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THE PREVALENCE 
IN STREPTOMYCETE GENOMES 
OF SEQUENCES SIMILAR TO THE METHYLENOMYCIN 
BIOSYNTHETIC CLUSTER
In streptomycetes, the clusters of genes that determine biosynthesis in the vast majority of antibiotics are usually located on 

chromosomes, but some of them are located on large plasmids. Some of them are silent and do not express. Th e develop-

ment of a number of modern scientifi c technologies of molecular biology and bioinformatics makes it possible to identify 

silent clusters in the genomes of streptomycetes. Th e aim of the work was to identify streptomycetes, the genomes of which 

contained sequences similar to the cluster of genes of S. coelicolor A3(2), which determine the synthesis of methylenomycin 

antibiotic (mmy/mmf-cluster). Methods. Th e objects of the study were nucleotide sequences of chromosomes and plasmids 

of streptomycetes, which were deposited on publicly available Internet databases on the National Center for Biotechnol-

ogy Information. Th e analysis of primary DNA structures was performed using Basic Local Alignment Search Tool. Th e 

sequence of mmy/mmf-cluster (SCP1 plasmid of S. coelicolor A3 (2)) was used as a request in a computerized analysis of 

nucleotide sequences. Results. Sequences similar to the mmy/mmf-cluster and its individual genes were found in plenty of 

streptomycete genomes belonging to diff erent species. However, the complete sequences of probable clusters were found only 

in a few streptomycete genomes. Of these, two sequences are localized on plasmids (NZ_CP109276.1, NZ_CP109103.1). 

Based on the similarity of the 16S rRNA gene sequences of the Streptomyces strains of interest and the corresponding 

gene of S. coelicolor A3(2), the genetic relatedness of most of the analyzed Streptomyces strains to S. coelicolor A3(2) was 

determined. Methylenomycin resistance genes (mmr and mmyJ) have been found in the genomes of many streptomyce-

tes that did not contain mmy/mmf-clusters, including two plasmids. Conclusions. Th e probable mmy/mmf clusters are 

present in genomes of streptomycetes with diff erent genetic affi  nity of S. coelicolor A3 (2). Of these, strains Streptomyces 

sp. NPDC052727, Streptomyces sp. NPDC052721, Streptomyces sp. NRRL S-31 are not genetically related to S. coelicolor 

A3(2). Two plasmids (NZ_CP109276.1, NZ_CP109103.1) have been identifi ed, in which mmy/mmf-clusters are present.

Keywords: Streptomyces, genome, plasmid, mmy/mmf-clusters, nucleotide sequence, indicator of DNA identity, geneti-

cally affi  nity.
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Methylenomycin is epoxycyclopentenone anti-
biotic that has antibacterial activity against both 
gram-positive and gram-negative organisms; it 
is particularly eff ective against Proteus species 
(Haneishi et al., 1974a; Haneishi et al., 1974b; 
Wright & Hopwood, 1976). Streptomycetes pro-
duce the antibiotic in two variants: A and B (Ha-
neishi et al., 1974a). 

As a rule, the genes of streptomycetes, the 
products of which are necessary for the syn-
thesis of antibiotics, are organized into clus-
ters. Th e methylenomycin biosynthetic cluster 
(mmy/mmf-cluster) contains 21 genes (Chater 
& Bruton, 1985).

In streptomycetes, the gene clusters for the 
biosynthesis of the vast majority of antibiotics 
are usually located on chromosomes. However, 
in some cases, such clusters are located on large 
plasmids (Kinashi & Shimaj, 1987; Boccard et 
al., 1989; Li et al., 2016).

Th e location of the mmy/mmf-cluster on three 
diff erent DNA elements, linear (SCP1, 350 kb) 
and circular (pSV1, 170 kb) plasmids and linear 
chromosome (S. coelicolor A3(2)), is an unusual 
phenomenon, indicating an interesting degree of 
mobility of at least this set of antibiotic produc-
tion genes without any precedence (Aguilar & 
Hopwood, 1982; Yamasaki et al., 2001). 

Methylenomycin was fi rst isolated from Strep-
tomyces  violaceus-ruber SANK95570 (Haneishi 
et al., 1974a). Th e same compound was later 
found to be produced by S. coelicolor (Wright & 
Hopwood, 1976).

Comparison of primary structures of mmy/
mmf-clusters on plasmids (pSV1 and SCP1) re-
vealed their similarity at 99% (O’Rourke et al., 
2009). It was reported that clusters of 22 genes 
involved in the production of secondary metab-
olites were identifi ed in the genome of the strain 
S. coelicolor A3(2) (Bentley et al., 2002).

It has been established that the bioactive po-
tential of many streptomycetes is much higher 
than that found during cultivation. It is thought 
that the reason for the “non-discovery” of these 

potential new compounds is largely due to the 
fact that genes are not expressed during con-
ventional laboratory culture, so-called silent 
gene clusters (Mao et al., 2018; Gram, 2015). 
Th e development of modern scientifi c technol-
ogies in molecular biology and bioinformatics 
makes it possible to identify the presence of si-
lent clusters in the genomes of streptomycetes 
(Gram, 2015).

It is known that the same antibiotic can be 
produced by strains not only from diff erent spe-
cies of the same genus of microorganisms, but 
also by representatives of diff erent genera (Lech-
evalier, 1975). For example, tetracycline antibi-
otics are produced by streptomycetes of species 
S. rimosus, S. viridofaciens, Kitasatospora aureo-
faciens (Nelson & Levy, 2011).

Since 2002, when the complete nucleotide se-
quence of the strain S. coelicolor A3(2) genome 
was determined, the primary structures of the 
genomic DNAs of tens of thousands of strepto-
mycetes have been determined (Bentley et al., 
2002). Th e signifi cant biosynthetic potential of 
streptomycetes is well known; however, it has 
been established that many biologically active 
secondary metabolites are not synthesized dur-
ing laboratory growth (Blanco, 2012). A new ap-
proach to fi nding producers of important com-
pounds has recently emerged: genome analysis 
(genome mining) (Zerikly & Challis, 2009; Li 
et al., 2018). Th is strategy allows the identifi ca-
tion of biosynthetic gene clusters in sequenced 
genomes and the prediction of a strain’s biosyn-
thetic potential by combining information on the 
primary structure of genomes and bioinformat-
ics (Walsh & Fischbach, 2010). Th is approach — 
genome mining  — enables both the discovery 
of new antibiotics and the derivatives of known 
structures (Blanco, 2012; Li et al., 2018).

Th e aim of the work was to determine the ex-
istence of streptomycetes whose genomes con-
tain sequences similar to the cluster of S. coeli-
color A3(2) genes that determine the synthesis of 
the antibiotic methylenomycin.
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Materials and Methods. Th e objects of the 
study were the nucleotide sequences of streptomy-
cete chromosomes and plasmids deposited into 
publicly available Internet databases of the Nation-
al Center for Biotechnology Information (NCBI) 
server [www.ncbi.nlm.nih.gov/nucleotide/ ].

Analysis of the primary structures of strepto-
mycete DNAs was done using Basic Local Align-
ment Search Tool (BLAST) programs (discontig-
uous megablast) on the NCBI server [www.ncbi.
nlm.nih.gov/blast ]. Th e fragment of sequence 
231676 bp — 251017 bp (the mmy/mmf-cluster) 
of the plasmid SCP1 (AL589148.1) was used as 
query N1 (Table 1). A sequence of the 16S RNA 
gene (rrnC) of the strain S. coelicolor A3(2) was 
used as query N2.

Results. As the pathway of methylenemy-
cin synthesis and its determination have been 
most studied for the strain S. coelicolor A3(2), 
the primary sequence of its mmy/mmf-cluster 
was used as query to search for analogous clus-
ters in streptomycetes genomes. Sequences were 
identifi ed in 236 streptomycetes belonging to 52 
species. However, the presence of complete se-
quences of mmy/mmf-clusters was detected only 
in the genomes of 14 streptomycetes (Table 2). 
Two such sequences are localized on plasmids 
of strains S. anthocyanicus NBC 01636 and S. 
anthocyanicus NBC 01777 (NZ_CP109276.1, 
NZ_CP109103.1). It should be noted that the 
plasmid of strain S. anthocyanicus NBC 01636 is 
linear, while the plasmid of the strain S. anthocy-
anicus NBC 01777 is circular.

In addition, a dozen streptomycetes were 
identifi ed whose chromosomes contain up to 
80% of the length of the mmy/mmf-cluster se-
quence. It should be noted that they lack genes 
(mmfR mmfL mmfH mmfP mmyR), which are 
necessary for activating the biosynthesis of the 
antibiotic (Bowyer et al., 2017) (Table 1). As an 
example, we can cite the chromosome sequences 
of strains Streptomyces sp. AC512_CC834 (NZ_
JAGMUO010000026.1), S. mirabilis NBC_01472 
(NZ_JAPEPS010000003.1), S. poriferorum Alt2 
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Fig. 1. Two-dimensional structural formulas of methyl-
enomycins (Haneishi et al., 1974a)

Fig. 2. Phisical map of the plasmid SCP1 (Kinashi et al., 1993)

Table 1. Genes of the mmy/mmf-cluster 
and their loci of the plasmid SCP1 sequence

Genes 
of the mmy/mmf-cluster

Coding sequences
 of genes

mmyF 231676 — 232200 

mmyY 232231 — 232692 

mmyB 232923 — 233864 

mmyQ 233951 — 234604 

mmyE 234674 — 235837 

mmyD 236410 — 237429 

mmyX 237541 — 238245 

mmyC 238242 — 239240 

mmyA 239304 — 239552 

mmyP 239676 — 240374 

mmyK 240371 — 240991 

mmr 241054 — 242481

mmyJ 242698 — 243033 

mmyG 242996 — 244177 

mmyO 244260 — 245381 

mmyT 245412 — 246221 

mmfR 246362 — 247006 

mmfL 247201 — 248262 

mmfH 248259 — 249461 

mmfP 249458 — 250255 

mmyR 250406 — 251017 
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Fig. 3. Organisation of the mmr/mmf-cluster of S. coelicolor A3(2) (Chater & Bruton, 1985)

Table 2. Similarity levels of streptomycete sequences 
to the mmy/mmf-cluster sequence of S. coelicolor A3(2) (query N1)

Strains of Streptomyces
(Subject Sequences)

Similarity 
indices of clusters

Localization 
of clusters  on sequences

Streptomyces sp. NRRL_B-16638 Qc=100% I=99.99% NZ_JARAWB010000046.1*
14691 bp — 34033 bp **

S. anthocyanicus NBC 01636 plasmid unnamed1 Qc=100% I=99.63% NZ_CP109276.1
249549 bp — 230211 bp

S. anthocyanicus NPDC057076 Qc=100% I=99.63% NZ_JBHUTJ010000023.1
27030 bp — 46372 bp

S. rubrogriseus NPDC059658 Qc=100% I=99.54% NZ_JBHWEC010000023.1
55272 bp -74615 bp

S. rubrogriseus SID7739 Qc=100% I=99.53% NZ_JAAGMQ010000304.1
28564 bp — 47906 bp

S. violaceolatus JCM 4531 Qc=100% I=99.52% NZ_BAAASK010000029.1
742 bp — 20084 bp

S. anthocyanicus JCM 3037 Qc=100% I=99.52% NZ_BMPR01000053.1
4144 bp - 23486 bp 

S. anthocyanicus NPDC000080 Qc=100% I=99.52% NZ_JBEPFK010000016.1
9837 bp - 29179 bp 

S. anthocyanicus NPDC000667 Qc=100% I=99.52% NZ_JBIAYQ010000024.1
 88024 bp - 107366 bp

S. anthocyanicus NBC 01777 plasmid unnamed1 Qc=100% I=99.46% NZ_CP109103.1
89140 bp - 108487 bp

Streptomyces sp. E5N91 Qc=100% I=99.46% NZ_RAIE01000817.1
13454 bp — 32802 bp

Streptomyces sp. NPDC052727 Qc=98% I=88.96% NZ_JBFATK010000007.1
135817 bp -150740 bp

Streptomyces sp. NPDC052721 Qc=98% I=88.89% NZ_JBFATL010000052.1
27439 bp - 42360 bp

Streptomyces sp. NRRL S-31 Qc=96% I=87.54% NZ_JOCB01000032.1
13847 bp — 33509 bp

* — a number of sequence accessions, in GenBank, ** — localization of the mmy/mmf-cluster in the sequence, Qc — 
Query coverage, I — identity.



56 ISSN 1028-0987. Microbiological Journal. 2026. (1)

L.V. Polishchuk

(NZ_CP120988.1), Streptomyces sp. NBC_01336 
(NZ_CP108369.1). 

Th e BLASTN analysis of their primary struc-
tures showed that plasmids NZ_CP109276.1, 
NZ_CP109103.1, and SCP1 contain only in-
dividual fragments (Qc<25%) with a similar 
(I<98.5%) primary structure, for example, the 
sequences of their mmr/mmf-clusters.

Th e International Committee on the Recon-
ciliation of Approaches to Bacterial Systematics 
recommended the use of primary structure of ge-
nomic DNA studies in the hierarchical classifi ca-
tion, in addition to the results of traditional phe-
notypic and serological studies (Vandamme et al., 
1996; Stackebrandt et al., 2002; Rong & Huang, 
2010). For a long time, the primary structure of 
16S rRNA was considered the “gold standard” in 
determining the genetic affi  nity of streptomyce-
tes (Goodfellow et al., 2007). To determine the 
genetic relatedness of selected strains, the se-

quence of the 16S RNA gene of the strain S. co-
elicolor A3(2) — query 2 — was used (Table 3).

Th e similarity levels in the 16S RNA gene se-
quences of 14 streptomycete strains showed rela-
tionship between most of the studied (11 strains) 
streptomycetes and S. coelicolor A3(2): they were 
higher than the required level (98.7%) (Doodfel-
low et al., 2007) (Table 3). Nine strains classifi ed 
to the species belong to the S. violaceoruber group. 
As mentioned above, methylenenomycin synthe-
sis was initially identifi ed in the S. violaceoruber 
strain SANK95570 (Haneishi et al., 1974).

It was necessary to determine the presence of a 
mmy/mmf-cluster in the chromosomes of strains 
containing plasmids. It was found that the chro-
mosomes of the plasmid host strains (both S. co-
elicolor A3(2) and S. anthocyanicus NBC 01636, 
S. anthocyanicus NBC 01777) contained only 
small fragments similar to the sequence of clus-
ters (Qc=11%). Interestingly, the chromosomes 

Table 3. Genetic consanguinity of selected streptomycete strains 
and the strain S. coelicolor A3(2) based on the similarity their 16S RNA gene sequences

Strains of Streptomyces Similarity indices of genes
16S RNA — genes

(Subject Sequences)

S. anthocyanicus JCM 3037 Qc=86% I=100.00% IEZ16_RS41860 * 

Streptomyces sp. NRRL_B-16638 Qc=100% I=99.93% PV411_ RS40795

S. anthocyanicus NBC 01636 Qc=100% I=99.93% OH747_ RS19190

S. anthocyanicus NBC 01777 Qc=100% I=99.93% OIE72_ RS17665

S. violaceolatus JCM 4531 Qc=100% I=99.87% GCM10010310_r00040

S. anthocyanicus NPDC000080 Qc=100% I=99.82% ABVB25_ RS42450

S. rubrogriseus SID7739 Qc=100% I=99.80% G3I66_ RS31625

S. anthocyanicus NPDC057076 Qc=100% I=99.03% ACFIWJ_38635

S. anthocyanicus NPDC059658 Qc=100% I=99.80% ACFV1I_ RS39470

S. anthocyanicus NPDC000667 Qc=80% I=99.10% ACFY28_ RS42415 *

Streptomyces sp. E5N91 Qc=100% I=99.93% EBH19_ RS05140

Streptomyces sp. NPDC052727 Qc=80% I=98.15% ABOL14_ RS39690 *

Streptomyces sp. NPDC052721 Qc=100% I=98.11% ABOL21_ RS39585

Streptomyces sp. NRRL S-31 Qc=100% I=97.71% IF37_ RS40265

Qc — Query coverage, I — identity, * — the gene sequence is partially represented.
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of all 3 strains contained sequences similar to the 
same fragments of the cluster (Fig. 4). And they 
were not methylenomycin resistance genes!

Of particular interest is the prevalence of 
methylenemycin resistance determinants (mmr 
and mmyJ) of S. coelicolor A3(2) in the genomes 
of streptomycetes (Fig. 5, Table 1). Th e presence 
of methylenemycin resistance has been estab-
lished in a number of streptomycetes that do not 
produce the antibiotic. Examples include S. vio-
laceoruber Tü22, Streptomyces sp. RK44 (Bech-
thold et al., 1995; Fang et al., 2020). 

As shown by our studies, sequences similar 
to the structures of the mmr and mmyJ genes 
of S. coelicolor A3(2) are widely distributed in 
the genomes of streptomycetes (Fig. 5). Th is 
study examined chromosomes and plasmids, 
the sequences of which were completely deter-
mined or presented as a set of contigs (Fig. 1). 
Among the identifi ed sequences, one can men-
tion the plasmid genes NZ_CP120991 (PSA21_
RS40090, PSA21_RS40095) and NZ_CP108601 
(OG199_RS45445, OG199_RS45450) of the 
strains S. poriferorum ALT1 and Streptomy-
ces sp. NBC_01176, respectively. Sequences 
similar to the structures of the mmr and mmyJ 
genes of S.  coelicolor A3(2) were identifi ed in 
the chromosomes of many strains, for example, 
Streptomyces  sp. NBC_00656 (NZ_СЗ109033), 
Streptomyces  sp. NBC_01336 (NZ_СP108369), 
S.  poriferorum ALT2 (NZ_CP1209988), Strep-
tomyces sp. NBC_01530 (NZ_CP109394), and 
S. tsukubensis AT3 (NZ_CP045178).

Discussion. In the literature, only two strains 
of streptomycetes (S. coelicolor A3(2) and S. vio-
laceus-ruber SANK95570) are mainly men-
tioned, in which the synthesis of methylenomy-
cin was found. Th e localization of the mmy/mmf 
cluster in the plasmids SCP1 (S. coelicolor A3(2)) 
and pSV1 (S. violaceoruber SANK95570) was es-
tablished. Th is is one of the few cases of antibiot-
ic synthesis determined by plasmid genes. Since 
the biosynthesis of the vast majority of known 
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Fig. 4. Localization of sequences of streptomycete chromosomes that are similar to the same fragments of the mmy/
mmf-cluster. Lines: 1— S. coelicolor A3(2), 2 — S. anthocyanicus NBC 01636, 3 — S. anthocyanicus NBC 01777.

Fig. 5. Prevalence of sequences in streptomycete ge-
nomes similar to both the sequence of the entire cluster 
and the sequences of individual genes
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antibiotics in streptomycetes is determined by 
gene clusters located on chromosomes. 

Th e aim of our studies was to identify sequenc-
es similar to the mmy/mmf-cluster of S. coelicolor 
A3(2) in the genomes of representatives of the 
genus Streptomyces. Our research is based on the 
assumption that mmy/mmf-clusters are much 
more common in the genomes of streptomyce-
tes, but they may be silent (Mao et al., 2018).

Th e databases contain millions of strep-
tomycete DNA sequences, both small frag-
ments (for example, S. lonarensis DSM 42084 
(NZ_BHZG01001077.1  — 108 bp)) and com-
plete chromosomes (S. prasinosporus JCM 
4816 (NZ_BAAAXF000000000.1 — 15 Mbp)). 
BLASTN analysis of nucleotide sequences 
(Streptomyces (taxid:1883)) in the RefSeq Ge-
nome Database found more than 5000 se-
quences in streptomycete genomes similar to 
both the sequence of the entire cluster and the 
sequences of individual genes. It was found that 
probable mmy/mmf-clusters are quite common 
in streptomycete genomes (Table 2, Fig. 4). 
Th us, their presence was shown in 2 plasmids 
(NZ_CP109276.1, NZ_CP109103.1). Th e iden-
tifi ed plasmids are not related to each other or 
to SCP1 — less than 25% of their sequences are 
similar and represent of putative mmy/mmf-
cluster sequences. 

It is unknown whether the remaining 12 
identifi ed clusters are plasmid or chromosom-
al sequences, since their genome sequences 
are presented as sets of contigs. However, it 
was shown that 5 contigs of Streptomyces sp. 
NRRL_B-16638 contain 97% of the SCP1 plas-
mid sequence (I = 99.99%) (Polishchuk, 2023). 
Moreover, the strain is closely related to S. coeli-
color A3(2) (Table 4). In addition, the presence 
of agarose catabolism gene cluster in the strain 
genome was established (Polishchuk, 2023). As 
is known, the isolation of the S. coelicolor A3(2) 
strain from tap water as an agar-decomposing 
actinomycete with the unique characteristic of 
producing colored pigments was fi rst reported 

in 1942; this strain with similar properties was 
again isolated from a soil sample (Stanier, 1942; 
Erikson, 1948). 

Of particular interest is to determine the 
prevalence of antibiotic resistance determinants 
(mmr and mmyJ) in the genomes of strepto-
mycetes that do not produce methylenemycin. 
Methylenemycin resistance has been reported 
in S. violaceoruber Tü22, Streptomyces sp. RK44 
(Bechthold et al., 1995; Fang et al., 2020).

In the study of chromosomal and plasmid 
DNAs, the sequences of which were determined 
completely or presented as sets of contigs, prob-
able sequences of mmr and mmyJ genes were 
identifi ed in the genomes of a signifi cant num-
ber of streptomycetes. Among those identifi ed 
in our study, there are both plasmid genes NZ_
CP120991 (PSA21_RS40090, PSA21_RS40095) 
and NZ_CP108601 (OG199_RS45445, OG199_
RS45450) of the strains S. poriferorum ALT1 
and Streptomyces sp. NBC_01176, and chro-
mosomal genes of the strains Streptomyces sp. 
NBC_00656 (NZ_CP109033), Streptomyces 
sp. NBC_01336 (NZ_СP108369), S. porifero-
rum ALT2 (NZ_CP1209988), Streptomyces sp. 
NBC_01530 (CP109394), S. tsukubensis AT3 
(NZ_CP045178). In addition, the presence of 
probable sequences of mmr and mmyJ genes was 
detected in the contigs of several dozen strep-
tomycete strains — S. bauhiniae NPDC094017 
(NZ_JBEOUJ010000005.1), S. griseorubigino-
sus NPDC006192 (NZ_JBEXTC010000002.1), 
and Streptomyses sp. NPDC057249 (NZ_JB-
HUXS010000021.1). 

Th e conducted determination of close rela-
tionships of 14 identifi ed strains of streptomy-
cetes revealed the affi  nity of 11 strains to the 
model strain (Table 4). Th e determination of 
the affi  nity of the strains was carried out based 
on the levels of similarity of their 16S RNA 
genes (I>98.7%) (Goodfellow et al., 2007) since 
the sequences of most of the tested strains are 
presented as sets of contigs, and the sequences 
of the necessary “housekeeping” genes were not 
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determined. It is well known that the S. coeli-
color A3(2) strain belongs to the S. albidofl avus 
group. Although the strain of S. coelicolor A3(2) 
is traditionally referred to as the S. albidofl avus 
clade, there are reports in the literature about 
its greater affi  nity to streptomycetes of the spe-
cies Streptomyces violaceoruber than with the 
typical strains of the species Streptomyces coeli-
color (Hatano et al., 1994; Hoskisson & Wezel, 
2019). At the same time, 9 strains were classi-
fi ed as species belonging to the S. violaceoruber 
group (Table 3). 

It has been established that the same antibiotic 
can be synthesized by streptomycetes belonging 
to diff erent species  — for example, the antibi-
otic landomycin E is produced by the strains S. 
globisporus 1912 and S. cyanogenus S136. Th e 

strains are not genetically closely related (Rebets 
et al., 2003; Matselyukh et al., 2016).

Conclusions. A fairly signifi cant presence of 
mmy/mmf-clusters in the genomes of strepto-
mycetes with diff erent genetic affi  nities of the S. 
coelicolor A3(2) strain has been established. Two 
plasmids (NZ_CP109276.1, NZ_CP109103.1) 
were identifi ed, in the sequences of which mmy/
mmf-clusters are present. Th e primary structures 
of NZ_CP109276.1, NZ_CP109103.1, and SCP1 
plasmids are only partially similar  — only a 
fragment that determines the sequences of their 
mmr/mmf clusters. Also, many streptomycetes 
(14.8%) were identifi ed whose genomes con-
tained probable genes resistant to methylene-
mycin, including two plasmids NZ_CP120991.1 
and NZ_CP108601.1.
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ПОШИРЕНІСТЬ У ГЕНОМАХ СТРЕПТОМІЦЕТІВ ПОСЛІДОВНОСТЕЙ, 
ПОДІБНИХ КЛАСТЕРУ БІОСИНТЕЗУ МЕТИЛЕНОМІЦИНУ

У стрептоміцетів кластери генів, що детермінують біосинтез у переважній більшості антибіотиків, зазвичай 
розташовані на хромосомах, однак незначна кількість таких кластерів розташована на великих плазмідах. 
Деякі з них є мовчазними і не експресуються. Розвиток низки сучасних наукових технологій молекулярної 
біології та біоінформатики дає змогу виявити мовчазні кластери в геномах стрептоміцетів. Метою роботи 
було виявити стрептоміцети, в геномах яких містяться послідовності, подібні до кластера генів S. coelicolor 
A3 (2), що визначають синтез антибіотика метиленоміцину (mmy/mmf-кластер). Методи. Об›єктами 
дослідження були нуклеотидні послідовності хромосом та плазмід стрептоміцетів, які депоновано в 
загальнодоступні Інтернет бази даних на сервері Th e National Center for Biotechnology Information. Аналіз 
первинних структур ДНК проводили за допомогою програм Basic Local Alignment Search Tool на тому ж 
сервері. Первинна структура mmy/mmf-кластеру (плазміда SCP1 S. coelicolor A3 (2)) використовувалася як 
запит у комп’ютеризованому аналізі нуклеотидних послідовностей. Результати. Послідовності, подібні 
до mmy/mmf-кластера та його окремих генів, знайдено в геномах декількох стрептоміцетів, що належать 
до різних видів. Однак наявність повних послідовностей ймовірних кластерів виявлено лише у незначної 
кількості геномів стрептоміцетів. З них дві послідовності локалізовані на плазмідах (NZ_CP109276.1, 
NZ_CP109103.1). На підставі подібності послідовностей генів 16S рРНК відібраних штамів Streptomyces і 
відповідного гена S. coelicolor A3(2), було визначено генетичну спорідненість більшості проаналізованих 
штамів стрептоміцетів із S. coelicolor A3(2). Гени стійкості до метиленоміцину (mmr та mmyJ) виявлено в 
геномах багатьох стрептоміцетів, які не містили mmy/mmf-кластерів, включаючи і дві плазміди. Висновки. 
Вірогідні mmy/mmf-кластери присутні в геномах стрептоміцетів з різною генетичною спорідненістю штаму 
S. coelicolor A3(2). З них штами Streptomyces sp. NPDC052727, Streptomyces sp. NPDC052721 та Streptomyces 
sp. NRRL S-31 не є генетично спорідненими з S. coelicolor A3(2). Виявлено дві плазміди (NZ_CP109276.1 і 
NZ_CP109103.1), в послідовностях яких присутні mmy/mmf-кластери.

Ключові слова: Streptomyces, геном, плазміда, mmy/mmf-кластери, нуклеотидна послідовність, показники 
ідентичності ДНК, генетична спорідненість.


