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Abstract Objective
mud in Maowei sea Mangrove Reserve of Guangxi Zhuang Autonomous Region were screened by using colloid

The chitinolytic microorganisms isolated from Aegiceras corniculatum rhizosphere

chitin as the sole carbon source in medium. The chitinase producing strains were screened by the secondary screening
medium, and the strains with high efficiency antifungal activity were excavated by the method of plate confrontation,
to establish the foundation on the research and development of agricultural biological control drugs from mangrove
microorganisms. Methods The chitinolytic microorganisms were isolated by the dilution plating procedure, and
purified by the streak method. Chelex-100 was used to extract genomic DNA, the 16S rRNA gene sequences were
amplified by PCR, and the sequences were uploaded to the EzBioCloud database for online alignment. Chitinase
activities were tested by observing transparent zones, and the plate confrontation method was used to screen inhibitory
activity against plant pathogenetic fungi. To further verify the biosynthetic potential of the 28 strains, the polyketide
synthases (PKS) and non-ribosomal peptide synthetases (NRPS) genes were amplified. Results
chitinase producing strains in 10 orders, 10 families, and 17 genera were obtained from Aegiceras corniculatum

Twenty-eight

rhizosphere mud. Among them, five chitin-degrading strains showed inhibitory activity against four plant pathogenetic
fungi. The positive rate was 17.86%, and antibiotic biosynthetic genes were detected in 17 strains. Conclusion The
chitinase-producing bacteria and actinomycetes strains from Aegiceras corniculatum rhizosphere mud collected in the
Maowei sea Mangrove Reserve of Guangxi are regarded as an important source of chitinase. Their antifungal activity

shows a promising potential as marine pesticides and novel marine medicine.
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JARJLT R4, SRCHk[17]: 5 gL TR
A M30 mLikEEER(35.5%) T4 CiRiEid %, IF1E
4CHAMT, DL T R 2218 51N 250 mLTi
RI50% 1, A HES), FEER, 10000 g& L
20 min, WCEEJUT BRAE, FERTGHEAKGEEZRILT R
A pH R H 1

BRI, SESCERISIR G KA TLT R
0.5%, HEAM0.1%, NH,C1 0.01%, KH,PO, 0.03%,
K,HPO, 0.07%, NaCl 0.01%, FeSO, 7H,0 0.001%,
MgSO, 7TH,0 0.05%, #F#h2.4%, ZAMAKEAELIL, pH
H7.2~7.4, BHNE1.7%.

Q)E IR, SISCIR8IH MBS kL
T0.5%, NH,CI0.01%, KH,PO, 0.03%, K,HPO,
0.07%, NaCl 0.01%, FeSO4 7H,0 0.001%, MgSO4
7H,0 0.05%, ##h2.4%, ZWMKEHFEL L,
pH{E7.2~7.4, EfE1.7%.
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B O A SRR
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Tab. 1 Information of Aegiceras corniculatum rhizosphere mud
in Maowei sea
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Tab.2 Information of amplifification primer of PKS and NRPS genes
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2 RBEAURER HRBR 1 SemiR i 43 E108735°607
30 SRRESUTER PR30 IR 11
4 RRERONERPRRE N21°44'26",

E108°35'42"

S RBE AR bR SemiR i
6 SRBEAAERTRER30cmiR i 1

w7 SIPF51(53) NG

PKSI KIF  TSAAGTCSAACATCGGBCA 1200~1500"
M6R  CGCAGGTTSCSGTACCAGTA

PKSII KSaeF TSGCSTGCTTGGAYGCSATC 500~750""
KSBR  TGGAANCCGCCGAABCCTCT

NRPS  A3F  GCSTACSYSATSTACACSTCSGG  700~800"

ATR SASGTCVCCSGTSCGGTAS
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Fig. 1 Screening results of partial chitinase-producing strains

Tab. 3 28 strains of chitin-degrading bacteria similarity with the closely related strains

RS S J& IR 16S rRNAZE AR BLEZ /%
C98-1 Microbulbifer Microbulbifer pacificus SPO72° 98.44
C59-3 Microbulbifer okinawensisc ABABA23™ 99.08
48 Microbulbifer elongatus DSM 6810 99.16
C21 Shewanella Shewanella algae JCM 2103™" 99.64
C47-2 Shewanella seohaensis S7-3" 100
C502 Shewanella decolorationis $12" 99.4
C37 Acinetobacter Acinetobacter modestus NIPH 236" 98.56
C163 Acinetobacter lactucae NRRL B-41902" 99.88
C09 Enterobacter Enterobacter chengduensis WCHECI-C4™" 99.52
C08 Enterobacter cloacae subsp. Cloacae ATCC 13047™ 99.88
C155 Enterobacter kobei DSM 13645 100
C26 Escherichia Escherichia fergusonii ATCC 35469 99.05
C15-3 Citrobacter Citrobacter portucalensis A60™" 99.44
Klebsiella Klebsiella pneumoniae subsp. 99.64
claz Rhinoscleromatis ATCC 13884
C156 Rheinheimera Rheinheimera aquimaris SW-353" 99.76
Cl134 Vibrio Vibrio fluvialis NBRC 103150 99.88
Cl168 Vibrio sagamiensis LC2-047" 98.21
C30 Exiguobacterium Exiguobacterium profundum 10C™" 99.76
C157 Bacillus Bacillus wiedmannii FSL W8-0169" 100
C63 Bacillus paralicheniformis KJ-16"" 99.65
C02-1 Bacillus altitudinis 41 KF2b™ 100
C81-1 Bacillus siamensis KCTC 13613" 100
C178 Cytobacillus Cytobacillus kochii WCC 4582 99.52
C87 Priestia Priestia aryabhattai BSW22 100
C170 Fictibacillus Fictibacillus enclensis N10-1003" 99.14
C105 Microbacterium Microbacterium fluvii YSL3-15" 98.81
C23 Glutamicibacter Glutamicibacter nicotianae NBRC 14234 99.88
C202 Streptomyces Streptomyces yanii NBRC 14669 99.48
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Fig. 2 Neighbor-joining phylogenetic tree based on sequences of 16S rRNA gene
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MM B 8 (Bacillus) Priestia~ [ 2F A # 8
(Fictibacillus)~ Cytobacillus; & M AT H &
(Microbacterium) ¥R RN B )& (Glutamicibacter) )%
B R JE (Streptomyces) . HA 260k A FLHE B # K, 5
B oy B R 135.62%;:  1I3RRINEE BB IR, (5 AT B
PRI17.81%, i B JEARAER, INEEIKL .
Ak, C98-15 Hik Z i M Microbulbifer pacificus

SPO729M I AHALLYE H98.44%(F3); C1685 Hir L
M Vibrio sagamiensis LC2-047 ORI H98.21%,
ARALIE 21K T-98.65%, 1] HEAZTE (LBl
22 AERMEAJLT BT M L M7

TES MG LU PRAR S X AHEE K210 ke 9 A
TR FE VR R bR 138, 7 B3RS B0 LT T B A A
ZREMEAAAE— B Z R (R5~6). 15 R ARE L

/4 28MRJ LT B O R R 0 AT

Tab. 4 Preliminary screening result of enzyme-producing activities in 28 strains

L H it J& A B
AT N Cellvibrionales )
Microbulbiferaceae FERER 25 1 J8 (Microbulbifer) 5 3
(Gammaproteobacteria)
B H (Alteromonadales) s T 1# B (Shewanellaceae) 7 P J& (Shewanella) 26 3
TR H (Pseudomonadales)  5idii [ £l(Moraxellaceae) ARENFF 1 & (Acinetobacter) 2 2
W kT 1% H (Enterobacterales) W ¥T 5 Rk (Enterobacteriaceae) W kT W J& (Enterobacter) 7 3
45 W J& (Escherichia) 1 1
FrRE AT 11 J& (Citrobacter) 1 1
i, 5 1A B & (Klebsiella) 1 1
Chromatiales Chromatiaceae Rheinheimera 1 1
JE H (Vibrionales) SN RN (Vibrionaceae) 3§ J& (Vibrio) 13 2
E AT R AN A% H H (Caryophanales) ZE BT B Rl (Bacillaceae) M R Exiguobacrerim) , 1
(Bacilli)
WA 1R & (Bacillus) 5 4
Priestia 1 1
N2 G 2 RUAT 1 J (Fictibacillus) 1 1
Cytobacillus 3 1
TR M (Actinomycetia) — TFF I H (Microbacteriales) AT B Bl (Microbacteriaceae) AT B & (Microbacterium) 2 1

WERE H (Micrococcales)
BEFE TR H (Streptomycetales)

TERE RH(Micrococcaceae)
B H Rl (Streptomycetaceae)

B AR AT 1 & (Glutamicibacter)

95 T & (Streptomyces)

—_

RS P KNE RO LA AR B - 3 T LT i e i o 1) 201

Tab.5 Distribution of chitin-degrading bacteria from Aegiceras corniculatum rhizosphere mud of two sampling sites

KEES W L2 THERE | REERL BERR Pl 3e e IR
15 C98-1 Microbulbifer pacificus xRE 2% C59-3 Microbulbifer okinawensis rE
C21 Shewanella algae 15 cm C48 Microbulbifer elongatus 15 cm
C30 Exiguobacterium profundum EZ C47-2 Shewanella seohaensis 30cm
C09 Enterobacter chengduensis RZE C502 Shewanella decolorationis 15 cm
Co08 Enterobacter cloacae subsp. dissolvens KE C02-1 Bacillus altitudinis KE
C155 Enterobacter kobei KE Co3 Bacillus paralicheniformis 15 cm
C26 Escherichia fergusonii 30 cm C37 Acinetobacter modestus 30 cm
Cl15-3 Citrobacter portucalensis xKZ Cl163 Acinetobacter lactucae 15 cm
Cl142 Klebsiella pneumoniae subsp. rhinoscleromatis K2 C87 Priestia aryabhattai 30 cm
C81-1 Bacillus siamensis Z C178 Cytobacillus kochii 30 cm
C157 Bacillus wiedmannii Fd= C23 Glutamicibacter nicotianae 30 cm
C170 Fictibacillus enclensis 30 cm C168 Vibrio sagamiensis 15 cm
C156 Rheinheimera aquimaris 15 cm Cl134 Vibrio fluvialis Fd=
C105 Microbacterium fluvii 30 cm
C202 Streptomyces yanii ®Z
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Tab. 6 Differences of the chitin-degrading bacteria on species
and genus from two sampling sites

KAE R IR JE%H T H
1= e 8 10
15 cm 2 2
30 cm 3 3
25 K7 3 3
15 cm 5 5
30 cm 5 5
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MTE15FI30 em iR B Y 138 43 B SRAF (K LT ot P At o
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KD MFHEAAAEZ R, HEWS A RAE SR
TRV (R A 155 22 S ) BN S B AR 0 S A 7 T B))
K. 15 RFE R LRI & NG X, 2T
FEXF LA, AW vE G5 B T 52 2R B0 2 T AR B
E, RELIBARHERTEH UL, IMEESH
JUT BBk ek i R i b, fbn L3 LT i & &
AR B R, BEANNAEE AR T LT BT A B A
Ko, IXATREAE 15 R R 2 0 LT o B i vl e
KPR Z T25 KA iR . 25 RFE S ERALA
bel B0, 2 Ak 3R 2= 3B LT o e i v b S A R
b HEIN G DR AT fE 2 3R 2 1 ) A B 52 B A
PINZEIES,  HEZK A AR S I K I v il & 38, i
FAT LT o B A o A B R A3 2b, T 15N
30 cmib 2 BT FREEARR D, HA LT
o e fifE TR e AR R L 2
2.3 I E I

284K JLT Jot P& Al R o) ) 5 A MR Y TR B
AT XTI 3R, MRS R BN, 3WBacillus. 1k
CytobacillusF1 1 ¥k Streptomyces 2% B H A [ 2 BE 11 401
P RCR (BI3RIERT), BARR I AR P i 5 B 2
TCVEAE LT 5T B e v B v 8 L AR A, AT TR SR /)N
AN— DR e, 4B PN 17.86% . H A B Bk
C157XHE 955 i L C 1 (Boeremia exigua) F1CA(J
YR JIW, Fusarium solani)¥s)3< P H 5 2 10 $0 61 v 14
(T 8 BA£>10.00 mm), 0 H AR 2P J5 3 B
R — € B0 Pk G el B.A£<10.00 mm); B8
FRCS1-1 X 4097 I FL i C 1 (Boeremia exigua)ZR ¥ H
L AR, N R 3 A B R A —
SE AR TEYE s TRARC202 06 450 A 495 i B B 38 R TR

Fusarium solani

Fusarium fujikuroi

B3 o3 LT o ek A R R s 410 ) R
Fig. 3 Inhibitiory effect of the chitin-degrading strains against
the plant-pathogenic fungi

T SPRIEE 5 1 8 PRI 45 SR

Tab.7 Preliminary screening result of antifungal activity of the

5 strains
sk T PRI

Cl C2 C3 c4
C63 Bacillus paralicheniformis + +
C81-1 Bacillus siamensis ++
C157 Bacillus wiedmannii ++ + + ++
C178 Cytobacillus kochii + + + +
C202 Streptomyces yanii +++ ++ ++

Cl: Boeremia exigua; C2: %75 %))W Fusarium redolens; C3:
T SRR B Fusarium fujikuroi; C4: J§i K8k J1 & Fusarium solani. )
TP EL A (mm) R RS PE, +: <10mm; ++: 10~20mm; +++:
20~30mm; -: JCHNEEAH

O E NG M B RRCO3RICT 785 4R A 4795 Ji
B EA MG, EHERRET.
2.4 PKSFINRPSZH K #y#6 ll 45 R

SR AX A 0 AR AW AR JUR 2 T2 = A 1 R
WG UF=, BAPUEMA . TUME. LB TS
Thaka2s), JVER i PR 2 R AU SAR LT o B A B
AR S L A A, Ak PR 281k JL
T R T IR AR PR A G R e, TR T
AR 7= 0 TR WAL & ) A BB (PKS) 5 (KR JE %
BEAR K& BB (NRPS) ZE K T PCREZ M . PKSFINPRS
SR 48 R F RTINS R, TTRR LT B R AR A
PG T 1500 EH AT, Hod, 3RRERIIFIPKS 1
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Tab. 8 Distributions of PKS I, PKSII and NRPS genes in 17 strains

RGBT R

i A RO A L A RO
Btk Btk
PKS I PSK II NRPS PKST PSKII NRPS
Cco07 + + - C59-3 - +
C30 - - - Cl153 +
C02-1 + C502 +
C202 + + C47-2 +
C26 + Cl142 +
C37 + C87 +
C21 + C170 +
C09 + - + CO08 +
C48 - +

T RIS B RAT C27 s AR H gk
3 FEREWMR
FERHRFAPHAEREN LT M- AERH, il
F B Al J LT BT BRI R A ) 2 B B MU T,
FEINEJE (Vibrio)® . F=HEAT 18 J& (Alcaligenes)*?", %
W J& (Streptomyces)®), WK J&(Micrococcus)?”,
1822 % W 15 & (Pseudoalteromonas)®3Y, 7 TLIE J&
(Shewanella)**), AZhHT 1 & (Acinetobacter)®, = fii
FHJE (Bacillus)®, F=iERZE W & (Microbulbifer)*37
o HAT, iR 7 W W SECR I LT o
FEAET, BARILT BT AR 2 AL A G E RS
A=W LT BB LT 5 A B-(1,4) 4 E
Wrd, ARROKEIER LT BRSENE, WA Y E
W (1) e ABFFEN LT a7k B 55 72 0 T il
5 RV 1R PR 6 6 R o - 138 R 1) 48 TR AT 0 i
o, JOERE28KRLT BRI, SRR T10H 108}
7N E, WowEESI A S ILT i FE g
MAEMES . NREN N R R A A S
WEE =g, XDGREIM I L IR, 22K
WINEINEIES T, oG B Ve ik 45
AT E, BEVRARENE MRS . AW A R
7N, AHEEIRZT102 5L PR /S Ml 26 3% 3 74 AR Br 3% 11
JUT L B AR A SR ) 7 AR AR AE 22 7, BRI AR
175 B0 DX R AR A6 B 3 7 AR B 36 2 L 43 1) LT o P A A
FRARS A, MR, 73— RS AN RES X

Wi, R E R LT I R R A R X A
%, NS AN KL AU AE R B TR I O B 2
T S8 BN AR B AR P iE B A G

AR S A PR ARORE U V2 9 128 0 A 9 DR L B DY
PR, HAASHILT BB m RIS PiEE . H
HHH AR T B T 2F B AT B Bl (Bacillaceae), BLFE3MK 2
MOAF & J& (Bacillus), 18k Cytobacillus)&, & EE )
JUT Joa B f v 2K o 2 AT 11 2 B 1 2B By 1 5
A, BTN T RIEEE AR Y
Jo5 FE B VRS T T, Essghaier 8% BT 1AE 7 )1,
T T PR A 2 A B R 3 A R D R e
JRELE o WA T A A e B BN R S 1
ARG EIEEE, HAERLT B A B PR
WEPEEY, Chenyin®5 23 )W EE %S 6 Streptomyces alfalfae
v [ AR R AT B R R IE I LT B SaChiB AT 2K
] 2] R TR RN R A Bk D TR S 6P TR B A A
P, TR AR R R B AR E ) . Ho At
TR G0 S J 2R B L B I (Pseudomonas) 35
A AR LT o e A RO A R B EUR M B
PIVER . — 7T, AR LT )5 B mT LA I 55
R A v 22 T HUORU B () 48 e, AT SR B LR e
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Vb ia B AR s — T, @ JLT R
il b PR ) 28 IRAT B LT SERE . N- ST 22 25 i 26 1 %
HERTEY, RARERE. Bk, sihmEsEe
Fhohge, fEAO . ERZGEATIRHZ e,

TAE PP PK S BURINRPS B A5 4 il 55 DK 9 £ 114
T W1k A W) A R (polyketide synthetases, i #K
PK Ss) Al 4E % 1 44 Bk & Al B (nonribosomal peptide
synthetases, {#FXNRPSs)7 Al Ak & R B 1L &9 1
AERZHEARIR, X P9 R SR IR AR 7= ) A b fa Ak
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