lys

Lys Leu Phe
75

Gln Val Ala
90

Glu Ile Ala
105

Tyr Arg Val

Glu Trp Pro

Asp Glu Ser
Tyr Asp Val
30

Leu Pro Glu
45

Trp Asn Gly
60

Arg Ile Arg

Ser Glu His

Thr Glu Glu

110

Leu Leu Asn
125

Thr Asn Pro
140

Val Arg

tctegttgaa
tatttctgaa
tcagaagtgyg
ccgggaggeg
acttcaggat

ctggaaaaaa

Ser Trp
15

Ala Ser

Asn Val

Thr Ala

Glu Ala

80
Ile Ala
95
Glu Thr

Arg Val

Val Arg

60

120

180

240

300

360

400
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145

<210> SEQ ID NO 5
<211> LENGTH: 3791

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 5

atgcatcaat

gegttatgga

agaacagggt

cgcegtcaga

aacatggtgg

cegetggaaa

gcgatggaag

gatagcgect

caactggecec

atgactcaag

aaagagcagc

ggcatgaagg

accgeggeca

tttgtctcag

gatgtggact

cgcaagaaca

gagcacccat

ttgctgaaaa

gaccaaatga

gcgaagaaac

acatgaagaa

ccttatatte

ttgtcctgga

ctggcggaga

ggtatcagta

aaattgttca

tttatggege

ggggggcegt

ttgcatttge

aggtattcgg

tgttgttgga

ctgtagatag

ctggttetgt

aggtgcgaac

tcatcatgag

ccagaaaaga

aagtcatcga

ccatgetacyg

atgctetgta

tgcecggacceyg

gccaattgtt

gcaccttggt

aacgcgatce

cccacattgg

acgagcatga

ccgatgeegyg

ggctgatcge

aaacggccat

ttcgcatcat

acgataacca

tacgtcagtyg

ggtctaaata

atgaaatgac

acccatagca

aaaagatatc

acagcatata

cattgaaatg

aatgggtggc

agcgaatgat

ctttgteget

ggtagatcag

aacaaaccgt

aaacggcgga

tggcggetta

ttctetttgt

aagtcectga

tcatcaactt

gattttettyg

gecegttttac

cattcactge

cgaaatcgec

caccaccatc

caagaccatc

cgatgecace

ggagatgcat

tgtcgatgec

cctcaatcag

ctaccaaggg

cgagcgeacc

caacatcgaa

caagcgacag

actggcgatg

ggagagatct

ggctgattca

tgagtcagee

ttggcatcaa

cagctggttt

aaagaatttg

aatggcgeceg

geggcaaace

accacgatta

atcgaaaagg

aaagcaggcg

ctcggtcagt

agtttgcgag

ctggaggtta

cgttecegcaa

tatgagatca

accttegeceyg

tccegeatgyg

cccaaggetyg

atgcagcatt

tccatgegte

atgaatttcc

aatcgetgge

atcattgagg

cagaccaaga

aagagtggec

ctgggtaatc

gegecacage

ggcaaggtaa

tacatgaaag

ttcggetteg

ttattcacge

cactaaaaac

aggcatttac

gagaagaatt

ctgttgagta

atgggaccge

gtgtaagtaa

cagaatactc

agactacgct

aaggegggey

gaggactact

gtgctattaa

tcgatatcaa

ttgaagaaaa

tggatggegg

Synthetic yejO wildtype gene

tatctgttet

tgtttgteat

acagtgaatt

agcagattct

gtaatggccg

ggtacaacct

tgtttgceey

gecacctget

tggccgaage

cacccagete

aaggcaatca

tgacccacag

tgctgcatgyg

gcgaggaget

gaaccttgaa

ccagcateeg

tgaaagccag

tggccaacct

tggggataac

gggagaaaaa

tccecgetta

tggtgagaca

caataatacg

taatactgaa

agtattaaat

caataatggt

cttaategtt

ggaggttaaa

aacaaccacg

gaatggtatt

tgacttcget

gactgtaact

ggtggctaca

ctggagccat

cagcagtaag

gccatggcaa

gegaccttat

gagcgatggce

gttatccetg

ggagcagcat

aggcgtcatg

gaccaagaac

gtggcacttt

cctggteace

agaggagcaa

ggccgaggtyg

acagcatcca

ggccagggtyg

atacaagggyg

gtttcgggcg

gecttaaatg

atcggctcaa

ttcgcacctt

gttgatggtg

aaaatcaatc

attaacggag

gacggttate

gtgctacagg

gaaaaagatg

gaggggggat

cgggccatgg

gctaataata

tataatacca

ggcgttgata

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920
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-continued

aaaaagcagg cggaaaatta attgtctcaa cgaatgcgct ggaagtgagt ggtccaaaca 1980
gtaaaggcca atttagtata aaagatggtg tgtcaaaaaa ttatgaactg gatgatggtt 2040
ccgggctecat tgttatggag gacacgcagg ccattgatac tatccttgat aagcatgcecca 2100
ctatgcaatc gctgggaaag gatactggta cgaaagtgca ggcaaatgcg gtatatgatc 2160
tcggtcecgate atatcagaat ggaagtatca cgtattcctc aaaagccatc tcectgaaaata 2220
tggttatcaa caatggccgce gctaacgtct gggctggcac aatggttaac gtttcagtca 2280
gagggaatga tggcattctt gaggtcatga agccgcaaat aaattatgca cccgcaatgt 2340
tggtgggtaa ggtagtggtt tctgagggcg cttettttag aacgcatggt gecgtggata 2400
ccagcaaagc ggacgtttceg ctcgaaaata gcgtatggac catcattgcc gatatcacta 2460
cgacgaacca aaacaccctce ctcaacttag ccaaccttge gatgtctgac gcaaatgtga 2520
ttatgatgga tgagccagtg actcgttcat cagtgacggc aagtgcggaa aatttcatta 2580
cgttgaccac caataccctg tcgggaaacg gcaattttta tatgcgtacc gatatggcta 2640
atcatcagag cgatcagctc aacgtcaccg gtcaggcaac aggtgatttc aaaatattcg 2700
tgacggacac cggtgccage ccggcagcag gagatagect tacactggta acaacgggcg 2760
gcggtgatge tgcatttacg ttgggcaatg ccggaggcgt tgttgatatc ggtacgtatg 2820
aatatacctt gctggataat ggcaaccata gctggagtct ggcagagaat cgcgcgcaaa 2880
ttacceccectte aaccactgat gtgctgaata tggcggcecge acaaccgctg gtatttgatg 2940
cagaactgga caccgtgcgt gagcgtecttg gtagegtaaa aggcgttagt tacgatacgg 3000
cgatgtggag ttcggcaatt aacacccgca acaacgtgac cactgatgcg ggagctggtt 3060
ttgagcaaac attgacgggc ctgacgctcg gtatcgatag cecgtttctee cgtgaagaaa 3120
gcagtacaat tcgcggecttg atctttggtt actctcatte tgatattggt tttgatcgeg 3180
gcggcaaagg taatatcgat agctataccce tgggggctta tgccggttgg gagcatcaga 3240
acggtgccta tgttgatggg gtggtgaaag ttgaccgttt tgccaacacc atccatggca 3300
agatgagtaa tggggcaaca gcgtttggcg attacaatag taacggcgcg ggtgctcatg 3360
ttgagagcgg gttcegttgg gttgacggat tgtggagtgt tagaccctat ctggecttta 3420
ccggctttac cacagatggt caggactaca cgttatcaaa cggcatgcgce geggatgtgg 3480
gaaatacccg gatattacge gctgaagcegg gaacggcggt aagctatcac atggacctge 3540
aaaacggtac gacgctggaa ccctggetga aageggccegt gegtcaggaa tacgecgatt 3600
ctaaccaggt gaaagttaat gacgatggca aatttaataa tgatgtggct ggaaccagtg 3660
gcgtttatca ggctggtata aggtcatcgt ttaccccgac gttaageggt catttgtceag 3720
tcagctatgg caatggcgca ggggtagaat cgccgtggaa tactcaggceg ggtgtggtcet 3780

ggacgttctg a 3791

<210> SEQ ID NO 6

<211> LENGTH: 1221

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic yejO wildtype protein

<400> SEQUENCE: 6

Met His Gln Ser Gly Ser Val Ser Leu Cys Arg Ser Ala Ile Ser Val
1 5 10 15
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-continued

Leu Val Ala Thr Ala Leu Trp Lys Val Arg Thr Ser Pro Tyr Glu Ile
20 25 30

Met Phe Val Ile Trp Ser His Arg Thr Gly Phe Ile Met Ser His Gln
35 40 45

Leu Thr Phe Ala Asp Ser Glu Phe Ser Ser Lys Arg Arg Gln Thr Arg
50 55 60

Lys Glu Ile Phe Leu Ser Arg Met Glu Gln Ile Leu Pro Trp Gln Asn
65 70 75 80

Met Val Glu Val Ile Glu Pro Phe Tyr Pro Lys Ala Gly Asn Gly Arg
85 90 95

Arg Pro Tyr Pro Leu Glu Thr Met Leu Arg Ile His Cys Met Gln His
100 105 110

Trp Tyr Asn Leu Ser Asp Gly Ala Met Glu Asp Ala Leu Tyr Glu Ile
115 120 125

Ala Ser Met Arg Leu Phe Ala Arg Leu Ser Leu Asp Ser Ala Leu Pro
130 135 140

Asp Arg Thr Thr Ile Met Asn Phe Arg His Leu Leu Glu Gln His Gln
145 150 155 160

Leu Ala Arg Gln Leu Phe Lys Thr Ile Asn Arg Trp Leu Ala Glu Ala
165 170 175

Gly Val Met Met Thr Gln Gly Thr Leu Val Asp Ala Thr Ile Ile Glu
180 185 190

Ala Pro Ser Ser Thr Lys Asn Lys Glu Gln Gln Arg Asp Pro Glu Met
195 200 205

His Gln Thr Lys Lys Gly Asn Gln Trp His Phe Gly Met Lys Ala His
210 215 220

Ile Gly Val Asp Ala Lys Ser Gly Leu Thr His Ser Leu Val Thr Thr
225 230 235 240

Ala Ala Asn Glu His Asp Leu Asn Gln Leu Gly Asn Leu Leu His Gly
245 250 255

Glu Glu Gln Phe Val Ser Ala Asp Ala Gly Tyr Gln Gly Ala Pro Gln
260 265 270

Arg Glu Glu Leu Ala Glu Val Asp Val Asp Trp Leu Ile Ala Glu Arg
275 280 285

Pro Gly Lys Val Arg Thr Leu Lys Gln His Pro Arg Lys Asn Lys Thr
290 295 300

Ala Ile Asn Ile Glu Tyr Met Lys Ala Ser Ile Arg Ala Arg Val Glu
305 310 315 320

His Pro Phe Arg Ile Ile Lys Arg Gln Phe Gly Phe Val Lys Ala Arg
325 330 335

Tyr Lys Gly Leu Leu Lys Asn Asp Asn Gln Leu Ala Met Leu Phe Thr
340 345 350

Leu Ala Asn Leu Phe Arg Ala Asp Gln Met Ile Arg Gln Trp Glu Arg
355 360 365

Ser His Lys Leu Gly Ile Thr Pro Met Ala Lys Lys Arg Ser Lys Ala
370 375 380

Asp Ser Arg His Leu Arg Glu Lys Lys Ser Ala Gln Thr Arg Asn Glu
385 390 395 400

Met Thr Glu Ser Ala Glu Lys Asn Phe Pro Ala Tyr Ser His Leu Pro
405 410 415
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Tyr Ile His Pro His Trp His Gln Leu Leu Ser Met Val Arg Gln Leu
420 425 430

Met Val Leu Ser Trp Lys Lys Ile Ser Ser Trp Phe Met Gly Pro Pro
435 440 445

Ile Ile Arg Lys Ser Ile Leu Ala Glu Asn Ser Ile Lys Asn Leu Val
450 455 460

Val Ile Ile Leu Lys Leu Thr Glu Gly Ile Ser Thr Leu Lys Met Ala
465 470 475 480

Pro Gln Asn Thr Gln Tyr Met Thr Val Ile Lys Leu Phe Lys Trp Val
485 490 495

Ala Arg Gln Thr Arg Leu Arg Ser Ile Met Val Cys Tyr Arg Phe Met
500 505 510

Ala Gln Arg Met Ile Pro Arg Leu Lys Ala Gly Ala Ser Leu Lys Lys
515 520 525

Met Gly Gly Pro Ser Leu Ser Leu Ser Lys Arg Glu Asp Tyr Trp Arg
530 535 540

Leu Lys Arg Gly Asp Leu His Leu Arg Ile Arg Lys Gln Ala Val Leu
545 550 555 560

Leu Lys Gln Pro Arg Gly Pro Trp Arg Tyr Ser Glu Gln Thr Val Ser
565 570 575

Val Ser Ser Ile Ser Arg Met Val Leu Leu Ile Ile Cys Cys Trp Lys
580 585 590

Thr Ala Glu Val Cys Glu Leu Lys Lys Met Thr Ser Leu Ile Ile Pro
595 600 605

Leu Ile Val Ala Ala Tyr Trp Arg Leu Trp Met Ala Gly Leu Leu Ala
610 615 620

Leu Ile Lys Lys Gln Ala Glu Asn Leu Ser Gln Arg Met Arg Trp Lys
625 630 635 640

Val Val Gln Thr Val Lys Ala Asn Leu Val Lys Met Val Cys Gln Lys
645 650 655

Ile Met Asn Trp Met Met Val Pro Gly Ser Leu Leu Trp Arg Thr Arg
660 665 670

Arg Pro Leu Ile Leu Ser Leu Ile Ser Met Pro Leu Cys Asn Arg Trp
675 680 685

Glu Arg Ile Leu Val Arg Lys Cys Arg Gln Met Arg Tyr Met Ile Ser
690 695 700

Val Asp His Ile Arg Met Glu Val Ser Arg Ile Pro Gln Lys Pro Ser
705 710 715 720

Leu Lys Ile Trp Leu Ser Thr Met Ala Ala Leu Thr Ser Gly Leu Ala
725 730 735

Gln Trp Leu Thr Phe Gln Ser Glu Gly Met Met Ala Phe Leu Arg Ser
740 745 750

Ser Arg Lys Ile Met His Pro Gln Cys Trp Trp Val Arg Trp Phe Leu
755 760 765

Arg Ala Leu Leu Leu Glu Arg Met Val Pro Trp Ile Pro Ala Lys Arg
770 775 780

Thr Phe Arg Ser Lys Ile Ala Tyr Gly Pro Ser Leu Pro Ile Ser Leu
785 790 795 800

Arg Arg Thr Lys Thr Pro Ser Ser Thr Pro Thr Leu Arg Cys Leu Thr
805 810 815

Gln Met Leu Trp Met Ser Gln Leu Val His Gln Arg Gln Val Arg Lys
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820 825 830

Ile Ser Leu Arg Pro Pro Ile Pro Cys Arg Glu Thr Ala Ile Phe Ile
835 840 845

Cys Val Pro Ile Trp Leu Ile Ile Arg Ala Ile Ser Ser Thr Ser Pro
850 855 860

Val Arg Gln Gln Val Ile Ser Lys Tyr Ser Arg Thr Pro Val Pro Ala
865 870 875 880

Arg Gln Gln Glu Ile Ala Leu His Trp Gln Arg Ala Ala Val Met Leu
885 890 895

His Leu Arg Trp Ala Met Pro Glu Ala Leu Leu Ile Ser Val Arg Met
900 905 910

Asn Ile Pro Cys Trp Ile Met Ala Thr Ile Ala Gly Val Trp Gln Arg
915 920 925

Ile Ala Arg Lys Leu Pro Leu Gln Pro Leu Met Cys Ile Trp Arg Pro
930 935 940

His Asn Arg Trp Tyr Leu Met Gln Asn Trp Thr Pro Cys Val Ser Val
945 950 955 960

Leu Val Ala Lys Ala Leu Val Thr Ile Arg Arg Cys Gly Val Arg Gln
965 970 975

Leu Thr Pro Ala Thr Thr Pro Leu Met Arg Glu Leu Val Leu Ser Lys
980 985 990

His Arg Ala Arg Ser Val Ser Ile Ala Val Ser Pro Val Lys Lys Ala
995 1000 1005

Val Gln Phe Ala Ala Ser Leu Val Thr Leu Ile Leu Ile Leu Val
1010 1015 1020

Leu Ile Ala Ala Ala Lys Val Ile Ser Ile Ala Ile Pro Trp Gly
1025 1030 1035

Leu Met Pro Val Gly Ser Ile Arg Thr Val Pro Met Leu Met Gly
1040 1045 1050

Trp Lys Leu Thr Val Leu Pro Thr Pro Ser Met Ala Arg Val Met
1055 1060 1065

Gly Gln Gln Arg Leu Ala Ile Thr Ile Val Thr Ala Arg Val Leu
1070 1075 1080

Met Leu Arg Ala Gly Ser Val Gly Leu Thr Asp Cys Gly Val Leu
1085 1090 1095

Asp Pro 1Ile Trp Pro Leu Pro Ala Leu Pro Gln Met Val Arg Thr
1100 1105 1110

Thr Arg Tyr Gln Thr Ala Cys Ala Arg Met Trp Glu Ile Pro Gly
1115 1120 1125

Tyr Tyr Ala Leu Lys Arg Glu Arg Arg Ala Ile Thr Trp Thr Cys
1130 1135 1140

Lys Thr Val Arg Arg Trp Asn Pro Gly Lys Arg Pro Cys Val Arg
1145 1150 1155

Asn Thr Pro Ile Leu Thr Arg Lys Leu Met Thr Met Ala Asn Leu
1160 1165 1170

Ile Met Met Trp Leu Glu Pro Val Ala Phe Ile Arg Leu Val Gly
1175 1180 1185

His Arg Leu Pro Arg Arg Ala Val Ile Cys Gln Ser Ala Met Ala
1190 1195 1200

Met Ala Gln Gly Asn Arg Arg Gly Ile Leu Arg Arg Val Trp Ser
1205 1210 1215
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Gly Arg Ser

1220

<210> SEQ ID NO 7
<211> LENGTH: 3791

<212> TYPE

: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 7

atgcatcaat

gegttaagga

agaacagggt

cgcegtcaga

aacatggtgg

cegetggaaa

gcgatggaag

gatagcgect

caactggecec

atgactcaag

aaagagcagc

ggcatgaagg

accgeggeca

tttgtctcag

gatgtggact

cgcaagaaca

gagcacccat

ttgctgaaaa

gaccaaatga

gcgaagaaac

acatgaagaa

ccttatatte

ttgtcctgga

ctggcggaga

ggtatcagta

aaattgttca

tttatggege

ggggggcegt

ttgcatttge

aggtattcgg

tgttgttgga

ctggttetgt

aggtgcgaac

tcatcatgag

ccagaaaaga

aagtcatcga

ccatgetacyg

atgctetgta

tgcecggacceyg

gccaattgtt

gcaccttggt

aacgcgatce

cccacattgg

acgagcatga

ccgatgeegyg

ggctgatcge

aaacggccat

ttcgcatcat

acgataacca

tacgtcagtyg

ggtctaaata

atgaaatgac

acccatagca

aaaagatatc

acagcatata

cattgaaatg

aatgggtggc

agcgaatgat

ctttgteget

ggtagatcag

aacaaaccgt

aaacggcgga

ttctetttgt

aagtcectga

tcatcaactt

gattttettyg

gecegttttac

cattcactge

cgaaatcgec

caccaccatc

caagaccatc

cgatgecace

ggagatgcat

tgtcgatgec

cctcaatcag

ctaccaaggg

cgagcgeacc

caacatcgaa

caagcgacag

actggcgatg

ggagagatct

ggctgattca

tgagtcagee

ttggcatcaa

cagctggttt

aaagaatttg

aatggcgeceg

geggcaaace

accacgatta

atcgaaaagg

aaagcaggcg

ctcggtcagt

agtttgcgag

cgttecegcaa

tatgagatca

accttegeceyg

tccegeatgyg

cccaaggetyg

atgcagcatt

tccatgegte

atgaatttcc

aatcgetgge

atcattgagg

cagaccaaga

aagagtggec

ctgggtaatc

gegecacage

ggcaaggtaa

tacatgaaag

ttcggetteg

ttattcacge

cactaaaaac

aggcatttac

gagaagaatt

ctgttgagta

atgggaccge

gtgtaagtaa

cagaatactc

agactacgct

aaggegggey

gaggactact

gtgctattaa

tcgatatcaa

ttgaagaaaa

Synthetic yejO mutated gene

tatctgttet

tgtttgteat

acagtgaatt

agcagattct

gtaatggccg

ggtacaacct

tgtttgceey

gecacctget

tggccgaage

cacccagete

aaggcaatca

tgacccacag

tgctgcatgyg

gcgaggaget

gaaccttgaa

ccagcateeg

tgaaagccag

tggccaacct

tggggataac

gggagaaaaa

tccecgetta

tggtgagaca

caataatacg

taatactgaa

agtattaaat

caataatggt

cttaategtt

ggaggttaaa

aacaaccacg

gaatggtatt

tgacttcget

ggtggctaca
ctggagccat
cagcagtaag
gccatggcaa
gegaccttat
gagcgatggce
gttatccetg
ggagcagcat
aggcgtcatg
gaccaagaac
gtggcacttt
cctggteace
agaggagcaa
ggccgaggtyg
acagcatcca
ggccagggtyg
atacaagggyg
gtttecgggeyg
gecttaaatg
atcggctcaa
ttcgcacctt
gttgatggtg
aaaatcaatc
attaacggag

gacggttate

gtgctacagg

gaaaaagatg

gaggggggat

cgggccatgg

gctaataata

tataatacca

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860
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ctgtagatag tggcggctta ctggaggtta tggatggcgg gactgtaact ggcgttgata 1920
aaaaagcagg cggaaaatta attgtctcaa cgaatgcgct ggaagtgagt ggtccaaaca 1980
gtaaaggcca atttagtata aaagatggtg tgtcaaaaaa ttatgaactg gatgatggtt 2040
ccgggctecat tgttatggag gacacgcagg ccattgatac tatccttgat aagcatgcecca 2100
ctatgcaatc gctgggaaag gatactggta cgaaagtgca ggcaaatgcg gtatatgatc 2160
tcggtcecgate atatcagaat ggaagtatca cgtattcctc aaaagccatc tcectgaaaata 2220
tggttatcaa caatggccgce gctaacgtct gggctggcac aatggttaac gtttcagtca 2280
gagggaatga tggcattctt gaggtcatga agccgcaaat aaattatgca cccgcaatgt 2340
tggtgggtaa ggtagtggtt tctgagggcg cttettttag aacgcatggt gecgtggata 2400
ccagcaaagc ggacgtttceg ctcgaaaata gcgtatggac catcattgcc gatatcacta 2460
cgacgaacca aaacaccctce ctcaacttag ccaaccttge gatgtctgac gcaaatgtga 2520
ttatgatgga tgagccagtg actcgttcat cagtgacggc aagtgcggaa aatttcatta 2580
cgttgaccac caataccctg tcgggaaacg gcaattttta tatgcgtacc gatatggcta 2640
atcatcagag cgatcagctc aacgtcaccg gtcaggcaac aggtgatttc aaaatattcg 2700
tgacggacac cggtgccage ccggcagcag gagatagect tacactggta acaacgggcg 2760
gcggtgatge tgcatttacg ttgggcaatg ccggaggcgt tgttgatatc ggtacgtatg 2820
aatatacctt gctggataat ggcaaccata gctggagtct ggcagagaat cgcgcgcaaa 2880
ttacceccectte aaccactgat gtgctgaata tggcggcecge acaaccgctg gtatttgatg 2940
cagaactgga caccgtgcgt gagcgtecttg gtagegtaaa aggcgttagt tacgatacgg 3000
cgatgtggag ttcggcaatt aacacccgca acaacgtgac cactgatgcg ggagctggtt 3060
ttgagcaaac attgacgggc ctgacgctcg gtatcgatag cecgtttctee cgtgaagaaa 3120
gcagtacaat tcgcggecttg atctttggtt actctcatte tgatattggt tttgatcgeg 3180
gcggcaaagg taatatcgat agctataccce tgggggctta tgccggttgg gagcatcaga 3240
acggtgccta tgttgatggg gtggtgaaag ttgaccgttt tgccaacacc atccatggca 3300
agatgagtaa tggggcaaca gcgtttggcg attacaatag taacggcgcg ggtgctcatg 3360
ttgagagcgg gttcegttgg gttgacggat tgtggagtgt tagaccctat ctggecttta 3420
ccggctttac cacagatggt caggactaca cgttatcaaa cggcatgcgce geggatgtgg 3480
gaaatacccg gatattacge gctgaagcegg gaacggcggt aagctatcac atggacctge 3540
aaaacggtac gacgctggaa ccctggetga aageggccegt gegtcaggaa tacgecgatt 3600
ctaaccaggt gaaagttaat gacgatggca aatttaataa tgatgtggct ggaaccagtg 3660
gcgtttatca ggctggtata aggtcatcgt ttaccccgac gttaageggt catttgtceag 3720
tcagctatgg caatggcgca ggggtagaat cgccgtggaa tactcaggceg ggtgtggtcet 3780

ggacgttctg a 3791

<210> SEQ ID NO 8

<211> LENGTH: 1221

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic yejO mutated protein

<400> SEQUENCE: 8
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Met His Gln Ser Gly Ser Val Ser Leu Cys Arg Ser Ala Ile Ser Val
1 5 10 15

Leu Val Ala Thr Ala Leu Arg Lys Val Arg Thr Ser Pro Tyr Glu Ile
20 25 30

Met Phe Val Ile Trp Ser His Arg Thr Gly Phe Ile Met Ser His Gln
35 40 45

Leu Thr Phe Ala Asp Ser Glu Phe Ser Ser Lys Arg Arg Gln Thr Arg
50 55 60

Lys Glu Ile Phe Leu Ser Arg Met Glu Gln Ile Leu Pro Trp Gln Asn
65 70 75 80

Met Val Glu Val Ile Glu Pro Phe Tyr Pro Lys Ala Gly Asn Gly Arg
85 90 95

Arg Pro Tyr Pro Leu Glu Thr Met Leu Arg Ile His Cys Met Gln His
100 105 110

Trp Tyr Asn Leu Ser Asp Gly Ala Met Glu Asp Ala Leu Tyr Glu Ile
115 120 125

Ala Ser Met Arg Leu Phe Ala Arg Leu Ser Leu Asp Ser Ala Leu Pro
130 135 140

Asp Arg Thr Thr Ile Met Asn Phe Arg His Leu Leu Glu Gln His Gln
145 150 155 160

Leu Ala Arg Gln Leu Phe Lys Thr Ile Asn Arg Trp Leu Ala Glu Ala
165 170 175

Gly Val Met Met Thr Gln Gly Thr Leu Val Asp Ala Thr Ile Ile Glu
180 185 190

Ala Pro Ser Ser Thr Lys Asn Lys Glu Gln Gln Arg Asp Pro Glu Met
195 200 205

His Gln Thr Lys Lys Gly Asn Gln Trp His Phe Gly Met Lys Ala His
210 215 220

Ile Gly Val Asp Ala Lys Ser Gly Leu Thr His Ser Leu Val Thr Thr
225 230 235 240

Ala Ala Asn Glu His Asp Leu Asn Gln Leu Gly Asn Leu Leu His Gly
245 250 255

Glu Glu Gln Phe Val Ser Ala Asp Ala Gly Tyr Gln Gly Ala Pro Gln
260 265 270

Arg Glu Glu Leu Ala Glu Val Asp Val Asp Trp Leu Ile Ala Glu Arg
275 280 285

Pro Gly Lys Val Arg Thr Leu Lys Gln His Pro Arg Lys Asn Lys Thr
290 295 300

Ala Ile Asn Ile Glu Tyr Met Lys Ala Ser Ile Arg Ala Arg Val Glu
305 310 315 320

His Pro Phe Arg Ile Ile Lys Arg Gln Phe Gly Phe Val Lys Ala Arg
325 330 335

Tyr Lys Gly Leu Leu Lys Asn Asp Asn Gln Leu Ala Met Leu Phe Thr
340 345 350

Leu Ala Asn Leu Phe Arg Ala Asp Gln Met Ile Arg Gln Trp Glu Arg
355 360 365

Ser His Lys Leu Gly Ile Thr Pro Met Ala Lys Lys Arg Ser Lys Ala
370 375 380

Asp Ser Arg His Leu Arg Glu Lys Lys Ser Ala Gln Thr Arg Asn Glu
385 390 395 400

Met Thr Glu Ser Ala Glu Lys Asn Phe Pro Ala Tyr Ser His Leu Pro



US 2022/0411746 Al Dec. 29, 2022
16

-continued

405 410 415

Tyr Ile His Pro His Trp His Gln Leu Leu Ser Met Val Arg Gln Leu
420 425 430

Met Val Leu Ser Trp Lys Lys Ile Ser Ser Trp Phe Met Gly Pro Pro
435 440 445

Ile Ile Arg Lys Ser Ile Leu Ala Glu Asn Ser Ile Lys Asn Leu Val
450 455 460

Val Ile Ile Leu Lys Leu Thr Glu Gly Ile Ser Thr Leu Lys Met Ala
465 470 475 480

Pro Gln Asn Thr Gln Tyr Met Thr Val Ile Lys Leu Phe Lys Trp Val
485 490 495

Ala Arg Gln Thr Arg Leu Arg Ser Ile Met Val Cys Tyr Arg Phe Met
500 505 510

Ala Gln Arg Met Ile Pro Arg Leu Lys Ala Gly Ala Ser Leu Lys Lys
515 520 525

Met Gly Gly Pro Ser Leu Ser Leu Ser Lys Arg Glu Asp Tyr Trp Arg
530 535 540

Leu Lys Arg Gly Asp Leu His Leu Arg Ile Arg Lys Gln Ala Val Leu
545 550 555 560

Leu Lys Gln Pro Arg Gly Pro Trp Arg Tyr Ser Glu Gln Thr Val Ser
565 570 575

Val Ser Ser Ile Ser Arg Met Val Leu Leu Ile Ile Cys Cys Trp Lys
580 585 590

Thr Ala Glu Val Cys Glu Leu Lys Lys Met Thr Ser Leu Ile Ile Pro
595 600 605

Leu Ile Val Ala Ala Tyr Trp Arg Leu Trp Met Ala Gly Leu Leu Ala
610 615 620

Leu Ile Lys Lys Gln Ala Glu Asn Leu Ser Gln Arg Met Arg Trp Lys
625 630 635 640

Val Val Gln Thr Val Lys Ala Asn Leu Val Lys Met Val Cys Gln Lys
645 650 655

Ile Met Asn Trp Met Met Val Pro Gly Ser Leu Leu Trp Arg Thr Arg
660 665 670

Arg Pro Leu Ile Leu Ser Leu Ile Ser Met Pro Leu Cys Asn Arg Trp
675 680 685

Glu Arg Ile Leu Val Arg Lys Cys Arg Gln Met Arg Tyr Met Ile Ser
690 695 700

Val Asp His Ile Arg Met Glu Val Ser Arg Ile Pro Gln Lys Pro Ser
705 710 715 720

Leu Lys Ile Trp Leu Ser Thr Met Ala Ala Leu Thr Ser Gly Leu Ala
725 730 735

Gln Trp Leu Thr Phe Gln Ser Glu Gly Met Met Ala Phe Leu Arg Ser
740 745 750

Ser Arg Lys Ile Met His Pro Gln Cys Trp Trp Val Arg Trp Phe Leu
755 760 765

Arg Ala Leu Leu Leu Glu Arg Met Val Pro Trp Ile Pro Ala Lys Arg
770 775 780

Thr Phe Arg Ser Lys Ile Ala Tyr Gly Pro Ser Leu Pro Ile Ser Leu
785 790 795 800

Arg Arg Thr Lys Thr Pro Ser Ser Thr Pro Thr Leu Arg Cys Leu Thr
805 810 815
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Gln Met Leu Trp Met Ser Gln Leu Val His Gln Arg Gln Val Arg Lys
820 825 830

Ile Ser Leu Arg Pro Pro Ile Pro Cys Arg Glu Thr Ala Ile Phe Ile
835 840 845

Cys Val Pro Ile Trp Leu Ile Ile Arg Ala Ile Ser Ser Thr Ser Pro
850 855 860

Val Arg Gln Gln Val Ile Ser Lys Tyr Ser Arg Thr Pro Val Pro Ala
865 870 875 880

Arg Gln Gln Glu Ile Ala Leu His Trp Gln Arg Ala Ala Val Met Leu
885 890 895

His Leu Arg Trp Ala Met Pro Glu Ala Leu Leu Ile Ser Val Arg Met
900 905 910

Asn Ile Pro Cys Trp Ile Met Ala Thr Ile Ala Gly Val Trp Gln Arg
915 920 925

Ile Ala Arg Lys Leu Pro Leu Gln Pro Leu Met Cys Ile Trp Arg Pro
930 935 940

His Asn Arg Trp Tyr Leu Met Gln Asn Trp Thr Pro Cys Val Ser Val
945 950 955 960

Leu Val Ala Lys Ala Leu Val Thr Ile Arg Arg Cys Gly Val Arg Gln
965 970 975

Leu Thr Pro Ala Thr Thr Pro Leu Met Arg Glu Leu Val Leu Ser Lys
980 985 990

His Arg Ala Arg Ser Val Ser Ile Ala Val Ser Pro Val Lys Lys Ala
995 1000 1005

Val Gln Phe Ala Ala Ser Leu Val Thr Leu Ile Leu Ile Leu Val
1010 1015 1020

Leu Ile Ala Ala Ala Lys Val Ile Ser Ile Ala Ile Pro Trp Gly
1025 1030 1035

Leu Met Pro Val Gly Ser Ile Arg Thr Val Pro Met Leu Met Gly
1040 1045 1050

Trp Lys Leu Thr Val Leu Pro Thr Pro Ser Met Ala Arg Val Met
1055 1060 1065

Gly Gln Gln Arg Leu Ala Ile Thr Ile Val Thr Ala Arg Val Leu
1070 1075 1080

Met Leu Arg Ala Gly Ser Val Gly Leu Thr Asp Cys Gly Val Leu
1085 1090 1095

Asp Pro 1Ile Trp Pro Leu Pro Ala Leu Pro Gln Met Val Arg Thr
1100 1105 1110

Thr Arg Tyr Gln Thr Ala Cys Ala Arg Met Trp Glu Ile Pro Gly
1115 1120 1125

Tyr Tyr Ala Leu Lys Arg Glu Arg Arg Ala Ile Thr Trp Thr Cys
1130 1135 1140

Lys Thr Val Arg Arg Trp Asn Pro Gly Lys Arg Pro Cys Val Arg
1145 1150 1155

Asn Thr Pro Ile Leu Thr Arg Lys Leu Met Thr Met Ala Asn Leu
1160 1165 1170

Ile Met Met Trp Leu Glu Pro Val Ala Phe Ile Arg Leu Val Gly
1175 1180 1185

His Arg Leu Pro Arg Arg Ala Val Ile Cys Gln Ser Ala Met Ala
1190 1195 1200
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Met Ala
1205 1210 1215

Gly Arg Ser
1220

Gln Gly Asn Arg Arg Gly Ile Leu Arg Arg Val Trp Ser

1. A method for generating microorganisms resistant to
infection by phages wherein said method comprises:

a) Growing the microorganism of interest until it reaches

an optical density (600 nm) from 0.6 to 5;

b) Adding a mixture of phages with a concentration

greater than 100 plaque-forming units;

¢) Contacting the microorganism culture with phages

from 30 minutes to 6 hours at room temperature;

d) Allowing for cellular lysis from 1 hour to 8 hours at 37°

C.;

e) Allowing the culture to recover from 1 hour to 24

hours;

f) Isolating colonies into plates with M9 medium; and

g) Verifying the resistance of the microorganism by

repeating steps from a) to f).

2. The method according to claim 1, wherein microor-
ganisms resistant to infection by phages from the Siphoviri-
dae and Myoviridae families are generated.

3. The method according to claim 2, wherein microor-
ganisms are resistant to infection by phages A, ¢80 and T4
are generated.

4. The method according to claim 3, wherein the micro-
organism is an enterobacterium.

5. The method according to claim 4, wherein the entero-
bacterium is Escherichia coli strain LCT-BF-01.

6. A microorganism resistant to phage infection obtained
by the method of claim 1.

7. A microorganism according to claim 6, wherein the
microorganism is Escherichia coli

8. A microorganism according to claim 7, wherein the
microorganism has mutations in tfaD and yejO genes.

9. A microorganism according to claim 8, wherein the
microorganism is resistant to the infection by phages from
the Siphoviridae and Myoviridae families.

10. A microorganism according to claim 9, wherein the
microorganism is resistant to the infection by phages A, $80
and T4.

11. The microorganism according to claim 10, wherein the
microorganism is strain LCT-BF-01.

12. The microorganism according to claim 11, wherein
said microorganism retains the same kinetic constants as a
wild type strain.



