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Momusayus u yenw: Ilepexo OakTepHaTbHBIX KIETOK B MOKOSIIEECS COCTOSIHUE MPH
CTpeccax CONPOBOXKIACTCS 3HAYUTEIBHBIM CHIKEHHEM WX UYBCTBUTEIBHOCTH K
AHTHOMOTHKAM, aHTUCENTHKaM, Je3MH(EeKTaHTaM M KOHCEpBaHTaM, YTO CO3JaeT
CyllecTBEHHbIE TpoOieMbl B 00NacTH aHTUOAKTEPUANBHBIX MEPONPHUIATHH ISt
MEIWIMHBI U MPOU3BOACTB, IAe TpeOyeTcss coOMoAeHre YCIOBUi cTepuiabHOCTH [1].
BaxHy!o poib B COXpaHEHUH F€HETHUECKOT0 MaTepraia OakTepuii B TAKMX COCTOSHUIX
urpatot QeppurunononodHsie JJHK-cBs3piBatomume 6enku Dps u ux romonoru [2].
Lenbto nanHOW pabOTHI OBUIO BBISBICHWE MHOKECTBEHHOCTH 3THUX OCIIKOB Cpean
OakTepuii, B TOM 4mcie 00JIe3HETBOPHBIX, U UCCIEIOBAaHIE BO3MOKHOCTEH CBA3BIBAHNS
nmu IHK y psna Oakrepuii.

Memoovr u  ancopummuli:  MeTomaMH  MOJIEKYJSIPHOTO — MOJEIUPOBAHUS |
OnonH(pOpMaTUKY MIPOBEICHBI CPAaBHUTENIbHBIC UCCIIEIOBAHUS CTPYKTYp OenkoB Dps u
TOMOJIOTUYHBIX UM Y psifa Oakrepuii U ux komriekcos ¢ JJHK. M3yuenue obpazoBanus
W OBOJIONMH KOMIUIEKCOB IPOBEICHO METOJIOM KIIACCHUYECKOH MOJIEKYIISPHON
JUHAMUKHA Ha OCHOBE MPOrpaMMHOro Komiuiekca (Gromacs B TIOJHOATOMHOM
OpUOMMKEHNM Ha TPaeKTOpHAX 10 | MKC corjgacHo pas3pa0OTaHHBIM —paHee
mpoTokoam [3].

Pesynomamer: Dps (DNA protection during starvation protein) mpeacTaBiasier coboit
romojonekamep u y Oakrepum Escherichia coli (E. coli) Bemonusier Baxkueiimive
¢yaxmum [2]. [lpexxge Bcero, OH 3amIuIaeT KIETKY OT OIACHBIX HOHOB Fe?*,
aKKyMyJIUpysl MX BO BHYTPEHHEH MOJOCTH B CBS3aHHOM COCTOSHHMM Fe%'---Genok.
Takxe, HapsAy C HE COIEpKallMM TreMa OakTepuanbHBIM ¢eppuTrHOM FNA 1
oakteprodepputurom Bfr, on cesssiBaer GakrtepuanbHyro JIHK, sammimas ee B
HeOJIaronpuATHBIX yCioBusX. IlocienHee Bo3MOkHO Onaromapsi cBs3biBanuio JIHK
cBoOOAHBIMU N-KOHIIaMU Oe€Jika ¥ CIOCOOHOCTH B OMNPEACICHHBIX YCIOBHSAX JIETKO
oOpasoBeiBath cokpuctaiuibl JJHK-Dps. M3yuenue nuteparypHbIX HCTOYHHUKOB M 0a3
JIAHHBIX JTaeT MOHUMaHKE TOro, 4To roMmojioruunbie Dps E. coli 6esku pacrpocTpaHeHb
MOBCEMECTHO y Oakrtepuii U apxeil. B 6ase manubix Uniprot oOHapyxuBaercs Oosee
25 Teic. 3amuceidl. HeckoJbKO [ecsSTKOB paciin(poBaHHBIX 3KCIIEPUMEHTAIBHBIMU
METOAAMH CTPYKTYp, OTHOCAIIKXCA K 37 BuaaM OakTepuii U apxel, BBUIOKEHBI B 0aze
nmauaeix PDB.
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Kak xopo1io BHIHO U3 pe3yIbTaTOB BRIPAaBHUBAHUSI IEPBUYHBIX TIOCICIOBATEILHOCTEH
romoJioroB Dps HekoTophIx OakTepuii (puc. 1), aMUHOKHCIOTHBIC OCTATKH, BXOJISIINC B
(eppoKcHIasHble LEHTPH W OTBEYAIONIME 3a CBsA3bIBaHWE Fe?*, y Bcex OGakTepuii
coBmanaroT. B To Bpemst kak o0Iee CXOICTBO MOCTIEN0BATEIFHOCTEH OrpaHININBAETCS
20%. OcHoBuble pazmuuus B JIHK-cBsa3biBaromieid  CnocOOHOCTH — JOJDKHBI
onpenenarses cTpykTypoit N- 1 C-KOHIIEBBIX «XBOCTOBY», KOTOphIe 3axBarhiBatoT JJHK
1 00eCcTieunBalOT HavalbHbIE STAIbl €€ YIaKOBKH.

T — MTSFTIPGLSDEMMASOVADLLQEQLSTYNDLELTL VEWNVVGPNF I GVIMEM I 54
wou MSTA I ATNLLYTIND\‘SDSE-ATVELLN QVIQFIDLSLIT v ,IGANFIAV EMLss
satr MSTA ASNLLYTHINDVSESD ATVELLNBQVIQFIDLSLIT MBBGANF IAVEIEM L ss
MCS2 - - - - - - - - M BETESD I QG|- -FEBATPEFGGNLQEMVLVDLIELSLQG \VVGSNFIDLEL QLss
PsEA MEINIGI ------ G EQDRAA I AEGLSIMILLADTYTLYLET VIGPMFNTLEILMF32
BAGL = = = = = = « = MEBITEN- - - - - - A BMTNQTLVENSLNTQLSNWFLLYSHL GPHIFFTLEENF 0
BAGZ - - = - = = = s - == - e e MSEQLIQAVNEIQVANWTVMY VL /BMGEBIDFFTLEENF 22
STAA < - - s e e e e e s e e]e MSNQQDVVIELNQQVANWTVAY THIL GPNFFSLEIVEF«
wcs;DPQVELV-GYASEVAg IATLGEISPEEGTPGA I IIDRTWDDYSVERDT DLVYNGVIEDT120
ecou DGFRITAL IDBILDTMAEMAVQLGGYALGTTQVINSETPLESYPLD I[N ADBIYAI VANDVI132
satr DGF TALTDILDTMAE AVOLGG\.’ALGTTQVINSITF’LISVF’LDIIN ADIYA\JVAND‘.’132
mes2 DELVDFARIEGSDT I AE MIALDAVPDG-SDTVAATTTLPEFPAFE S TTEINATVDT I 122
pssa EGQYTELAVAVDDIAEM IMMALGFPAPGTYAAYANLSS IlIEEEGVPEA VQGQEAVVETA117
eacsst EELYDBMIAAETVDT I AE L-A\GGQF’VATVIEYTE.AS\TDGGNETSA VNDYHMQ | SSES11s
eacss EELYNETATY IDDLAEBLLALNGEMIP I ATMESLETASVIEAAGNETA YDDFTVIAEEL107
sma EELYNEASQYVDELAERMI LAVGGNPVGTLTECLEQS I VIMEAAMGYSA SQDFTN I sHlaL 109
MYCst SIEMLED-LDLVSQDLL I ABMAGELEFQWFVIRIABILESAGGQL THE ADEHAREN s A 183
scou AIGEAD-DD--TADILTAASRIOLDBFLWF IE[SNIE - -~ -« -« 167
sar AIGEAID~ED‘~TADIFTAASIDLD FLWFIEISNIE- - 167
sz V-BIDAVDAEDPSTADLLEMGLIDGLEMQAWL I[fsENEEYV 161
psea @S| FPLLOBMYVSDEPTADLLTOEMOQVEIERTAWMLIBISLLAS - 156
eacs: lFVIGLAEENQDNATADLFVGLIEEVEMQVWML YLG - 153
eacss f{NGMDLADEVGDETTGDMLLA IMQNIE NWHLIAYLG -------------------------- 145
sma ENAIEIAGNAGDDVSEDMFIGMQTSVD NWMFHISYLS - = = = = s o s e e e e e e i e e e 147

Puc. 1. BeipaBHMBaHWE TEpPBUYHBIX aMHUHOKHCIOTHBIX mocienoBaTensHocter JIHK-
cBs3bIBarONNX OenkoB Gakrepuii (cBepxy BHHM3): Mycobacterium smegmatis Dpsl, Escherichia
coli Dps, Salmonella typhimurium Dps, Mycobacterium smegmatis Dps2, Pseudomonas
aeruginosa Dps, Bacillus subtilis MrgA, Bacillus subtilis Dps, Staphylococcus aureus MrgA.
BbIZ[eJIeHLI MOJIOKUTCIIBHO 3aps’KCHHBIC aMHWHOKHCJIOTHBIC OCTATKH. KpaCHBIMI/I KpYy>XKaMu
0003Ha4YeHb AMHHOKHUCIOTHBIE OCTaTKH, BXOJAIIMEC B CalTHl CBA3BIBAHUA F€2+. 3elIeHBIMH
JIMHUAMU NPUMCPHO OTPAHUYCHBI N-KOHI_ICBBIG u C-KOHLICBLIG Y4aCTKH

E. coli B. subtilis B. subtilis M. smegmatis

MrgA (2CHP) Dps (P80879) DPS1 (1UVH)
M. smegmatis S. typhiurium S. aureus P. aeruginosa
DPS2 (2Z90) Dps (3AKS) MrgA (2D5K) Dps (8FF9)

Puc. 2. ITloBepxHoctn Ban-nep-Baanbca OenkoB Dps, oOkpalleHHblE B COOTBETCTBHU C
pacCUNTaHHBIMH AJICKTPOCTATHYECKUMH TTOTEHIIMAIAMH OT 3JIEKTPOOTPULIATEIILHOTO (KPACHBI)
JI0 3JIEKTPOTIONIOKHUTENIbHOTO (cuHuid) ipu pH = 7.2. TIpuBeneH Bu co CTOPOHBI (heppUTHHOBON
nopsl. [Tox pucyHkamu yka3aHbl Ha3BaHus OakTepuii, 6enkos, kon PDB (kox AlphaFold mns Dps
Bacillus subtilis)
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CrnenyeT oTMETHTB, 4TO B mporecce odpasoanus JJHK-6enkoBoro xommiekca JJHK u
Oenok moncTpauBatotcs apyr noxa apyra. JJHK usrubaercs. Paguychl rupatum Genkos
mpu commkennn ¢ JJHK (puc. 3) cHmKkarOTCS 10 CpaBHEHHIO ¢ OCIKaMU B pacTBOPE.
CriocoOHOCTh 00pa30BaHUsl pacCMATPUBAEMBIX KOMIUIEKCOB UMEET TEMIIEPATYPHYIO U
pH 3aBuCUMOCTB.

3.85 —— E.coli Dps(+DNA)
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£ M smegm. Dps2
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2 370 ﬁ"wf
r"‘w
3.65
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Puc. 3. Paguycer ruparun 6enkos Dps B pacTBope u B kommiekcax ¢ JTHK

Bvigoovi: B pabore wmccnenosan psg JAHK-cszpBarommx ¢GeppUTHHONOAOOHBIX
OaktepuanbHelx OenkoB Dps. BrlpaBHuUBaHME MEPBUYHBIX IOCIEAOBATEIBHOCTEH
YKa3bIBa€T Ha BBICOKYIO KOHCEPBATHBHOCTH CBSA3BIBAIOLINX JKEJIE30 LICHTPOB U LIMPOKOE
pasHooOpa3ue JJIHH, a TakkKe MOCIel0BaTeIbHOCTe KOHIIEBBIX y4acTKoB. [lokaszaHo,
4ro crniocoOHble cBs3biBaTh JIHK Oenku BcTpedaroTcss My IpaMIIONIOKUTEIbHBIX, U Y
rpaMOTpHUIATEeTbHBIX OakTepuil. OCHOBHOE BIHSHHE Ha CIOCOOHOCTH cBsi3biBaTh JJHK
OKa3bpIBaeT 3aps] TIOBEPXHOCTH Oellka W HaJWuuMe [IUHHBIX (mopsaka 10—
20 aMMHOKHUCIIOTHBIX OCTAaTKOB) CBOOOIHBIX KOHIIOB, KOTOPBIC BCTPaMBAIOTCS B
6oposnku JJHK u monrsrusaror JJHK x moBepxHOCTH OemKa.

Qunancuposanue. Paborta BrIodHEeHA NpU noanepkke rpanta PHO Ne 23-24-00250.
PacueTsl TpoBOAMIKMCH Ha BBICOKONPOWU3BOAWTEIHHON BBIUMCIUTEIBHON CHCTEME
MBC-10II B MexBEeIOMCTBEHHOM CYINEPKOMIBIOTEPHOM LeHTpe Poccuiickoil
akanemun Hayk (MCL[ PAH).
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Motivation and Aim: The transition of bacterial cells to a starved state under stress is
accompanied by a significant decrease in their sensitivity to antibiotics, antiseptics,
disinfectants and preservatives, which creates significant problems in the field of
antibacterial measures for medicine and industries where sterility conditions are required
[1]. Ferritin-like DNA-binding proteins Dps and homologues play an important role in
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preserving the genetic material of bacteria in such conditions [2]. The purpose of this
work was to determine the prevalence of these proteins among bacteria, including
pathogenic ones, and to study the possibilities of their DNA binding in a number of
bacteria.

Methods and Algorithms: Using molecular modeling and bioinformatics methods,
comparative studies of the structures of Dps proteins and homologous proteins in a
number of bacteria and their complexes with DNA were carried out. The formation and
evolution of complexes was studied using the method of classical molecular dynamics
based on the Gromacs software package in the all-atom approximation on trajectories up
top to 1 ps according to a previously developed protocols [3].

Results: Dps (DNA protection during starvation protein) is a homododecamer and
performs essential functions in the bacterium Escherichia coli (E. coli) [2]. First, it
protects the cell from dangerous Fe?* ions, accumulating them in the internal cavity in
the bound state of Fe3*---protein. Also, along with the non-heme bacterial ferritin FtnA
and bacterioferritin Bfr, it binds bacterial DNA, protecting it under stress conditions.
The latter is possible due to the binding of DNA by the free N-termini of the protein and
the ability, under certain conditions, to easily form DNA-Dps co-crystals. A study of
literature sources and databases provides an understanding that proteins homologous to
E. coli Dps are ubiquitous in bacteria and archaea. More than 25 thousand entries are
found in the Uniprot database. Several dozen structures related to 37 species of bacteria
and archaea, resolved by experimental methods, are posted in the PDB database.

As is clearly seen from the results of alignment of the primary sequences of Dps
homologs of some bacteria (Fig. 1), the amino acid residues included in the ferroxidase
centers and responsible for Fe?* binding are the same in all bacteria. While the overall
sequence similarity is limited to 20 %. The major differences in DNA-binding capacity
is apparently determined by the structure of the N- and C-terminal “tails” that capture
DNA and provide the initial steps of its packaging.

MYCSL - - - e - s - - - - MTSFTIPGILSDIMMASOVADLLQEQLSTYNDLELTL VBWNVVGPNF | GVEM
£cou MSTAILV SIATN.LYTIND\SDSE ATVELLNEQVIQFIDLSLI TEHQABMWNMEIGANF I AV EM
sar MSTABMLVIETEIASNLLYTHIND[VSESD ATVELLN@QVIQFIDLSL I TEQABWNMEBIGANF | AVIEM
M2 = -~ == == = = MSARBTESD I QG FEIATPEFGGNLQEVLVDLIELSLOQGEMQABMWNYVVGSNFEDLEL
PSEA - - - - - - MEINIGI ===« -« - G EQDAA I AEGLSIILLADTYTLYLRTERNFEWNVTGPMFENTLEIL
BAGE = = = /= =« = = MEBITEN- - - - - - Al- -BBTNQTLVENSLNTQLSNWFLLYSHEL FEWY VIIGPHEIFFTLHE
e i MSEQLIQAVNEQVANWTVMYVERILBNYBWY VIBGIIDF F T LBE
N P MsNQQDVVELNQAQVANWTVAYTEILENFEWY VIBGPNFFSLEV
3 GVELV.GYAgi\/Ag IATLGEISPEEGTPGA | IBNIDMTWDDYSVEMDTVQALAALDLVYNGVIE
F TALID.LDTMAE AVQLGGVALGTTQVINSETPLESYPLD IBINVQDBILISELADYA I VAN
FRITALTOBMLDTMAERAVOQLGGVALGTTQVINSETPLEsYPLD I INVoDEILEMELADRYAVVAN
LVDFAREGSDT I AEMMBALDAVPDGEISDTVAATTTLPEFPAFERMSTADVVDLITT®INATVD
QYTELAVAVDD IAER IMALGFPAPGTYAAYARLSS IBIEEEGVPEA-EE BoLvaGaEAVVE
LYDEHIAAETVDTIAE L-A\GGQP‘JAT\.’IEYTE.AS\TDGGT\ETSA-S QALVNDYHEMQ!ISS
LYNETATYIDDLAERLLALNGHEMPIATM ESLETASVIEAAGNE’A»EQM‘.‘QS‘/YDDFT\‘IAE
LYNEASQYVDELAERI LAVGGNPVGTLTECLEQS I VIMEAAMIGYSA-EQMVEELSQDFTNISH 09
Mvcst SIEMLED-LDLVSQDLL | ABIAGELEMFQWFVIEIABILESAGGQLTHIEGQSTENMGAADNARENS A 183
ecou A\GEA.D-DD--TADI,TAASIDLD EILWE N EIS N E soviois mososhe n snenece siovens = siSiem srstons 167
saT AIGEAMID-ED--TADIFTAASEODLOMF LY TE[SN I E « =« = = o oo ceeneenceeneenennans 167
Mycs2 V-BIDAVDAEDPSTADLLIMIGLIDGLEMQA\ IMSENEEY - - - - - - - - - - - - - - ----=------ 161
PsEa SIFPLLODBMVSDEPTADLLTOREMAOVIEIETAWMLIBIS LLAS - - - - = = = = -« o o o oo oo oo i e e mm 156
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Fig. 1. Alignment of primary amino acid sequences of bacterial DNA-binding proteins (from top
to bottom): Mycobacterium smegmatis Dpsl, Escherichia coli Dps, Salmonella typhimurium
Dps, Mycobacterium smegmatis Dps2, Pseudomonas aeruginosa Dps, Bacillus subtilis MrgA,
Bacillus subtilis Dps, Staphylococcus aureus MrgA. Positively charged amino acid residues are
highlighted. Red circles indicate amino acid residues included in Fe?* binding sites. Green lines
roughly delimit the N-terminal and C-terminal regions
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E. coli B. subtilis B. subtilis M. segmatis
Dps (6QVX) MrgA (2CHP) Dps (P80879) DPS1 (1UVH)

M. smegmatis S. typhimurium S. aureus P. aeruginosa
DPS2 (2290) Dps (3AKS8) MrgA (2D5K) Dps (8FF9)

Fig. 2. Van der Waals surfaces of Dps proteins, colored according to calculated electrostatic
potentials from electronegative (red) to electropositive (blue) at pH=7.2. The view is shown from
the side of the ferritin pore. Below the figures are the names of bacteria, proteins, and the PDB
code (AlphaFold code for Dps Bacillus subtilis)
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Fig. 3. Radii of gyration for Dps proteins in solution and in complexes with DNA

It should be noted that during the formation of a DNA-protein complex, DNA and
protein adapt to each other. DNA bends. The radii of gyration of proteins when
approaching DNA (Fig. 3) decrease compared to proteins in solution. The ability to form
the complexes under consideration is temperature and pH dependent.

Conclusion: In this work, a number of DNA-binding ferritin-like bacterial proteins Dps
were studied. The alignment of the primary sequences indicates high conservation of the
iron-binding centers and a wide variety of lengths as well as sequences of the terminal
regions. It has been shown that proteins capable of binding DNA are found in both gram-
positive and gram-negative bacteria. The main influence on the ability to bind DNA is
exerted by the surface charge of the protein and the presence of long (about 10—20 amino
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acid residues) free termini, which are embedded in DNA grooves and pull the DNA to
the protein surface.
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computations were performed on MVS-10P at the Joint Supercomputer Center of the
Russian Academy of Sciences.
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