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Momusayus u yenv. VIHTEpEC K U3y4EHHIO ONepOoHOB O-aHTUT'€HOB BHYTPH OTAEIBHOTO
pona OaxTtepun oOycioBIeH [ByMs mnpuuuHamu. llepBasg npuunmHa cBs3aHa C
pa3HooOpa3ueM 00pa3oB >ku3HH Oaktepuit BHyTpu poma Herbaspirillum: sto
MYTYaJHCThl, ACCOIMHMPOBAHHBIE C PACTCHUSIMH, YCIOBHBIC IMATOr€HBI PACTCHUH H
NaTOTEHBI YenoBeKa. Bropas mpuunHa 3aKil04aeTcsi B CTPEMUTENHOW MOAN(UKALN
O-aHTUT'CHOB MOJ BO3JCHCTBHEM OMOTHYECKMX U AOMOTHYECKHUX (DaKTOPOB. DTHM
UCCIICIOBAHUEM MBI XOTHM OTBETUTh Ha BONPOC, Kak MeEHsIOTcst O-aHTUTEHBI Ha
TeHOMHOM YPOBHE y OaKTepHil pasHOTo 00pa3a »u3HU. UTOOBI HAWTH STOT OTBET, IETHI0
HAILIETO MCCIIEOBAHUS CTAHOBUTCSI CPABHUTEIBHBIN aHaIU3 OnepoHOB O-aHTUTE€HOB Y
CUMOHMOTHYCCKUX OaKTEPHid, OTIMYAIOIIMXCS TI0 TIOBECHHIO.

Memoowt u ancopummpl: VICXONHBIMU JAaHHBIMU SIBJISIFOTCS TIOJIHBIE TEHOMHBIE COOPKH
Oaktepuii poma Herbaspirillum u3 6a3er mannsix NCBI. Bcero momydeHo aeBsTh
TC€HOMOB, M3 KOTOPBIX TPU — F€HOMBI MYTYaJIUCTUYECKUX IepOacIUpUILL, ABa FEHOMA
OMIIOPTYHHCTOB M YETHIpE I'€HOMa MAaTOTEHHBIX ITaMMOB TepOacrupuiul. Kaxmprid
reHom Obul aHHOTHpoBaH Bakta. Ilomck omepoHOB O-aHTHUIreHa BENCS IO YKe
n3BeCTHBIM reHam u3 myreit KEGG “O-antigen repeat unit” u “O-Antigen nucleotide
sugar biosynthesis”. Jlnst xaxnoro rena Owuta momydersl npodunun HMM. I'panutst
OIIEPOHOB MPEJICKA3bIBAINCEH C MMOMOILBIO BeO-cepBuca Operon-mapper. Oneporom O-
AQHTHI'€HA CYMTAJIUCH OIEPOHBI, BKJIIOYAIOLIME JBa M 0Oojiee T'€HAa U3 CIHCKA YXKe
M3BeCTHBIX. [lociieoBaTebHOCTH HEaHHOTUPOBAHHBIX OEJIKOB MCIOIB30BAINCH IS
HOKCKa CXOAHBIX OenkoB B BlastP. ['0TOBbIe ONEpoHbI BU3yaTH3HPOBAHbI C TIOMOLIBIO
oubaorexu DNA Features Viewer. 3D mojiesu GeTKOB ¢ MOJOMKaMHU MOIETHPOBAIHCH
B SWISS-Model.

Pesynomamer: Vcxons w3 HaONOAEHUH, MBI OTMEYaeM YHUKaJIbHOCTh COCTaBa
onepoHOB O-aHTHreHa y OakTepuil pa3HbIX BUAOB BHYTpHU poaa. MyTyaiucTudeckue
BUJIBI, cpein KoTopbix H. seropedicae SmR1, H. seropedicae Z67 u H. rubrisubalbicans
DSM 11543, uMeroT IEJIOCTHBIE ONEPOHBI, 0€3 T'€HHBIX IOJOMOK, HWHCEPIIMOHHBIX
9JIEMEHTOB M MHBIX HapylIeHHWH. AHalornuHele HAOMIOAEHUS ObUTM CHENaHbl JUIs
ornepoHoB O-aHTHI'€HOB ONMMOPTYHUCTUYECKUX BUI0B repoacmpriut — H. hiltneri N3 u
H. frisingense TAC152. B To e BpeMsi y MNaTOTEHHBIX MpEACTaBUTEICH poja
HaOJIOIATHCH TTOJIOMKH OTAEIHHBIX TeHOB B oniepoHax O-aHTHIeHA.

B renome nepBoii natorenHoit repdacupuiiibl H. frisingense AU14559 6bu10 HaiineHO
4eThIpe ONepoHa, KOHTPOJIHUPYIOMHKX cuHTe3 O-aHTureHa. /[Ba w3 4eThpex OnepoHOB
coaepkar IfOBACD reHbl, HO OYE€pPEIHOCTh MX PACIIOJIOKECHHUSI B OMEPOHAX pa3Hasl.
OnuH 13 HUX HeceT MoJIOMKY reHa IfhA u mo mocienoBarenbHOCTH TEHOB IMOXO0X Ha
aHajornuHble fb onepoHs! onmopTyHHCTHYECKMX BUAOB repoacnupriul. ['eHoM BTopoit
narorenHoi 6akrepuu H. seropedicae AU14040 comepXUT 4aCTHYHO yTPAYCHHbIH I'eH
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rfbC. B O-anrturene tpetbeil repbacnupmuisl H. rubrisubalbicans M1 o0Onapyxena
MOJIOMKa TeHa TIUKo3WiATpaHcdepasbl. B pesynbrare STOH MONOMKH HPEATIONOKH-
TEIHHO CHHTE3UPYIOMHUNACS WM O€NOK CTaHOBUTCS Kopoue Ha 49 aMHHOKHCIIOT.
YerBepThlii MaTOreHHBIN mpeacraButens — H. rubrisubalbicans Os34 — comepxur B
0JTHOM M3 oniepoHOB O-aHTHUreHa Cpa3y JBE MOJOMKH IT'€HOB TITUKO3HATpaHchepas.
Bu16o0wi: TloBOI HTOT CPABHUTENLHOTO aHATH3a ONepOHOB O-aHTHTeHA BHYTPH poJia
Herbaspirillum, crour ormMeTwTs, YTO Hallla THIOTE3a 00 M3MEHEHHMH OmepoHoB O-
AHTHI'CHOB y OaKkTepHil pa3HOro 00pasa >KU3HU MOJATBEPIKIACTCS TOJIBKO YaCTUYHO. Y
MYTYaJHCTHYECKUX U ONIOPTYHUCTUYECKHUX BUOB TepOacIUpHIUT MBI HE OOHAPYKUIN
KaKHX-THOO HapyIIeHWH W aHOMAlMil TEHHOTO COCTaBa OMEPOHOB COMATHYECKOTO
AHTHUT'€HA, XOTSI OKUIAIN YBUIETH MUHOPHBIC HAPYIICHHS ONIEPOHOB Y OMMOPTYHHUCTOB.
[Tpu 3TOM rUNOTE3a HE MOKET OBITh OTBEPrHYTA MOJHOCTHIO, TOCKOJBKY Y ATOT€HHBIX
BHJI0OB TrepOactiipiint ObI1 0OHAPYKEH PSIT TOJIOMOK TeHOB O-aHTUTEHA, TOTEHIINAIBHO
MPUBOIAIINX K CHHTE3Y (parMEHTHPOBaHHBIX OelkoB. [IpuMedaTenbHbIM SBISETCS
TaKX€ TOT q)aKT, YTO 3TH MOJIOMKH MNPCUMYIIECTBCHHO 3aTParuBarOT I'CHBI ITIMKO3UJI-
Tpancdepas u rfb rexos. ITo-BuaumMomy, 3T yaacTHUKH cuHTe3a O-aHTHTCHA SBIISIOTCS
HanboJiee BOCIPUUMYUBHIMU K aTake CO CTOPOHBI MMMYHHOW CHUCTEMbI OpraHH3Ma
XO03sMHA.

Qunancuposanue’ ccnenoBanue noanepxano rpanroM Komurera 1o Hayke U BBICIIEH
mkojie Cankr-IleTepOypra ans CTyJIeHTOB, aCIIUPAHTOB, MOJOMABIX YUCHBIX, MOJIOBIX
kauauaatoB Hayk 2022 r. (TICIT Ne 22108).
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Motivation and Aim: The interest in studying O-antigen operons within a single bacterial
genus is motivated by two reasons. One reason is the diversity of bacterial lifestyles
within the genus Herbaspirillum, namely the plant-associated mutualists, opportunistic
plant pathogens, and human pathogens. The second reason is the rapid modification of
O-antigens under biotic and abiotic selective pressures. With this study, we aim to
address the gquestion of how the genomic diversity of O-antigen operons correlates with
the diverse lifestyles of the bacteria. To this end, we conduct a comparative analysis of
O-antigen operons among representative symbiotic bacteria.

Methods and Algorithms: The input data for this study are the complete genome
assemblies of Herbaspirillum strains retrieved from the NCBI database. In total, we
collected nine genomes including three genomes of mutualistic Herbaspirillum strains,
two genomes of opportunistic Herbaspirillum strains, and four genomes of pathogenic
Herbaspirillum strains. Each genome was annotated using the Bakta pipeline. O-antigen
operons were identified by searching for the KEGG pathways “O-antigen repeat unit”
and “O-Antigen nucleotide sugar biosynthesis”. HMM profiles were obtained for each
KEGG gene. Operon boundaries were predicted using the Operon-mapper web service.
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O-antigen operons were defined as operons including two or more KEGG genes. The
sequences of unannotated proteins were used to search for homologous proteins using
BlastP. Assembled operons were visualized using the DNA Features Viewer library.
3D protein models with template breaks were modeled using SWISS-Model.

Results: Based on our observations, we note the uniqueness of the composition of the O-
antigen operons in bacteria of different species within the genus. The mutualistic species,
including H. seropedicae SmR1, H. seropedicae Z67, and H. rubrisubalbicans DSM
11543, have intact operons without gene breaks, insertion elements, or other disruptions.
Similar observations were made for the O-antigen operons of the opportunistic
Herbaspirillum species H. hiltneri N3 and H. frisingense 1AC152. In contrast,
disruptions of individual genes within the O-antigen operons were observed in the
pathogenic representatives of the genus.

In the genome of the first pathogenic Herbaspirillum strain H. frisingense AU14559, we
identified four operons controlling the synthesis of O-antigen. Two of the four operons
contain the rfbBACD genes, but the order of their arrangement in the operons is different.
One of them carries a disruption in the rfbA gene and resembles the rfb operons of the
opportunistic Herbaspirillum species in terms of gene sequence. The genome of the
second pathogenic bacterium, H. seropedicae AU14040, contains a partially truncated
rfbC gene. In the O-antigen of the third Herbaspirillum strain, H. rubrisubalbicans M1,
a disruption in the glycosyltransferase gene was identified. As a result of this disruption,
the protein synthesized by this gene is predicted to be 49 amino acids shorter. The fourth
pathogenic representative, H. rubrisubalbicans Os34, contains two disruptions in
glycosyltransferase genes within one of the O-antigen operons.

Conclusion: Summarizing the comparative analysis of O-antigen operons within the
genus Herbaspirillum, it is worth noting that our hypothesis about the alteration of O-
antigen operons in bacteria with different lifestyles is only partially confirmed. In
mutualistic and opportunistic Herbaspirillum species, we did not identify any
disruptions or abnormalities in the gene composition of the somatic antigen operons,
although we expected to find minor disruptions in the operons of the opportunists.
However, the hypothesis cannot be completely rejected, since a number of disruptions
in O-antigen genes were found in pathogenic Herbaspirillum species, potentially leading
to the synthesis of truncated proteins. It is also noteworthy that these disruptions
predominantly affect the glycosyltransferase and rfb genes. Apparently, these
participants in O-antigen synthesis are the most susceptible to attack by the host immune
system.
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