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Abstract

Actinomycetes found in diverse ecosystems around the world are characterized by wide range of clinically and
industrially important natural products. In this study, agricultural soil samples were collected from Tuv province of
Mongolia. Two actinomycetes strains (N23, N24) were isolated and selected for polyphasic approaches, including
morphological, physiological and phylogenetic analysis. Morphological characteristics of strains were observed on
different international strepfomyces project media (ISP media). All strains were aerobic, gram-positive that have
branches substrate mycelium with aerial mycelium differentiated. Phylogenetic analysis of these isolates revealed that
they share highest similarity with Streptomyces shaanxiensis CCNWHQ 0031(T) FJ465151 (N23) and Streptomyces
wuyuanensis FX61T(T) (JX010725) (N24), based on 16S rRNA gene sequencing. Then, enzymatic activities of
actinomycetes were evaluated. The strain N23 possessed amylase and urease activities. The strain N24 showed good
enzymatic activities with the enzyme amylase, urease, lipase, and protease activities, respectively.
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Introduction

The number of bioactive secondary metabolites  mixtures of polymers in dead plants and animals.
produced by microorganisms is reported to be
around 23,000 of which 10,000 are produced
by actinomycetes. ~Among  actinomycetes,
approximately 7,600 compounds are produced by
Streptomyces species and they have become the
primary antibiotic-producing organisms used in
the pharmaceutical industry [1]. Most valuable
antibiotics were produced by actinomycetes, that
are used today in treating many infectious diseases.

Actinomycetes produce various extracellular
enzymes and main sources of valuable enzymes
for use in a number of industrial applications.
Commercially available enzymes originating from
actinomycetes include protease, cellulase, lipase,
xylanase, pectinase, amylase, lipoxygenase glucose
oxidase and peroxidase etc. that can be used in
different industries [2].

Mongolia is known as a home country to many
different species of microorganisms for production
of useful bio-resources. From the early 1990s,
Mongolian researchers have conducted studies
on isolation and screening of potential bioactive
secondary metabolites from actinomycetes in
i i ) Mongolia. Moreover, rare species of actinomycetes
where they'play an essential role in recycling have been isolated from Mongolia [3][4][5][6]
refractory biomaterials by decomposing complex [7]. Tsetseg et al., isolated actinomycetes of the

genus Amycolatopsis as a producer of clinically

Actinomycete are filamentous gram-positive
bacteria, characterized by a complex life cycle,
belonging to the phylum Actinobacteria, which
represents one of the largest taxonomic units.
Actinobacteria are widely distributed in both
terrestrial and aquatic ecosystems, mainly in soil,
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important antibiotics from Khuvsgul and Uvs
provinces and evaluated their antimicrobial
activities [8]. Pagmadulam et al,
antiprotozoal compounds producing Streptomyces
sp. from Mongolian soils [9]. Moreover, Mongolian
researchers proposed 1 new genus and 8 new
species of actinomycetes from Mongolia [10][11]
[12]. Recently, a novel endophytic actinomycete
(designated as Actinocatenispora comari sp. nov.,)
has been isolated from Comarum salesowianum,
collected from Khasagt Khairkhan Mountain in
Mongolia [13]. Therefore, general objectives of
the present research are isolation and identification
of actinomycetes from soils in Tuv province of
Mongolia.

isolated

Material and methods

Isolation: Soil samples were collected from
Tuv province of Mongolia. Soil samples were
collected by removing the surface loose litter layer,
underlying 5 to 10 cm depth. Samples were dried
and appropriate aliquots of the dilutions prepared
in saline were spread on Gauze No 1 media.

Growth studies on different ISP media: The
following media were used for growth studies.
Tryptone yeast extract agar (ISP1), yeast extract
malt extract agar (ISP 2), Oatmeal agar (ISP 3),
Inorganic salts-starch agar (ISP4), Glycerol-
asparagine agar (ISPS5), Peptone yeast iron agar
(ISP6), Tyrosine agar (ISP7). Cultures were
inoculated on above mentioned media plates and
incubated for 14 days at 28°C until observed
for appearance of growth, sporulation, color of
substrate mycelium, color of aerial mycelium and
production of diffusible pigment.

Utilization of carbon sources: 5 ml of basal
medium ((NH,),SO, 1g, KCI 0.2g, MgSO,.7H,0
0.2g, Bromocresol purple 0.04%) was dispensed.
The 20% stock solution of sugars was prepared
and cultures were grown for 14 days at 28°C.
Acid production from different carbohydrates was
observed regularly for 14 days. Sugars used for
carbon utilization were D-glucose, D-mannitol,
D-xylose, L-arabinose, D-galactose, meso-inositol,
raffinose, D-mannose and melezitol.
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Phylogenetic analysis: The samples
were given with 5 sets of primers &8F
(5’-AGAGTTTGATCCTGGCTCAG-3"), 536R,
786F, 939R and 1492R(5’TACGGTTACCTTG
TTACGACTT-3"). Sequencing was done by the
Micro Seq® 16S rRNA gene sequencing kit (Applied
biosystems, USA) and Applied Biosystems 3100
Avant™ Genetic Analyzer Sequencer. Resultant
sequences for strains were assembled manually
using Sequence Analysis 5.1.1 and aligned with
sequences of available Streptomyces drawn from
the Eztaxon. Phylogenetic trees were constructed
by neighbor-joining method (Tamura et al., 2007).
Topology ofthe phylogenetic trees was evaluated by
bootstrap resampling method with 1000 replicates
and trees were rooted with Actinomadura hibisca
JCM 9627" (AF163115) as the out-group.

Enzymatic activities: For urease activities, urea
broth (Peptone 1g, NaCl 5g, K.HPO, 2g, D-Glucose
lg. phenol red 0.2g) was prepared and 20 % stock
solution of urea was added (final urea concentration
of 2%). Tubes were observed regularly up to 14
days for the production of enzyme. The skimmed
milk utilization test used for protease activities.
For protease activities, nutrient agar medium was
prepared and solution of 5% skimmed milk was
autoclaved separately. Each strain was streaked
across the plates and incubated for 14 days. The
plates were observed daily for clear zone around
the growth. The organisms which secrete protease,
produce zone of clearance around the growth.
For amylase activities, nutrient agar medium was
prepared and sterilized by autoclaving with 5%
starch solution. Each strain was streaked across the
plate and incubated for 14 days. After incubation,
the plates were flooded with Gram’s iodine and
observed for the formation of a clear zone around
the growth. For lipase hydrolysis, tween agar
(Peptone 10g, NaCI 5g, CaCl, 0.1g, Tween-80 10
ml) medium was prepared. Each strain was streaked
across the plates and incubated up to 14 days. The
plates were observed daily for the deposition of
Ca”"ions around the growth.
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Result and discussion

Morphological characteristics of strains were
observed on different ISP media (Table 1). The
color of substrate mycelium and the color of aerial
mycelium varied between strains.

The strain N23 showed a poor growth on ISP1,
ISP4 media and good growth on ISP2 and ISP7
media. No sporulation was observed on ISP1, ISP4

and ISPS. The strain N24 showed good growth
and sporulation on ISP1 and ISP7. No growth and
sporulation on ISP2, ISP4, ISP5. No sporulation
on ISP2, ISP5. The results of biochemical
characterization of strains are summarized in
Table 2.

Strain N23 was able to utilize D (+) Galactose,
D-mannitol, melezitol, meso-inositol and D (+)

Table 1. Morphological studies of strains on different ISP media

Strains ISP Color of substrate Color of aerial Sporulation
Medium mycelium mycelium Growth

N23 ISP1 White White Poor No
ISP2 Grey Grey Good Yes
ISP4 - - Poor No
ISPS White - - No
ISP7 Dark grey Dark grey Good Yes

N24 ISP1 White White Good Yes
ISP2 Yellow White Moderate Yes
ISP4 - - - -
ISPS - - - -
ISP7 Brown White Good Yes

Figure la. N23 on ISP7 media 1b. N24 on ISP7 media
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Table 2. Biochemical characterization of strains

Utilization of sugars
Strains é'\i 83 5 3 % 3 %. a § 3 § 5 8
é a o - o o g =R
N23 - +++ - - +++ +++ -/+ +++ +++
Streptomyces
shaanxiensis | N/A - NA | NA | NA | NA | +++ + N/A
DSM 42094
N24 4+ - +/- - + +++ - +++ +++
Streptomyces
I:")”é%tialf’ens Ll ot N/A e+ -+ N/A - N/A
(JX010725)
+++ Good activity, ++ Moderate activity, +Low activity, -No activity, N/A -No data
_79_|: Streptomyces longwoodensis LMG 20096' (AJ781356)
5 Streptomyces galbus DSM 40089 (X79852.)
. Streptomyces bungoensis NBRC 15711" (AB184696)
91 Streptomyces capoamus JCM 4734 (AB045877)
Streptomyces corchorusii NBRC 13032" (AB184267)
23 84 _|: Streptomyces olivaceovirdis NBRC 13066" (AB184288)
8 Streptomyces canarius NBRC 1343 1" (AB184396)
[ Streptomyces griseoruber NBRC 12873 (AB184209)

29 ol Streptomyces antibioicuss NBRC 12838" (AB184184)]

99 N23

63 _':Srreprom)'ces shaanxiensis F1465151

Streptomyces cellostaticus NBRC 12849" (AB184192)

32 — Streptomyces olivochromogenes NBRC 3178 ‘AB1847

27 Streptomyces achromogenes NBRC 12735" (AB184109
_30|: Streptomyces durhamensis NRRLB 3309" (AY999785)

1007—— Streptomyces canus NRRL B -1989" (AY999775)

Streptomyces cisacuacasicus NBRC 12872" (AB184208

29 Streptomyces flavovariabilis NBRC 100764" (AB24993
2% Streptomyces pseudovenezuelae NBRC 12904" (AB1842
31 —— Streptomyces resistomycificus NBRC 12814" (AB184161
2 Streptomyces novaecaesarcae NBRC 13368' (AB1843
—a

Streptomyces alboniger NBRC 12738" (AB184111)

Figure 2. Rooted neighbor joining tree of strain N23 based 16S rRNA gene sequences, showing the relationship
between strain N23 and related representative species of the genus Streptomyces. The sequence of the 16S rRNA gene
of Actinomadura hibisca JCM 9627T, (AF163115) was used as an outgroup
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Figure 3. Rooted neighbor joining tree of strain N24 based 16S rRNA gene sequences, showing the relationship
between strain N24 and related representative species of the genus Streptomyces. The sequence of the 16S rRNA gene

of Actinomadura hibisca JCM 96277,

Glucose but did not utilize L (+) Arabinose, D
(+) Mannose and D (+) Xylose, utilize Raffinose
weakly. Strain N24 was able to utilize L (+)
Arabinose, D-mannitol, melezitole and D (+)
Glucose but did not utilize D (+) Galactose, D (+)
Xylose and Raffinose. N24 utilize D (+) Mannose
moderately.

Phylogenetic analysis

The 16S rRNA genes of related sequences were
retrieved from Eztaxon database. Sequences have
been chosen as reference sequences in which
unidentified and unpublished sequences were not
included.

The 16S rRNA genes sequence of 1416 nucleotides
were generated for N23 and compared to the validly

(AF163115) was used as an outgroup

Table 3. Enzymatic activities of actinomycetes strains

Actino- Enzymatic activities
-mycetes | Amylase | Urease | lipase | Protease
N23 +++ +++ - -

F - - ++
N24

+++ Good activity, ++ Moderate activity, - No activity

described species of genus Streptomyces as closest
neighbors. Phylogenetic analysis revealed that the
strain N23 has highest the 16S rRNA similarity of
100% with Streptomyces shaanxiensis CCNWHQ
0031(T) FJ465151.

16S rRNA gene sequence of 1403 nucleotides
was generated for N24 and compared to the
validly described species of genus Streptomyces as
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closest neighbors. Phylogenetic analysis revealed
that the strain N22 has the highest 16S rRNA
similarity of 100% with Streptomyces wuyuanensis
FX61T(T) (JX010725).

In the screening for enzyme activity, strain N23
had capability to degrade amylase and urease. The
strain N24 showed good amylase activity, urease
activity, lipase activity, and protease activities
respectively, which may indicate a need for further
technological studies.

Previously, the type strain Streptomyces
shaanxiensis CCNWHQ 00317 reported amilase
activities but gelatinase activities were not
observed [14]. However, the strain N23 showed
good amylase and urease activities. The type strain
Streptomyces wuyuanensis possessed catalase,
gelatinase and urease activities [15]. The strain
N24 showed good enzymatic activities with the
enzyme amylase, urease, lipase, and protease
activities, respectively. This study indicates that
these actinomycetes isolates had good enzymatic
activities which may serve as enzyme-producing

Figure 4a. Amylase activity 4b. Lipase activity
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Figure 5a. Amylase activity 5b. Lipase activity 5c. Proteinase activity

actinomycetes for biotechnological applications.
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XypaaHryu

TeB aiiMruitH HyTar 1ax ra3ap TapuajlaHTHMiH XepcHeec snracad N23, N24 ryraapraif ak THHOMHIIETHITH ©CTOBPY YA
(UITOTCHETHKNITH aHaNN3 XUIDK, aMuiIasa, JInnasa, ypeasa OoJIoH mporea3a (pepMEHTHIH MAIBXUIT TOZOPXOWIOB.
OcreBpyYyAuiHH MOPQOJIOTHIH INUHXK YaHapbir ISP TXKI31T OpuMHA ©creBepiex, CyOCTpaT MHILEIWHH OHTe,
araapblH MHIEIWNHH OHTe, CIIOp YYCUITHHT Togopxoinos. 16S pPHX reHnitH HyKICOTHIBIH Japaauibil TOTTOOX,
¢unoreHeTnkuitH aHaMN3 XUiTxo1 N23 ecreBep Hb Streptomyces shaanxiensis CCNWHQ 0031(T) FJ465151 omortoii
100% TecTaii yuup Streptomyces shaanxiensis, N24 ecreBep Hb Streptomyces wuyuanensis FX61T(T) (JX010725)
omortoir 98.1% Tectait yuup Streptomyces wuyuanensis mepen 3yind xamaapy 6atieaaz moodopxoiinos. N23
OCTOBPHUIH (DEPMEHTHITH WIIBXUHUT TOZOPXOUIOXOA aMmiIa3a 0OJIOH ypea3a (pepMEHTHIH OHAep WAIBXTIU OaliHa.
N24 ecreBep Hb ammia3a, unasa, ypeasa O0JIOH 1poTeaza (epMEHTHIH OHAOp WAIBXTA Oaliraa Hb IIAAIIUl XYHC,
X67160 aX axyi OOJIOH XOpCHHUI HOXOH CIPTIITIH ALTUIIIaX OOJIOMKTOHN Hb Xapargax OaifHa.

Tyaxyyp yec: Axtunomutier, 16S pPHX reH, xepc, puioreHeTuk, hepMeHT

Opuuni

Buuwnn 6uetHyya Hb OMOTOTHIH UAPBXT HATIYY/,
aHTHOMOTHK, (epMeHT OOJIOH BHUTaMWUHBI TOJ
HUMIAOKYYIraua oM. buunn OuetHuii rapairait
23,000 opunM OWOJIOTHHH  HAIBXT
OYpTIrariacax AKTUHOMMLIETUIH
Streptomyces Sp. TOpPAYYL Hb OUPOILONTOOp
7600 TopnuitH OMOJIOTHITH WAPBXT HATIAI OOJOH
AHTHOMOTHK HUMIATKYYIIAT OaiiHa [1]. Cyynumitn
KUIYYZSH MKHY OONOH aHTHOMOTHKT TICBIPTIU
OBUJION HOMOTIMK Oailfraaraac Tepen OypuitH
9X YYCB3P33C OHONOTUHH WAIBXT METa0OIHT,
(depMeHT OOJNOH aHTHOMOTHK HHHJIAIKYYJIATY
AKTHHOMULETYYIUUT WIPYYJIIX QXKW 3pUUMTIN

XUUATIK OaifHa.

HOT DI
Oaiiraaraac

AKTMHOMHLIETYYl Hb yTaciar, ['pam -3epar,
*Xonboo 6apux 30xuoey
E-mail address:pagmadulam1028@gmail.com,

pagmadulam_b@ac.mas.mn

Actinobacteria-uiin XypasHI Oartiar, XepCHUH
MHUKPO(IIOPT TOJUIOX Oaiip Cyypuir 333m13r 0a
XOpC, YCHBI DKOCHCTEMJ OpIreH TapXCaH OWYHII
OMEeTIH 10M.

AKTUHOMHUIIETYYA ~ Hb  YHIABIPIDIUMH — au

XOJIOOTIONTOH  OJIOH  TOPIMHH  (epMEHTYY.
HUWDDKYYpPr — 6a  meiunonasa,  JIMIasa,
KCWio3a, MEeKTHHa3a, aMwiaza OonmoH Oycaj

AKTHHOMHUIETHIH Tapantaii GepMeHTYYIUHT XYHC
X0llee aX axyd, XOHT'eH YHIIBIPIAJ, Oairaih
OpPYHBI HOXOH COPIIAIITIHJ OPreHeep AalIuIIax
OaitHa [2].

Mamnait opora 1990-331 0HOOC aKTHHOMUIICTHITH
cyjajraar OSXJYYJOH XOBOp Tepeis, 3YWIUHH
AKTUHOMUIETYYAUNUT  WIPYYJIdH,  TIATIPUHH
OMOJIOTHITH MPBXUIH Cylalraar 3XJIyYJiIcoH OaiiHa
[31[41[5]1[6][7]. b.Llpmar HApBIH CyAIaaqm T aHATaax
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yXaaHJ a4 XOoJIOOTJIONTON Amycolatopsis -uitH
TOPIWIH aKTHHOMHUIETHUT XeBcren 0oioH YBC
aiiMraac WIpYYJIdH, TOAIIPUIH OaKTepuiH 3Cpar
nmBxuir cynaican [8]. b.Ilarmamynam HapbiH
cymmaaqny MOHTON OpHBI XOPCHeeC sracaH
Streptomyces-uiiH TOPIUIH aKTUHOMHLET Hb 3T3JI
ouet napasutsid (Toxoplasma gondii, Plasmodium
falciparum) >cpar 60auC HUMIATKYYIDK Oaiiraar
TOTTOOCOH OaifHa [9]. MeH IIMHKIIIX yXaaH 1 ITHHD
Tepen, 3yia 0oJoX Marajjiantail ecreBpyyIuir
WIPYYJdH, akKkTUHOOaKkTepuiiH | muHD Tepeu,
8 mmH> 3yinm wipyynceH Oaitma [10][11][12].
H.OroynOumsr HapeiH cyanaauna  ['oBb-AnTait
aiiMruiin Xacart XaWpxaH yyjiHaac IyriayyJicaH
ypramJjblH [J93KHI3C Actinocatenispora comari
Sp. NOV IIWHD 3YIIMHH aKTHHOMHULET WIPYYJICIH
Oaitna [13]. bum »HAOXYY cymanraaHsl axiaap
AKTUHOMMLETHHH  LPB3P  ©CreBep  sUIraH,
AQHTWIIANBYHH Ccyjanraa sBYyIDK, (EepMEHTUIH
HJPBXUUT TOLOPXOMIOX 30pUIITr0 TaBUIIAA.

Cynanraansl MaTepuaJ 0a aprasyi

AKmuHnomuyemuiin 0cz060p An2ax, mopgonozu,

duszuonozu-ouoxumuiin WUHIHC yanapwle
mooopxounox: Tes altMruitH HYTTHIH
razap  TapUalaHTHMHH  XOpCHeec  suIracal
AaKTMHOMHLETYYAUIT ~ COHIFOH  aHTWIAIBYHH

CylairaaH]l amuriaB. AKTUHOMHIICTHIH 3CHIH
MOP(}OIIOTH MIMHK YaHAPBIT TIPIUHH MHKPOCKOIT
amuriad 40x10 naxuH ecreaTell TOIOPXOMICOH.
Ocreppuiin mumk yaHapeir ISP1, ISP2, ISP4,
ISP5, ISP7 k231t opuuHTyya 69m1rakK 28°C-T 10-
14 xOHOT ecreBepyOH CyOCTpaT MUIICIUHH OHTo,
araapblH MULEJIUHH 6Hre OOJIOH CIOp YYCAITHHT
TOJOPXOIIOB. MeH 31ranp ecreBpYYIuiH HYYpC
yc ammriax vaasapeir (NH4) SO, 1 rp, KCI 0.2
rp, MgSO,.7H,0 0.2 rp, GpOMKpE30JIbIH SAraaH
0.04% aryymncan T2:x391T opunsa 20% HYYpPC yChIT
03T H TOIOPXOIIIOB.

AKTUHOMHULIETUIH
ecreBpyya?3c reHoMmbliH JHX sanran, I[I'Y-pir
8F, 1492R, 27F, 1542R mpaiiMepyyIbIT ammuriaH
nonuMepkux rumxkud ypsai (II'Y) asyymx, [II'Y
OyT3rIXYYHHIUT Qiagen relib sulrax KUT allluTiiaH
mBIpmryyicdH. Micro SeqR 16S rRNA gene
sequencing kit (Applied biosystems, USA) 6omnon

DunozeHeMuKuilH  AHAU3:
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Applied Biosystems 3100 AvantTM Genetic
Analyzer Sequencer amurnan 16S pPHX renuitn
HYKJICOTHZBIH Japaajulbll TOITOOX, Sequence
Analysis 5.1.1 mporpam ammrmiad O0JOBCPYYIaaT
16S pPHX reHuiiH HYKJIEOTHIBIH
napaameir ezTaxon (http://www.ezbiocloud.net/
eztaxon) oioH yiceiH JIHX-uitH MaId3mmuite cang
OpyyJaH XaWiIT XUHXK, TOpeJI 3YIIHHH XaMaapisIl

XHUUCHH.

torroocod. ®uiorenerukuiin mozasr ClustalX
1.81 mporpamm ammrian neighbor-joining apraap
Oailiryynas.

Depmenmuiin  u0I6X mMOOopxoinox: Ypeasa
(hepMEHTHITH UIPBXUNT TOJOPXOUIOXO TIENTOH 1
rp, NaCl 5 rp, K.HPO, 2 rp, rmoxos 1 rp, dpenon
ynaan 0.2 Tp aryyJjcaH TKI3IT OPYMH ODJITIIH
20% MOYEBHHBI YycMaJl HOIMXK apuyTrana (3ICUiH
KoHIeHTpar  2%). J[P9px  T2KIIAT  OpUYHHI
oecreBpee 14 XOHOT ecreBepiex, (epMEeHTHHH
manrana. IIpoTeasa
UIPBXUUT TOAOPXOMIOXJA00 MaxX IIENTOHT arap
TIMKIAT OpUMH O31TrH 5%  TOCTYHKYYJICOH
CYYyr Tycax Hb apuyTTaHa.
ecreBpee 14 XoHOr ecreBepiecHUl Japaa
XYP33 YYCTA/IT33p Hb Yp AYHT TOOIHO. AMHIa3a
(hepMEHTHITH UIPBXUIT MaX METTOHT arap TIKIIJIT
opurH 03nTrAH 5% NapAyyJbIH yYCMaJbIT HIMK
apuyTrasa. 14 XOHOT ecreBepiecHHUil Japaa rpam
MOJBIH YyCMall HAMJXK XYp33 YYCTITI3p HB Yp
OyHr TOoOomHO. Jlumasza (epMeHTHHH WIIBXUIT
torroox00 TBUH 80 arap (Ilemron 10 rp, NaCl
rp, CaCl, 0.1rp, TBuH-80 10 M) T2:K5AT OpurH
021TTH, 6CTOBPOO 14 XOHOT 6CTOBOPIIOCHHN Japaa
Ca?" HOHBI TYHAAC YYCTIITIP YP AYHT TOOIHO.

HJPBXUUT bepMeHTHITH

AKTHHOMHIIETUIH

Cyaaaraans! yp AyH, X3J13J1YYJ1310

AxtuHomunetuitn N23 6onon N24 ecreBpyyauitn
Mopdororniia mmK daHapeir ISP1, ISP2, ISP4,
ISP5, ISP7 Ta:x3snT opunnryyn 6antra 28°C-1 10-
14 xoHOT ecreBepliek, cyOoCcTpaT MUIICIUIH OHTO,
araapblH MUIICIHHH OHTe OOJIOH CIIOp YYCOITHHT
TOAOPXOMIIOH 1-p XYCHAITA/ Y3YYI3B.

AxtuHOMUTIETHIH N23 Gomor N23 ecreBpyyauitH
HYYPC VyC alWriax 4YaABapbil XdOB IIHHXKUT
OCTOBPYYATIH  XapbIyylaH 2-p  XYCHATTII
XapyynasB.
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AxTtuHomunietuitn N23  ecreBpuifH HYYpC VyC
alllUIjaax dvaaBapbil TOAOPXOIMIOXOJ HMHO3UTOI,
D- manauTON OOJOH METUIMTO3 HYYPC YCBIT
aluriax Jaapap caiiH OaliHa. N24 ecresep Hb L
(+) apabuno3, D (+) mroko3, D- MaHHHTON OOJIOH
MEJIMLUTO3a HYYPC YC aluiiax yaasaprail OaiiHa.

cyoanzaanvt  Oyn: N23
O6onon N24 ecrespyyauitn 16S pPHX renuiin
HYKJICOTH/BIH JIapaajulbll  TOrToOX ezTaxon
(http://www.ezbiocloud. net/eztaxon) oJoH yJICHIH
JAHX-uitn  MpIp2IuidH  caHa  opyyJiaH — XanT
XUIK, TOPOJ 3YIINIH XaMaapiIbIl TOrTooxoa N23
ecreBep Hb Streptomyces shaanxiensis CCNWHQ
0031(T) FJ46515 omortoii 100% TtecTaii Oalican
yuup  Streptomyces 3yHI

DunozenemuKkuin

shaanxiensis K

TOJIOPXOUJIOH 2-p 3ypart (PUIOTCHETUKUIHH MOJIBIT
0aliryy/mok xapyyJiag.

N24 ecreBop Hb Streptomyces Wwuyuanensis
FX61T(T) (JX010725) omorroit 100% TecTait
Oaiican yuup Streptomyces wuyuanensis 3yun
'K TOJOPXOHII00. 3-p 3ypart (pUIOreHeTUKUMH
MOJIBIT OaNTYYIDK XapyyiaB.

N23 Gomor N24 akTHHOMHIIETHIH ©CTOBPYYAUNT
ypeaza, umumaza OOJIOH IpoTeasa
(GepMEHTUHH ~ WIPBXHUT  TOJOPXOWIOH  3-p
XYCHATI'TI XapyyJias.

aMuIasa,

Haopx yp nmyHraac xapaxam N23 ecreBep Hb
aMmuiasa OOJNOH ypea3a (GEpMEHTUHH ©OHIOP
WIPBXTOH Oaiina. Xapun N24 ecreBep Hb aMuiIasa,

1-p xycHATT. ISP maocranm opuuneyyo 0axe 6cee8pyyoutin MOphOoL02U WUHIIC YaHaAD

1-p 3ypar. A. N23 eceosep (ISP 7 maowcasnm opuun) b. N24 ececosop (ISP 7 maoicaanm opuur)

Ocrespuniin ISP m3:33aT Cy6CTvpaT AraapbIH MULICJUIHIHH Vpraar Cnop
ayraap OpYMH MMIEJIHITH 0HTO OHI'0 YYCDJIT
ISP1 [araan [araan Cyn -
ISP2 Caapan Caapan Caiin +
N23 ISP4 - - Cyn -
ISP5 Ilaraan - - -
ISP7 I'yu caapan I'yu caapan Caitn +
ISP1 I{araan Ilaraan Caitn +
ISP2 [ap Haraan Hynnax +
N24 ISP4 - - - -
ISP5 - - - -
ISP7 XypaH Ilaraan Caitn +
-Ypraaryit
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2-p XycHArT. Hyypc ye awuenax uaosap

OcreBpyya Hyype yc
L) D(*) D) D(*)
Apaiios Fanaxros Matisios Kenos Muosuron D (+) I'moko3 Paddunos D- Maunuton Menuuuros
N23 - +++ - - +++ +++ -/+ 4+ ++
Streptomyces
shaanxiensis DSM | N/A +++ N/A N/A N/A N/A -+ +++ N/A
42094
N24 +++ - +/- - + +++ - 4+ +H+
Streptomyces
WUYUAnensis )
FX61T +++ +++ N/A 4+ 4+ N/A N/A N/A
(JX010725)

+++ ypranT caiiH, ++ yprajut gIyHa 33par, + ypraut cyi, - ypraaryi, N/A Moo 6anxryi

_79: Streptomyces longwoodensis LMG 20096' (AJ781356)
Streptomyces galbus DSM 40089" (X79852.)

Streptomyces bungoensis NBRC 15711" (AB184696)
91 Streptomyces capoamus JCM 4734" (AB045877)
— Streptomyces corchorusii NBRC 13032" (AB184267)
23 84 Streptomyces olivaceovirdis NBRC 13066 (AB184288)
—30[: Strepiomyces canarius NBRC 134317 (AB184396)
— Streptomyces griseoruber NBRC 12873 (AB184209)
29 nl— Streptomyces antibioicuss NBRC 12838" (AB184184)]

N23
63 _99:

Streptomyces shaanxiensis F1465151
Streptomyces cellostaticus NBRC 12849 (AB184192)
2 ——— Streptomyces olivochromogenes NBRC 3178' ‘AB184737)
27 Streptomyces achromogenes NBRC 12735 (AB184109)
_80: Streptomyces durhamensis NRRLB 3309" (AY999785)
100 Streptomyces canus NRRL B -1989" (AY999775)
Streptomyces cisacuacasicus NBRC 12872" (AB184208)

75
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29 Streptomyces flavovariabilis NBRC 100764" (AB249931)
2% Streptomyces pseudovenezuelae NBRC 12904" (AB184233)
31 — Streptomyces resistomycificus NBRC 12814" (AB184166)
2 Streptomyces novaecaesarcae NBRC 13368" (AB184337)
—a

Strepiomyces alboniger NBRC 12738" (ABI184111)
Actinomadura hibisca JCM 9627" (AF163115)

2-p 3ypar. N23 oceespuiin 16S pPHX eenutin HyK1eomuoblt 0apaanan 033p YHOICAICIH Qui02eHemUKutiH Moo

86



b.1laemaoynam nap, bymaan-37, (2021 om, 11-p cap) xy. 8§3-89

S IOTRICES TSSO RO T LS
LMG 183168" (AJTAI13Z1)

27
Sl lorycen avytRrOnTIseuE
b L] LMG 10408 T} AJTETIZE

28 SRfrenR o TGRS wanatiis

MNORC 12A25(T) A0 184004
57 Erraparryces falec
HNBRC 15884{T} A.B13-l?1:|-1

SR ITIACSS QrSaenBens
S MIEBRC 12780(T) AB184130

Sl rIpcas grin ol vl
— 25 LMG 19344 ASTET 322 i

S THACSS aNAEGLS
NRREL B-2801{T} AYEQE7TE1

I.| 1
22 I
SRAROIONTHATES PRI S
NIRRT 1Z0NR(T) AR1ASZ3Y

a8

Sirap ' By
HBERC 14887(T) ABiB40ZA

¥ ¥ srralaciital
HBRC 13056(T) AB184282

I 59
l— R OIMPCeE WA IR TEIE
HARG 13404(T) AB184381
28

StrepHompoes thinghievsis
DSM 419 189( T FM2J0C483

52 Strmp Feilide

B e P T T T
MRS T[T ARBAZHS

ErnloTIPCBE WS
e FXBITT) JXOVOTES

28 51

NBRC 13880(T) AB1B4537

SR OITHACES MR SDO S
A T MBRC 14G57(T)

Streplanreces indiae o
MBRC 13084(T) ABTRABS]

SrmpITCRS Bursowerieiiatus
HRRL B-3328(T} A¥DPDIOTTS

Strmptorreces Mol
HMRFRL B-19688 T} JMXUG01001020

Achinomadurg Ribiecs
JORA BE2T (AFI631185)

3- p 3ypar. N24 eceeeputin 16S pPHX eenutin HyKieomuovin 0apaanan 033p YHOICAICIH PUIO2eHeMUKULH MOO

. 3-p XycHOTrT. Pepmermutin u0IEX
Junasa, ypeasa OOJIOH mpoTea3a (epMEHTHIH

eHJIep UAPBXTAH Oaiiraa Hb Xxapargax OaiiHa. E (DepmenTaiin mIBX
Streptomyces shaanxiensis CCNWHQ 003 1Tomor E

Hb aMwia3a (epMEeHTHIH WIIBXTIH XapwH = § = 3 §
KenatuHaza (EepMEHTUHH WIPBXIYH Hb OMHOX E = g E %’
cynmanraaraap Torroorncon OaitHa [14]. XapuH E E: > = é*
MoHrosn OpHBI ra3ap TapHaJaHTHHH XepCHeecC

smracad N23 ecreBpuitH (epMEHTHHH HIIBXUIT Tt e B }
TONOPXOMIOX0Z  ammiaza  OOJOH  ypeasa

(epMeHTHIH eHIep WIPBXTAW OaliHa. OMHexX N23

cynanraaraap Streptomyces wuyuanensis OMOT Hb N24 + -+ 4 ++
KaTaiasa, JkeJIaTuHa3a 00JI0H ypeas3a (hepMeHTHITH

WIPBXTIM Oaliraa HH TOrTOOTACOH [15]. buanuii
cynanraaraap N24 ecreBep Hb amuiasza, JIMIa3a,
ypeaza O0o0JIoOH TIpoTeaza (QEpPMEHTHHH OHIOp

+++ WIPBX eHJep, ++ UAdBX CYJI, - WAIBXIYH
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? ;\\,"

s ~

HIPBXTIHA OaiiHa. DHOXYY CynairaaH] aruriacaH
AKTHHOMHMIICTHUH OMTYYAbIH (EPMEHTUHH HAIBX
eHJep Oaifraa Hp IaalIM] SHD TaIbIH CyJajiraar
YPIOJDKIIYYJIOH, XYHC, XO/1e0 aX axyd OolloH
Oailiragb OpPYHBI HOXOH COPIIBITIHJ  ANIUIIaX
OOJIOMKTOH Hb Xaparjnax OaiiHa.

Tanapxan

Tyc cypanraar xuiixsa caHXyyXyyJscaH “TeBuiir
caxucaH OOJOH Oycan Xerkwxk Oyl OpHYYAbIH
MIUHKIIIX yXaaH TexHonoruifH 1eB (NAM S&T)”
o6onmon BHOVY-uitn [lpnuruitn ux cypryynuin
xapbsia Auapsia Hapenapa J[PB KommexuitH
MukpoOBIH TEXHOJIOTUIH J1abopaTopu, bruonoruiin

XYPA3JI3HTHIH MuxpoObIH HUNIDKINNH
nabopaTopuiiH  cyajaaumaj  TyH  Tajapxal
WIDPXUIIIBE.
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