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Introduction

Aim. To determine the similarity and dissimilarity of the nucleotide sequences of the S. glo-
bisporus 1912-2 chromosome and primary structures of genomes of some Streptomycetes
strains. Methods. NCBI tools (BLAST: blastn and bl2seq: megablast) and Internet NCBI
databases (Genome, Nucleotide) were used for in silico analysis of the primary structure con-
tigs of S. griobisporus 1912-2. Results. A few strains with significant identity of their DNA
primary structures to the nucleotide sequences of the chromosomal DNA of S. globisporus
1912-2 (identity 88-97 %) and a degree of query cover (55-82 %) were identified. Primary
structures of genomes of the strains S. globisporus C-1027 and S. griseus NBRC13350 were
chosen as most identical to the nucleotide sequence of the S. globisporus 1912-2 chromo-
somal DNA. No fragments with a homologous primary structure to seven S. globisporus
1912-2 contigs were found in Streptomycetes spp. from the NCBI databases. Conclusions.
S. globisporus 1912-2 strain is a member of the S. griseus clade. We detected a high biosyn-
thetic potential of the strain S. globisporus 1912-2 due to many unique nucleotide sequences.
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ments, proteins, vitamins and some others)
[1,2,4,6,7].

Streptomycetes are characterized by a com-
plex secondary metabolism [1, 2]. They are
well known as producers of over two-thirds
of clinically useful natural antibiotics (e.g.,
neomycin, cypemycin, grisemycin, bottro-
mycins, chloramphenicol and many others)
[I-5] and some secondary metabolites,
which are useful for people (regulators, pig-

Due to the importance of this species of
microorganisms for different areas of human
activities great attention is paid to comprehen-
sive study of their genetic, biochemical, phy-
siological characteristics [1, 2]. However, the
greatest interest for researchers is the study of
genetic information carrier (chromosomes) —
their primary structures, construction of the
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genetic maps, definition of rules of genome
functioning [3-5, 8-10].

With the emergence of data indicating that
most Streptomycetes contain up to 30 gene
clusters involved in the synthesis of secondary
metabolites, it has become clear that their
biosynthetic potential is underestimated [3, 8,
9, 11, 12]. Nowadays many efforts are made
to estimate this potential and to get access to
the natural products, the biosynthetic pathways
of which are encoded in the genomes of the
corresponding Streptomyces strains [13—15].
The accumulation of high quality genome se-
quencing data will strongly contribute to im-
plementation of this task [3, 4, 6-11].

The primary structures are identified for
more than 1000 chromosomes of Actinobac-
teria. The genus Streptomyces is now one of
the most highly sequenced: 50 finished ge-
nomic sequences (Complete genome) and
some hundreds of draft assemblies are avai-
lable additionally in the GenBank database of
server NCBI in September 2016.

The wild type strain S. globisporus 1912
and its variants synthesize some carotenoids,
antitumor antibiotics landomycin E and A and
a new regulator of the antibiotics biosynthesis
and morphogenesis [7, 12, 16]. The nucleotide
sequence of S. globisporus 1912-2 chromo-
somal DNA was identified [7].

The aim of this research was in silico defi-
nition of similarity and dissimilarity of the
nucleotide sequences of the S. globisporus
1912-2 chromosome and primary structures of
some Streptomycetes genomes.

Materials and Methods

The sequencing of the genomic DNA of strain
S. globisporus 1912-2 was carried out in

BaseClear B.V., Leiden, Netherlands using
described previously procedures [7]. The pri-
mary structure of the chromosomal DNA of S.
globisporus 1912-2 was obtained as a result (in
the form of 1438 contigs). The total molecular
size of all nucleotide sequences of the chromo-
somal DNA of S. globisporus 1912-2 was
7124511 bp. The nucleotide sequences of a few
Streptomycetes genomes (S. globisporus
C-1027 (NZ_CP013738.1), S. pratensis ATCC
33331 (NC _016114.1), S. fulvissimus DSM
40593 (NC 016114.1), S. griseus subsp. gri-
seus NBRC 13350 (NC _010572.1), S. venezu-
elae ATCC 10712 (NC _018750.1), S. venezu-
elae ATCC 15439 (NZ LLN881739.1), S. pris-
tinaespiralis HCCB 10218 (NZ_CP011340.1),
S. davawensis JCM 4913 (NC 020504.1),
S. vietnamensis GIM4.0001 (NZ_CP010407.1),
S. avermitilis MA-4680 (NC_003155.5), S. hy-
groscopicus subsp. limoneus KCTC 1717 (NZ_
CP013219.1), S. bingchenggensis BCW-1
(NC _016582.1), S. violaceusniger Tu 4113
(NC 015957.1), S. xiamenensis 318 (NZ_
CP009922.2), S. sp. SirexAA-E (NC_015953.1))
from database (Genome) of NCBI server
[http://www.ncbi.nlm.nih.gov/genomes/
MICROBES)] were tested in silico. Compara-
tive analyzes were carried out by BLAST pro-
grams (blastn and bl2seq: megablast) [www.
ncbi.nlm.nih.gov/blast].

Results and Discussion

Chromosomes of prokaryotes are one double-
strand DNAs, which are considered as bacte-
rial genomes. Genetic information coded by
the genomes of microorganisms is necessary
to provide their metabolism, growth, develop-
ment and differentiation. Thousands of house-
keeping genes (required for the cell vital acti-
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vity) — for example tRNA-genes, rRNA-gene
clusters and many others — are obligatory pre-
sented in the genome. The presence of addi-
tional optional genes (such as genes of antibio-
tic resistances, genes of antibiotic biosynthesis
clusters and others) were reported for the
Streptomycetes genomes. Besides, the coding
sequences (structural and regulatory genes) in
the genome are identified in many non-coding
DNA regions (more than 10 %) [1, 2, 17].
Genetic instability is widespread within the
genus Streptomyces [8, 17-19]. This important
phenomenon includes a high frequency loss
(>0.1 % of plated spores) of certain species
specific traits, several of which are mapped to
the chromosome [20-22]. The insertion and
deletions of microbial genomes sequences ap-
peared to be important events in the genome
evolution. The balance between these pro-
cesses is not always kept. As a result, an ex-
pansion of some genomes and reduction of
others happen [22]. According to the estab-
lished knowledge of microbial genetics three
major natural strategies can be distinguished

# S. xiamenensis 318

1

:a S. venezuelae ATCC 10712
,_r S. venezuelae ATCC 15439

in the spontaneous generation of genetic varia-
tions in bacteria. These strategies are: (1) small
local changes in the nucleotide sequence of
genome, (2) intra genomic reshuffling of seg-
ments of genomic sequences and (3) the ac-
quisition of DNA sequences from another or-
ganism [21].

This investigation was carried out by com-
parative analysis of the primary structures of
genomes of some Streptomyces strains. We
picked by in silico analysis of the GenBank
database Genome the genomes of 15 Strepto-
myces strains (Complete genome). The crite-
rion for their selection was a similarity grade
of nucleotide sequences of their 16S rRNA-
genes and the same genes of S. globisporus
1912-2 (AJ132630) [23]. Their range of iden-
tity exceeded 97.8 %. The Strains S. xiamenen-
sis 318 (95.0 %), S. bingchenggensis BCW-1
(97.0 %) and S. violaceusniger Tu 4113 (97 %)
were used as the out-group in this in silico
analysis (Fig. 1).

The dendrogramme in Fig. 1, based on the
analysis of 16S rRNA fragment sequences,

S. bingchenggensis BCW-1

N E::ioiaceusniger Tu 4113

—— 8. davawensis JCM 4913

S. avermitilis MA-4680
# S. hygroscopicus KCTC 1717

# S. viethamensis GIM4.0001

S. pristinaespiralis HCCB 10218
,—c Streptomyces sp. Sirex AA-E
S. pratensis ATCC 33331

| 0.006 '

S. fulvissimus DSM 40593

S. griseus NBRC 13350
S. globisporus 1912-2
S. globisporus C-1027

Fig. 1. Phylogenetic tree from alignment analysis of 16S rRNA fragment sequences of 16 Streptomyces stains.
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Table 1. Similarity of nucleotide sequences of some Streptomyces genomes and the S. globisporus 1912-2

contigs library

Streptomyces species and strains Genome sizes, Mbp Query cover, % E-value Identity, %
S. globisporus C-1027 7.61 84 0 97
S. griseus NBRC13350 8.55 78 0 96
S. fuvissimus DSM 40593 7.91 73 0 91
S. pratensis ATCC 33331 7.34 55 0 88
S. violaceusniger Tu 4113 11.94 33 0 91
S. xiamenensis 318 5.96 21 0 90

reflects the relationships between some strains
Streptomycetes

The similarity of 16S rRNA-genes primary
structures of S. fuvissimus DSM 40593, S. glo-
bisporus C-1027, S. pratensis ATCC 33331
and S. griseus NBRC 13350 to 16S rRNA gene
of S. globisporus 1912-2 was within the range
99.8 % — 100 %. The trains are members of
the S. griseus clade [24]. The members of same
clade have to share the 16S rRNA gene simi-
larities within the range 97.8 % — 100 % [25].
We assumed the strain S. globisporus 1912 to
be a member of this S.griseus clade (S. albo-
vinaceus subgroup).

We chose 6 genomes of Streptomyces strains
for further research. A high similarity of four
primary structures of Streptomycetes genomes
and nucleotide sequences of chromosomal
DNA of S. globisporus 1912-2 was defined in
silico (Tabl. 1). Strains S. xiamenensis 318 and
S. violaceusniger Tu 4113 were used as the
out-group.

An existence of difference in the genomic
DNAs maps of different strains of the same
species is well known. The presence of differ-
ent assortments of addition genes (or gene
clusters) and different location of homologous
genes in chromosomes of such strains were
indicated. However, there are certain models
in the construction of chromosomes: for ex-
ample, the same order of localization of ho-
mologous genes in similar clusters (synteny),
the accumulation of obligatory genes in the
central part of the chromosome [26].

Localization of S. globisporus 1912-2 DNA
fragments (those had homologous primary
structures with S. globisporus C-1027 ones)
was identified using program bl2seq (Fig. 2).

The genus Streptomyces members served
as a source of new natural products and anti-
biotics in particular for a long time [1, 2]. Most
Streptomycetes contain up to 50 gene clusters
involved in the synthesis of secondary me-
tabolites [3, 8, 10]. For example, the genomes

|08 K | |1508 K |2.508@ K an |3.508 K

o

4H |4.50@ K En |5.50a K |l |&.50a K |7n  7e28811

S. globisporus C-1027

S. globisporus 1912-2

i e e e e e e e e

Fig. 2. The localization scheme of chromosomal fragments of the S. globisporus 1912-2 (the bottom line) and the
S. globisporus C-1027 (the upper line) with homologous primary structures.
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of S. griseus and S. avermitilis contain 34 and
30 secondary metabolite clusters, respective-
ly [18]. Some of them are cryptic [9, 11].

We assume that the strain S. globisporus
1912 has a high potential to produce secondary
metabolites because its genome may also con-
tain several biosynthetic gene clusters. As pre-
viously reported, some biosynthetic gene clus-
ters were identified in the chromosome of the
S. globisporus 1912-2. The clusters of genes
for syntheses of antibiotics landomycin E and
A, carotenoides and gas vesicle proteins were
identified in silico in the genome of the S. glo-
bisporus 1912-2 [7, 12, 27]. The biosynthetic
Ind-genes cluster was unique and absent in the
genomes of all tested Streptomycetes. Only
three Streptomycetes cultures are able to pro-
duce the landomycins [7]. The biosynthetic
crt-genes clusters were identified in genomes
of S. coelicolor A3(2), S. griseus NBRC13350,
S. setonii ISP5395, S. chrysomallus var. carot-
enoides and some others [28, 29]. Caroteno-
genesis of S. globisporus 1912-2 does not re-
quire induction by illumination or other indu-
cers [12]. The biosynthetic gvp-genes clusters
were identified in genomes of S. pratensis
ATCC 33331, S. xiamenensis 318 and S. vio-
laceusniger Tu 4113 but not in the genome of
S. griseus NBRC13350 [27].

The strain S. globisporus C-1027 is a pro-
ducer of the antitumor antibiotic C-1027 (li-
damycin) [5]. Alignment of the nucleotide
sequences of the S. globisporus 1912-2 and
the lidamycin biosynthetic gene cluster
(AY048670.1, 85163 bp) was done by the
program bl2seq: megablast. There was not
found any genomic DNA fragment of S. glo-
bisporus 1912-2 homologous by the primary
structure to the nucleotide sequence of the li-
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damycin biosynthetic gene cluster of the strain
S. globisporus C-1027.

The Strains of the species S. griseus are
well known as the producers of antibiotic
streptomycin [3]. Alignment of the nucleotide
sequences of the S. globisporus 1912-2 and
the streptomycin biosynthetic cluster of S. gri-
seus N2-3-11 (Y00459.1, 12203 bp) was done.
No genomic DNA fragment of S. globisporus
1912-2 homologous by the primary structure
to the nucleotide sequence of the str-cluster
was identified.

A great deal of homologous fragments
spread along the whole length of the genomic
sequences of two S. globisporus strains (1912-2
and C-1027) (Fig. 2). A few of non-homolo-
gous fragments (59 contigs) in the sequences
of genomes of two strains were found. It might
be due to the absence of special S. globisporus
1912-2 genes in the S. globisporus C-1027
genome (and vice versa) or incomplete defini-
tion of the primary structure of the S. globispo-
rus 1912-2 chromosomal DNA (which can be
done by the next sequencing).

82 contigs of S. globisporus 1912-2 had
entire non-homologous nucleotide sequences
in the genomes of S. griseus NBRC13350 but
only 37 contigs were not found in any of them.
Total molecular size of these 37 S. globisporus
1912-2 contigs with non-homologous primary
structures to the S. globisporus C-1027 and
S. griseus NBRC13350 amounted to 7.59 %
of total nucleotide sequences of tested strain
contigs. The identity of nucleotide sequences
of the genomes of S. globisporus C-1027 and
S. griseus NBRC13350 was 94 %. In total
70 % of the nucleotide sequence (in fragments)
of S. griseus NBRC 13350 genome was ho-
mologous in their primary structures to the



Similarity of primary structures of some Streptomyces spp. genomes and the S. globisporus 1912-2 chromosomal DNA

structure of the S. globisporus C-1027 genome
(overlap). Many other S. globisporus 1912-2
contigs had the fragments with non-homolo-
gous nucleotide sequences. For example the
homologous fragments in an individual contig
(N 2 — 75588 bp) amounted to only 26 %
(S. globisporus C-1027) and 24 % (S. griseus
NBRC13350).

Interestingly, there were no homologous
nucleotide sequences in the genomes of
Streptomyces spp. (database Nucletide collec-
tion, taxide: 1883 (genus Streptomyces)) to
7 contigs of S. globisporus 1912-2 (0.001 %).
Further in silico studies of the nucleotide se-
quences of all these non-homologous contigs
of the strain S. globisporus 1912-2 are neces-
sary to identify new clusters that determine
synthesis of unique metabolites. Localization
of the unique /nd-genes in contigs N 3 and
N 220 of S. globisporus 1912-2 can be given
as an example.

Conclusions

The strain S. globisporus 1912-2 was iden-
tified as a member of the S. griseus clade.
Many fragments with unique nucleotide se-
quences were found in chromosomal DNA of
this strain (9.35 % of all primary structure of
its chromosome). We assumed a big biosyn-
thetic potential of this strain.
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IMoxi0HicTh i BITMiHHiCTE NEPBUHHUX CTPYKTYP
TeHOMIB psily CTPenTOMilleTOB i XpPOMOCOMHOI
HAHK Streptomyces globisporus 1912-2

JI. B. Tomimyk

Mera — Bu3HaUNTH in silico OMIOHOCTI Ta BIAMIHHOCTI
MIEPBUHHUX CTPYKTYpP T'€HOMIB PsiIly ILITaMiB CTPENTOMILIe-
TiB 1 xpomocomHoi JIHK S. globisporus 1912-2. MeTtonn.
BuxopucroBysam pecypcu cepsepa NCBI (BLAST: blastn
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1 bl2seq: megablast) ms in silico ananizy epBUHHOI CTPYK-
Typu KOHTHTIB S. grlobisporus 1912-2 1 psimy [arepuer 6a3
nmannx NCBI (Genome, Nucleotide). PesyasraTu. Busisneno
PsiI IITaMiB 31 3HAYHUMU TIOKa3HUKaMU TOMOJIOTIT X mep-
BuHHOI cTpykTypu JJHK 1 HyKI€OTHIHOI MOCTiOBHOCTI
xpomocomuoi JIHK S. globisporus 1912-2 (cTynenem ineH-
TaHoCTi (88 % — 97 %) 1 cTymeHeM mokputTsm (55 % —
82 %)). MakcuManbHa iIeHTUYHICTh HYKJICOTHIHIHN ITOo-
ciimosHocti xpomocomuoi JIHK S. globisporus 1912-2 Gyino
BUSIBIICHA y TeHOMIB 1irtamiB S. globisporus C-1027 (97 %)
i S. griseus NBRC13350 (96 %). XKomHoro ¢dparmenra 3
MEPBUHHOIO CTPYKTYPOIO, TOMOJIOTHYHOIO CTPYKTYpPaM CeMH
KOHTITOB S. globisporus 1912-2 ue Oymo 3HalEHO cepen
HYKJICOTUIHMX TMOCTIIOBHOCTEH CTPENTOMIIICTIB 3 0a3ax
nannx NCBI. BucHoBku. BcranosieHo, 11o mram S.
globisporus 1912-2 € unerom knamu S. griseus. Mu BUSBU-
JIA BENUKUH OIOCHHTETHYHUH IOTEHIiaN ImTamy S.
globisporus 1912-2, MOXIMBHIA 3aBISKA HOro OararboM
YHIKQJIbHUM HYKJICOTHIHUM TTOCTIIOBHOCTSIM.

Kaw4oBi ¢J10Ba: cTpenToMileT, IEPBUHHA CTPYKTY-
pa, TEHOM, 1ICHTUYHICTb, in silico aHali3, KI1aja.

CXo0acTBO M OTJIHYHE MEPBUYHBIX CTPYKTYP
FeHOMOB Psi/ia CTPENTOMHUIIETOB U XPOMOCOMHO#i
JAHK Streptomyces globisporus 1912-2

JI. B. [Monumyk

eab — onpenenuTs in silico ¢cXOACTBO U OTIUYHE TIEP-
BUYHBIX CTPYKTYpP I'€HOMOB psiJia IITaAMMOB CTPEIITOMHU-

neroB u xpomocomuoit IHK S. globisporus 1912-2.
Metoasbl. Vcrons3oBamu pecypcwl cepepa NCBI
(BLAST: blastn u bl2seq: megablast) mis in silico ana-
JM3a TIEPBUYHON CTPYKTYpPBI KOHTHIOB S. globisporus
1912-2 u psana UnTteprer 6a3 manasix NCBI (Genome,
Nucleotide). Pe3yabTaTsl. BeIsBISHO psif IITAMMOB CO
3HAUUTEIILHBIMH 1TOKa3aTeJISIMU TOMOJIOTHH WX TIEPBHY-
Holt ctpyktypbl JJHK u HykieoTuaHOM nocienoBaTelib-
HocTH xpomocomuoit JIHK S. globisporus 1912-2 (cre-
MeHbI0 UACHTUIHOCTH (88 % — 97 %) u cTeneHpto mo-
kpbITeM (55 % — 82 %)). MakcumaibHast HIEHTUIHOCTD
HYKJIEOTUAHOM nocinenoBarebHoCcTH XpomocoMHon JJTHK
S. globisporus 1912-2 6b110 BBISABICHO Y TEHOMOB IITAM-
moB S. globisporus C-1027 (97 %) u S. griseus
NBRC13350 (96 %). Hu onnoro ¢parmenra ¢ nepBud-
HOH CTPYKTYpOMH, TOMOJIOTMYHOM CTPYKTypaMm CEMH KOH-
turoB S. globisporus 1912-2 He ObIIO HaWICHO cpenu
HYKJICOTH/IHBIX ITOCJIE/IOBATEIBLHOCTEH CTPENTOMHULIETOB
n3 6a3nl manaelx NCBI. BeiBoabl. YcTaHOBIEHO, YTO
mramMm S. globisporus 1912-2 sBnsieTcs 4iI€HOM KiaIbl
S. griseus. Mbl BBISIBIIIA OOJIBIION OMOCHHTCTUYCCKUN
noreHnuai mramma S. globisporus 1912-2, BO3MOXHBIN
Ormarogapsi €ro MHOTHM YHHKAJIBHBIM HYKJICOTHIHBIM
OCIIE/IOBATEILHOCTSIM.

KnwueBble €J0Ba: CTPENTOMULET, NIEPBUYHAS
CTPYKTYpa, TCHOM, HICHTUYHOCTD, in silico aHanm3, Ki1aza.
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