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K3 (Zostera marina) BE 5 H L ZR 2 B T 28 iR RS WITE L (122°33'E. 37°20'N) , ¥ R 4 2 i k¢
ai PEAT 2 TR I J5 B JC TR B AR TR O AR Ve JROR PN (4 °C) 3 m] S 58 4 1 T 0 Bl
L1.2 BHRA

SBRFRHE R 2216ENY  HVIY  SCAM, M2M*  ISP2 ), R2ZAM R RO -E R R 3£0Y . il 40
TR TR 9 A A, AR 6 5 7 5 9 i TR e AT AR 3R O T R ) 28 6 20 100 mug/mLL, 5% I0E PR ) 28 e i
920 mg/mL), JH 0.22 pm AYUERE 1 IE A .

M1 [ A K Y M 85 37 26000 1 F 7 0 B8 19 2k L 8% 3% 5 PR . Mueller-Hinton B 3% (Mueller-Hinton
Broth, MHB) 1 Mueller-Hinton ¥ J§ (Mueller-Hinton Agar, MHA) ¥ T3 5 16 A ¥ R A R A w L, A
T8 7R T B9 5 7 5 B I M O
1.1.3 #TH

AR K B8 R B A . RIB R A R (Escherichia coli , RiFR Ec) 4 B {44 %5 BK B (Sta phylococcus
aureus » T FR Sa) Ml B ZFEMUATF B (Bacillus subtilis » T2 FK Bs) 41 2% 5 B4 Ml B ( Pseudomonas aeruginosa a1 R
Pa) Ml H R 228 £ (Candida albicans , i #% Ca), 5 Fpdysle { o [# B} 5 B A W 0 58 Bt 19 v [ 355 ek 9 il
PR B O BIE MRS (Vibrio parahemolyticus T8 # Vp) XK BT R ILAE Y B B BR 2 A 5 68
I (Vibrio anguillarum R Va) i P E R 7 B FE0T 58 BT 10 48 & 82 I 5T D3 4240t
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W SR AR B (0 R I BEAE S TR TR G v Ay sk A R SR IR 1 A A At 2% 6 50 T
e TN SR AR B () A SRR R AT R Y e R R TR A POk R s R S G M K ek 3~5 WK R
Joi A R T K A T L, R RS A VR R ARER 5 %0 B 5 min, A K IE R 3 K H S
(Vg * Vieo=3* DIZ 3 min""™ , T F JC R /KB VE 3 WK, 18 JC 7 U8 4RI T R I A o 28 10 19 /K 405 B )
U 5 — S BE JC IR K 100 pL 346 T 2216E 557 4 1,28 CHEERE R 14~21 d W R L w iK%
AH R I g v R ) 2 1T T EE A IR

JFH JC B Y B8 1 R TR AR S TR 2 mm X 2 mm (/N B 7R R T 4 B AR R AT 3 T4 s iR
B, BSE B RM A E T 55 CARIBH M 6 min, B 0.5 mL &) A& A 4.5 mL JCH K 19k
B RGIRA) ARG I TR E R R AR A 15 1 .000,1 = 10 000 A1 1 = 100 000 A4 43 B HL 100
pL WS SR AT T 7 AR 3 B 3G 92 ik b, Pl ok B AR B Fh 5 R 2 A 3 AP AT s IR A LT 28 CHE R
F MR IR 7~30 d.

FH 422 Fh S8 Bk BOE 25 A5 [R] 14 B 75 T AT 22 YR A R 26 4l Ak, [] e 2E 47 B V8 2500 AR 28 A i skt 8 i Ak 5 19
RIS M1 [E R BE F FERHE b, BT 4 °C pKA R 980, [R] s 0T & 4340 15 20 9 T ah iE 47 TR F AR 50, T
—80 CUkKi.
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SR AR 01020 3 3k WG B AR I3 4 BT 1) T 7= ) KL W kb 7 R4S s B A K A 0 o R T 6 B R T
FHAZFh P10 158 DU B8 R 42 80 T 50 mL M1 WA R IR B 78 150 r/min, 28 CHREIRAMF TR 7~10 d, &
FEE R G FERTER P INA S =M R O TRA I 3 WK, KA MU A I I, 76 5 7% 28 2 APk R 28+,
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DMSO ¥ fift HLEE ) - Bl 25 mg/mL BI% I, B F 4 °C vk O~ A7 T PR G R,
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Table 1 Isolation result of endophytic actinomycetes associated with Zostera marina on seven kinds of media

HiF ot BE TR/ T hE s i R/ T
(X10% cfu=g™ b (X110 cfuesg™ )
2216E 1.13 5 SCA 1.23 6
HV 1.13 6 R2A 1.12 4
ISP2 1.34 7 RO 2.39 14
M2 1.03 4

TE < 28 1 A e K s

22 HEEMFEER

AR SR ACH B BT 7 MR AR R R 501
62 ke K I 8 PR A 2 T A 7 T O M A O -
P 1AL O, A I g PR A i X R O T 40r
TR R R SRR R 2 A
1w o 48 BRI B 0% 1 Fhas R w0
AR 5 R B9 77.42% 47 36 BRk iR
LR RIS X 2 Bl K 2 Bl LA L RS R T A 0 1R
J s o5 BRI B AR Y 58.06 % 5 A 16 B il 48 1 [\ i
X3 A K 3 AL LR R B AR
PRIY 25.80 % ; DYZ047 [ B %F 6 A 5 7% 1 A5 410 'Zﬂ. ‘ .%%.%%. . .
FIVER Hh DYZ047 ¥ KBBR A KE E. coli . Ec  Sa Bs Pa_ Ca Vp  Va
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S IR ] S T N A B 4 R o 1 Fig.1 Number of endophytic actinomycetes
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Fig.2 Antimicrobial activities of the isolated strain DYZ047

R I 98 PN A TSR TR G R 24 G BH M 7 TR T TR SR B SR T 2 IR TR R R T . R 4 R A R A
S. aureus A5 IHINE AL A 45 Bk, o5 R TR B ARG 72.58 %05 12 Bk TR A4 3 351 4 FH 45 o, 10 1) Bl LA A
12.0 mm LA L, Hi DYZ019 305 BB B A5 i KA E] 15.8 mm, XA B 2EM0AT B B. subtilis A3 %14 /Y
TR TR A 28 B o o5 R T VB 45,16 Y05 3 K B B4 VR AR 3 L S0 B B AR R T 12.0 mm, Hih DYZ047
0 AE ) fes 40 B A B 20.7 mm.,

R I 38 PN A SR TR R 22 EG B M A8 R TR RN L B Y BT AT T TR R AR A D X R 2 88 B Clalbicans
HAMHIVEH LA 3 bk, R B 4.84% , SRR AIRE E. coli AMHEHMNMLEREEA 6
PR, R T BB 9.68% ., XTI IR BN S P. aeruginosa A AMEIME B0 9 Bk o5 LR R B R
14.52% ., XT8N V. anguillarum HIHIVEF LR A 7 8, &R R BE00 11.29% . Hd . H 3 BRiF
(DYZ013,DYZ047 1 DYZ049) i) #0 il /F H e o , 0 Pl AR E 12.0 mm DAL, DYZ047 #0075 H 5ok, 30 B
Bl ik 50 20.1 mm, XF &I ML IR V. parahemolyticus 4 G VE FH MR B A 17 R, i 2k 1 A 20
27.42% s Horh VB 3 R (DYZ037,DYZ046 Fl DYZ047) B4 1 78 I %5 98, 30 ) Bl 542 4F 12.0 mm DA |,
DYZ047 (4 R B4 18.0 mm,DYZ037 (44 5 B % &/ 18.6 mm,
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TE A 37 1k v 15 3% Bk 14 8 96 X6 TiC 2 TR 10 O3 B 4 R A AR RS WL i 4R TS S AR T L ROME B9 SR 1 R R
K, RO SFHPHMEITRER A M FHREE AR, BAGEL0rBa Rk . ISP2 Bi 37 3L & A i
i 2 19 W8 J80 73 (32 ZF A o 43 8 B B R 3 9 AR TR TR R BOR R SR B B 0 . ol T S I B R R T I T
SEARAL [ AR IREE A T T R 438 T IR R ) & A A 8 A AR Ak L b TR IR 2, B O 36 i E 1T B R RS
(Viable But Non-Culturable State, VBNC) , % F & #9855 3% Jr ik Tl ok &2 B KOs . i T s 4%
45 A BRI B A 2 A i s v P A e TR T R SIS RN R R T BB IR I N 6% L LS AT DA — 2Pl S SR R SR
S G IR L 2R,

AR T 8 ) 0 T R 2 2 D BH 8 s B L 0 01 A <6 €0 2 BR TR RTRG R 2SR AT T . 40 R R
A IR TR 3K T R A 2 I B P A s T A A T A T . 2R S R T P R s EL LD AR T 4y B F 46
TR A A R TR 1 P 2R £ TG i BB TR VAR A e T 1% 1 7 45 3R 2 3L 4.0 MR BT X0 S 22 T P T 3R B s L 0
A VR o PRI 555 X 43 B B 15 9 30 A P9 AR JICER TR 1E AT B0 TR I P R S L X 4 0 7 4 Bk TR R B i
PVEEPE A 25 BREE ., o AR SRR Y 83,33 D0 XA R 2F 6L AT TR 3 I AL A I PR B 23 bR o AR I R
M) 76.67 26 o AT b 3 P AR TR0 TR0 A 22 TR B M 4 s T A B0 AR A58 . X AT B T 22 IR B
20 T AT A I B B 0 22 24 AN HE SR 3 W A 2 F B P 0 T R TR A R 2 R B A R 1 AR K B A
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BRAE 78 B VR 5 68 22 B BH P 48 28 B8 09 DT T ORI O T B 22 IR SR R B A 45 BRIZR I (L
72.58 V0 %of 4 B (04 4 BRI AT A0 AT AT 28 BRI TR (45,16 00) X Al 55 28 FUAT B A 40 R A . )5 309D LA
A 2 FEAT PR R AL S WY 23 B D T R UL A R A T S £ R B

2 % ik (References) :

[1] ZHANG X J, LIU R J. Broad and narrow definition of endophytes and related advances in the study[J]. Microbiology China, 2014, 41
(3): 560-571. FKRWEME . XNNEHE. |~ 58 SCA Y N A AR s ORI gE e e [T ). S8E 2% 4, 2014, 41(3): 560-571.
[2] MATSUMOTO A, TAKAHASHI Y. Endophytic actinomycetes: promising source of novel bioactive compounds[J]. Journal of Antibiot-
ics, 2017, 70(5): 514-519.
[3] HUANG X H, LI S, TAN Z J, et al. Progress of study on endophytic actinomycetes in plant[ J]. Biotechnology Bulletin, 2008, 1(1):
42-46. BEIRNE, 2R, WURBE. S YN AR E T B R LT, AR YEOR @R, 2008, 1(1) . 42-46.
[4] LI L. Isolation of endophytic actinomycetes from mangrove plants and identification of new novel species of family Micromonosporaceae
[DJ. Haikou: Hainan University, 2013. 2258, LW R4 4 A2 O T 09 53 9 5 /D SR R BB A 45 (D, ¥ 1. 8 R, 2013,
[5] STROBEL G, DAISY B. Bioprospecting for microbial endophytes and their natural products[ J]. Microbiology &. Molecular Biology
Reviews, 2003, 67(4) . 491-502.
[6] LIY. Phlogenetic Relationships in Zosteraceae and population genetics of Zostera marina Linnaeus[ D]. Qingdao: Ocean university of
China, 2011, 2. KSR R G L F 5 RN EE RS E 2R [D]. 5. hEEFE R, 2011
[7] CHEN Z ], KONG F N. Advances in ecological research on Zostera marina 1..[J]. Science and Technology Information, 2013, 336(16) :
206-208. BRIAZE, FLILWE. RM#E (Zostera marina L) AEZSZFHIFEHE L], BHECHIR, 2013, 336(16): 206-208.
[8] STEWART E J. Growing unculturable bacteria[ J]. Journal of Bacteriology, 2012, 194(16); 4151-4160.
[9] LINL, TANY, CHEN F F, et al. Diversity of culturable actinomycetes in sea deposit of tiger beach at Bohai Bay, Dalian, Chinal]].
Acta Microbiologica Sinica, 2011, 51(2): 262-269. MR, AL, BRAEAE, 5. K% i 2 Je i i S DT B Al 3 7R I 4R TR 19 2 REHELT . 1k
Y, 2011, 51(2): 262-269.
[10] CUI D. Diversity of bacteria associated with ascidians from Weihai and screening of strains with bioactivities D]. Harbin: Harbin Institu-
te of Technology, 2014. 3. Jal ¥ ¥ 450 v 85 >k 5L PT 5% 3% A 41 2 M P RIS PR TR O HE L D], MAR I . AR T Tl K%, 2014,

[11] WAHEEDA K, SHYAM K V. Formulation of novel surface sterilization method and culture media for the isolation of endophytic actino-
mycetes from medicinal plants and its antibacterial activity[]J]. Journal of Plant Pathology &. Microbiology, 2017, 8(2): 1-9.

[12] NIMNOI P, PONGSILP N, LUMYONG S. Endophytic actinomycetes isolated from Aquilaria crassna Pierre ex Lec and screening of
plant growth promoters production[]]. World Journal of Microbiology &. Biotechnology, 2010, 26(2): 193-203.

[13] MITRA A, SANTRA S C, MUKHERJEE J. Distribution of actinomycetes. their antagonistic behaviour and the physico-chemical char-
acteristics of the world’s largest tidal mangrove forest[J]. Applied Microbiology &. Biotechnology, 2008, 80(4);: 685-695.

[14] HAMAKI T, SUZUKI M, FUDOU R, et al. Isolation of novel bacteria and actinomycetes using soil-extract agar medium[J]. Journal of
Bioscience and Bioengineering, 2005, 99(5): 485-492.

[15] CHEN L, DU S, QU W Y, et al. Biosynthetic potential of culturable bacteria associated with Apostichopus japonicas[]J]. Journal of
Applied Microbiology, 2019, 127(6): 1686-1697.

[16] SUBRAMANI R, AALBERSBERG W. Culturable rare Actinomycetes: diversity, isolation and marine natural product discovery[ J].
Applied Microbiology and Biotechnology, 2013, 97(21): 9291-9321.



108

FAE S S ) R 1 39 ¥

[17]

[18]

[19]

[20]

[21]

[22]
[23]

[24]

[25]

[26]

[27]

[28]

COOMBS ] T, FRANCO C M M. Isolation and identification of actinobacteria from surface-sterilized wheat roots[J]. Applied & Envi-
ronmental Microbiology, 2003, 69(9): 5603-5608.

CHEN H H, YANG Y. JIANG Y, et al. Isolation of endophytic actinomycetes[ ] ]. Microbiology China, 2006(4) ; 185-188. FR#E4T,
B, Eh, LMY N B IR ] MR EE R, 2006(4) : 185-188.

ONER O, EKIZ G, HAMES E, et al. Cultivable sponge-associated actinobacteria from coastal area of eastern Mediterranean Seal J].
Advances in Microbiology, 2014, 4(6): 306-316.

Clinical and Laboratory Standards Institute. Performance standards for antimicrobial susceptibility testing; twenty-fifth informational
supplement: M100-S25[ S]. Pennsylvania: Wayne, 2015.

QIN S, XING K, JIANG J H, et al. Biodiversity, bioactive natural products and biotechnological potential of plant-associated endophytic
actinobacteria[ J]. Applied Microbiology &. Biotechnology, 2011, 89(3);: 457-473.

GOODFELLOW M, WILLIAMS S. Ecology of actinomycetes[]J]. Annual Review of Microbiology, 1983, 37 189-216.

JU F. ZHANG T. 16S rRNA gene high-throughput sequencing data mining of bacterial diversity and interactions[ J]. Applied Microbiol-
ogy and Biotechnology, 2015, 99(10): 4119-4129.

LIJ, DAISJ, TUO L, et al. Diversity and antimicrobial activity of endophytic actinobacteria isolated from eumangroves collected in
Dongzhaigang of Hainan Province[ J]. Microbiology China, 2016, 43(8): 1753-1765. Z5#, W 4H, R, 5. W R 4 FE s ELLAL WA 1)
P92 2 T 2 R BB TR IS PR ], SR P2 AR 2016, 43(8) 2 1753-1765.

LIN CC, HED M, LIJ H, et al. Screening and identify of active endophytic actinomycetes in Ligusticum chuanziong[J]. Jiangsu Agri-
cultural Sciences, 2017, 45(3): 76-79. MRUAF, [ tg, Z4hml, 45 1125 o Az 0 VR T P 1 9 38 e S5 s [T ). VLR Mk Bl 2%, 2017,
45(3): 76-79.

NIKAIDO H, PAGES ] M. Broad-specificity efflux pumps and their role in multidrug resistance of Gram-negative bacteria[ J]. FEMS
Microbiology Reviews, 2012, 36(2) . 340-363.

ALIBERT S, DIARRA J N, HERNANDEZ J, et al. Multidrug efflux pumps and their role in antibiotic and antiseptic resistance: a
pharmacodynamic perspective[J]. Expert Opinion on Drug Metabolism &. Toxicology, 2016, 13(3): 301-309.

BANSAL A, MALLIK D. KAR D. et al. Identification of a multidrug efflux pump in Mycobacterium smegmatis[J]. FEMS Microbiolo-
gy Letters, 2016, 363(13): 1-5.



13 PR 7R A RSl DA A I TR R 20 5 R TR A O 109

Isolation and Antimicrobial Activity Screening of Endophytic
Actinomycetes Associated With Zostera marina

CHEN Lei, SHEN Lin-xi, MA Cui-hong, WANG Guang-yu
(Department of Bioengineering , School of Marine Science and Technology, Harbin Institute of
Technology s Weihai s Weihai 264209, China)

Abstract: Zostera marina is a submerged monocotyledonous plant, and it is one of the main seagrasses
that constitutes the seagrass bed. It's a good way to study the endophytic actinomycetes associated with
Zostera marina for the discovery of marine microbial resource and novel bioactive natural products. Cul-
ture-dependent method was used to isolate endophytic actinomycetes associated with Zostera marina from
the Swan Lake of Rongcheng, Weihai, Shandong Province. Seven types of media including 2216E were
used for actinomycete isolation. Antimicrobial activity of the crude extracts of all isolated strains was
determined using filter paper method against seven indicator bacterial strains including Staphylococcus
aureus ,Candida albicans and Vibrio parahaemolyticusthe, etc. A total of 62 endophytic actinomycetes
was isolated from Zostera marina , and the endophytic actinomycetes isolated on the RO medium were rich
of strains and abundant. Of the 62 strains, 48 strains (77.42% of strains) showed antimicrobial activities
against at least one of seven indicator strains. There were 36 strains (58.06% of strains) against two or
more kinds of indicator bacteria. Isolated strains exhibited higher antimicrobial activity against Gram-posi-
tive bacteria (Staphylococcus aureus and Bacillus subtilis) than against Gram-negative bacteria. Our
results suggest that endophytic actinomycetes associated with Zostera marina have good diversity and anti-
microbial activity, which may be a new source for the discovery of marine antibiotics.

Key words: antimicrobial activity; endophytic actinomycetes; Zostera marina
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