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Abstract: Marine actinomycetes possess great capacity in producing special metabolites due to their special environ-
ment and unique properties in physiological characters and genetic background. In this study, sponge was used as isola-
tion material to explore the resources of symbiotic actinomycetes with antibacterial activity. Firstly, an active actino-

WisHEE  2022-07-01; {EEHH  2022-10-06

ESWME M ARFPFEILE T H( No. 322QN387 ); AE W 8 IR A4 5 A 4L 48 5 S0 50 == FF 3% 4 55 H( No. PKLHB1920 );
TRl F S NIRRT TR (R EREGUR ) SRR AATE (No. 2019RC306 ).

EZ®BAN 5F i (1996—), %, WA, AR BEsEy R SR, <l{E1EH (Corresponding authors ): 457
¥ (LI Jitao ), E-mail: ljtyouth@foxmail.com,



2570 o AE A F AR w44 %

mycetes strain, ITBB-ZK-a5, was isolated and purified from the sample of Xisha sponge by plate separation method.
The strain was identified as Streptomyces by analysis of the phylogenetic tree based on 16S rRNA gene sequence and
colony morphological characteristics. Secondly, the inhibitory spectrum of strain ITBB-ZK-a5 against plant pathogenic
fungi was studied by plate confrontation method. The results showed that ITBB-ZK-a5 had a broad antibacterial spec-
trum, in which the 16 tested pathogenic fungi were inhibited significantly. ITBB-ZK-a5 also showed good antibacterial
activity in 14 days and 30 days. In order to explore the reason why strain ITBB-ZK-a5 can inhibit the growth of patho-
genic bacteria, the antibacterial activity of asepsis agar from the ITBB-ZK-a5 edge were determined, and the results
showed that the antibacterial rate were negatively correlated with colony distance. This result revealed that actinomy-
cetes maybe can secrete active substances to inhibit the growth of pathogenic bacteria. Thirdly, the strain had a good
antibacterial stability by detecting the antimicrobial activity of five continuously dynasties. Again, light stability and
thermal stability of the ITBB-ZK-a5 crude extracts from the rice solid fermentation were tested through the filter
method; the results show that with the increase of bath temperature and UV duration, the antibacterial activity of the
strain ITBB-ZK-a5 crude extracts were decreased. Finally, the ECs, value of strain ITBB-ZK-a5 against anthrax diseases
of banana and papaya were determined. Plant diseases infected by fungi are the main agricultural diseases, and chemical
pesticides are the most commonly used method in diseases control. However, the widespread use of chemical pesticides
will not only enhance crop resistance to drugs, but also cause pollution to the ecological environment. More importantly,
pesticide residues also have a certain influence on human health. Therefore, the common goal of the world is to find
more green, efficient and safe control methods. Actinomycetes are found to have biological control effects. The symbi-
otic actinomycetes isolated from sponges have an inhibitory effect on pathogenic fungi of tropical crops, which can be
applied to efficient diseases control, conforming to the concept of green environmental protection. In this paper, we
isolated and identified the strain ITBB-ZK-a5, symbiotic actinomycetes from South China Sea sponge, which has the
activity of inhibiting pathogenic fungi of various tropical crops, and studied its antibacterial activity, providing a re-
search basis for the development and utilization of biocontrol strains in the future.
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Fig. 1 Colony morphology of strain ITBB-ZK-a5
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Streptomyces rhizosphaericus NBRC 100778 (AB249941.1)
Streptomyces asiaticus NBRC 100774 (AB249947.1)
treptomyces cangkringensis NBRC 100775 (AB249950.1)
Streptomyces hygroscopicus NBRC 13868 (AB184823.1)
Streptomyces griseiniger NRRL B-1865T (AJ391818.1)
Streptomyces indonesiensis DSM 41759 (DQ334783.1)
Streptomyces yatensis NBRC 101000 (AB249962.2)
Streptomyces antimycoticus BJ-608 (NR 029114.1)
Streptomyces melanosporofaciens NBRC 13061 (AB184283.1)
79 |1 Streptomyces antimycoticus NBRC 12839 (AB184185.1)
601 Streptomyces sporoclivatus LMG 20312 (AJ781369.1)
1007 ITBB-ZK-a5 (OP132967)
[Streptomyces malaysiensis NBRC 16446 (AB249918.1)
Streptomyces demainii NRRL B-1478 (DQ334782.1)
Micromonospora echinofiusca DSM 43913 (NR 044891.1)

&5 W AT GenBank B3¢9 70 A ATF 37N bootstrap IR bR 5% T I b2 R .
The numbers in parentheses represent the GenBank accession number; The number at the branch indicates
the bootstrap support rate; The scale presents 5% sequence variance.

B2 ET 16SrRNA EEFSIHEEK ITBB-ZK-a5 W RZ L BN
Fig. 2 Phylogenetic tree of ITBB-ZK-a5 strain base on the 16S rRNA gene sequences

*x 1 HE# ITBB-ZK-a5 BHI B #5301

Tab. 1 Antifungal activity of ITBB-ZK-a5 strain
I r— TR 1L
HII LA Inhibition __Colony diameter/mm

Plant pathogenic fungi rate/% 7d 4d 304

FHEMZNRFE(FOC 4) 84.61+2.76 20 21 26
T REAR R R (FOC 1) 87.17£2.09 18 22 26
T B BRI S A 98.71+1.04 7 8 9
VNI R 98.29+1.59 7 8 10
A I8 5z o i S5 A 85.47+3.36 18 22 23
BRI o 95 V5L T 94.01£0.60 11 11 12
BRI B 55 )5 T 93.58+1.04 11 12 13
ST IR B e S A 92.73£2.17 12 13 15
UL AR 94.01+2.63 11 12 15
T IR s JE A 79.48+1.81 23 25 25
BT - SR 5 5 T 89.74+1.04 14 15 17
KRR o S T 75.64£2.76 25 28 28
BB SR8 s DA T 77.77£1.59 23 25 28
R B T 95.72+3.36 7 9 12
T A SR A5 97 D A 81.19+3.36 19 24 26
T M B g v S 95294120 11 13 21

PR VE G Y BAE He, PHIRCR A R (K 3), H
FF X 7K R e T e S T M T P R, 1, 20 3
SRR H I T R 50 75.86% . 62.64% .
59.77%, H 1 505 2 547, 3 SAMMERZ
(B ELA B 225 XRS5 96 R 7 4 7R % B
9o o it DA P A0 ) SR AT 5 % At D L AT A
PR AL B TR A I R A S, A R A

30%~60%=2 18, 1. 2. 3 S 3 lEHe e 5 A
PG, 1 SO R, S R
iR VA0 v = 17 e 0 O R S WS I N 25N o S
ITBB-ZK-a5 B 7% 7= A4 0 16 PR o ] - AP 6, BB
BB TG M AL B AT R R R T R
(AT ELA RS P, B T B TR J3 73 S v LA A
HARRARKR 1, 2. 3 S EBEE BEE
Z5 (£2),
2.5 TH#k ITBB-ZK-a5 fitt{eiaE

DASL KB 95 JL B A (B, 3 o P Al kT
IRFEASE T ASFHEAL ITBB-ZK-a5 BRI A4 10 141 1
PEo SRR, IR PTA AR XTI SR
o3 L TR A I (R AT B T A1 R R TE 60% LA I
HA S U A R TS PR R (75.21% ), R HH
b TR BRI B R 2 ) 2 A W 22 5
2.6 E ¥k ITBB-ZK-a5 & BE BV 8% &
ERARIREN

DA B 5 JE 3 08 JL R A I B, P AR
4% EBFSY T R RE ITBB-ZK-a5 K B 1 By e
BN, EREW, BERENTHE, 3 R
R TE T % B B L I IR TR P I R SR 2 R
MEads, MEmEERENZHR (94.86%~
96.15% ) MM A FEIE (44.86%~46.15% ) 7F
ANFR AR S, HAMEEE LR EES (P>
0.05), T M, Ww i ED oI w
(73.07%~88.03% ) 7F 40, 50, 60 CAL¥ 5 =R



2574 #oaw A M F m

%44

> \’( ) O € j(

ZelEl: Wikk ITBB-ZK-a5 T-H L SUIRHRITALOL S o AT A SRAKFESOR I I IR, B SR AR BE S IR I 9 T A
CIRR/NERBWIRE . 1 EXTR, 22 1 SRk, 32 2 Sk, 4 2 3 SAiiedh.
Left: Punching sites of strain ITBB-ZK-a5 plate agar block. Right: A is T. cucumeris (Frank) Donk; B is C. acutatum;
C is F. graminearum Schw. 1 is CK, 2 is No. 1 agar block, 3 is No. 2 agar block, 4 is No. 3 agar block.

E 3 B ITBB-ZK-ab T4 i 9 B i s O I H 35 R
Fig. 3 Inhibition effect of active substance from ITBB-ZK-a5 agar plate

%2 HE# ITBB-ZK-a5 FHGES MR B R
Tab. 2 Inhibition rate of active substances from
ITBB-ZK-a5 agar plate

HEL 97 S T I Inhibition rate/%
Plant pathogenic fungi No. 1 No. 2 No. 3

RS B 30.95+0.67° 20.47+0.67° 12.85+0.00°
(FOC 1)

T B AR I 44.87£0.00° 41.45+2.41* 32.47+0.60°
AR TR AR 95 5 T 1T 56.52+0.00° 40.3+2.39° 39.05+0.97°

KA 63 R S 57.69+0.00° 48.29+1.20° 47.43+0.00°

SRR JEL I 995 T TRl 66.23+0.60° 63.24+0.60" 48.29+1.20°
SRR BRE 55 995 D P 42.224+0.00° 27.40+4.19° 22.22+3.14
TSR AR 99 i P 53.73+£2.11° 40.79+£0.70° 30.84+0.70°
GBS 1 AR5 975 D T 24.01£0.69° 18.62+0.69° 6.86+0.69°
T 5K B9 5 I B 46.58+0.60° 37.60+3.96° 32.05+1.04°
AL B 25 95 5 J T 62.82+0.00* 51.70+0.60° 50.85+0.60°
7KRE R I 9 9 D P 75.86+2.43* 62.64+0.81° 59.77+2.15°
IINZE TRBE I IR B 48.71+1.81* 44.87+1.81° 31.19+0.60°
B IR0 973 JAL o 41.45+0.60° 39.74+0.00° 30.34+1.59"
B T 5 5 i 40.00+£0.00* 30.76+£1.25° 29.23+0.00°
TR 2 5 9 o L T 19.23+0.00° 14.52+1.20° 6.41+2.09°
FEREREERRIEE  17.09£1.59*  0.00£0.00°  0.00+0.00°
e i P B0 0 DR TR 61.11+0.60" 53.84+0.00" 49.57+1.20°
TR RGBT 995 i P 47.43+0.00° 40.1740.60° 25.21%5.76"

T FAfTAR/NGFPRFRREE 2R (P<0.05),
Note: Different lowercase letters in the same row indicate sig-
nificant difference (P<0.05).

AbFA] AT B 2R, (HZ 40, 50, 60 CAbHE
)7 3 25 5, MBS MR AR e 5 MR ITBB-ZK-
aS R I % (72.21%~79.05% ) S5hF
FE AR Y, SR RRTE 70% LA b, Hfaettd s
G R, 40, 50, 60 C Ak B A 1% P B

AR TR IRATR, 7 40~60 CHA BAFFa & P
(%£3)
2.7 B ITBB-ZK-ab X B BN B ¥R |5
BRI E S

DA BE 5 JEL 3 06 DL R A T, P Al R
U B 5 T bR ITBB-ZK-a5 R EE W 6HE &
P, SEREM, BEELIMDEIRA R E K, Fik
ITBB-ZK-a5 KEE PN R 2 TGS, 7E
0~8 h OGIRYE I, MBI RZWT N, 1. 2h 403
AN 5 CK A JC &M 22 5, 4~8 h LB
WY CK 2R E 2R 10 h A AHIE =
A%, I H -5 H AP IR R 2 A AR,
5 CK ML FI% 18.07%. itk ITBB-ZK-a5 &k %
SR MBI PETE 0~2 h S5 EIRT BA R
g ErE, ARG REE CIART ] e, HAM BT
PEREREAL (R 4).
2.8 H# ITBB-ZK-ab X BiR BN 3w R E &
B ECs B

DA #E ¢ JEL 9 AR IR 5 983995 973 T 1T Oy R 3k
W, PR REEDE T Wbk ITBB-ZK-a5 &
FEEE I ECso fHL, 255 % M, Btk ITBB-ZK-a5
WA U 0T A5 AL AR A TR 5 0 97 D 17 3
AR A, ECso H 2> 9 h 38.88
11.70 pg/mL, He o6 A TR SR T B 174 410 1 32
R T B HEDIER R B o (05 1k 245 700 B v e
HHEE, HIRORA S (£ 5),

3 itig
ARG TG VO BE S SR A i A i B A5 3 1
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Tab. 3 Thermal stability of fermentation extracts of ITBB-ZK-a5 against banana anthrax

b3 I3 Inhibiton rate/%

Treatment Z# R Carbendazim ‘H 74 Chlorothalonil Ji M Myclobutanil TBB-ZK-a5
Ei 96.15+0.00° 46.15+1.04° 88.03+1.60° 79.05+0.60°
40°C 96.15+0.00° 45.72+1.20° 73.07+2.09° 72.21+0.60°
50°C 94.86+1.04° 45.72+1.20° 74.35£1.04° 73.07+0.00°
60°C 94.86+1.04° 44.86+1.04° 73.07£1.04° 72.211.20°

e FFIARNG TR B3 25 (P<0.05),

Note: Different lowercase letters in the same column indicate significant difference (P<0.05).

R4 FEHITBB-ZK-a5 A BRI & H R EFm R E AR E
Tab. 4 Photostability of fermentation extracts of ITBB-ZK-a5 against banana anthrax

it fi] JMTE K Inhibiton rate/%

Time/h Z % R Carbendazim EH#E Chlorothalonil 5 % 4 Myclobutanil ITBB-ZK-a5

0(CK) 95.29+0.60° 46.57+1.20° 87.60+1.21° 70.93+0.60°
1 93.58+1.04% 45.29+0.60" 85.03+1.20% 69.22+1.04™
2 93.15+0.60° 45.72+1.20° 80.33+0.60% 69.65+1.21°
4 93.15+1.21° 44.44+0.60° 80.76=1.04° 67.08+1.20%
6 94.01+0.60" 46.15+1.04° 79.48+1.81¢ 65.80+0.60°
8 94.43+£1.21% 45.29+0.60° 79.48+2.09¢ 65.38+1.04°
10 95.29+0.60° 45.72+1.20° 83.75+2.18" 58.11x1.20¢

E: FFIAR/NG FRFRRBEZER (P<0.05),
Note: Different lowercase letters in the same column indicate significant difference (P<0.05).

&R 5 B ITBB-ZK-a5 REXRENM M REE B ECs &
Tab. 5 ECs, values of fermentation extract of ITBB-ZK-a5 on pathogenic fungi

J5 JR ELTH Pathogenic fungi #j5 Drug [5] 977 # Equation of regression MERH R ECso/(pg-mL™")
75 E S IR T ITBB-ZK-a5 y=0.6939x+3.8969 0.9235 38.88
i TR y=2.0660x+2.8601 0.9255 10.86
ARSI 076 T i ITBB-ZK-a5 y=0.9280x+4.0089 0.9197 11.70
i TR e y=0.6943x+4.6252 0.9553 3.47

BRI PR Lk 1 Bk ITBB-ZK-a5, it 16S rRNA
S E MRS R E M, BILYEE N
Sreptomyces malaysiens, HE— A5 19 B 35 5% 1 A
IR A R R W], kR ITBB-ZK-a5 X
) 16 FRAEY) e R EL A B EAA T HE M, S
I, HAHIRER SR 1430 d JE A5 S8 0 A 30 B 36
AR X S I B 1 AT R ORI R S X
PRSP AR = 1 A B TS PR Y S SRR, W
PR AT R 5 A M B O B A G, B R A
A AL, TRt JeRE it
EPRFAETEFSE, Hkk ITBB-ZK-a5 K EEHEIY)
AN B R /NE B 8, BR e MR B bR
ITBB-ZK-a5 & [ 4 By 0l 7 26 1 S8 9 Do 72T 1Y)
ECso fH} 38.88 pg/mL, X A I 4 I 95 5 B B 114
ECsofH09 11.70 pg/mL, 5 HA B HMIE 1,

5 W 1A 248 3 B A 0 R T T R A0 B T P A RN A
5 T 70 T LA R T

WA R B A R AR e 2 —,
HARM P A B OO T, 2058 k3,
LR AR 4 R B RN A, 1993
4E IMAMURA 25251 A 03 45 b 4y B 15 31 1
R AR, BB PiEE . 2006 4F
ZHANG ZPORIH] 8 PRI MEE FR 5L, MRS
Hymeniacidon perleve /43515 21| i) 1% 37 1) il £k
WE . BEEEE . DNAREE . akEE . n R
KBS 7 AN ER 106 R, LR it
W . BJE TF25  R W, e a e A E
(R e TR AL R A W e A, ORI = £ &
— ERE AMO RS IS . AR, X A L
AR B BRI B, TR TR B A IR AR
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WEY, MZRIRE . RS, MR R
P . PUbE . PrEr R AR, MIPTmE L
M, BI-GENDY ZEPTN 48 b /3B il 50 #k
BT, Horb 10 MR HA T EREFE M, JFE R
VHREE R P B B 5,7- T F AR -4 AR LR
H G REHH PR saadamycin, P8 E A A SCRK
il , 547 AMGEEEERE TR, ORTETF
Vg 24 T B A B B TR R R AR 64 >, FHorp
1/5 A & PRI BB TE M, Har o249 1 25 H
WL KL R T E 0,

AT E Sreptomyces malaysiens
ITBB-ZK-a5 [JE B 4HIE 5 AL-TAT %P8 1 S.
malaysiensis ATB-IIT, X1 k#2258 R S ma-
laysiens 1161 JEAS47AFE—2, 16S rRNA JE[H T3]
IS R, I EHLX R T 34 R0 B O I B 0 1
HYEPE NIRRT S35 AR
PRI S, malaysiens Sz b\ PG VD HE 5 % S 1
REES R AR B, ORI A R
BERMHGE . AU AL, M-20 CLAAFEI
2 RE i TP 23 B RS A0 2R RO D TR A
BEERE S B RS R R R, I, i
PEAE PR v P IO TR B 0L 7 SR B e A R
Ja KBS EA TR B, DS RI AR B

TERAFEY G E s E SRR | 1
EJH L BIIREME, S ik AR e R R,
AT o B TR S LR G A o A R b
R . TIPS, AR LR E BTG
B EREENMEM . FAWBEPe8E 0miER
Hh o3 B X 1 R e SR PR LA AR R ) B
o | R N e R e b a1 e S e
FIXTFFEM I FOC 4 S 2 MR K E Y HA
TG PER) 2 PREEFE TR RAR, JEM 1 MREE R AR
PR HMH1 B KOK [ & B 7= ) h o3 2545 21 U4 R
£ D, WL L B D AU F N
B IR IS 9290 B 45 10 A T 0 1 A 2 oo i 4
P KR ARG 95 B AR 7 A 57 R IR ) ¥R
PR . AHESE LA Z R G VP I BT R N
¥R, NTEE ITBB-ZK-a5 #4T T B I& PEGG
e, RIGZEALEA s, i E X R
9 Jir L D LA 3 (R A TR . AF R A A R
SEIEE N B . S DA SOR s DAY S 2
FESLA, S DTV I 2 TR G R R Al
LA A TSR 19 A= B A AR RN 1 4 T B AL S
PEFP O PR A ELS
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