BeepgeHue. Dps (DNA binding protein from starved cells)- ocHoBHOM 6en0K Hykneounga B KneTkax E. coli Ha ctaumoHapHou ¢pase pocta. OH BbINONHAET 3aLUTHYHO U
apXUTEKTYPHYIO PyHKUMK. Dps (MW= 18,9 k[la) dopmunpyeTt noaekamep mn3 12 oanHaKoBbIX cydbbeanHul,. B HacTosALLee BpemMa CYMTAETCA, YTO OH HecneundUuyeckn cBasbiBaeT
[HK, obecneuymnBas ynakoBKYy HyKnenoaa. TpaHckpunuma dps ocyulectBasetca ¢ npomoTtopa Pdps pacnosHaBaemoro curma-70 m curma-38 cybveamumuammu PHK-nonnmepassi.
Kpome 3T0ro, ero perynsitopHaa 06,1acTb COAEPKUT HECKONBbKO AO0MNOJ/IHUTENbHbIX MPOMOTOPOB, HEOOXOAMMBIX AN MAaKCMMaIbHOM 3KCnpeccumn reHa. PaHee Hamum 6b110
NOKa3aHa onpeaeneHHasa cneunPmnyHocTb camoro Dps B cBA3bIBaHMM MMEHHO C 3TOM obnacTblo. Kpome Toro, B pesynbtaTe aHann3a AaHHbix ChiP-seq ¢ aHTuTENnamm K ExuR B
perynatTopHon obnactun dps HeoxmMaaHHO bbbl 0OHApPYKeHbl MOTEHUWAbHbIE MECTa CBA3bIBAHMSA 3TOrO PerynAaTopa yrneBoaHoro metabosinama KMWeYyHoM NaouKu.

[MosTOMYy Lenbl AaHHOro NPOEKTA ABAANACL TEOPETUYECKAA N SKCMEPMMEHTAIbHAA NPOBEPKA BO3SMOXKHOCTU PEryNALNM IKCNPECCUU FeHa dps perynatopamu yrneBogHoro
MmeTabonn3ma, a TaKKe OLEHKa BEPOATHOCTU HaMYmMA NOTEHLUMANbHbIX MNAPTHEPOB, obecneuynBaroLmMX ero cneundumyeckoe Blammogencrame ¢ JHK.
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PacnpeneneHune cantos cBsi3biBaHMA EXUR B perynatopHon obnactu reHa dps (ChlP-seq)
Distribution of the ExuR binding sites within the dps regulatory region (ChlP-seq)

MeTtoabl.

TeopeTnyeckue:

Virtual Footprint, anropntm noucka npomoTtopoBs PlatProm, mHOXecTBEHHOE
BbipaBHMBaHue (TCoffee), nounck npanmepos (Primer3)

JKCNnepumeHTanbHble:

AnekTpodopes AHK, anektpodpopes 6enkos, anekTpodopes ¢ 3a4epKKoM B rene
(EMSA), PCR, gRT-PCR, cynepnpoayKkumus b6enka, oumctka PCR ¢pparmeHTOB 13
nonnakpmnamgHoro rena u PCR-cmecn, Western Blot

Abstract

Dps (DNA binding protein from starved cells) is a major nucleoid protein in E. coli cells
at stationary growth phase. It plays both protective and architectural roles. Dps
(MW= 18,9 kDa) forms dodecamer with 12 identical subunits. Up to date it is
believed, that Dps binds DNA non specifically leading to chromosome compaction.
Transcription of the dps gene is carried out by the two sigma factors (sigma 38 and
sigma 70) of RNA polymerase. Moreover, there are several additional promoters in
the dps upstream that are required for the maximal gene expression. We have
previously shown that Dps has certain specificity in binding with its own regulatory
region. Moreover analysis of ChIP-seq data with antibodies for ExuR unexpectedly
revealed potential binding sites of this carbon metabolisms regulator in the
regulatory region of dps gene in E. coli genome. Therefore the goal of our project is
theoretical and experimental verification of possibility of carbon metabolism
regulators control dps gene expression, and evaluation of probability for potential
partners of Dps to be involved in its specific interaction with DNA.

Promoter distribution and potential transcription factors within the dps regulatory region

PacnonoxeHmne NnpoMoTOPOB U NOTEHLMANbHbIX PAKTOPOB TPAHCKPUNLUUK B pPerynatopHomn obnactm reHa dps .
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Position relative to ATG codon in dps
PacnonoxeHne cauToB pPerynasTopHbix 6enKkoB Ha npomoTopax reHa DPS, npeacKa3aHHbIX C

nomoulbto nporpammsl virtual footprint

Binding sites of regulatory proteins predicted in regulatory region of the dps with Virtual
Footprint software

«+» HUTDL

ATTTACATTTCTGCASRE TGCAGAaTTTCTCGCTACTTTTOIGIBBRBCGTCTTTATATATCGAA
TTATGCAAAAGCATATTTATTCCllCCTGGCGAGCAGATAAATAAGAATTGTTCTTATCAATATATCTAACT

CATTGAATCTTTATTAGITTTGTITIICACGCTTGTTACCACTATTAGTGTGATAGGaACAGCCAGAATAGCGGAACA
CATAGCCGGTGCTATACTTAATCTCgTTAATTACTGGGACATAAICRBGAEGATATGAAATT

OmpR (F box) NaclgitArz RINIINSE -~ Crp

«-» HUTb
AATTTCATATCCTCTTGATGTTATGTCCCAGTAATTAACGAGATTAAGTATAGCACCGGCTATGTGTTCCGCTATTCT
GGCTGTTCCTATCACABIEMIAGTGGTAAC T / AAAGATTCAATGAGTTAGATATAT
TGATAAGAACAATTCTTATTTATCTGCTCGCCAGGAATT_ATGCTTTTGCATAATTCGATATATAA

acaceoTeTAcACITAGECACARATTCTGEATIN B GensToTanAT
NhaRGEVA  ArcRIEC R o Crolil

Bbi/I 0O6HaApYKeHbl CalTbl HECKOJIbKUX PErYIATOPOB YrNeBoAHOro metabonnsma, B TOm

ymncne CRP

Several binding sites of sugar metabolism regulatory proteins including CRP were found

BbiBoAbl: B 06n1acT AONOAHUTENBbHbBIX NPOMOTOPOB reHa dps ecTb CalTbl CBA3bIBAHUA ABYX
perynatTopos caxapHoro metabonnama — CRP n ExuR. Takxe obHapyKeH cneundunyeckmim KoMmnaekc

6enka Dps c cobcTBEHHOM perynsTopHon obnacTbio.

Conc;usion: Binding sites of the two regulators of sugar metabolism — ExuR and CRP — are present in
the upstream region of the dps gene. Specific complex of the Dps protein with its own regulatory

region was detected.

Dps uiwet apy3en
Dps is looking for friends

BbipaBHMBaHMe perynatopHoi obnactm reHa DPS B reHomax 6akTepuit
6113KopOACTBEHHbIX K E.coli u npeactaBuTeneit Apyrux rpynn

CLUSTAL W (1.83) multiple seguence alignment

E.coli CFTO73
E.coli K-12 ATTTACATTICTGCATGGTTATGCATAACCATGCAGRATT TCT CGCTACT TTTCCTCTACACCGTCTTTATATAT

TTTTACAATTTTGCATGGTTATGCATAACCATGCARRA TATICCGTTACTCTTCATCCATTGCATCTTTATATIG

ATTTACATTICTGCATGGTTATGCATAACCATGCAGAT TTTCT CGCTACTTTTCCTCTACGCCGTI CTTTATATAT —C G

TGG
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C.rodentium CTIGCATGGCGCTGCAT A ACCATGCAGRATATTI TCCAGTT TIGTCATGCGTITATTCTGCC-TGGCTGCTTATCCCCGAT

E.coli CFT073
E.coli K-12

TTATGCAR A2 -GCAT AT TTATTCCGRR AR TTCCTGGCGAGCA R A TAR AT AAGAR TIGTTICTTATTA--AT--ATATCTA
TTATGCAARA-A-GCAT AT TTATTCCGRAR AATTCCTGGCGAGCAGATAR AT AAGAR TIGTICTTATCA--AT--ATATCTA
CTACRCAR - A -GCATATTTATTCTIGRA AR CTCCTGEGT AAGCRA AR TAR AT ARG AR TTGCTCTTATTT--AT--ATATATA
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TTATCTT. CGCCCAACTGTTACGITT-TT-CC-GCCA-CARATTARACTGCGCTTTATCCTGT CACGCTARATTAGCR

E.coli ACTCAT—-TGAGTITITTTATIGGTITIGTTI TIT TCACGCT T--GT TACCACTATT AGT CTGATAGGRAACAGC CAGRAATAG

AR CAC—TGAAT-TT AT ATCAT TTTIT AT TTT TCACT CTT—-GT TAGCGCTATT AGT GTGATAGGRRCAGCCGC

ACTCAT--TGAAT-CTTTATTAGTITICTI TIT—CACGCT T--GT TACCACTATT ACTCTGATAGGAACAGCCAGAATAG
AATAG
e~ ATCTT--GTCTGTACTATT ARAGT GATACGTANA TTCAR RR 2]

=== ——=—=——=—— =~~~ —ATGIT AATIGCGCTATCCGRETCATACGEACETT CIGCGCCT

L. odent;un; AC--ATACTGAAT-RAATARAT-GCRATIT-TTCGCC-AGCATGGAT CTGCGCTATT ARAGCGATAGCGEAGAGC CAGRR ARG
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E.coli CFTO73
E.coli K-12

GGARCACATAGCTGGTGCTATACT TAGTCTCGTTAAT TACT-GGGA-CA-TAA-CATCAAGAGGATATGARRTT
GGARCACATAGCCGGTGCTATACT TAATCTCGTTAAT TACT-GGGA-CA-TAA-CATCAAGAGGATATGARATT

)00

E.albertii CGGAACACATAGCTGGTGCTATACT TABTCTCCTAAAT T2 CT-GGGA-CA-TAA-CAT CARGAGGATATGRAAATT
S.enterica CGAAGT TARAA ACCGGTGCTATACT TARTE TCGTTAAT TA CCT GGGA - CA-CAAACAT CA AGAGGATATGAGATT
En.. Lignolyticus CGGGCCTTCTCTGCGCTGTTATACT TAATCECCEAARNTA TC- TGGACTAATA A~ CATCGAGAGGAGATGGAT-T

CAGGAATCATAACCGGTGCTATACT TAGTIGCGTARAT TACC-GGGA-CA-TAA-CATCARGAGGATATGARATT

- W ORR AR AR AR R W - R W - ww - WR ARR R AR R AR R R -

CLUSTAL W (1.83) multiple seguence alignment

E.coli CFT073 ATTTACAT TTCTGCATGGTTATCCATAACCATCCAGA-TTTICTCGCTACTTT TCCTCTACGCCGTCT TTATATAT-CG
E.coli K-12 ATTTACAT TTCTGCATGGTTATGCATAACCATGCAGA- AT TICTCGCTACTTT TCCTCTACACCGTCT TTATATAT-CG
E.albertii TTTTACAATTTTGCATGGTTATGCATAACCATCCARA- ATATICCGTTACTCT TCATCCATIGCATCT TTATATTG-CIG
C.rodentium CTGCATGGCECTGCAT AACCATGCAGAA TATTEICEAETT TTE TC -ATGCGTT TATTC TGC~CTGGCT GCTTATCCCCGA
- -~ W TR AR W - -~ - - - - - - - - - - - e -~
E.coli CFT073 ATTATG-CAAAA-GCATATTTAT TCCCARAATT CCTGGCGACCARATARAT-AAGART TGTTCT-TAT TAATATAT-~CT
E.coli K-12 ATTATG-CAAAA-GCATATTTAT TCCCARAATT CCTGGCGACCAGATARAT-AAGART TGTTCT-TATCAATATAT-~CT
E.albertii GCTACA-CARAA-GCATATTTATTCTGARANCT CCTCGTAAGCARATARAT-AAGART TGCTCT- TAT TTATATAT--AT
C.rodentium TTTATCTTAAT TCGCCCABETETT- -—- BEETT TT TCCGCCACAATTARACTGCECTT TATCCTGTCACGCTARATTAGC
- - L -~ - L - - - - o - - - L L
E.coli CFT073 AACTCATTGAGTTTTTTATIGGT ITTCT TT TTTCACGC TTGTTACCACTATTAGT CIGAT ACCAACACCCAGART AGCGE
E.coli K-12 AACTCATTGAAT-CTTTATTAGT TTTCT TT TT-CACGCTTGTTACCACTATTAGT CIGATACCAACACCCAGART AGCGE
E.albertii AACACACTGAAT-TTATATCATT ITTEATT TTTCACTC TTGTTAGCGCTATTAGT GTIGATACCAACAGCCGCART AGCEE
C.rodentium AACATACTGAAT-AATAATGCAATTT-TTCEOCAECAT GCATC TCCCC TATTAANGECAT ACCEAGACCCAGARAAGCAG
- R AR W - - R - - - W AR AW W R AR RAE R AR R A
E.coli CFT073 AACACATAGCTGGTGCTATACTTAGTCTCOTTART TAC TGGGACATAACATCAAGAGGAT ATGARATT
E.coli K-12 AACACATAGCCGGTGCTATACTTARTCTCCTTAAT TAC TGGGACATAACATCAAGAGGAT ATGARATT
E.albertii AACACATAGCTGGTGCTATACTTAGTCTCCTAAAT TAC TGGGACATAACATCARGAGGAT ATGARATT
C.rodentium GAATCATAACCGGTGCTATACTTACTICCCTAAAT TACCCCGACATAACATCAAGAGGATATGARATT

- FR AR A AR AAA AR AR R AR W FRHE A AARRRRE A AR AR AR AARA AR AR R AR AR R AR AR R AR

OcHoBHOM npomoTop reHa DPS BcTpeuaeTca B reHOMax BCeX NPOBEPEHHbIX
Hamn BaKTepuit U OTINYAETCA BbICOKOM KOHCEPBATUBHOCTbIO. OAHAKO,
[ONONHUTENIbHbIE MPOMOTOPbI MPUCYTCTBYIOT B reHOMaX TOJIbKO Y
HEKOTOPbIX NPEAKOB KMULEYHOM NaNoYKHN, a TaK }Ke Y U COXPaAHAETCA TO/IbKO
y ee 6/IM3KNX poACTBEHHUKOB. HO Mbl HE CMOM/IN NPOC/eANTb
MPOUCXOXKAEHME 3TOM FPYNMbl NPOMOTOPOB
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Escherichia coli str. K-12 substr. MG1655 (- strand 842883, 852883)
+dns &Ptk ] 2bif ores alnH i;lnP :Hgan -~
Escherichia COll B?ﬂ contig (- strand 16980 .26980)
<FOG-TroR COG-rhtA COG-Dps COG-Hizs) COG-HisH  COG-G1ng
+C06-Dps e — _— | | ;
Escherichia coli CFTO73 (- strand, 866011 L876011)
(—POG—TroR ybiP ubiF dp= nH alnP alni
dps * Eeee————— e e e | > .
Escherlchla albertii TNO?GZ? contlg (+ strand 59633 .69633)
dos D  coe2 Tht alnH alnP alng gl
P _ <Z:I - I > | =
Enterobacter cloacae subsp. cloacae ﬂTCC 13047 (+ strand 2960278, .2970278) _
+C0G-Dos > 02916 <] ECL_0 COG-Dps ECL_02920 COG-HisH ECL_02922
P _ < ] [ g - — > | = | -
C1trobacter rodent1um ICC168 (- strand, 892510. 902510)
<7 ¢ P dps ROD_08131 alnH
dps : - e

Salmonella enterica subsp. enterica serouar Typhi str J185 contig (+ strand, —2?83 .7216)

SentesTy 111111111111 EnT

SentesTy_010
- Salmonella enterica subsp. arizonae serovar 62:z4,z23:-- (+ strand, 2026602..2036602)
COG-TroR 062194 COG3637 COG-rhtA C0G-Dp= C0G-HizJ COG-HisH  COG-G1ng
+COG-Dps [ ]
Salmonella enterica subsp. enterica serovar Typhi str. AG3 contig (- strand, -4787..5212)
COG-Dps Lkl
Salmonella enterica subsp. enterica serouar Tgphl str E01-6750 contlg (- strand -3417..6582)
COG-Dps —
Enterobacter lignokyticus SCF1 ddraft) contig (- strand 958177..5968177)
T F06-TroR [  COGZ194 COG3637 COG-rh COG-Dp= COG-HisJ) COG-HisH  COG-G1lng C
+C0G-Dps < ] [ e | g

Klphaiella variinnla AL-22 (+ atrand. 3704849 37148491

dunoreHeTnyeckoe gepeBo reHa dps y bamnxamwmnx poacrseHHUKoB Escherichia coli

TaHs Jlu3a

Amnanédukaumna ¢pparmentos AHK, coaepxawmx 0CHOBHOM
npomoTop reHa DPS (PDps) n 4ononHUTENbHbIE MPOMOTOPbI

(Dps up)

Ans panbHenwen paboTbl , y4UTbIBAA OCOOEHHOCTU UX
BO3HWKHOBEHMUA, LenecoobpasHo bbio nccneaoBaTb
OCHOBHOM 1 AONO/IHUTE/IbHbIE MPOMOTOPbI NO-0TAE/bHOCTH

Western Blot 6enkoB, nepeHeCceHHbIX NOCNE 3a4EPHKKM
KOMMNAEKCOB ¢ dparmeHTamm nccnenoBaHHbix pparmeHtos AHK

C BL21CRP/NCRP/C Dps DpsCRP/C CRP/NBL21 C

Complex >

Free DNA

Benok DPs popmunpyeT KomnaeKcbl Kak ¢ obonmm
dparmeHTamm (Pdps n dps up), oaHako komnaekc DPS up
MOKeT popmnpoBaTbca ¢ MoHomepom DPS.

Benok CRP obpa3yeT KomnaeKkc TonbKo ¢ pparmeHTom DPS
up, YTO XOPOLLO cornacyeTca ¢ AaHHbIMM virtual footprint

Pe3ynbTaTbl, NONYYEHHbIE METOAOM 33a4EPXHKKMU B resie KOMNAeKcoB GparmeHTOB
OHK PDps n Dps up c 6enkamm U3 KNeTo4YHbIX 1M3aTOB

c aHTutenamm K CRP n DPS

contr CRP_N CRP_C Dps
(kDa) M - 0.1mM 1mM 0.02mM 0.1mM 0.1mM 1mM |PTG
250
150

100
75

~ 18.8kDa

Cynepnpoaykuua 6enkos CRP/N,CRP/C, DPS B kneTkax
E.coli BL21(DE3)

KneTkn ¢ MakcMManbHOW MHAYKUNEN BblIN NCNONb30BaHbI
ANA NONYYEHUS MaKCMManbHOM dpaKkumm benkos ana
noneaywouien pabotbl

ExuR n CRP B KnetKkax E. coli moryT BbiCTynaTb B pPO/IN aKTUBATOPA
3Kcnpeccumn reHa dps yBo BPeMA 3KCNMOHEHLMAaNbHOro poCTa
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Hakonnenne mPHK, cuHTE3NpyEemomn B pasHbiXx MPOMOTOPOB
perynatopHon ob6nacTtu reHbl dps B Knetkax E.coli Aukoro tTmna m
MYTAHTHbIX NO reHam exuR v crp pacTyLWmX Ha [/TIFOKO3€e U INIOKYpOoHaTe.
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