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142 TERERE . VAR RN > [RYL (A Re
MEFEEEFHE, IOk ERIEE RN, B, &
BRE | SOGRRRAE . WL | TRV S8 sl MR S
1.4.3 AEFALKRE . XL BRI T A P
AR IR, B . MK EREE AR .
WRiae . FORZIA . IR IS . IR
e . TEMKARIRES . S A . i
U TR | o T TR 10 AR A DU
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Bootstrap 1547 1000 ¥, 43 HrHF SR I .

1.9 BRI ZHMEY R iR E L
191 ARREEELK: P s 2
TR 2216E RpmiiEFRMEE, 058 T 4, 15,
30. 40 1 50 °C fHIR A N 557, #5595 1-4d oW
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x 1. WHEDBEREREFE
Table 1. The phenotypic characteristics of the isolated bacteria
Strains  Gram Cell morphology Colony characteristics
DHD-1 + Spherical or elliptic ~ Small, white, uniform texture, moist, smooth surface, easy to provoke
DHD-2 - Rod Large_r, der_lse, dry, opaque, not easy to provoke, grayish brown, dark middle color,
colonies with creases

DHD-4 - Rod Larger, milky white, thicker, smooth surface and edge, easy to provoke
DHD-5 + Short rod-like Smaller, white, smooth surface and edges, uniform texture, moist, easy to provoke
DHD-6 - Short rod-like Small, white, round
DHD-7 + Spherical or elliptic ~ Smaller, white, uniform texture, moist, smooth surface and edge, easy to provoke
DHD-8 + Sphere Round, white, easy to provoke
DHD-9 + Elliptic White, round, moist
DHD-10 + Elliptic Larger, beige, thicker, round edge, easy to provoke
DHD-11 + Elliptic White, round
DHD-12 - Rod Small, transparent, thin, uniform texture, easy to provoke
DHD-13 - Short rod-like Small, milky white, rounded edges, uniform texture, smooth surface, sticky, easy to provoke
DHD-15 + Short rod Smaller, smooth edges and surfaces, thick, easy to provoke
DHD-20 - Short rod-like Smaller, white, thin, uniform texture, moist, easy to provoke
DHD-21 + Rod White, slightly transparent, round, not moist
DHD-a + Rodlike Smaller, white, thinner, round edges, wetter
DHD-b + Short rod-like Smaller, translucent, uniform texture, not easy to provoke
DHD-c + Short rod-like Colorless, slightly transparent
DHD-e + Short rod-like White, round
DHD-f + Short rod-like Smaller, yellow, moist, non-sticky, round edges, easy to provoke
DHD-h + Elliptic or short rod-like Larger, milky white, smooth surface, moist, easy to start
DHD-i + Elliptic Smaller, dark pink, thinner, not moist, not viscous, rounded edges, not easy to provoke
DHD-j - Short rod-like Smaller, yellow, moist, non-sticky, round edges, easy to provoke
DHD-L + Short rod Smaller, milky white, thicker, moist, sticky, easy to provoke
DHD-n + Circular or elliptic Smaller, milky white, protruding, smooth surface, easy to provoke

actamicro@im.ac.cn
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k2 fros, el s, 0 4 RN
AR AT i A ARG . R 2T A AR K A
A A A, DR A A, T
Hift 21 #oA BA S AL RS MER PR, AT RESE
Hod s A S 0 5 il FERERE T FEMI IR R it
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KU LR A ORI, BB L= sl
Wes 7EFILZEKE T, A 20 BRERAY L0
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*2. EMREBEENETESE
Table 2. Physiological and biochemical experiment results
Strains Catalase Citrate Indole Methyl Trisaccharide Gelatin Starch hydrolysis Casein Lipase  Degradation of
test test test red test iron test test test test test alginic acid test
DHD-1 - + - + + + - - - -
DHD-2 - - - + - + - ND + -
DHD-4 + - - + - + - ND + -
DHD-5 - + + - + + + - + -
DHD-6 + - + + + ND - - ND ND
DHD-7 - - - + - - + ND - -
DHD-8 - - - + - - + ND - -
DHD-9 - - - - - + - + - -
DHD-10 - - + + - + - - + -
DHD-11 + + + + + + - - + -
DHD-12 - - + + + + + - - -
DHD-13 - - - + - ND + - + -
DHD-15 - - - + - + + + - -
DHD-20 - - + + - - - - - -
DHD-21 - - + + - - - ND - -
DHD-a - - + + - + + - - -
DHD-b - - + - - - - ND - -
DHD-c¢ + + + + + + - - - -
DHD-e - - + + + + + - + -
DHD-f - - + + - + - - - -
DHD-h - - + - + + - - - -
DHD-i - - + + - + - ND + -
DHD-j - - + - + + - - - -
DHD-L - - + + + + + - - -
DHD-n - + + + + + - - - -

+: positive; —: negative; ND: not determined.
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TEVERK IR IRER L O BRI bR B A G e b 7K e il
FIBETT, BEXETERI AR 22 ZF M b, A
A Y FEmE AR, (A 2 PR
PRECR B, UK 2 PRIEHRRE R S N
ANGRFBERT R, TR ASLIN B4 oAt 16 A TR R
FEAMMAREN 2 NN, A 8 PR
PRECR B, RKUIX 8 MRS A IR, A
S FRRRITIFREA TR s PIrRLIN A 24 BREA RIS B
BRI ARG, A REFREIR AR BERR . Pk 1 A Vg
B 2 B R0 RE 0 M AT RE L i 2 A L
TR REM R HTERS . BT, (HAS B 234 B
R fiE

2.4 Bk 16S rRNA P FIRGE R E F5H

P TE R 16S rRNA JER 7417455 5 NCBI
BHRE NP A L (R 3), S5 REI, Tk
B rh AR TR AR A — i BRI, AR
JETE 98%-100%, J3J@ T 9 ANJ& 13 Fb: ZFfiT i
J& (Bacillus) . ASzh#T 74 J& (Acinetobacter) . 22 .
JItd 7 J& (Alteromonas) . ##EK % J& (Micrococcus) . &
% FF 1 J& (Psychrobacter) . i 3¢ # 5. i 1 J&@
(Pseudoalteromonas) . ¥ 5. Jifl 17 & (Oceanimonas) .
#j % Bk T J& (Staphylococcus) 1 ¥ ¥ EH )&
(Marinobacter), KRG STBRYABR T 50

3. FBRHAE 16S rRNA BIFFIS T

Table 3. Sequence analysis of 16S rRNA gene of bacterial strains from Donghai island

Strains Closest match GenBank accession No. Similarity/%
DHD-1 Acinetabacter lactucae CP020015.1 99.93
DHD-2 Alteromonas macleodii LT963558.1 99.93
DHD-4 Bacillus subtilis MNO032360.1 100.00
DHD-5 Psyctrobacter alimentarius MH368408.1 100.00
DHD-6 Pseudoalteromonas gelatinilytica NR_152003.1 100.00
DHD-7 Alteromonas macleodii MK680205.1 100.00
DHD-8 Alteromonas macleodii MK680202.1 99.93
DHD-9 Oceanimonas doudoroffii NR_114185.1 100.00
DHD-10 Bacillus megaterium MK618596.1 99.11
DHD-11 Acinetabacter pittii MH144322.1 100.00
DHD-12 Bacillus subtilis MK263004.1 100.00
DHD-13 Bacillus subtilis JN707686.1 100.00
DHD-15 Bacillus velezensis MK859954.1 99.93
DHD-20 Bacillus subtilis KF017557.1 100.00
DHD-21 Staphylococcus equorum HQ202869.1 100.00
DHD-a Bacillus subtilis MN176503.1 100.00
DHD-b Alteromonas macleodii LT963558.1 100.00
DHD-c Bacillus subtilis KX713159.1 100.00
DHD-e Bacillus subtilis MK450454.1 100.00
DHD-f Micrococcus endophyticus MH671518.1 99.77
DHD-h Acinetobacter pittii MG462705.1 99.03
DHD-i Marinobacter sediminum MH304387.1 98.77
DHD-j Micrococcus luteus MH665979.1 99.92
DHD-L Bacillus subtilis KX713159.1 99.93
DHD-n Acinetabacter pittii MG462705.1 100.00
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Species

1. FiELDAEME
Figure 1. Bacterial species from Donghai island.

2.5 METEHSHT

HIZ% 4 /I, A 3 DR RER 2 /DX —FiiE
IR RPN (B 2). 3 HRE(DHD-2,
DHD-15. DHD-L) & ¥ A ST RIGFF A K
%1, 6 AR Fk(DHD-2 ,DHD-12 . DHD-13 .DHD-15,
DHD-a. DHD-L) & ™ A Bk 2 A K
(NG, 4 PREM(DHD-12. DHD-13. DHD-15.
DHD-L) & [ 7 ) HAG 40 4 v 60 86 2 3K A A= 9%
PEo G5HERWY, ARSI E T 6 HRX K
FRIAT . ANFLZEAIATIN | G 0 A BRI A T H Y
Rk, PSRN 24%, Y4254 E 8 (Bacillus).

x4 FERBAEMNEEMGE
Table 4. The antimicrobial activity of bacteria
isolated from Donghai island

Indicator bacteria

Strains Staphylococcus

aureus

Escherichia coli Bacillus subtilis

DHD-2 +
DHD-12 -
DHD-13 -
DHD-15 +
DHD-a -
DHD-L +

+ o+ o+

+ + o+ o+ o+ o+

+

+: inhibitory activity; —: none inhibitory activity.

E 2. I E S RE
The effect of antimicrobial activity on strains.

Figure 2.
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2.6 ThEBE:E PKSI &l 47

1E 25 BRI PKSI DhREEERI A, 12 KT
¥k DHD-2. DHD-8, DHD-10. DHD-12, DHD-13,
DHD-15, DHD-20, DHD-a. DHD-e. DHD-i.
DHD-L .DHD-n ¥ r[ 4714 11 PKSI [ 7 B (I 3)
4 DHD-8, DHD-10, DHD-i, DHD-n 344
XTI

il BLAST Lt X, DHD-2., DHD-12 .
DHD-13, DHD-L 4 137535 PKSI &R 5 51| T )
N FERR 41 5 GenBank |11 Bacillus subtilis
FRUEFBE Polyketide synthase J¥41) it AEALLYE 35 5]
98%LJ I (3% 5). 11 DHD-15(Bacillus velezensis) .
DHD-a(Bacillus tequilensis) -5 A {1 B fx 5 Y b 1
R SR A5 Tl A0 X L, S s AR R A Ak
86.44% . 92.00%, HEMHAT Al RES AT BRI | B
PKS 25t

700 bp

2.7 DHD-15, DHD-L BT 32525

VeI 3 Fldis 7 R R A 0 TR I R Y TR R
DHD-15 F1 DHD-L #A7iE B  Eh AR 6 0 it 52
S
271 ARKIRETE: H3k 6 Al%, DHD-15,
DHD-L RI#K7E 4 °C A4+, £ 15°C, 30°C,
40 °C L FHRAT LIRS, {AFE 50 °C JEFRAMF T
WA KAEH 2208 HAERK R, AL TAE
KR
272 THERVERE: HE 4 BHETH, DHD-15,
DHD-L BF#RAEA N 0%-10% NaCl ¥ JiZ i Bl o 24 7]

*x6. BEMREMZRE
Table 6. Temperature tolerance test

T/°C 4 15 30 40 50
DHD-15 - + + + -
DHD-L - + + + -

% o, NG ) >
o © 9 O & 9
F FF K F P

+: bacterial growth; —: no growth.

3. PKSI & PCR ¥ 1&E

Figure 3.

PCR amplification of PKSI gene.

# 5. PKSI PREE R FFI 2
Table 5. Sequence analysis of amino acid of PKSI positive bacteria.

Strains Closest match GenBank accession Similarity/%
DHD-2 Bacillus subtilis Bacillus subtilis (AWW22978.1) 100.00
DHD-12 Bacillus subtilis Bacillus subtilis (SAJ35057.1) 99.07
DHD-13 Bacillus subtilis Bacillus subtilis (WW22978.1) 98.22
DHD-15 Bacillus velezensis Bacillus subtilis (AWW22986.1) 86.44
DHD-a Bacillus tequilensis Bacillus subtilis (SAJ35055.1) 92.00
DHD-L Bacillus subtilis Bacillus subtilis (AWW22978.1) 98.23
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4. BRI

Figure 4. NaCl tolerance test. Assays were performed
in triplicate and data were reported as meanszstandard
deviations.
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I 1E NaCl ¥ ik 1090}, P fRI 42 K 2818
2.7.3 THERBEILE : MHEE 5 FIH, 7E pH5 AT,
DHD-15, DHD-L M s #k A < 3 BE A ple, o
DHD-L B& A4 1 3 3 B 2 /&5 :F DHD-15 Bk, i
1f FEAANI] pH 3555 4508 N BRI ARG O, 25
ZiH] DHD-15 F1 DHD-L Hi#k4: K i pH 76 -y
5-6, H.ifit pH 3 I pH 11 fBRBR &1 .

1.4 ¢
1.2
1.0 +
0.8
0.6 |
04
02+t
0.02

—— DHD-15
—a— DHD-L

OD()ENJ

E 5 Btk pH 24K

Figure 5. The result of pH tolerance test. Assays
were performed in triplicate and data were reported
as meanszstandard deviations.

2.8 WMEYRKEREMLE

R ISR RS MRS E RS B T
WAL PIPE T /R, IR S IS SR R
Piro TG, BEFEPBETE R E MR R . A
SEIHEE R bk DHD-15 /5 A B T 5L 72
2.8.1 PFaEME: & 6 Al %1, DHD-15 BRI
Yy 5 AT B Y #0EeE DHD-15 B BRI BR 47 )5
23150 °CAL¥E 2 h J5 , MR P8l B A% 535 5.0 mm,
HABEAMENYE; 7£ 100 °C 4P 30 min J&,
PORIEPEU SRR, AR TIPS PE
2.8.2 BWiaEM: WK 7 rLIEH, DHD-15

6.0
50 |
40 t
3.0 t
20 f

1.0

Inhibitory zone diameter/mm

0.0 : : : : ;

0 20 40 60 80 100
T/°C

B 6. %RELFGMRIZEMS

Figure 6. The thermal stability of fermented

supernatant. Assays were performed in triplicate and
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Jit 77 J& (Alteromonas) . ZF 7041 & (Bacillus) . FE1%
F B J& (Psychrobacter) . fi& 52 % B i 15 J&
(2 JRE S N N I
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Diversity and antimicrobial activities of cultivable bacteria
isolated from Donghai island

Zhimin Deng, Hongxu Yuan, Jiayu Zhou, Chengxin Huang, Renshu Chen, Dongmei Lu"

Life Science and Technology School, Lingnan Normal University, Zhanjiang 524048, Guangdong Province, China

Abstract: [Background] Marine microorganisms have a great application potential in developing bioactive
substances, but few researches reported so far on microorganisms in the east island of the south China sea.
[Methods] Marine culturable bacteria isolated and purified from sediments from Donghai island were identified by
morphological observation, physiological and biochemical analysis, and phylogenetic analysis of 16S rRNA gene
sequence. Escherichia coli, Bacillus subtilis and Staphylococcus aureus were used as indicators to determine their
antibacterial activities. Based on the study on bacteriostasis of sediment bacteria, Polyketide synthase | (PKSI) gene
was screened for strains with bacteriostasis activity, and amino acid sequence alignment of PKSI positive bacteria
was performed. PKSI positive representative strain was selected to test the stability of the strain and its
fermentation bacteriostasis. [Results] In total 25 bacteria were isolated and purified, belonging to 9 genera:
Acinetobacter, Alteromonas, Bacillus, Psychrobacter, Pseudoalteromonas, Oceanimonas, Staphylococcus, Micrococcus
and Marinobacter. Through the screening of bacteriostatic activity and PKSI gene, 6 strains had bacteriostatic
activity, and their bacteriostatic substances all contained ketone compounds. It was speculated that DHD-15 and
DHD-a might contain novel structure of type | polyketide synthase. DHD-15 and DHD-L can grow normally
between 15 and 40 °C, and grow best at 1% salt concentration and pH between 4 and 6 in seawater. [Conclusion]
There are relatively rich culture-able bacterial resources in the sediments of Donghai island, south China sea.

Keywords: bacteria of Donghai island, antibacterial activity, polyketide synthase (PKSI), stability

(KXot éh: FKREET)

Supported by the State Spark Program (2013GA780077), by the Guangdong Science and Technology Department Small and
Medium-sized Scientific and Technological Enterprises Technology Innovation, Science and Technology Finance Project
(2017B010136194), by the Industrial chain Collaborative Innovation Public Service platform Project (contract number:
Zhanhai 2017 C8B2) and by the Sichuan Education Bureau Project (CC16Z12)

“Corresponding author. E-mail: ludongmei@lingnan.edu.cn

Received: 6 August 2019; Revised: 20 January 2020; Published online: 2 April 2020

FAAE, EEMFHAEMARERA A, SEDEN. AR RS HRFHT L
RIM. REHSmeR GRAGHFEMRAFILEA LB LRARTCAERFHES
RERE, FMFFAESPEA". 28 KXFAEEGHF TR KT A Q0] L)l %4
RAFSARE. A EIFFLALHARARMAFALTE ., BREXHAXAB. &4
ABATRAE . WA EFT TR RAESFHFTRFRERAFRA, £E AN
FIR AT 20 % 4.

http://journals.im.ac.cn/actamicrocn



