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[[eHOM HekomMopEbix 6akMepul COQEPKUM HE MOABKO XPOMOCOMY U MQAAblE NAQ3MUQbLI, HO U KPQYNHblIE BMOPUYHbIE PENAUKOHbI, HECYW,UE
2€Hbl QOMaWHez20 xo039UcmBa. Y 6akmepuld poga Azospirillum moxem 6bl QO 9 BMOPEUUHbLIX OENIAUKOHOB PQ3HbIXx pa3mMepos. [1pu
OEeNAUKQUUU KOXXQQSa QOYepHSaa KAEMKQO QOAXHQA NOAyYUMb NOAHbLIU HOBOP PenAUKOHOB. AAG pa3geAeHUa Konul NO NOAKDCOM KAEMKU
UCNOAb3yemcsa cucmemaq, cocmosauw,aa u3 6eakoB ParAB u calima ceassiBaHUa 6eAka ParB - parS. B cAyuagax BO3HUKHOBEHUSA QUMEQOB
OEeNAUKOHOB 3agelcmByemcsa cucmeMa xer, cocmoaw,aa us pekoMouHa3 XerC-XerD u ux calma cBa3bIBOAHUSA XIS,

Umobbl y3HOMb, KOK NpOoUCXogQum cezpeaauusd xpoMocoM Yy Azospirillum, Mbl UCCAEQOBAAU NOAOKEHUE KOMNOHEHMOB cucmeM parABS u
Xer HQ BCEX PENAUKOHQX.

Introduction

Some bacteria have not only the main chromosome and small plasmids, but also large secondary replicons also containing housekeeping genes. |IAn extreme
example is Azospirillum spp. that may have up to nine secondary replicons of different sizes. To properly distribute complete sets of replicons into daughter cells,
during division, bacteria use a system of ParAB proteins and ParB-binding site parS. THe components of this system usually lie close to the origin of replication.
TThe replicated, intertwined copies of DNA are released using a system containing recombinases XerC-XerD and their binding site xrs.

To find out how the segregation occurs in Azospirillum spp., we investigated the positioning of these systems in every replicon.

Tree scale: 0.1 . : parABS u noAokeHUe OMHOCUMEABLHO
OPUQKUHOB penAuKayuu

PaccmogaHua om parAB u parS Qo
OPUQXKUHQO PEeNAUKAUUU HO XPOMOCOMAQOX
PQ3HbIX WMAMMOB  coBnagatom. Ha
BMOPUYHbIX PENAUKOHOX cumyauus C
parAB u opugkuHaMu aHaAao2u4Hosa (Puc.
3, Taba. 1), ogHakO gAasa parS smo, no-
BUQUMOMY, HE BbINOAHSAEMCH.

Azospirillum thiophilum BV-S ALY wiac
Azospirillum ramasamyi M2T2B2 ‘
Azospirillum lipoferum 4B 4B
Azospirillum humicireducens SgZ-5
Azospirillum sp. TSA2s TSA2S
Azospirillum oryzae KACC 14407
Azospirillum sp. TSH100 TSH100
Azospirillum sp. BS10 B510

Azospirillum pilon NA

Azospirillum thermophilum CFH 70021
— Azospirillum sp. TSH58 TSH58
Azospirillum brasilense MTCC4039
Azospirillum brasilense MTCC4038
Azospirillum brasilense Sp 7
Azospirillum brasilense Cd

Azospirillum brasilense Sp 7

— Azospirillum argentinense Az39

——  Azospirillum argentinense MTCC4036
——— Azospirillum argentinense MTCC4035
Azospirillum brasilense 2020WEIHUA_K
Azospirillum baldaniorum Sp245
Azospirillum baldaniorum Sp245

The distances between parABS and the
replication origin are similar in the
chromosomes of different strains. In
secondary replicons this holds for parAB
and the origin is similar (Fig. 3, Table 1), but
apparently not for pars.

Puc. 1. ®uaozeHemuueckoe QepeBO WMOMMOB
Azospirillum ¢ pa3Memkou 2pynn POQCMBEHHbLIX ul
PENAUKOHOB.

Fig. 1. Phylogenetic tree of Azospirillum strains
with groups of homologous replicons.
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KAKOYEB020 YYOCMHUKQO UHUUUQUUU penAukauuu y 6akmepud.
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[loegcka3aHHLIU caum  cBa3biBOHUA DnoA U 2paduk chromosome 12 400 upstream

KyMyAaamuBHo20 GC-nepekoca UCNOAB3OBOAUCH QA NOUCKQ
OPUQXKUHOB HO BMOPUYHbLIX DENAUKOHQOX.

10 +

gl group 3 14 000 downstream
REplication origins always contain binding sites of DnoA, o _
key player in the initiation of replication in bacteria. The
oredicted DnoA-binding sites and the cumulative GC-skew Puc. 3.  OkpecmHOCMb  XPOMOCOMHOZ0
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Fig. 3. Neighborhood of the chromosomal
origin, position and distance between the
origin and parAB

Puc. 2. CxeMa XxpoMOCOMHO020 opuguHa Azospirillum, MOmuB cauma cBasbiBaHUS DNoA u npumMep kyMyaamuBHoz20 GC-nepekoca.
Fig. 2. Scheme of the chromosomal origin in Azospirillum, DnoA-binding motif, and an example of cumulative GC-skew.
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~ c€HOMOX AZOSOITIUM Inversion in the fourth replicons of A. brasiliense Cd and Sp/
ecmb OgQHQ Konug 2eHa xerD
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XPOMOCOME, U HECKOABKO
2eHOoB xerC, OmAUYQULUXCS
NO NOCAEQOBOMEABHOCMU U
PQACNOAOXEHHbIX HO PQA3HbIX
peNAUKoOHaXx. /13
NnpegnoAoXeHUs, Ymo XerC
PENAUKOH-CNeuUudUYHbI,
6bIAU NPEQCKA3aHbI calimbl BoiBogbl Conclusions

casbiBaHUA XerC-XerD. e OnepoH parAB coxpaHsem cBoe e [he parAB operon maintains
NOAOXEHUE OMHOCUMEABLHO its position relative to the
In Azospirillum genomes, one copy OPUQXKUHQO penAukauuu replication origin
of gene xerD always lies on the Mexkgy opugQKUHOM U parAB B Between the origin and parAB
chromosome, and several xerC XPOMOCOME AeXam gBa cauma parS in the chromosome are two
genes varying in sequence are Caumobl parS BO BMOPUYHbIX parS sites
Puc. 4. Aozo calima Xrs gAs XPOMOCOMbI U located in different replicons. PENAUKOHQX HE NOXOXU HQ parS sites in secondary

HECKOABbKUX 20NN BMOPUYHbLIX PENAUKOHOB Based on the.hypothes.is tth . XQPOMOCOMHbIE replicons are not similar to
Fig. 4. Logo of the xrs motif for chromosome XerC are replicon-specific, binding MomuBbl XI'S SBAGIOMCS chromosomal ones

and several groups of secondary replicons sites of XerC-XerD were predicted. cneuudUYHBIMU QAS 2pyNN e xrs motifs are specific to
OENAUKOHOB replicon groups




