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Activity and diversity of culturable Streptomyces isolated from marine sediments

of sea areas of Dalian

YU Jicheng,LIU Qiu” ,SHAO Yang, LIU Changjian, YAN Jianfang, QI Xiaohui
Dalian Nationalities University , College of Life Science, Dalian 116600, China

Abstract: Actinomycetesare an important source of microorganisms used in medicine. Tens of thousands of biologically
active substances of microbial origin have been found, about 45% of which are produced by actinomycetes. The marine
environment has high salinity, high pressure, low temperature, low nutritive content and other characteristics, so that the
population characteristics and metabolic pathways of marine actinomycetes are different from those of terrestrial
actinomycetes, and can be a source of novel species and metabolites. In total, 165 antimicrobial isolates were screened
from13 marine sediment samples collected in the seas around Dalian using nine different media. The results showed that
improved humic acid vitamin agar medium (HV-2) and glycerol arginine agar medium (M2) were the best types of medium
for isolating marine actinomycetes, followed by improved LSE-SE-2 agar medium ( LSE-SE-2) and oat agar medium (OM).
Using agar block methods, the antagonistic activity of the 165 strains against three pathogens ( Fusariumoxysporium f sp.
cucumarinum , Staphylococcus aureus and Escherichia coli) was analyzed in vitro. Among the 165 isolates, 95 strains showed
antagonistic activity against these three test pathogens. Of the 165 isolates, 85 (51.5% ) strains showed activity against S.
aureus. The diameter of the inhibition zone of four of the 85 strains was more than 30 mm; 27 strains (16.4% of the total
isolates ) showed activity against E. coli, and the diameter of the inhibition zone of strains YH6 and YH21 against E. coli was
more than 27mm. Six strains ( M95, M108, HV14, HL9, HE16, HE66), 3.6% of the total isolates, showed activity
against F. oxysporumf sp. cucumarinum. The results indicated that marine actinomycetes often show antagonistic activity

against bacteria, especially Gram-positive bacteria. Meanwhile, 16S rDNA sequences of interesting strains with either special
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phenotypes or strong antimicrobial activity were analyzed.Phylogenetic analysis using 16S rDNA sequencing revealed that
marine Streptomyces showed abundant species diversity and broad activity. Apart from the hygroscopicus group,95 marine
Streptomyces showed antagonistic activity covering all groups of Streptomyces. The 95 marine Streptomyces belong to different
groups such as the roseosporusgroup, golden group, albosporus group, cinereus group, yellow group, blue group,
lavendulae group, black group, griseorubroviolaceus group, griseofuscus group and green group. According to the SciFinder
substances library, the biological activity of recorded species from the NCBI library, which had sequences approximately
homologous to the 95 marine Streptomyces isolates, was analyzed. The 95 marine Streptomyces showed bioactivity, but 23
strains among the recorded species failed to exhibit activity against the pathogens. Meanwhile, 13 isolates from the 95
marine Streptomyces exhibited bioactivity, whereas the 13 corresponding recorded species failed to exhibit activity. This
suggested that different habitats give the same species different activities. The same species isolated from marine sediments
and soil showed different activities. Streptomyces species from marine sediments often showed antagonistic activity against
Gram-positive bacteria, and had low antagonistic activity against fungi and Gram-negative bacteria. Through the analysis of
the antagonistic activity of marine Streptomyces ,the results will help researchers to improve our understanding of microbial

diversity ,and the isolates obtained will also help us to search for metabolites with novel activity.

Key Words: marine Streptomyces; species diversity; activity
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TEBERE I, DRI PRI T TP 0 R, ARk
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WEFERT R, o3 S LIAB R D LA | o == [ B A B
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S A K FF B ( Escherichia coli) , 45 85 {075 %
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oxysporum F. sp. cucumarinum ) VE I8/~ . Fif 45
IR PR B T ORI RO e A= A Bl 2 2 B TR 2 T ot
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Table 1 Isolation medium for marine actinomyces

BEFR A FR Medium name

377540 73 Medium components

w1 SR

Gause No.l medium (GM)
LRk E=N ="

Glycerol arginine medium (M2)
MI13 B33

M13 medium

e TR HE R A

Oat agar medium (OM)

AR PERERY 20 ¢, KNO,4 1 g, MgSO, + 7H,0 0.5 g, FeS0,0.01 g, Bl 20 g, KIRIFK
FERZE 1000 mL,pH 7.2

Hi 5 mL, K82 0.5 g, K,HPO, 1 g, MgS0,0.5 g, Biifi§ 18 g, RAWKEAE
1000 mL,pH 7.2

FEERR S 4 o, ATIRTETER 15 g, K,HPO,1 g,MgS0,0.5 g, 5itlg 18 g, KIRIE K E
#5 % 1000 mL,pH 7.2

HEFH 20 o, B ERIATR 1 mL, B 18 ¢, KERIGF/KEZRZE 1000 mL, pH7.2

TR R A ARRIE I 5,

Glucose aspartic acid medium ( GAM)
JEFHRRAE A B R Ak

Humic acid vitamin medium (HV-1)
BRI R A A R IR

Improved humic acid vitamin medium (HV-2)
K LSE-SE- 1 575

Improved LSE-SE medium-1 ( LSE-SE-1)
K LSE-SE-2 R4

HiAHE 10 g, KRR 0.5 g,K,HPO, 0.5 g, Biflg 15 g, KARMEKE A E 1000 mL,
pH 7.2

JEFEZ 1.0 g, CaCO4 0.02 g, Na, HPO,0.5 g, MgSO, - 7H,0 0.5 g,KCl 1.7 g,
FeSO , - 7H,0 0.01 g, VB BHE 1 mL, RERME/KEZZE 1000 mL,pH 7.2

WF 758 2 o, JEAEIR 1 g, CaCO, 0.02 g,Na, HP0O,0.5 g, MgSO, - 7H,0 0.5 g,KCI 1.7
g,FeSO , + TH,0 0.01 g, VB B 1 mL, KIRIGEKE A ZE 1000 mL,pH 7.2

IR 58 2 g, CaCO,4 0.02 g,Na,HPO,0.5 g, MgS0, - 7H,0 0.5 g,KCl 1.7 g,FeSO , +
7H,0 0.01 g, VB B 1 mL, KIRIF/KEZZE 1000 mL,pH 7.2

WR Y5 2 ¢, BHERY 0.2 g, CaCO4 0.02 g, Na, HPO,0.5 g, MgSO, - 7H,0 0.5 g, KCl

Improved LSE-SE medium-2 ( LSE-SE-2)

1.7 g,FeSO , » 7H,0 0.01 g, VB B 1 mL, KERHFKEZRZE 1000 mlL, pH 7.2

Vo B R R Bl R R 4EEE Be LB 2R SRR 0.1 ¢, EWEK 0.05 g, KEF/RKEARZE 100 mL; MEmEhIE : FeSO, -

7H,0 MnCl, « 4H,0. ZnS0,45 0.1 g, B T/KEAEZE 100 mL
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J&E IR Blast ZA4EAT MEGA B A4-H4) FE 76 M 0 ik
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W alifh, e s AR i A 5L (M2)
A TR R M 0 R e S 7 8 I AR R 4 S
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Fig.1 The separation effect for marine actinomyces on

different medium
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AT B AU ISV, R AU 16.4%, FHorh
TR B AR 27 mm B TR K 4 5 4 51 A YH6E AT
YH21, X% 22 f 4if 7] # A 1% M 8 E R 53500 S M9s |
M108 . HV14 HL9 HE16  HE66, 1 /i i 4 B %1 1
3.6%, 2 AT DL VTR T T 22 M R Bt 4 B
ORI AGER TR0 35 1, HL = 06 M P AR L 2 R B 4 v
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Fig.2 Antagonism comparison of marine actinomyces against

F. oxysporium f sp. cucumarinum, S.aureus and E. coli
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NEEYER) 2 Bk (HE1T HE71)
100— M10
Streptomyces violascens ISP 5183T(AY999737)
M76
Streptomyces arenae NBRC 13016T(AB249977)
Streptomyces rochei NBRC 12908T(AB184237)
Streptomyces hyderabadensis OU-40T(FM998652)
Streptomyces pactum NBRC 13433T(AB184398)
YH21
HW45
Streptomyces griseorubens NBRC 12780T(AB184139)
3 SC12
88 Streptomyces fradiae NBRC 3439T(AB184776)
M77
991 Streptomyces radiopugnans R97T(DQ912930)
95 YH68
E Streptomyces rimosus subsp. rimosus JCM 4667T(AB045883)
85 HV3
16 Nocardiopsis terrae YIM 90022T(DQ387958)
40 100 YH37
] 100 Nocardiopsis flavescens SA6T(GU997639)
96 HV14
98 Nocardiopsis dassonvillei subsp. albirubida DSM 40465T(X97882)
Streptomyces xantholiticus NBRC 13354T(AB184349)
36 64 Streptomyces griseoplanus AS 4.1868T(AY999894)
79 93 Streptomyces rubiginosohelvolus NBRC 12912T(AB184240)
YH6
91 Streptomyces bacillaris NBRC 13487T(AB184439)
45 M3
85 PH33
HE71
HW87
HR10
B3 ERABHENEFMEEMESHEESN
Fig.3 Species diversity analysis of antagonistic marine actinomyces against E. coli
Pl rhep B+ J07 00 MO YH2L 25 0 7 8 F) TR O T B ok At
x2 HEERREBUERGEIRESHMEELE
Table 2 Homology analysis and activity comparison for isolates and similar strains
43 BS HBR I 0 B -
W PR A PR Antagonism activity of isolates I L DA Similarity e e 9 A P A
Strain name Homologous species Bioactivity of homologous species
Es® St Fu rate
HA1 — 30 — S.malachitofuscus 99.156 ) 4 8 0 7 2 TR A
HA2 - 39 - S. diastaticus 100.000  FEHLVEA R, BEH ) 2 FAT 1
HAS — 37 — S.matensis 98.875 FEAPUHE 2 [ PR T Y S35 % K (Matamycin)
HA9® — — — S. corchorusii 100.00 MR 22 [P
HA14 — — — S. mexicanus 99.697 A LA E
HA15 — — — S.tricolor 99.789 LR E
HB2 — — — S. coerulescens 99.472 I/ NERBE
HB3* - 10 - S.sampsonii 99.699 R ULIEMERIE
HB12® — — — S.violaceoruber 100.00 AU 2 LG PH I BA
HB13* - 11 - S.sannanensis 99.328 LG PR E
1 l,jﬁi‘ ”‘A}‘#\ “H L R A%\' Jﬁ
HB14® - - - S.toxytricini 99.925 %Jﬁ: EE@T%?IJ KU T RIAFFA, R R
UKL R
HB21® - - — S. flavotricini 100.00  BERZUAM G A 22 [ PR TR | ISPk B e o A R 22 WK B
HC5 — — — S. ciscaucasicus 100.000 A AR
HC7® — — — S.atrovirens 98.140 A B 22 R RH AT
HCo* — 22 — S. coerulescens 99.925 ] /NBR
HC10 — — — S.violaceochromogenes 100.00 0] 22 B B R AR AT R
HCI2 — 20 — S.flavotricini 98.883  SRZUI 2% [C PR B | B IR DA A 220k B
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A B R BRI T %
LS Antagonism activity of isolates (F LA L Similarity ] D5 19 A A T A4
Strain name Homologous species Bioactivity of homologous species
Es® St Fu rate

HC13® — — — S. collinus 99.925 7 A A B 2 PG B P TR Y 7 55 8 2R ( Collinomycin )
LR, PR A A E ( Chloramphenicol ) | # 2 HE

HR10 13 24 — S.venezuelae 100.000  ( Rinamycin) 2<% MR % F ( Derinamycin) X R 75 5 5
( Dihydropicromycin) FEDRAHE ( Lemacidin)

HR13® — — S.violaceoruber 100.000 Ao 2 PG P T BA A

HS1 — — S.violaceorubidus 99.851 A LA E

HS5 — 16 S.pilosus 100.00  HATHPUEA

YH2 — 18 S. cyaneofuscatus 99.225 N 2= G PR

1| 2% PE PEYN B Jed B R ek IRA T

YH6 - 17 . griseoplanus 99.857 I 22 TG BHE \ B 0 T R PR AR R M B AR
SF-1739

YH17 — 17 — S.lateritius 98.967 S EE 2 [C AP AN TR

YH21# 27 32 — S. hyderabadensis 99.033 KR ILIEPERIA

YH23 17 29 — S. afghaniensis 99.364 AR I EE 2 [ PR B Y 28 R B R ( Taitomycin )

YH37* 12 21 — N. flavescens 100.00 A DLIE MR IE

S. phaeogriseichroma-

YH66" — 11 — 97.994 AR ULIEMEARE

togenes

YH58 — 14 — S. resistomycificus 99.152 ?;iljzriucf)é TG 200 08 3 BCRT T 09 41 5 R
JUREE M, 7 A 8 &R (Oxytetracycline ) | 24 38 B &

YH68 17 11 — S.rimosus 99.820 (Rimocidin ) , B & % F ( Paramomycin ) , 1 1 & &
(Neytramycin) BiE % K-16

YH73 10 — — S. griseoaurantiacus 99.489 AR 22 [ H M VAT | A3 AT R A O ) R e

YHS80 — 12 S.coerulescens 99.864 H ek e

YHO1 — 9 — S.diastaticus 99.142  FHEBUMEA BRI ZEAAT B

M53 — 10 — S.finlayi 99.855 X /\ S ER A AR LR B A AL

m8* 11 13 — S.bacillaris 98.947 R DL A

M10 11 16 — S.violascens 99.146 X4 W AMAERTE  RMHFT B o0 s BASERE A1 1
R (Ao i 8 22 EC BE M T BR T

71 - 9 - S ramulosus 99,680 ;%Ezé;ﬁéewmyun) A 2 TP B L B

M76 10 23 — S.arenae 97.863 I ZEAZAT IR

M77* 17 11 — S.radiopugnans 98.892 LG PR IE

M95* — 8 8 S. specialis 99.155  SRILIEMEARE

M105 — 12 — S.vinaceusdrappus 99.272 7R F5EE (Amicetin) | HIHIEE 22 [CPHPE R BT B

M107 — 7 — S. griseosporeus 99.174 FEAE RN R I 24 [ PR

M108 — 16 8 S. laurentii 98.856 ;%Wﬁ%? (Thiostrepton ) , Vil 422 [T HH L 7, 5B

M109 16 7 ~ S.luteogriseus 99.928 Ziggi@lﬁfg j,? FF?Q IS (Peliomycin) , 474t
2 ) A T igi 1| ¥ 22 [ PH

MH28 — — — N. dassonvillei 97.445 UG E

GH1 — 13 — S. turgidiscabies 99.331  SlEMYHRE

GH27* — 10 — S.haliclonae 99.398 SR ILIGPEHGE

GH31 — 16 — S. capillispiralis 97.366  AEKIIAE C-4

GH68 — 8 — S. bellus 99.378  FEAEPUIE 2 [CPHMETA 1) 3% % % (Matamycin )

GH69 — — — S. asterosporus 98.796 A ULIGPEHRIE
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T, 3 B TR AR G 00 o 9 I Mz % ‘ )
LS Antagonism activity of isolates (F LA L Similarity () 5L 1 A A 4
Strain name N Homologous species Bioactivity of homologous species
Es St Fu rate
- - . WHUER &2, 7 A B R K (Borrelidin) (FT4E R T-
GHT1 17 S.rochei 99.481 2636 . E % ( Bundin) | %K 578 % ( Lankacidin)
GHT72 — 9 — S.scabiei 98.575  SlEMEYIKE
. ) P 22 SRR BAVEANTA , P AE R R
. o o o " N N 9
GH74 8.lincolnensis 97837 ( Lincomycin) BB 75 44%5 & ( Rancinamycins )
PH6* 11 25 — S.radiopugnans 98.822 A UL G MERE
PH26* 16 — — N. dassonvillei 97.516 oK LIS P E
> o L S P 211 T R S8 (ATl 48 B
PH33 22 28 — S.parvus 97.486 Zﬁih‘ﬁrgflﬁ PEZTR AR 0 AT
ctinomycin
O] = O PH P | B T D TR RN R AR MR
B B ) . JiE#5 % (Spiramycin ) | Wl 52 % #E H % ( Congocidin ) | %5 4
PH34 16 S.ambofaciens 97.937 B2 (Netropsin) [ % 2 ( Duazomyein ) {2 5 M
(DON)
RH26 — 26 — S.anulatus 99.711 W == [RFHYE A Al s A I B
HV3* 11 13 — N. terrae 98.552 R LG PR
HV14" 11 10 9 N. dassonvillei 98.657 ARG MARE
HW3* — 12 — S. neopeptinius 99.182 R LG PR
b sz e g Gk 2 e o r =
e B ) et 00 634 fﬂgﬁ%iﬁ SRR 5 25 9 P 40 8 1 61
L Xof 22 [ BH P A ARV T, 6 T 22 A4 P 77 A 4 o e
HW8 — 17 — S.tauricus 98.804 8 T 2 Tavromycetin)
HW9 — 10 — S.violaceolatus 100.00 X4 HEE RS E A
A I 2 G BH M | BA P 4B A S B R R B T R
HW16 — 13 — S. cuspidosporus 98.254 (Sparsomycin ) 1 oo BT O OR A E R
( Tubercidin)
HW17 — 13 — S. cinereorectus 99.927 OV A 22 G B AR 1 4
HW27 — 10 — S.fimicarius 98.341 HAR b
HW45* 13 11 — S. heliomycini 99.703 SR WAGMEARE
HW47* — 10 — N. dassonvillei 99.641  RILIEPEARE
R T2 A A A 22 G BH 40 R A (R B R ( Chrothiomycin ) Fl
HW66 — 16 — S.pluricolorescens 98.287 BRI 00 2 (325 2% ( Pluramycin)
HW72 — 11 — S. rubiginosohelvolus 99.139 Ul 2% [ BH M 200 P R UKL 5 B2
L. 7= A TERZ (Tetracycline ) #1438 2 ( Chlorotetracycline) ,
HVES - 8 T Sl 9298 [ WIPEAIT SRR R 1
e ALY . . S M 4
HW85 - 13 ~ S.regensis 100.00 ﬂr;;‘m/)% B (Actinomycin) , 1613 2 [X i 4 41l 1
B
HW87* 17 17 — S.marinus 99.104  SRILIGMEARIE
Iz PUWE W M, 77 A BT % F (Neomycin ) | Jf [T I %
HL9 — 11 12 S.fradiae 97.474  (Fradicin) \Z& SR 1 ZE ( Tylosin) KR N B 202k & B-
61269A \B-587 FIZH: 11 % ( Aminosidine )
HEY* 8 — N. aegyptia 98.028 SR ML MEHE
o o ‘ TR TR | T B A ) A {6 5L 3R (Fungichromin ) Al
HE11 13 13 S. cellulosae 98.867 il 85 {051 3 ( Fungichromatin ) FHZE R % ( Actinomycin)
HE16 9 16 9 S. atrovirens 98.821 P >4 TG P A
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http ; //www.ecologica.cn



20 TR A KSR P AT % 350 P B R T e M 2 R 5903
. I B TRBR (KR TR - LR % .
LS Antagonism activity of isolates (F LA L Similarity ] D5 19 A A T A4
Strain name Homologous species Bioactivity of homologous species
Es® St Fu rate
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P20 S S A B R TR AR B 68.8% 1Y, Zhang SN
VRETETURY) h 24 BETE B2 K A 8 AR KAR L 1
LRTTEMERS & B, Horh 17 Rk A Pran s s
FEARSEG T BT FE B0 PR 0 B AR LA 95 BE, 5 R
SYTREN 57.6% , Hr A A 2 0G PH P 4 TR Y L 5]
e b MY HU Y 51.5% , ook ks 24 [G v 4n
B, A T HL Y 16.4% , X ELE A ) L ) AR
/N, HA 3.6%, HIGPEWARMG, ARFFRERS Pisano
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HEI18
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HW9

HA2

Streptomyces diastaticus subsp. ardesiacus NRRL B-1773T(DQ026631)
Streptomyces hyderabadensis OU-40T(FM998652)
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L Streptomyces fradiac NBRC 3439T(AB184776)
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Streptomyces radiopugnans R97T(DQ912930)

YH57

Streptomyces rimosus subsp. rimosus JCM 4667T(AB045883)
HW3

L Streptomyces neopeptinius KNF 2047T(EU258679)
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Streptomyces xantholiticus NBRC 13354T(AB184349)

SC2

Streptomyces bacillaris NBRC 13487T(AB184439)
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HES55

Streptomyces cinereorectus NBRC 15395T(AB184646)

Streptomyces griseoplanus AS 4.1868T(AY999894)

YH6
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HW72

Streptomyces rubiginosohelvolus NBRC 12912T(AB184240)
— HE68

L Streptomyces carpaticus NBRC 15390T(AB184641)
Nocardiopsis terrae YIM 90022T(DQ387958)
— YH37

L Nocardiopsis flavescens SA6T(GU997639)
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HE9

Nocardiopsis aegyptia DSM 44442T(AJ539401)
HC9

HB3
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Fig.4 Species diversity analysis of antagonistic marine actinomyces against S.aureus
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Table 3 Activity comparison of actinomyces from soil and marine against pathogens

kA FR R G PE Antagonism activity/mm SR
Strain name Strain number TR R S K AT SRR Sources
H R EBERE T S. coerulescens YHS0 — — 12 WP
1Q137 — 11 — =
Lot - o - LEEE
BRI S fimicarius HW27 — — 10 e
M5 - - - NGRS
BEEFEH S.pilosus HS5 — — 16 jis3Es
V6 — 13 — K H -
LENABER T S.violaceolatus HW9 — — 10 st
K1 — 12 — KH -3
HRI13 - _ -~ e
LQ69 - 9 - TR
R11 — — 16 KH 4
VER B BETE T S. diastaticus HA2 — — 39 HEVE
LQ37 13 14 12 T
i 30 16 15 13 o FH - 45
FRBERE T S. rimosus YH68 - 17 11 R
5 F-9 26 18 - S P - 4
A T E I S. lusitanus HWS85 - — 13 W e
LQ123 — 11 — R+
TRELSE4EFE T S.violaceorubidus HS1 — — _ HEPE
M3 11 10 — K H 4
I ICHEE 1 S, fradiae sc12 — 14 24 e
HL9 13 — 11 T
H86 12 — 8 K H -3

FRBE D 3 WCE S S, W B B A — R B RN

95 73 T R B A TR A i R ] DR 0
PR LISV A 23 B, X — SR UL TR TE
i LRI Y R e N g DR TR Ry d 7/ i i A
VRN RGE BA A B T, 0 23 B R R R AGE TN £ AR
TPERTRARAT 13 Bk [RIAS A T (URh i 8 B AT 10
A 22 P T 6 P A R 7 14 8 T R U R A
ARG, SEILBR I, n] R i TR W A A TR
AOPRIRE SR T A [l AR A () A 36 A ™
Y1, A KRR IR R T - R A T TG R LR Ah
R pE— PR R R — M e, T A
A, G PR A7 AR R 22 5% . Rl 9 /> Fh + A g
TEBERERIAY 24 PRI 0995 P H B FRUCIE T T 1 B
B bR 2 R DT 22 PR R 1
3.2 IETREITE AR R G E WAL

R A 0 R S B 2 el b A0 S A AR A
PRGN KRR 14 73 208 28 R OB R 22 4 19 S B 22 06, oK i
REWAS R 12 DRE S RBFGE L (1 95 R MR

IR TR TR 5 R I K S T A0 1Y) T A e R R 25 A, L
LRI IEPOME, 7 27 BRI AR A 0 15 M R R
23 kIR R BB A 22 [ BHPE T, 6 MRPTR ik )
AT P ) TR R A, ) s 0 A 2% G BH MR TR 4R 4508 T 3
T 8 > FC PR B 178 905 P 98 P T R T A 2 B
IR PR TR R B A T R A W v e
25 U B U B R TR AR AT B ) P 0 A
PP B R

95 H3 B DA Rk Hh B A A B P 1 R [ 9 R
P L6 PERTE Y 23 R 73 25 BB, X B AR A bR 340
YA RS VAL W 0 20 () TR e TR Rk, TR, B
3 B TRRR I A 0 0 55 30 R ) D i 1 ) A A T
A, FAR BT HOOG P A — 2 0 22 57 a0 AR 4k 0
TETRMR 1 26 2% & R 43 M, i &l 3 Ak 3 h M10 5
S.violascens 7E %x & F fe T (7] & M 99. 146%) ,
S.violascens 1 SCHR B¢ 2 W H X R #F B AT+ 431k
55 H AR E M TEPE) A RERE M10 59X 22 [ BH
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