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SUMMARY 

Bacteiiocms are tibosomally synthesized antimicrobial peptides or proteins, which are produced by bacteria to inhibit the growth of 
similar or closely related bacterial strains. They have been loolcing for a positive health benefit to the host including human, 
livestock, aquaculture animals and some plants. The aims of this study were to Isolate, assess the bacteriocinogenic activity and 
analyze phylogenetic relationship of marine bacteria in association with otter clam {Lutraria philippmarum) caphired in Nha Trang 
Bay and Cam Ranh Bay. Among a total of 128 bacterial isolates, 19 strains (15%) were fbimd to produce bacteriocins against at least 
one of selected indicator bacteria. The highest bacteriocin production activi^ was shown by 6 sb^ns, named H9, H18, H51, H61, 
HT7 and HIOS, which were then selected for fiirther study. Tbe aniimicrotnal activity of crude bacteriocin extracts &oiji these strains 
was completely inactivated after the treaUnent with proteinase K and trypsin while ibey still remained the activity after the" exposure 
to lipase and o-amylase. All six strains are rod - shape bacteria, facultatively anaerobic and Gram-negative. The result of sequencing 
of the 16S rRNA and rpoB genes presented that ttie strain H77 was identified as Enterobacter cloacae and the other strains as 
Cronobader sakazddi. This is the first study on bacteriocins produced by a member of die Cronobacter genus. The research 
contributes to the collection of die marine bacteriocinogenic bacteria and fiirther tising them as potential probiolics or drugs in 
aquaculture. 
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INTRODUCTION 

Vietnam has excellent natural conditions for the development of aquaculture, especially various species of marine 
animals. Aquaculture Is one of the major sources of Income for the poor farmers in this field. However, farmers have 
faced to serious diseases of opportunistic bacterial pathogens, In which Vibrio species Is one of the most Important 
pathogens recognized in larval culture that breal^ out dramatically causing heavy losses (Torahzo ef al., 2005). In 
addltio'n, the fear of aquaculture farming increases with climate change, because the viailence and transmisston of 
pathogens perhaps increases at higher temperatures (Glllor efa/., 2010). 

Antibiotics have been utilized In animal research almost from the time of their discovery and quickly found widespread 
use in the farm environment as therapeutic agents. Perhaps, due to ovenjse in aquaculture, it presents disease 
resistance by bacteria, damaged normal microflora and caused microdysblosis. It also made residues accumulated in 
aquatic products to be'harmful for hpman. So, scientific communities have proposed friendly alternatives such as 
vaccines, antibiotic substitutes or probltoUcs (Corripio-Myar et al.. 2007). However, vaccine use is often laborious, costly 
and stressful to the animals. Therefore, bacleriocinogenic bacteria strains appear to be an excellent candidate with dual 
role because bacteriocln.would be an antibiotic substitute, whereas bacteria would be a potential probiotic (Gillor ef ai. 
2008). 

Evidence Is abtindant that bacteriocins are Important mediator of intra- and Interspedes interactions and, consequently, 
a significant factor in maintaining mircroblal biodiversity (Riley and Wertz, 2002).Bacteiocln is considered that is not 
harmful to human heath. For using bacteriocin as potential probiolics and drugs in aqualcuture, bacteriocin-produdng 
bacteria must be isolated fnam marine animals and marine-environment to adapt vwth the change of temperature and 
salinity in the conditional culture (Desnac et al., 2010). Thus, local marine animals might be suitable for being isolated 
and screened potential probiolics or dnigs. In this research, otter dam {Lutraria phllipplnarum) Is chosen to study. In our 
I(nowledge, it is the first time that a bacteriocin-producing bacterium was found in L phllipplnarum and also the first 
bacteriodn'produced by a member of the Cronobader genus. 

MATERIALS AND METHODS ; ^ : 

Indicator bacteria 
Selected taiget bacteria strains Including Enterococcus faecalis B1.1, Vibrio parahaemolytlcus C l and Vibrio 
alginolyticus V3.3 are seafood-borne pathogens obtained from the culture collection of local microorganisms at Nha 
Trang University. 

Otter c lam sampling 
Otter clams (Lutraria phllipplnarum) (n=9) were collected from Nha Trang Bay and'Cam Ranh Bay from February to 
Odober 2012. At the sampling sites, the intestinal content and mucus of dams were separated using sterile sharp knife 
and forceps, and dispensed in pre-weighed sterile 1 % peptone water taken in a screw cap test tube. Samples vvere then 
brought to the laboratory In insulated containers for further analysis. 

Bacterial Isolation 

Marine bacteria were isolated by the spread plate method. Clam samples were homogenized using tissue grinders-and 
vortex in stenle saline solution (8.5 g.r NaCI). Tenfold serial dilut'ons of samples were prepared and plated on trypCicase 
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Assay for bacteriocin activity - u th rraa 

HlHedia .at«J incuDafixl at 37 C tor 12 - ^ 'JJ™'* ' „ „ „ , , ; ' „,„,malanl fluid was adlusted Io 7.0 with 1 N NaOH or 

™ Z ™ D 7 S , ' S ^ 1 ? ; o ' ° * S * T p . J S l S L o f b a = . . * c , n , t w ^ ^ 
of 1 mg/ml were treated with supematant fluid at 50 C for 3 hours. 
Effect of physiochemical factors on the activity of crude bacteriocin 

SL^s^rp^^srsetcsTasV^o-?^^^^^^^ 
S . ' i S S S e ' S ' ^ I ^ S a i e S at their o p L a l temperatur^ as Recommended by the„^^^^^^^ 

particular, trypsin and proteinase K were incubated at 50 ' C for 3 hours and lipase and ° - _ i [ ^ ^ f j J 3 ^ , J ^nd 20 C for 

2 houre, r ^ s ^ e t y . Tlie residual activily after enzyme treatment was detemiined as descnbed previously. 

To check Uie themial stability cell-free neutralized supernatants of bacteriodns were exposed to 30° C 60° C. 100° C for 

I r m i n l S - S s S T a v S ^ c o n d i t i o n ) and bacteriodn activity was dtecked by « 9 f ; - « « V , : ? ' ' ° " . r ; n S t n 

described above. Similariy, the effed of pH on the bacteriocin was detemiined by adjusting the cell-free supe natent to 

P H T O T 12^0 with 1 N HCI w 1 N NaOH After 30 min of incubation at 30° C, the samples will be readjusted to pH 7.0 

and Ihe baderiodn activity was detemiined 
Genomic DNA extraction and Polymerase Chain Reaction of 168 rRNA and rpoB genes 

The DNA of baderial strains was extraded by alkaline lysis method using the kit Wizard»SV Genomic DNA Purification 
System (Promega, USA). Punlied DNA samples were used as templates for amplification of 16S rRNA and ^ o S gene 
segmente using respective primers (Integrated DNA Technologies, USA) as follows: 16S-27F (^-AGA GTT T G A T C C 
TGG CTC AG-3') and 16S-1492R (5'-ACG GCT ACC TTG TTA CGA CT-3') (Luan e( al., 2007); CM7 (5'-AAC CAG TTC 
CGC GTT GGC CTG G-S") and CM31b (5'-CCT GAA CAA CAC GCT CGG A-3') (Mollet et al., (1997). The PCRs were 
perfomied in 50 ul reacfions containing 2 pi (10 ng) of template DNA. 0.5 pM each primer, 1.5 mM of MgClz, 50 \iM each 
dNTP, and 1 U Taq DNA polymerase along with 1 X Taq buffer as recommended (Promega, USA). Amplification was 
perfomied in a DNA themial cyder (Biorad) as follows: 40 cydes of 1 min per cycle at 95° C, and 1 min at 55° C. 
folkwed by an increase to 72* C over 2 min. Extension of the amplified produd was at 72° C for 5 mm. The amplified 
products were be visualized In a 1 % agarose gel stained with ethidium bromide. 
Gene sequencing and phylogenetic analyses 

The PCRprodud of the 16S tRUA and rpoB genes of bacterial isolates was purified using the PCR Clean Up System Kit 
(Promega, USA) and used as template for sequendng using dye-labelled dideoxy terminator (Big Dye Tenninator v. 3.1, 
Applied Biosystems) on an ABI Prism 3700 DNA Analyser (Applied Biosystems). The 16S rRNA and tpoB gene 
sequences of baderial isolates and reference sequences available In GenBank were used for sequence analysis at the 
NCBI, using BLAST tool. Phylogenetic trees were constaicted using the MEGA5 program (Tamura ef a/., 2011). The 
robustness of the tree topdogy was tested* by bootstrap analysis with 1,000 resamplings (Felsenstein, 1985). 

RERULTS AND DISCUSSION 

Isolation and screening of marine bacterlocln'-produclng bacteria f rom otter c lam 

Total 128 strains were Isolated from otter dam (Lutrarfa phllipplnarum). The result from Table 1 showed that 26/128 
strains expressed the inhibitory activity against at least one of three indicator bacteria. In particular, 14 strains could 
Inhibit the growtfi of Entercotxus faecalis B1.1, 19 strains against Vibrio alginolyticus V3.3, and 2 strains against V. 
parahaeinolyticus 0 1 . Among of them. 8 strains showed their activity against both B1 ;1 and V3,3, and the only strain H50 
against both C l and V3.3. Interesfingly. out of 26 strains with antimicrobial adiwty, 19 baderiodn-produdng strains were 
screened as revealed by the complete inactivation of their supematant fluids after trypsin treatment compared to controls 
(Table 1). Based on the strong and stable inhibitory activity against at least two Indicator t>acteria, 6 bacteriodnogenic 
strains H9, H18. H51r H61. H77 and H108 were selected for further study. 

Table 1. The antimicrobial activity of Isolates from otter clam against selected target strains 

1 

strains 

XI.4 
XI.5 

~ Inhibitorv zone diameter rmml 

V33 

9.5 ± 0.5 
10 5 ±0.5 
7.5 ± 0 5 

7 5 ± 0 5 

Cl 

10.5 ± 0 5 

B1.1 

7.5 ±0,5 

Trypsin 
treatment 

0 
0 

7.5 ± 0 5 
0 

7.5 ± 0 5 
0 

No. 

14 
1fi 
l f i 
17 
lf i 
19 

Strains 

H21 

H51 

H61 

Inh 

V3.3 -

11 5 ±0.5 

bitofv zone diameter fmm) 

C l B1.1 

10.5 ±0.5 

13.5 ±0.5 
11.5 ±0.5 

Trypsin 
treatment 
6.5 ± 0.5 

0 
0 
0 
0 
0 
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3 
g 
10 
11 
12 
13 

— H 2 — 
H5 
H7 
HB 
H9 

H15 
HIS 

7 t 1 
5±0.5 ' 

S 5 ± 0.5 
9 ± 1 

65±0.5 
"10 • 

12±1 
16±1 

15.5 ±0.5 

16±1 • 

7 + 1 
5±0-5 

0 
0 
0 

6.5 ± 0.5 
0 

?0 
21 
22 
23 
24 
26 
26 

H64 
H73 
H74 
H76 
H77 
H78 
Hioa 

6 ± 1 

9 5 ± 0 5 

9 ± 1 

8 

6 ± 1 
15 + 1 

17.5 + 0 5 
19 

16 ± 1 " 

0 
6 ± 1 

0 
0 
0 
0 
0 

The effect of physiochemical A c t o r s on the act ivi ty of the crude bacteriocin 
The effect of physiochemical factors on the activity of cnide bacteriodn Is presented in table 2 and fig 2. In short, the 
crude bacteriodn extracts were completely activited by proteolytic enzymes, proteinase K and trypsin, indicating a 
proteinaceous nature of the inhibitory compounds, called badenodns or bacteriocin-like substances (BUS). However, 
the treatment with lipase or a-amylase was found to have no effects on the bacteriodn adivity resulting from nomial size 
of zone of Inhibitkm, which suggested the absence of a lipid and carbohydrate moiety in these baderiodns (Table 2a & 
Fig. 2). Balacdzar et al. (2010) obtained similar results in the case the cell-free culture supernatants of 13-lsolates from 
seahhorses {Hippocampus guttulatus) were also treated witti proteinase K and trypsin. TTie results showed that the cell -
free culture supemants freom 3 strains (HG-14F, HG-12F and HG-3F) were inactlvlted by proteinase K, whereas only 2 
strains were inactivated by trypsin. Baderiodn are ribosomally syntheized peptides or proteins that are generally 
effective against closely related species. Baderiocins are differentially deavaged by distinguished.enzymes such as 
trypsin, proteinase K and a- chymotrypsin according to the protein strudure (Riley and Wertz, 2002). 
Table 2. The effect of enzymes, temperature and pH on the activity of crude tiacteriocin extracts 
a Enzymes 

Inhibitory zone diameter In mm (residual acfivily, %) 

Control 1 
155° C, 3 hi (55°C,3h) 

Contrd 3 o- amylase 
(20°C.2h) (20''C,2h) 

11 (100) 
14(100) 
16(100) 
10 (100) 

H77 13 (100) 0 
H108 16(100) 0 

0 14 (100) 12 5 (89.3) 
0 16(100) 15(93.4) 

17(100) 12 5(73 5) 
10 5(100) 8(76.2) 

b. Temperature 

1 „L Jina ] Q^^^J^^ j3o<. c, 30 mini 
Inhibitory zone diameter in mm [residual acb'^tv, %l 

60°C. 30 min 100°C, 30 min 121°C, 15min 

12 (100) 
13 (100) 
}3 (100) 
15 (100) 
10 (100) 
17(100) 

11 (91.7) 
10 (76.9) 
13(100) 
11 (73.3) 

0 
12(70.6) 

Inhibitory zone diameter in mm (residual acBvity, %) 
pH=2(3Qmin) pH=4f30mln) pH=6(30mln) pH=7(30minl pH=e(30mln) pH=10(30m 

- - H9 
HIS 
H51 
H61 
H77 

H108 

• 7(70) - -
0 
0 

4(36.4) 
6(46.1) 
4(28.6) 

8(S0)---
7(87.5) 
6(80} 

6(54.5) 
10(76.9) 

7{50) 

-3(90) -

11(110) 
8(72.7) 
12(92.3) 
16(114 3) 

- --- 10(100) 

10(100) 
11(100) 
13(100) 
14(100) 

— 11(110) -
8(100) 
9(90) 

6(72.7) 
11(84.6) 
13(92.9) 

• -7(70) - - -
6(75) 
4(40] 

7(63.6) 
9(69 2) 
10(71.4) 

Q , - -
4(50) 
4(40) 

0 
0 

6(42.9) 

Fig 2 The effect of enzymes (proteinase K, trypsin, lipase, a-antylase] (A-B), temperatures (60° C for 30 mm, 100° C for 30 min, 
121° C for 15 min) (C) and pH 2-12 (D-E) on the activity of crude bacteriocin extracts from the strain HIOS 

The results fiT)m assessing the effect of temperature on the adivity of the crude baderiodn have shown that bacteriodn 
activity remained until 60° C for 30 min (expect the strairi H77).fTable 2b & Rg 2). Especially, the badencdn extraded 
from the strain H108 remained neariy 30% adhrity al 100 Cfo r 30 mm but completely inactivated at autoclave condition. 
However, the baderiodn adivity of 6 strains was relatively stable between pH 4 - 1 0 (Table 2c & Fig. 2). Even the erode 
bacteriodns from the strains H18,H51 and H108 remained more than 40% activity at pH 12. 

Overall, these results are similar to data recorted by bacteriodn dass III, Induding large, heat-labile bacteriodns 
(Waenhammer, 1993), suggesting that the bacteriocins from the isolates from otter dam in our research could betang to 
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Class III. Tlie physico-chemical characteristics of baderiocins from 6 marine bactena support important data for further 
studying on bacteriocin diversity in marine bacteria of Vietnam ongin and applying these baderia as potential probiolics 
in aquaculture and food technology. 

Identification and phylogenetic analysis of marine bacteriocin-producing bacteria 

Morphological and cultural studies have shown that all six strains are facultatively anaerobic Gram-negafive bacteria with 
rod - shaped cells, 4 - 8 mm in diameter of colonies. Further identification was earned out by 163 rDNA amplification and 
sequencing. Gene sequences were submitted to GenBank with the Gene Accession numbers KC894665, KC894666, 
KC894667, KC894668, KC894669 and KC894670 for the strains H9, HIS, H51, H61, H77 and H108. respectively. The 
results from 16S TDUA gene sequendng of five strains H9. H18, H51, H61 and H108 revealed 100% homology to 
Cronobader sakazakii strain LdOg (GenBank Accession number JQ963902), 99.6% homology to C. malonaticus 
PHLTA-12 (FN401344), while the strain H77 had 100% homology to Enterobacter cloacae AB2 (JX188069), 99.2% to E. 
kobel BM0593 (JQ680938) and 98.1% to E. cowanll&L (DQ919062). 

Phylogenetic analysis of the 168 iTOJA gene sequences of these six isolates showed significant differences with ti^De 
strains of their dosest species within the Cronobader and Enterobacter genera (Fig. 3 & 4). The strain H77 along with 
the type strain of E cloacae was well distinguished witti type strains of E. kobel and E. cowanli, suggesting the strain 
H77 could belong to £ c/oacae (Fig. 3). However, five strains H9, H18, H51, H61 and H108 along with type strains of C. 
sakazakii and C. malonaticus show the same dusterings in the phylogenetic tree, which required further analysis for a 
species-level differentiation (Fig. 4). 

(KCS94669I 

» 273-SS (NR02&aiZ) 

claaoae subsp dlssolvans LMG 2633 (NR0'I49TS) 

EalarabaclBrcawanB B8B-76 (NR0255eB) 

ibacttr kobel CIP 10SSSS IHR023993) 

ludwigll DSMZ IBBBd (NR042349) 

EnlBiotaclerhormeecheiATCC 4S1S2 (NR042154) 

Enteiobeclar asbunae JCMS051 (NR024e40j 

iribeioganus LMS 2^93'iNRQ44S77l 

r asburiaa LF?a (NR074722) 

— PTDMUS mirabills H14320 (NR074S9S) 

«?=.««"^M^''!. ' ! ! '" '"^.?*'^'f^f"f, ' . !^'™^ ^^^"^ °" " "^ <=<'"iparative analysis of 1GS TRUA gene sequences showing the 
relationships between the strain H77 and type strains of Enferofiacter species. 

H^Ht^fi^h"^^^ °L™' ' i l : " ' t ^ ! ^ """"^ '^^ ^°°^ '" ^^ ' ^ * ^ " ^P ^^ C'"'™ replicates) is shown on the branches. The scale bar 
indicates the number of subsdtulions per nucleotide position. Proteus nsrabllis HI4320 (NR074898) was used as outgroup. 

H9 {KCB9M65) 

,r 

—C/vnotut 

^ 

HIS (KCSStEGS) 

HSl (KC894SB71 

iCronobaaersakBiakli ATCC 2S544 (r^i044Q76) 

Cronabeclsr malonaticus £925 (NR044oeo) 

J Cronobaaar aubiinensis subsp. laueanansls ES15 (NRO^aoSB) 

Cronobader dubHlensts sobsp iBClBrltli £434 (NR0440S7I 

:lef muy^ensl, Eeo3 ATCC 51329 (NR0440S9) 

PI o i eu i iinuLlll!! HI4J.iU I^JHU/4UflflJ 

S?.f, " • ; ; ™ " l*««li»»a phylojmBc ma based on Ih. c, 
r.i,Bon,hip, b.h,..n 11,. . „ . , „ . H9, Hie, H51, H61 .„d H,08 » ^ p . .M„i a C^'obi^te^' iS.-. 
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S2, Cronobeaersekazatairmb04 (JF3301431 

rit 

89[l Cranobaaer sakazakii ATCC 29544(7) (FJJITSS?) 

I CrtwiotjactermafonaD'cusLiWG 23326 CDC 1058-77(7) (FJ7t7659) 

7^t Enterobacter cioBCee ATCC 13047(7) (AJ543726) 
Pmteus mirabOIS ATCC 29906(7) (DQ836265) 

0.01 
Fig S. Neighbor Joining phylogenetic tree based on ttie comparative analysis of rpoB gene sequences showing the 
relationships between the strains H77 and H108 to closely related species. 
The percentage of replicate b^es more than 50% in the bootstrap test (1000 replicates) is shown on me branches. The scale bar 
Indicates Uie number of substitutions per nucleotide position. Proteus mrrabi/is ATCC29906 (DQ836265) was used as outgroup. (T) 
stands for type strain. 

Therefore, therpoB genes of the strains H77 and H108 was further amplified and sequenced with the Gene Accession 
numbers KF028398 and KF028399, respectively. Phylogenetic analysis of the rpoB gene sequences of these two strains 
with closely related species confirmed H77 belonging to E. cloacae and revealed H108 as C. sakazaldi. which was well 
separated with C. malonaticus in the ^voluUonary tree (Fig. 5). These results are agreement with the previous studies 
(fuldlet et al.. 1997; Giammanco'ef al.. 2011), In which rpoB sequence analysis with better resolution than 16S rDNA 
sequencing could be used as a marlcer for baderial identification In ttie Enterobacteriaceae family. 

CONCLUSIONS 

Total 128 maripe bacteria strains were isolated from otter dam {Lutraria philipplnarum) captured In Nha Trang Bay and 
Cam Ranh Bay. Among them,'€ strains H9, H18, H51,H61, H77 and H108 were found to express the highest and stable 
baderiocin activity. They perhaps produced bacteriocins class III, including large, heat-labile bacteriocins but these 
substances were relatively stable at pH' 4 - 10. FinaOyT sequence and phytogeny analysis of Ihe 16S rRNA and rpoB 
genes Indi9ated that the strain H77 was identified as Enterobacter c/oacae and the other strains as Cronobacter 
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PHAN LAP VA PHAN T(CH PHAT SINH LOAl COA VI KHUAN BltN S 6 N G T R ^ N 
TU HAI (LUTRARIA PHILIPPINARUM) CHO THAY KHA NANG SINH 

BACTERIOCIN BCfl CRONOBACTER SAKAZAKII Vk ENTEROBACTER 
CLOACAE 
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Nguyin Van Duy*, Ho Thj Hbng Nhi 
Vi$n Cdng ngh$ sinh hgc vi Mdi trudng, Tmdng Dal hgc Nha Trang 

T6MTAT 

Bacteriocin lii cic peptide kh^g khu^ dugc sin sinh bdi m^t vi khuln n^y dk dc chS sinli tiuAne ciia cic vi khuan k h ^ c6 quan h ; 
tiin hoa giUTgOi. Ch6ng dang du^c dm I d ^ nhim ban v | siic khoe cho ngudi, v§t nudi vi tn^t so thvc v$L Mgc tieu ciia nghien ciiu 
niy ii phin l^p, xic dinh ho;t tfnh sinh bacteriocin vi phan tich quan he phit sinh loii cila cic chiing vi khuln bi^n s6ng tren tti hii 
{Lutraria pkilippinarum) Ihu tir Vinh Nha Trang vi Vjnh Cam Ranh. Trong s^ 12S chdng vi khu&i phin % du^c, c6 19 chOng 
(15^) c6 khi ning sinh bacteriocm khing lai [ t i M t m ^ trong cic chung chi di; Trong so niy, 6 chiing H9, HIS, HSl, H61, H77 '^ 
HI08 da thi h i ^ ho^ tlnb sinh bacteriocin m^nh nhit Hoat tinh khing khuln ciia djch bacteriocin thfl tCi cic chiing nay da b( bat 
hopt hoin toin khi xir 1 j ' v6i proteinase K vi trypsin trong khi khSng bi inh huong b£ri lipase vi a-amylase. T^t ci 6 c h ^ g deu l i vi 
khuiin Gram am, ki khf t^y t i ^ vi c6 te I>io hinh que Kit qui giii trinh tu d o ^ gen 16S rDNA vi rpoB chi ra ring chiiog H77 
thu^ v^ loii Enterobacter cloacae vi cic chiing cdn lai fiiupc vk loii Cronobacter sakazakii. Diy li thdng bio diu ben ve 
bactenocin du^u sin sinh I)6i chi Croimbader. Nghien cihi nay lam giau bd suu t ^ ch^g vl khuin biSn sinh bacteriocin vi mo ra 
liim ning (tag dgng ciia chiing lim probiotic bo$c thuoc chiia b ^ bong nuoi tr^ng thiiy sin. 
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