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1
Table 1  Samples and their origins
Origin Samples
Nanji  Zhejiang Seawater
Sediments

Lomentaria catenata
Laurencia okamurai
Ulva fasciata
Hymeniacidon perleve
Euplexaura curvata
Qingdao Shandong Seawater
Sediments
Ulva pertusa
Sargassum thunbergii
Gymnogongrus flabelliformis
Laminaria japonica
Homoiodoris japonica
Acanthochiton scutiger

Shengshan  Zhejiang Seawater
Sediments

Seawater

Ningbo Zhejiang Sediments

1.1.2
BS CMCC B 63003
Staphylococcus aureus SA CMCC B 26001
Escherichia coli EC CMCC B 44102
Agrobacterium tumefaciens AT AS1.1416
Saccharomyces cerevisia SC ACCC2.1882

Bacillus subtilis

E. coliDH5a
TaKaRa HeLa
1.1.3 0.5g
0.1g FePO, 0.1g 15¢ 1L pH7.2~7.6
S5¢g lg FePO,0.1g
1L pH7.2~7.6
1.1.4 T1 Thermal Cycler Biom-
etra Taq pMD19-T Vector TaKaRa
DNA
DNA TIANGEN Plasmid
Miniprep Kit I Omega Bio-tek
1.2
1.2.1 0.5¢g
3 10mL
25°C 107" 1072
1.2.2 0.5¢g 10mL
107" 107
1.2.3 107" 107
1.3
1/10 Zobell 2216E
0.5g 0.1g FePO, 0.1g

15¢ 1L pH7.2~7.6 25C
20d
7°C
1.4
25°C 2d
300mL Zobell 2216E
S5g lg FePO,0.1g 1L pH7.2~7.6
25°C 120r/min 7d
5000 x g 30min
100mL x 3 37°C
1.5
CMCC B 63003
CMCC B 26001 CMCC B 44102
AS1.1416
ACCC2.1882
16
100mg/ml. 20pL
= 6mm
8C
37°C 24h
1.6
MTT Mosmann
7 Hela
10% BCS  RPMI1640
2~3x10" / 96
1951 37°C 0.5% CO,
24h
200p2g/ml
37°C 0.5%CO, 48h 96
20, MTT Smg/mL 4h
150pL.  DMSO 37°C 6min
492nm Inhibition
rate IR= OD - 0D /
0)8] x 100% IR=50%
1.7 PKS [ NRPS
16S rRNA
1.7.1 DNA
SmL DNA
DNA
1.7.2 GenBank PKS [
ClustalW http //www.

b kAo tstabey pr 21 TIKSE 5838 htto:// journals. im. ac. en
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CODEHOP
Primer Premier 5 1
PKS KS
700bp
AMDPQOQR KSF 2
HGTG KSR 2
NPRS ' NRPS
A
1000bp
NRPSF 2
NRPSF 2 "
16S rRNA 1492R  27F 2

GAYVP
VKIR

2 PCR
Table 2 The PCR primers used in this experiment

Primer Target
1492R 16S rRNA
27F 16S rRNA
KSF KS domain
KSR KS domain
NRPSF
NRPSR

Sequence 5’ >3’
GGTTACCTTGTTACGACTT
AGAGTTTGATCCTGGC
GCGATGGATCCNCAGCAGCG
GTGCCGGTNCCGTGNGYYTC
GCNGGYGGYGCNTAYGTNCC
CCNCGDATYTTNACYTG

A domain
A domain

1.7.3 KS PCR 50pL
94°C 3min 94°C 40s 59°C 1min 72°C 40s

35 72°C 10min
1.7.4 A PCR 50 pLL

94°C 5min 94°C 1min 50°C 1min 72°C 2min
35 72°C 7min
1.7.5 16StRNA PCR S50pL

94°C 5min 94°C 1min 56°C 1min 72°C 1min
35 72°C 5min
1.7.6 PCR PCR 1%

DNA

PCR pMD19-T Vector E.
coli DH5a
1.7.7 DNA

inator v3.1

BigDye term-
ABI PRISM 373 ABI

16S rRNA
http //www. ncbi.
Clustal

GenBank
nlm. nih. gov

X1.8.msw

BLAST

MEGA3.1

346 5

42

Euplexaura curvata NJ5-
7-1 Hymeniacidon perleve
NJ6-3-1 QD1-2
QD5-2-1
1 42
9% EC 17%  SC
SA 52% BS

69 % AT 81%

3

Table 3  Marine bacteria with antimicrobial activity

isolated in this experiment

Marine Target bacteria

bacteria

o=}
wn

SA EC AT SC

NJ1-1-1
NJ1-4-1
NJ 1-8-2
NJ1-107"
NJ 1-14-2
NJ1-20-2
NJ2-2-1
NJ2-9-1
NJ 3-3-1
NJ 3-4
NJ 3-10
NJ 3-18
NJ 4-6-1
NJ 5-2-2
NJ 5-3-1
NJ 5-3-2
NJ 5-7-1 +
NJ 5-16
NJ6-3-1
NJ 6-3-2
NJ 6-8-1
NJ 6-107!
NJ 6-14
NJ 6-20
NJ6-22
NJ6-25
NJ7-15-2
QD1-2 + + +
QD 1-6 -
QD 2-6 +
QD 3-2 + +
QD3-3-1 +
QD3-10 - - - + -
QD4-3-1 -
QD 4-7 +
QD 5-2-1 +++ + 4+ + + + + +
QD 5-5 +
QD5-7 -
QD 6-3-1 - - -
QD 7-2 + - -
YTBM2-1 - + -
YTHM-17 + +
* =" No inhibition “* +”

eniliitiphczand:baryaar 3 BRGNS fapEER+ hitdnhibidonrrene, ZSmmcen

+ 4+ - + o+

+
R R T T T e S S S S A I SR
I+ 1+ + 40
I I

+
+
+

+ o+ o+ L+ o+

o+ L+ o+
+
+
+
+
+
+

+ o+ o+ o+
I

+ - + + +

Inhibition zone between 1 and 3mm * + +”
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% o 1 YTHM-17 3
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69
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g wf » 12
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g ¥ - 5.19%
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EC sC SA BS AT 10.52%
festmicroorgznism 2.2 PKS I NRPS 16S
1
rRNA
Fig.1  Antimicrobial spectra of marine bacteria.” EC”  Escherichia 2
coli “ SC"  Saccharomyces cerevisia “ SA"  Staphylococcus aureus
“ BS"  Bacillus subtilis “ AT"  Agrobacterium tumefaciens . PKS [ NRPS 5 NJ 6-3-
1 QD1-2 YTHM-17 NB-6 4
346 12 NRPS A NJ 6-3-1 QDI-2
2 556- NRPS A
Hela NJ6-3-1 GenBank BLAST
12 ID30 77.20 6  YIHM-17 A Bacillus
199.84 y1g/mL 4 weihenstephanensis 93%
NJ6-3-1  ID50 77.20 + 1.94pg/mlL 12 GenBank
12 BLAST PKSI  KS
NJ6-3-1 NJ5-1-2B Nj1-1-1 QDI-2 QD5-2-  NRPS A KS A
E QD12 KS
s VQTACSTS
Clanpnal N :
o LELEL ot L L NDKD KS
O S T S 20 IS S P
& ¥ & & 88 N £ PKS/NRPS # NJ 6-3-1
F og & & - & - =
£ v = KS NJ
Marine acterial strains
6-3-1 NRPS A
2 HeLa PKS  NRPS
Fig.2 Inhibitory effect of the extracts from marine bacteria on HeLa
cell growth.
5 PKS NRPS
4 D5, Table 5 The screening results of PKS and NRPS
Table 4  The origin of cytotoxic bacteria and the IDsy of their extracts Bacteria The most related genus PKS NRPS
o . f=)
Origin Species Bacteria IDsy/ prg/mL NJ1-1-1 Agrobacterium sp. _ _
Invertebrate Euplexaura curvata NJ5-1-2B 199.84 +9.10 NJ6-3-1 Pseudoalteromonas sp + +
Hymeniacidon perleve NJ6-3-1 77.20+1.94 ) ] '
Acanthochiton scutiger ~ QD5-2-1  175.82 +3.20 NI5-1-2B - Pseudoalteromonas sp.
Homoiodoris japonica  SSN-6 186.42 + 12.60 QD12 Pseudoalteromonas sp. + *
Seaweed Lomentaria catenata NJI-1-1 123.38 +3.29 QD5-2-1 FParacoccus sp. - -
Laminaria japonica YTBMS-1A 173.56 +7.58 YTBMS-1A Rheinheimera sp. - -
YTHM-17 127.88 £5.40 YTHM-17 Aerococcus sp. - +
Alexandrium tamarense ~ ATCI02-4 102.88 £ 1.15 ATCIO2-4 Bacillus sp. - -
Seawater Seawater in Qingdao QDI-2 137.50 +2.91 NB-6 Bacillus sp. _ i
Seawater in Shengshi SS6-4 80.83 +3.47 NB-52 Exiguobacterium sp B B
Sediments Sediments in Ningbo NB-6 103.79 +4.46 SSN6 Peeudoall ) i
NB-52 99.84 +2.70 SOUCOATIETOMONS 5p- - B
SS6-4 Alteromonas sp. - -

Each datum of the IDsy represents the mean =+ SD value from three

independent experiments.

“ —" no PCR product © +”" correct PCR product.
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6 KS A GenBank 16S rRNA 12
DNA
Table 6 The sequences alignment of KS and A domains of marine bacteria GenBank
isolated in this experiment with that submitted to GenBank MEGA3.1 3
Marine bateria  Domail Size/bp The most related species Sequence .
anne bateria  TOMANL 4 cession number Accession number similarity/ % 12 8
. 686bp Saccharophagus degradans . .
Nj6-3-1 ks DO666948 ABDS2980 o Agrobacterium  Pseudoalteromons — Bacillus
1004bp Myxococcus xanthus . . .
A DQB66950 YP631505 8 Paracoccus Rheinheimera Aerococcus Exiguoba-
QD1-2 . 683bp Nitrosospira multiformis .
Ks DOO6E949 YP412520 56 ctertum Alter omonas
A 1007bp Pseudoalteromonas tunicata 75 PS eudo @ ll eromonas 4 KS
DQO66951 EAR30010
NB-6 A 971bp Nostoc punctiforme 45 A 4 NJ6_3_ 1 QD 1 _2
DQ873696 ZP00110699
17 A I 1028])};2 BHCLIIIL; a\f;;’gﬂﬁjmmﬂm 03 YTHM— 17 NB—6 3
Pseudoalteromonas Aerococcus ~ Bacillus
——— kxiguobacterium spAAY360351
100 39 | ONB-5214Y626836
| Exiguobacterium oxidotolerans\AB105164
0.02 Exiguobacterium antarcticum\AJ297437
: 100 Exiguobacterium acetylicum\D35730
67 Bacillus benzoevorans\AY 167808
100 IOATCI()Z—4\AY626834
100 100 Bacillus firmus\D 16268
_I:Bacillus macroides\AI'157696
Bacillus fumarioli\AJ581126
Bacillus megaterium\AY030338
93 | Bacillus thuringiensis\AI' 155954
] 63 ONB-6\AY626835
59 100 Bacillus mycoides\AI'155957
&: Aerococcus sanguinicola\AI'318316
Aerococcus urinae\AY422717
57 yderococcus viridans\M58797
99 4{/4 erococcus SpANAF0O76639
100 Loy rHM-1714Y626833

100 | Paracoccus denitrificans \AJ288159
Paracoccus versutus\Y 16932
Paracoccus aminovorans\AY256516
OQD3-2-114Y626831
Paracoccus Sp. MBIC4017\AB025188
Paracoccus zeaxanthinifaciens \AF461158
88 Paracoccus sp. ARCTIC-PI7\AY573045
UM bacterium HP29w\AY239008
Roseovarius tolerans\Y11551
95 \ONJI-1-1:AY626827

100 Agrobacterium meteori\l) 88527
Alpha proteobacterium MBICI876\AB026194
Marine alpha proteobacterium BB\AF365994

Marine alpha proteobacterium AS\AJ391174
99 Agrobacterium gelatinovorum\D88323

90 Rheinheimera pacifica\AB073132

100 OYTBMS-1A\AY626832

Gamma proteobacterium HTBOIWABOI08358
Rheinheimera baltica\4J002006
78 Pseudoalteromonas aurantia\X82135
- 87 Pseudoalteromonas tetraodonis\X82139
Pseudoalteromonas issachenkonii\AI'316142
62 (?? Pseudoalteromonas atlantica\AB049728

— ' OSS 6-414Y626837

89 0 | Pseudoalteromonas distincta\A 082564
95 Pseudoalteromonas elyakovii\AF 116188
100 37 Pseudoalteromonas gracilis\AF038846
== Pseudoalteromonas porphyrae\Al475096
05 ONJ5-1-2B\AY 626829
—— Pseudoalteromonas luteoviolacea\AY217773

62 29 FOQDI—Z\AY62683()

100

99

53

Pseudoalteromonas rubra\X82147
96 O NJ6-3- 1147621063
52 Pseudoalteromonas piscicida\AB090233
100 ~Vibrio parahaemolyticus\AI'388389
99 L Vibrio alginolyticus\AF513447

83 l()Oé) OSSN-614Y626838
gllﬁ Uncultured proteobacterium \AJ310691

Alteromonas sp. SHY 1-1\AB078014
Alteromonas macleodii\Y 18228
100 L Alteromonas litorea\AY428573
Pseudomonas aureofaciens\D84008

3 16S rRNA
Fig.3  Phylogenetic analysis of marine bacteria with bioactivities based on 16S rRNA sequences. Phylogenetic trees were constructed by the Bootstraping
and Neighbor-joining rule. Numbers indicate bootstrap confidence values as the percentage of 100 bootstrap replications and less
than 40% are not shown. Sequences in this experiment are preceded by open circles.
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16S rRNA
KS A NCBI/GenBank
AY621063 AY626827
AY626829 ~ AY626838 DQ666948 ~ DQ666952
DQ873696

3

Armstrong
A 2
3
Scotti Bacillus subtilis
PKS OPF  Chen
Bacillus amyloliquefaciens ¥ZB 42 3
PKS Michelle 7
Pseudoalteromonas tunicata PKS
PCR Aerococcus  sp. PKS
NRPS
Pseudoalteromonas sp . PKS  KS
NRPS A Bacillus sp.
NRPS A NB-6
Aerococcus sp. NRPS
A PKS  NRPS
PKS  NRPS
11
346
42 12
12

16S rRNA

Agrobacterium  Pseudoalteromons — Bacillus ~ Paracoccus

Rheinheimera

Aerococcus Exiguobacterium

Alteromonas 8 12

11

12

14

PKS [
4 PKS KS

NRPS
NPRS A
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Screening and characterization of marine bacteria with antibacterial and cytotoxic activities
and existence of PKS | and NRPS genes in bioactive strains

ZHU Peng' ZHENG Li* 1I Jing® SHAO Jian-zhong' YAN Xiao-jun’"
! College of Life Science  Zhejiang University ~Hangzhou 310058 ~ China
% Key Lab of Marine Technology ~Ningbo University ~Ningbo 315211  China

Abstract Antibacterial and cytotoxic activities were screened for marine bacteria which have been isolated from organism

sediments and seawater in China coastal area. The results showed that 42 isolates had antimicrobial activity and 12
isolates had cytotoxicity. Molecular phylogenetic analysis of marine bacteria with cytotoxicity based on 16S rRNA
sequences indicated that they were belong to the genera Aerococcus — Agrobacterium — Alteromona  Bacillus

Exiguobacterium  Paracoccus  Pseudoalteromons — Rheinheimera . Furthermore marine bacteria with cytotoxicity were
also screened for PKS I and NRPS genes which could be responsible for bioactive secondary metabolites biosynthesis 4
strains having KS domain or A domain were obtained which provide strong evidence that marine bioactive bacteria can
produce natural products through PKS and NRPS pathways .

Keywords marine bacteria antibacterial cytotoxicity 16S rRNA PKS NRPS
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