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Perynaums akcnpeccum reHoB — Ype3BblYaMHO BaXKHaAS
COCTaBNAOLWAS XMU3HEeOeaTeNbHOCTN NHO0ro opraHn3Ma - K
COXaNIeHWI0, A,OBOMILHO C/1ab0 M3yyeHa Oaxke B TakKMUX
3/1IEMEHTAPHbIX OpraHmM3Max, kak bakrepuun. K nonbiTkam
MCNPaBUTb 3TOT A0OCALHbIN (PAKT Mbl U peLIUIN NMPUNOXKNUTD
PYKY. 3HAs O CyLW,eCTBOBAHMM B NpMUpoae 0COObIX
CTabMNbHbLIX CTPYKTYP B BMAE YETBEPOK ryaHMHa (Tak
Ha3biBaeMbIx G4-kBagpynnekcos, Puc. 1) n o nx
NOTEHUMANbHOM (PYHKLNM KaK PErynaTtopoB 3KCNPeccmu, Mol
noayManu: «A noyemMy 6ol He NOMCKATb MOTEHUMANbHbIE
KBaApynaeKcHble MOTUBbI B HekoamnpyoLlwmnx obnactax AHK
bakTepuin, perynsuns 3KCnpeccumn reHoB KOTOPbIX MOKa He
COBCEM SCHA COBpEMEHHOM HayKe?..»

Llenn

[ToMCK NOTEHUMANBHBIX PErynaTOPHbIX
KBaApynieKCHbIX MOTUBOB Yy BakTepui C
BbiCOKMM GC-copepkaHueM:

> B AJIMHHbIX reHOMaXx

> B KOPOTKMX reHOMax

Fig.1. Topology of G-quadruplex

Abstract

Regulation of gene expression is a matter of vital importance for

every organism’s activity. However, its mechanisms are not fully
investigated even in such well-studied organisms as bacteria. Bearing in
mind the existence of a special stable structure formed by rows of guanine
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Puc. 1. Tononorusa G-KBagpynnekca

quartets (so called G-quadruplex) and its potential role in the regulation of

expression, we have decided to check whether G-quadruplexes may be
regulation of gene expression in bacteria.

responsible for the

Using Perl and Python in-house scripts as well as BLAST and NCBI databases, we have investigated the
existence of G-quadruplex motifs in tiny and large bacterial genomes with high GC-content.

In short, no potential regulatory motifs have been found in tiny genomes. On the other hand, several potential regulatory
G-quadruplexes were identified in bacteria with long genomes. For instance, a conserved candidate regulatory G-quadruplex
was identified upstream of the murE gene (UDP-N-acetylmuramyl-tripeptide synthetase) in a number of species, including

Escherichia coll.
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Actinoplanes sp. N902-109 L083 2014
Micromonospora sp. L5 ML5_3826
Actinosynnema mirum DSM 43827 Amir_5771
Geodermatophilus obscurus DSM 43160 Gobs_3267
Frankia sp. AN1pec Franeanl 5103

Frankia sp. Eullc FraEullc_2369

Kineococcus radiotolerans SRS30216 Krad_1782
Kribbella flavida DSM 17836 Kfla_2882
Brachybacterium faecium DSM 4810 Bfae_10760
Kineococcus radiotolerans SRS30216 Krad_3204
Beutenbergia cavernae DSM 12333 Bcav_2415
Cellulomonas fimi ATCC 484 Celf 1611
Cellulomonas flavigena DSM_20109 Cfla_1591
Conexibacterwoesei DSM 14684 Cwoe_3774
Geodermatophilus obscurus DSM 43160 Gobs_0492
Anaeromyxobacter sp. Fw109-5 Anael09 3879
Anaeromyxobacter sp. K AnaeK 3822
Methylobacterium radiotolerans JCM 2831 Mrad2831 2362
Methylobacterium sp.4-46 M446 0260

Kytococcus sedentarius DSM 20547 Ksed_01510
Escherichia coli
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- Puc. 4. Pacnpepenenue G-tpekoB y 6baktepuit ¢ 601blIMMU FEHOMAMMU

p p Fig. 4. Distribution of G-tracks in bacteria with large genomes

Fig. 3. Potential requlatory G-quadruplex in Tremblaya Phenacola

GCCACCGTCCGGTACCCCCGCGCCCAAGTTCAATTGGAAGGACTAGTGCGCCGTATGGCGTTGGCAGCGGTCTGGACGTCACCGGGTAGGGTCTGACGCCEGTGTCCGGCATTCCCCGTCC
CCGCGCTGAGCGGGGACGGCGGGACATCATCGGTGAGTGGCGACGAACCACCGGGGCGGCTGTGCGGTCGGAACCGGACGACCGGGTAGGGTCTGACGCCEGTGCCCGGCAATCCACGTCC
TCGGCCGAGCCGAGCCCGGTGGTCCCCCTGGTGCTGTGAACACCCCTGATCAGACCTACCCGGAAGGGCCTGACCAGCGGTGCGGGTCCGGAATGGATGTEGATGGCCGACCACTCTCCGT
AGTCCGTGACCA GGCCCGGGACGGGGCCGTCGTCGGCAGGTGGCGCGCCCACCGTGTGTGGGCGGCGGCCCGGGACCGGCCCGCCGGTAGATTGGAGTCCECGTGAGCCAGAGCGGGAAGG

GGGCTGACAGTTGTGCGAATTCCGAGGAGACCGCATTGCCACGGGACGACACCGTGAGCAGGCGTGAGGCCGCGACGGGTGCCCTACTAAGGTCGACGGCEGTGACCCCACCGGCACTGCG
CACCACCAACTGCGCCTGACCCGGCGAGGGGGGACGGCGGGGACCTCGGGCCCCCGCCGTCCCCCCGGGAACCCCCGCGGGTCCACCGGCCCGCCGACTCEGTGGTCGGGGGCGCGGGGTG

CGGCCGGTCTGGAGCTCGCGCAGTCGCACGAACTGCTGGTCAACGGCCATCCCGCCAGCGCCCAGGTCGGTGCCCGGTCGCGACGGACGGGGGACCGGCGEATGACCCGGACGCCCGTGGC

GGGGCGGCGCGGTGCGCGGGGGGACGCGCGGGAGAACACGCCGGGGAACACGCGGGGGAAGCGGTACGGGCGCCCCCGTGCGGGCGGGTAGCCTCCCACCGTGCCGTTGACCGACGGLCC

CCAACCAGGCCTAATAATITGITIGGTGGTGGGAGGGTGAAAAATGATTAAAGGGGGGCAGTITTAGCACATCA
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Puc. 3. MoteHumanbHbI perynatopHbi G-kBagpynnekcy Tremblaya Phenacola
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Krad_3458 ribonuclease, Rne/Rng family

Krad_ 1013 non-specific serine\threonine protein kinase
Krad 3204 UDP-N-acetylmuramyl-tripeptide syntetase
Krad 0428 transcription factor WhiB

Krad 0503 transcriptional regulator, XRE family

Krad 0730 alpha/beta hydrolase fold

Krad 1161 Xaa-Pro aminopeptidase

TCGGGGAGCGCTCCGCAGCTGTTCCCGACGACGTGGTGAGCGCACCCGGCGCCGACCCGCGCCGAGCGTGGGGCCCCTCCGACCGGGGTAGATTCTCCCCEATGACGTCGCCGGCCCGGAT

CCGGGTACGCGCTGCAGCAGCTCGGCGTCGCGCCGTCGGGGGCGCCCGCGACCCTCTTCCCCACGACGTGGGAGTGAGCGGGCGGGGTAGATTCCTCCCC:ATGACGTCCCCCCTGGGCCG
GTCAGACCGAATTGACGGCGACCCGGCTCGCGAGCCGCCGAGATGGCGCGACGGCACTCGCACCCGGAACGGTCGGGTCCCATGGGTACACTCGGCGACCEGATGAAGCTGCTGGACGTGA
GGTGTGTTGTGCACGTCTCAGTGCGTCAGCGGCGCGCGGGGETCCGGGCAGGACGAGCGGCCTGGTCTGCGCGTTTGCCCGCACGCACCTACCGTCGGTCGGGTGCGCCTCCCCTCGATCC
GGGACGCGGGTGCGGATGCGGCTCGCGCCGACCGGGTGACGCGGCGCTCGCCCGCCCGGGCGATGCACCGAGGCTGGGCGCCGCCCCCCTTTGCTGTAAG:ATGTGCCGCGCCGCGCCGTG
GCCCGTGTCCCGCCGGACACGCCCGCGCGCAACCGGCCGCGCTTCGGAGGAAAACGAGGCGGACGGCCGTTTGCATGGTATCTCCCGCTGGTAGCGAACAEATGAGGCTCTCCACCGTCAT

Puc. 5. lenbl Kineococcus radiotolerans, notreHUuManbHoO

perynupyemble G-KBagpynjieKkcamu

Fig. 5 Kineococcus radiotolerans genes potentially requlated by
G-quadruplexes

TCGAGCCGCCGGTGAGGCCGTTCCCGCAGATGGTCAAGCTCAATGCCTACCACGTCAACCAGCTCGGCGGCCCGTGAGATTGGATCGATGAGGGTGGATCEGATGAGCGCGCGGCTCGCCG

GAGGGCCGCGCGCTGGGGACGCGTCACAGCATCGGGTCGGGTGCCGTCTCGTGCTGCGGACGAGTCAGCGCATCGGGCCGGGCGCCGTGAGGGAGATGGGGT GACCCACGTATCGCCGGC
GGC GAGGGGACAGEGTGG

Puc. 6. ®unoreHeTuueckoe aepeBo, BOCCTAaHOBNIEHHOE MO reHy murE;

KBaApynjeKCcHble MOTUBbI B anCTPUMHbIX 06nacTax
Fig. 6. Phylogenetic tree of murE gene and quadruplex motifs in upstream regions

BbiBOoAbI

> Y 6aKTepuit ¢ He6ONbLLUMMKU FEHOMAMM He 0OOHAPYXXEHO PErynsTOPHbIX

KBadpynineKCHbIX MOTUBOB.

> Y 6akTepun € KpynHbIMKU reHOMaMu OBHApYXXeHbl MOTEHLMANbHbIE
perynatopHble KBaapynnekcol, B YacTHOCTH, nepen reHoM Murk (UDP-
N-acetylmuramyl-tripeptide synthetase).



