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Azospirillum:
вǽаȃȄеǽиǿ кȀǽец

 

Введеǿие
ГеǿȀǾ ǿекȀȄȀȂых бакȄеȂий ȃȀдеȂжиȄ ǿе ȄȀǽькȀ хȂȀǾȀȃȀǾȅ и Ǿаǽые ȁǽазǾиды, ǿȀ и кȂȅȁǿые вȄȀȂичǿые ȂеȁǽикȀǿы, ǿеȃȅщие 
геǿы дȀǾашǿегȀ хȀзяйȃȄва. У бакȄеȂий ȂȀда Azospirillum ǾȀжеȄ бы дȀ 9 вȄȀȂичǿых ȂеȁiǽикȀǿȀв Ȃазǿых ȂазǾеȂȀв. ПȂи 
Ȃеȁǽикации каждая дȀчеȂǿяя кǽеȄка дȀǽжǿа ȁȀǽȅчиȄь ȁȀǽǿый ǿабȀȂ ȂеȁǽикȀǿȀв. Дǽя Ȃаздеǽеǿия кȀȁий ȁȀ ȁȀǽюȃаǾ кǽеȄки 
иȃȁȀǽьзȅеȄȃя ȃиȃȄеǾа, ȃȀȃȄȀящая из беǽкȀв ParAB и ȃайȄа ȃвязываǿия беǽка ParB - parS. В ȃǽȅчаях вȀзǿикǿȀвеǿия диǾеȂȀв 
ȂеȁǽикȀǿȀв задейȃȄвȅеȄȃя ȃиȃȄеǾа xer, ȃȀȃȄȀящая из ȂекȀǾбиǿаз XerC-XerD и их ȃайȄа ȃвязываǿия xrs.
ЧȄȀбы ȅзǿаȄь, как ȁȂȀиȃхȀдиȄ ȃегȂегация хȂȀǾȀȃȀǾ ȅ Azospirillum, Ǿы иȃȃǽедȀваǽи ȁȀǽȀжеǿие кȀǾȁȀǿеǿȄȀв ȃиȃȄеǾ parABS и 
xer ǿа вȃех ȂеȁǽикȀǿах.  

Introduction
Some bacteria have not only the main chromosome and small plasmids, but also larĀe secondary replicons also containinĀ housekeepinĀ Āenes. IAn extreme 
example is Azospirillum spp. that may have up to nine secondary replicons oÿ different sizes. To properly distribute complete sets oÿ replicons into dauĀhter cells, 
durinĀ division, bacteria use a system oÿ ParAB proteins and ParB-bindinĀ site parS. THe components oÿ this system usually lie close to the oriĀin oÿ replication. 
TThe replicated, intertwined copies oÿ DNA are released usinĀ a system containinĀ recombinases XerC-XerD and their bindinĀ site xrs. 
To find out how the seĀreĀation occurs in Azospirillum spp., we investiĀated the positioninĀ oÿ these systems in every replicon. 

parABS и ȁȀлȀжеǿие ȀȄǿȀȃиȄельǿȀ 
ȀȂиджиǿȀв Ȃеȁликации

Azospirillum: the Lord oÿ the RinĀs

ПȀиȃк ȀȂиджиǿȀв Ȃеȁлккации вȀ вȄȀȂичǿых 
ȂеȁликȀǿах

В ȀȂиджиǿе вȃегда еȃȄь ȃайȄы ȃвязываǿия DnaA, 
кǽючевȀгȀ ȅчаȃȄǿика иǿициации Ȃеȁǽикации ȅ бакȄеȂий. 
ПȂедȃказаǿǿый ȃайȄ ȃвязываǿия DnaA и гȂафик 
кȅǾȅǽяȄивǿȀгȀ GC-ȁеȂекȀȃа иȃȁȀǽьзȀваǽиȃь дǽя ȁȀиȃка 
ȀȂиджиǿȀв ǿа вȄȀȂичǿых ȂеȁǽикȀǿах.

REplication oriĀins always contain bindinĀ sites oÿ DnaA, a 
key player in the initiation oÿ replication in bacteria. The 
predicted DnaA-bindinĀ sites and the cumulative GC-skew 
plots were used to identiÿy oriĀins in secondary replicons.

РаȃȃȄȀяǿия ȀȄ parAB и parS дȀ 
ȀȂиджиǿа Ȃеȁǽикации ǿа хȂȀǾȀȃȀǾах 
Ȃазǿых шȄаǾǾȀв ȃȀвȁадаюȄ. На 
вȄȀȂичǿых ȂеȁǽикȀǿах ȃиȄȅация ȃ 
parAB и ȀȂиджиǿаǾи аǿаǽȀгичǿая (Риȃ. 
3, Табǽ. 1), ȀдǿакȀ дǽя parS эȄȀ, ȁȀ-
видиǾȀǾȅ, ǿе выȁȀǽǿяеȄȃя.

The distances between parABS and the 
replication oriĀin are similar in the 
chromosomes oÿ different strains. In 
secondary replicons this holds ÿor parAB 
and the oriĀin is similar (FiĀ. 3, Table 1), but 
apparently not ÿor parS.

oriĀin parAB operon parS sites 

600 2500

Group Distance Position

chromosome 12 400 upstream

group 1 8 200 upstream

group 3 14 000 downstream

group 5 9 400 upstream

6 1111
XerC                                            XerD

Риȃ. 1. ФиǽȀгеǿеȄичеȃкȀе деȂевȀ шȄаǾǾȀв 
Azospirillum ȃ ȂазǾеȄкȀй гȂȅȁȁ ȂȀдȃȄвеǿǿых 
ȂеȁǽикȀǿȀв.
FiĀ. 1. PhyloĀenetic tree oÿ Azospirillum strains  
with Āroups oÿ homoloĀous replicons.

Риȃ. 2. СхеǾа хȂȀǾȀȃȀǾǿȀгȀ ȀȂиджиǿа Azospirillum, ǾȀȄив ȃайȄа ȃвязываǿия DnaA и ȁȂиǾеȂ кȅǾȅǽяȄивǿȀгȀ GC-ȁеȂекȀȃа.
FiĀ. 2. Scheme oÿ the chromosomal oriĀin in Azospirillum, DnaA-bindinĀ motiÿ, and an example oÿ cumulative GC-skew.

Риȃ. 4.  ЛȀгȀ ȃайȄа xrs дǽя хȂȀǾȀȃȀǾы и 
ǿеȃкȀǽьких гȂȅȁȁ вȄȀȂичǿых ȂеȁǽикȀǿȀв
FiĀ. 4. LoĀo oÿ the xrs motiÿ ÿor chromosome 
and several Āroups oÿ secondary replicons

Риȃ. 3. ОкȂеȃȄǿȀȃȄь хȂȀǾȀȃȀǾǿȀгȀ 
ȀȂиджиǿа, ȁȀǽȀжеǿие и ȂаȃȃȄȀяǿие дȀ 
parAB ȀȄǿȀȃиȄеǽьǿȀ ȀȂиджиǿа.
FiĀ. 3. NeiĀhborhood oÿ the chromosomal 
oriĀin, position and distance between the 
oriĀin and parAB 

ИǿвеȂȃия в чеȄвеȂȄых ȂеȁликȀǿах A. brasilense Cd и Sp7
Inversion in the fourth replicons of A. brasiliense Cd and Sp7

ori  ori  

parA

pa
rA

yeiH  
yeiH  

В геǿȀǾах Azospirillum 
еȃȄь Ȁдǿа кȀȁия геǿа xerD, 
ȂаȃȁȀǽȀжеǿǿая вȃегда ǿа 
хȂȀǾȀȃȀǾе, и ǿеȃкȀǽькȀ 
геǿȀв xerC, ȀȄǽичающихȃя 
ȁȀ ȁȀȃǽедȀваȄеǽьǿȀȃȄи и 
ȂаȃȁȀǽȀжеǿǿых ǿа Ȃазǿых 
ȂеȁǽикȀǿах. Из 
ȁȂедȁȀǽȀжеǿия, чȄȀ XerC 
ȂеȁǽикȀǿ-ȃȁецифичǿы, 
быǽи ȁȂедȃказаǿы ȃайȄы 
ȃвязываǿия XerC-XerD.

In Azospirillum Āenomes, one copy 
oÿ Āene xerD always lies on the 
chromosome, and several xerC 
Āenes varyinĀ in sequence are 
located in different replicons. 
Based on the hypothesis that 
XerC are replicon-specific, bindinĀ 
sites oÿ  XerC-XerD were predicted.
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● ОȁеȂȀǿ parAB ȃȀхȂаǿяеȄ ȃвȀе 
ȁȀǽȀжеǿие ȀȄǿȀȃиȄеǽьǿȀ 
ȀȂиджиǿа Ȃеȁǽикации

● Междȅ ȀȂиджиǿȀǾ и parAB в 
хȂȀǾȀȃȀǾе ǽежаȄ два ȃайȄа parS

● СайȄы parS вȀ вȄȀȂичǿых 
ȂеȁǽикȀǿах ǿе ȁȀхȀжи ǿа 
хȂȀǾȀȃȀǾǿые

● МȀȄивы xrs явǽяюȄȃя 
ȃȁецифичǿыǾи дǽя гȂȅȁȁ 
ȂеȁǽикȀǿȀв

ВывȀды                                       Conclusions
● The parAB operon maintains 

its position relative to the 
replication oriĀin

● Between the oriĀin and parAB 
in the chromosome are two 
parS sites

● parS sites in secondary 
replicons are not similar to 
chromosomal ones

● xrs motiÿs are specific to 
replicon Āroups
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