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BBeneHune/Abstract

MeTtabonnam yrneesogoB Yy 6akTtepum OYEHb

pa3HOOOpa3eH.

N3BeCTHO,

YTO

E. coli Nissle 1917 (egMHCTBEHHbIN NpobmnoTnyecknn witamm E. coli) - bonee KOPOTKUMN.

Carbohydrate metabolism in bacteria is very diverse. It is known that the yih-gene cassette in Escherichia coli is multifunctional: it is
involved in the metabolism of both lactose and sulfoquinose. At the same time, composition of genes in this cassette differs in
different E. coli strains. For example, E. coli K-12 MG1655 (laboratory strain) has a long variant, while E. coli Nissle 1917 (the only

probiotic strain of E. coli) has a short variant.

kKacceta yih-reHoB Yy Escherichia coli
MHOro(oyHKUNOHaNbLHa - oHa y4YacTByeT B MeTabonmamMe Kak fakTo3sbl, Tak U cynbdOKBMHOBO3LI. [1pn 9TOM y pasHbIX LWITaMMOB 3Ta
KacceTa pasnunyaeTcsa no cocrtasy reHoB. Hanpumep, E. coli K-12 MG1655 (nabopaTtopHbiv WTaMM) MMeEET ANMHHBIM €€ BapuaHT, a
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Mol n3yyanu TpaHckpununoHHble paktopbl CRP 1 YihW: kak oHM perynmpytoT paboTy ABYX BapMaHTOB KacCeTbl, KaK UX CBA3bIBAHME
C MeXreHHblmun obnactamun yihU/V wn yihV/W 3aBUCUT OT NpPUCYTCTBUSA B cpefe MOKO3bl, JTAaKTO3bl, ranakrosbl U CynbdOKBNMHOBO3bI. C
MOMOLLIbIO METO40B CPaBHUTESIBHOMN NTEHOMUKN Mbl CKann Hanbdonee BEPOSTHLIE CalTbl UX CBSA3bIBAHUS B ABYX MEXIEHHbIX yYacTKax,
obwmx y obounx BapunaHToB kKacceT. / We studied the CRP and YihW transcription factors: how they regulate the two variants of the
cassette, and how their binding to the predicted DNA targets (yihU/V and yihV/W intergenic regions) depends on the presence of
glucose, lactose, galactose, and sulfoquinose. Using the methods of comparative genomics, we searched for the most prominent
sites of their binding in these two intergenic regions in both cassette variants.

PeaynbTtaTbl/Results

Boigenenne OHK/DNA extraction

Amnnndukauma dparmeHtoB AHK / Amplification of DNA fragments

Habop Promega Gonbliue noaxoaut angd
BblageneHuna [HK

OaHHbIX KyIbTyp, Yem Habop Monarch /
The Promega kit is better for DNA
isolation from these cultures than the
Monarch kit

N3mepeHune KOHUueHTpaunn OHK ¢
nomMoLbto crektpodotomeTpa ‘NanoDrop’/
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[[@noykon noKasaH npaBUNbHbIN dparmMeHT, KpacHbIM
KpecTukoMm - HenpasunbHbit/ Correct DNA fragment is
shown by an arrow, non-specific - by the red cross

Boigenenne OHK wn3 rens / Extraction of
DNA from gel (Monarch Gel extraction Kit)

intergenic loci with closely related organisms.

BoipaBHuBaHne mexreHHunkos yihV/W wn yihU/V wtammoB Nissle 1917 n K-12 MG1655 1 MHOXXeCTBEHHbIE BblpaBHUBAHUS 3TUX XKe
MEXIeHHUKOB C POACTBEHHbIMW opraHu3amMmamu. lNpeanonaraemele cantbl cBa3biBaHns CRP ¢ AHK, HangeHHble ¢ NOMOLLbIO

Virtual Footprint, oTMe4eHbl cMHUM 1 3eneHbIM. Hanbornee koHcepBaTUBHbIE BblAENEHbI 3E€MIEHLIM, MEHEE KOHCEPBATUBHbLIE — CUHUM. /
The alignment of intergenic loci yihV/W and yihU/V in Nissle 1917 and K-12 MG1655, along with multiple alignments of these

Predicted binding sites of CRP with DNA were discovered using the Virtual footprint method. The most conservative sites,
highlighted in green, are the best candidates to bind CRP.
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CRAACTCCTCATGCTGATCGCCGAGCGTGGGTATATGAATATTGATGAGCTGGCARAATCTGCT
CAACTCGTTCATCTAATCGCAGAACGCGGTTATATGAATATTGAAGRAACTGGCACAACTGCT
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---------------- ATACCACCGGCGCGGGCGACGTTTTTCACGGCGCGCTGGCGGTGATGCT
---------------------------------- ATGTTTTTCACGGCGCTTTGGCGGTGGCGCT
CGCCTTTGAGGTACAGGTCGTCGATACCACCGGCGCGGGCGACGTCTTCCACGGGGGGCTGGCCGTGAAACT

GGCAACAAGTGGGGATTTAGCGGAGTCAGTCCGCTTCGCCAGCGGTGTAGC EECEIIARARTEEACH CGTCC
s flexneri 2a 2457t GGCAACAAGTGGGGATTTAGCGGAGTCAGTCCGCTTCGCCAGCGGTGTAGC HEBEIINNNNNGEREACGTCC
GGCAACAAGTGGGGATTTAGCGGAGTCAGTCCGCTTCGCCAGCGGTGTAGC MR NNNNNBGGRGH CGTCC
GGCAACAAGTGGGGATTTAGCGGAGTCAGTCCGCTTCGCCAGCGGTGTAGC NN NNNEGREH CGTCC
GGCAACAAGTGGGGATTTAGCGGAGTCAGTCCGCTTCGCCAGCGGTGTAGC R NNRIGORGH GTCC
GGCAACAGGTGGGGATTTAGCGGAATCAGTCCGCTTCGCCAGCGGAGTAGCGGCGTTGAAATGCACACGTCC
GGCTCGCGGCGAGTCGCCGCAGGAGGCGGTGCGCTTTGCCAGCGCCGTCGCCGCGCTGAAATGCACCCGTCC
e coli 0111:h 11128 GGCAACAAGTGGGGATTTAGCGGAGTCAGTCCGCTTCGCCAGCGGTGTAGCHEECIINNRNTGEREH GTCC
GGCGCAGAAGGGCTCTGTCACAGAGGCCGTGCGCTTTGCCAGTGCGGTCGCGGCGCTARAATGTACGCGACC
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CGGTGGACGAGCCGGGATCCCTGACHEICAIOANACOOGANCTTTTT IGICACTI T TGRATAAAATGCCAG
s flexneri 2a 2457t CGGTGGACGAGCCGGGATCCCTGACHGHGAICARACOOEARCTTTTT IGICACTTTTTGIATAAAATGCCAG
CGGTGGACGAGCCGGGATCCCTGAC HEICAICRARCEEEAE T TTT IGTICACTTTTTGIATAAAATGCCAG
CGGTGGACGAGCCGGGATCCCTGAC HGHCATCRRNEEEEAT 11T TTIGTCACTTTTTGTATAAAATGCCAG
CGGTGGACGAGCCGGGATCCCTGAC HGICATCARACEEEAT 11T T IGTCACTITTTGTATAAAATGCCAG
CGGTGGACGAGCTGGGATCCCTGAC HGICATCARACEEERT 11T T IGTCACTITTTGTATAAAATGCCAG

TGGCGGGCGCGCCGGGATCCCCGACTGTGATCARACCCGCTCTTTCCIGTCACTTTTTGTATAAAATGCCCG

e coli 0111:h 11128 CGGTGGACGAGCCGGGATCCCTGACHCHGAICARRCCEERTCTTTTTIGTCACTTITTGTATARAATGCCAG

GGGCGGGCGAGACGGGATCCCTGATTATGATCARACCTGTTCTTTTATGTCGGTARAATGTATAAACTGTGTG

GGT-G---ATGGTTTTTCGAGGAATTTTCATGAGCCTTACCGAACTAACCGGTAACCCGCGGCACGACCAAC
s_flexneri 2a 2457t GGT-G---ATGGTTTTTCGAGGAATTTTCATGAGCCTTACCGAACTAACCGGTAACCCGCGGCACGACCAAC
GGT-G---ATGGTTTTTCGAGGAATTTTCATGAGCCTTACCGAACTAACCGGTAACCCGCGGCACGACCAAC
GGT-G---ATGGTTTTTCGAGGAATTTTCATGAGCCTTACCGAACTAACCGGTAACCCGCGGCACGACCAAC
GGT-G---ATGGTTTTTCGAGGAATTTTCATGAGCCTTACCGAACTAACCGGTAACCCGCGGCACGACCAAC
GGT-G---ATGGTTTTTCGAGGAATTTTCATGAGCCTTACCGAACTAACCGGTAACCCGCGGCACGACCAAC
GCG-AGCAATGATTTTAAGGGGATCGTTCATGAGCCTTACCGGAGTGACGGGCAACCCGCGCCACGATCAGC
e coli 0111:h 11128 GGT-G---ATGGTTTTTCGAGGAATTTTCATGAGCCTTACCGAACTAACCGGTAACCCGCGGCACGACCAAC
CCATG-G--TGGTATTCAGAGAACAATCCATGATCCTCACGGACGTAACCGGTAATCCTCGCCACGATCGTT
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TCAGGAGAGGGTTATGGCAGCAATCGCGTTTATCGGTTTAGGACAAATGGGTTCGCCAATGGC
TCAGGAGAGGGTTATGGCAGCAATCGCGTTTATCGGTTTAGGACAAATGGGTTCGCCAATGGC
24 TCAGGAGAGGGTTATGGCAGCAATCGCGTTTATCGGTTTAGGACRAAATGGGTTCGCCAATGGC
TCAGGAGAGGGTTATGGCAGCAATCGCGTTTATCGGTTTAGGACRAAATGGGTTCGCCRATGGC
TCAGGAGAGGGTTATGGCAGCAATCGCGTTTATCGGTTTAGGACRAAATGGGTTCGCCARATGGC
TCAGGAGAGAGTTATGGCAGCAATCGCGTTTATCGGTTTAGGGCAAATGGGTTCGCCRAATGGC
TCAGGAGAGGGTTATGGCAGCAATCGCGTTTATCGGTTTAGGACRAAATGGGTTCGCCARATGGC
TCAGGAGAGGGTTATGGCAGCAATCCCGTTTATCGGTTTAGGACRAATGGGTTCGCCAATGGC
TTGGGAGAGCGGTATGTCGGTAATTGCGTTTATTGGATTGGGACRARATGGGCGCGCCGATGGC
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SQ ysBenuumBaeT cBa3biBaHue YihW ¢ o6onmm
mexreHHnkamm B K-12 MG1655 n Nissle 1917 /
SQ increases binding of YihW with both intergenic
regions in K-12 MG1655 and Nissle 1917

JlTakTto3a ymeHbLuaeT cBasbiBaHue YihW ¢
obonmu mexreHHnkamm B Nissle 1917 n He
BnMdaeT Ha cBsa3biBaHMe B K-12/ Lactose
decreases binding of YihW with both
intergenic regions in Nissle 1917, not affecting
binding in K-12
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SQ yMeHbLUaeT cBsA3bIBaHNE
CRP c yihU/V
B oboux wtammax/
SQ decreases CRP binding
with yihU/V in both Nissle
1917 and K-12 MG1655

N HaobopoT, SQ
yBENMYMBAET CBSA3bIBAHNE
CRP c yihvV/W
B obounx utammax/
Vice versa, SQ increases
binding of CRP with yihV/W
in both strains

JTakTo3a yBenuumBaeT cBa3biBaHne CRP ¢ obonmu
mMexreHHukamm B K-12 MG 1655 /Lactose increases binding
of CRP in both intergenics in K-12 MG1655
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KoHcepBaTuBHbIN canT cBa3biBaHMA benka CRP,
(RegulonDB) /

Conservative binding site for CRP (from
RegulonDB)

MeToabl/Methods

Bioinformatics tools and DataBases:
Sequence search: GeneBank, MicrobesOnline
Multiple sequence alignment: BLAST, T-coffee

Molecular biology methods:
Genomic DNA extraction

Agarose and Polyacrylamide (PAAG) gels electrophoresis
DNA extraction from agarose gel, NanoDrop spectrometry
Binding site search: RegulonDB, Virtual Footprint Polymerase Chain Reaction (PCR) Electrophoretic Mobility Shift Assay (EMSA)

BbiBoabl/Conclusions

e TpaHckpunumoHHble dpakTopbl YihW un
reHoB yih-kacceTbl

CRP o00a y4acTBylOT B perynsauum TpaHCKpunumnm

-, KaK B AJIMHHOM, TaK U B KOPOTKOM BapUnaHTeE.

e JlakTo3a 1 cynbdornoKko3a BNMAKT Ha CBSA3bIBAHNE 3TUX DENKOB C MEXIEHHbIMN y4acTKaMu

yih-kacceTbl, npnuyemM no-pasHomy.

e MexreHHblie yyactkum yihV/W n yihU/V wtammos E. coli K-12 MG1655 n Nissle 1917
OOBOJbHO cylecTBeHHO oTnnyatotca (yihV/W bonee cxogHel, Yem yihU/V). Tlpn aTOM OHU
obnagatoT BbICOKOM MEPON KOHCEPBATUBHOCTM Cpean LUTaMMOB TOJSIbKO C ASTMHHOM

KacCeTOW UMM TONbKO C KOPOTKOMW.
e OpauvH 13 npeackasaHHbix cantoB CRP

o6nagaeT BbICOKON KOHCEPBATUBHOCTbLIO KakK Y

lWTaMmMoB y E. coli, Tak 'y 6nm3kopoaCTBEHHbIX BUOOB.

e YihW and CRP transcription factors participate in transcriptional regulation of genes of yih-
cassette - in both its long and short variants,

e Lactose and sulphoquinovose affect the binding of these proteins with the yih-cassette
intergenic regions, and the modes of their effects are different.

e The yihV/W and yihU/V intergenic regions in E. coli K-12 MG1655 and Nissle 1917 are
quite different (yihV/W are more similar than yihU/V). At that, they are highly conservative
between strains with long or short cassettes only.

e One of the predicted CRP binding sites is conservative in the E. coli strains and their close

relatives.




