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SUMMARY

! are i imni peptides of protems, which are produced by bacteria to inhibit the growth of
similar or closely related bacterial strains. They have been loaking for 8 positive health benefit to the host including humen,
livestock, aquaculture animals and some plants, The sims of this study were ta isolate, assess the bacteriocinogenic activity and
analyze phylogenetic relationship of marine bacteria in association with ofier clam (Lutraria philippinarum) captured in Nba Trang
Bay end Cam Ranh Bay. Among 4 total of 128 bacterial isolates, 19 strains (15%) were found to produce bacteriocins against at least
one of selocted Indicator bacteria. The highest bacteriocin production activity was shown by 6 strains, named H9, H18, H51, H6),
H77 and H108, which were then selected for furthet study. The antimicrobial activity of crude iocin extracts from these strains
was completely inactivated after the treatment with proteinase K and trypsin while they still remained the activity after the exposure
to lipase and a-amylase. All six stains arc rod - shape bacteria, facultatively anaerobic and G :gative. The result of i
of the 165 rRNA and rpoB genes presented thet the straic H77 was identified as Encerobacter cloacae and the other strains as
Cronabacter sakazakii. This iz the first study om bacteriocins produced by a member of the Cronobacter genus. The research
contributes to the collection of the marine bacteriocinogenic bacteria and further using them as potential probiatics or drugs in
aquaculture.
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INTRODUCTION .
Vietnam has excellent natural ti for the of fally 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 pathagens, In which Vibrio species is one of the most important

pathogens recognized in larval cultura that break out dramatically causing heavy losses (Torahzo ef &l., 2005). In

addition, the fear of aquaculture farming incrazses with climate change, because the virulence and transmission of
perhaps i at higher (Gillor et a/., 2010).

Antiblotics 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. Parhaps, due to ovemuse in aquaculture, it presents disease
resistance by bacteria, damaged normal mi and caused mi i It also made residues accumulated in
aquatic products to be-harmful for human. So, scientific communites have proposed friendly alternatives such as
vaccines, antiblotic substitutes or probitatics (Comipio-Myar ef &/, 2007). However, vaccine use is often laborious, costly
and stressful to the animals. Therefore, bacteriocinogenic bacteria strains appear to be an excellent candidate with dua
role hecause bacteriocin.would be an antiblolic substitute, whereas bacteria would be a potential probiotic (Gillor ot af.,
2008).

Ewvidance is abtndant that bacteriocins are Important medialor of intrs- and i Ses i ions and,

& signil factor in mai i iz iversity (Riley and Wertz, 2002).Bacteiocin is considered that Is not
harmful to human heath, For using as potential probiotics and drugs in foci

bacteria must be isolated from marine animals and marine-environment to adapt with the change of temperature and
salinity n the eanditional culture (Desnac st al, 2010). Thus, local marine animals might be suitabls for being isolated
and screened patential problotics or drugs. In this research, otter clam (Lutraria philppinarum) s chosen to study. In our
knowledge, it is the first time that a bacterocin-praducing bacteriur was found in L philippinarum and also the first
bactesiocin produced by a member of the Cronobactar genus.

MATERIALS AND NETHODS -

Indicator bacteria
Salected target bacterfa strains including Enterccoccus feecalis B1.1, Vibrio parahasmolyticus C1 and Vibria
inolyticus V3.3 are seafood-bx chtained from the culture collection of lacal microarganisms at Nha

Frang University.

Ottar clam sampling _

Otter glams {Lutraria philippinarum) (n=9) wera collected from Nha Trang Bay and"Cam Ranh Bay from February to
October 2012. At the sampling sites, the inlaslh_ml content and mucus of clams were separated using sterile sharp knifa
and forceps, and dispensed in pre-walnheq sterile 1% peptone waler taken in a screw cap test tube. Samples wers then
brought to the laboratory in insulated containers for further analysls. .

Bacterlal Isolation .
Marine bagteria were isolated by the slpread plate method. Ciam samples were ized using tissue grinds d
vortex In sterie saline solution (8.5 9. NaCl). Tenfold serial dilltions of samples were prepared and plated on tryptcase
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agar (TSA, HiMedia) supplemented with 1% NaCl and 1.5 % agar. All plates were. incubagted fqr 24 hours at 37"0;:.
mnglesglth difterent va:rpmlogical characteristics from each sample were pickgd up and purified, subcultured in
suitable media and stored in sterile glycerol (20% viv) at -80° € (Nithyanand and Pandia, 2009).

Assay for bacteriocin activity

Antibacteral activity was determined by ‘agar-well diffusion method. Isolates were grown In Tryplicase Sgy Brf)ih ass,
HiMedia) and incudated at 37° C for 12- 24 hours. Then cell-free s were har d by t (6000
rpm, for 30 min, 4* C}. The cells were discarded and pH of the supematant fluid was adjusted to 7.0 with 1 N NaQH or
1IN HCl to ramove the effect of organic acid and then freated with catalase (Promega, USA) at the final conceniration of
0.5 mg/ml at 37° € for 30 mins 1o remove the effect of hydrogen peroxide. Plates were overaid with 3 ml spR agar
gontaining 107 cells of sslected target bacteria. Wells (7 mm diameter) were cut and 100 ul of the supematant fluid of tha
test crganism was poured into each well. Next day the diameter of inhibitory zone around the well was measu(ed
(Todcrov and Dicks, 2009) To check tha protein nature of bacteriocin, trypsin (Promega, USA) at the final concentration
of 1 eg/ml wera treated with supematant fluid at 50°C for 3 hours.

Effact of physlcchemlcal factors on the activity of crude bacterlocin

The supematant fluld was first adjusted pHto 7 and treated with catalase as described above. To chack the chemical
nature of bacteriocin, proteinass K, trypsin, lipase or a-amylase | ga. USA} at a final fion of 4 mgiml were
added. Afterward, the fiuids were incubated al thefr optimat as re by tha’ ur In
particular, trypsin and proteinase K were incubated at 50° C for 2 hours, and lipase and a-amylase at 37°C and 20°C for
2 hours, respectively. Tha residuaf activity after enzyme treatment was determined as described previously.

To check the thermal stzbilily, cell-free lizad of wers exposed to 30° C, 60° C, 106* Cfor
30 min, 121° C for 15 min (autociave condition) and bacteriocin activity was checked by agar-well diffusion method as
described gbova. Simitarly, the effect of pH on the bactericcn was determined by adjusting the cell-free supernatant to
pH 2.0 = 12.0 with 1 N HCl or 1 N NaOH. After 30 min of incubation at 30° C, the samples will be readjusted to pH 7.0
and Ihe bacteriocin activity was determined - !

ic DNA and P Chaln Reaction of 168 rRNA and rpoB genes

Tha DNA of bacterial strains was extracted by alkaling lysis method using the kit Wizard®SV Genomic DNA Purification
System {Promega, USA). Punfied DNA samples were used as templates for amplification of 165 rRNA and rpoB gene

using ive primers d DNA Ti ies, USA) as follows: 168-27F (5-AGA GTT TGA TCC
TGG CTC AG-3) and 165-1492R (5-ACG GCT ACC TTG TTA CGA CT-3) (Luan et ak, 2007), CM7 (5-AAC CAG TTC
CGC GTT GGG CTG G-3'y and CM31b (5-CCT GAA CAA CAC GCT CG6 A3} (Molet ot al., (1997). The PCRs were

in 50 pl reactions ining 2 | (10 ng) of template DNA, 0.5 1M each primer, 1.5 mM of MgClz, 50 pM each
dNTP, and 1 U Taq DNA polymerase along with 1 X Tag buffer as recommended (Promega, USA). Amplification was
performed in a DNA thenmal cycler (Biorad) as follows: 40 cycles of 1 min per cycle at 85° C, and 1 min at 55° C,
followed by an increase to 72° C aver 2 min. Extension of the amplified product was at 72° C for 5 min. The amplified
products were bs visualizedn a 1% agarose gel stained with ethidium bromide,

Gene sequencing and phylogenetic analyses

Tha PCR produst of the 165 rRNA and rpoB genes of bacterial isolates was pufified using the PCR Glean Up System Kit
(Promega, USA) end used as template for sequencing using dye-labelled dideoxy terminator (Big Dye Terminator v, 3.1,
Applied Biosystems) on an ABI Prism 3700 DNA Analyser (Applied Bicsystems). The 165 rRNA and /poB gene
sequances of bactenal isolates and reference sequences avallable in GenBank were used for sequence analysis at the
NCBI using BLAST taal. Phylogenetic trees were constructed using the MEGAS program (Tamura ef af,, 2011). The
robustness of the ree topology was testsd by bootstrap analysis with 1,000 resamplings (Felsenstein, 1985).

RERULTS AND DISCUSSION

Isalatien and ing of marine in- bacterla from otter clam

T;Ia'l 128 strains were isclated frur'n'onar clam (Lutraria philippinarum). The result from Table 1 showed that 26/128
.shgkx’qs expressed the inhibitory activity aganst at teast one of three indicator bacteria. in particular, 14 strains could
inhit ;: the gro_vtm of Entercoccus faecalis B1.1, 19 strains against Vibrio alginolyticus V3.3, and 2 strains against V.
parahaemalyticus C1. Among of them, 8 strains showed their activity against both B1:1 and V3.3, and the only strain Hs0
sgainst both C1 and V3.3. Interestingly. out of 26 strains with antimicrobial activity, i ducing strains were
s(%;?:?“; aasﬂr:::a;dt :Z ::ra mﬂpﬂl:hma;v?‘ﬁgn of their supematant fluids after irypsin treatment compared ta cantrols

: ong and stable inhibitory activity against at least twa indicato! ocil Ik

strains HY, H18, H51; HE1,-H77 and H108 were selected fer furtiier study. F bactera, § bacierocinogerte

Table 1. The antimicrobial activity of isclates from atter clam agalnst sefectad target strains

o | stare ~Inhibitory Zone diameler {m - Inhibitory zone dameter (mm)
Va3 ¢ g1 | opsn | No| Stains | ynq T gy B4 | e
74 | 85305 - Feanent X . Frrits
L essas 4| W21 | 6505 66505
7.510-5 H50 * 942 65105
X 75205 51 | Bed 165205
111 | 75205 008 ot
iK x - 75408 ' Hs8 35205
5£05 HE1 | 11505 115408
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The effect of physiochemical factors on the activity of the crude bacteriocin

The effect of physiochemical factors on the activity of crude bar:tenocm is presented in table 2 and fig 2. in short, the
crude bacteriacin extracts were activited by s enzymes, K and trypsin, indicating a
proteinacecus nature of the inhibitory P ., called ins or b 0ogin- ke (BLIS). However,
the treatment with pase or a-amylase was found to have na effects on the bacteriocin activity resulting from nermal size
of zone of inhibition, which suggested the absence of a lipid and carbohydrate moiety in these bacteriocins (Table 22 &
Fig. 2). Balacézar &t al. (2010) obtained similar results in the case the cell-fres culture supematants of 13 .isolates from
wars also treated with proteinase K and trypsin. The results showed that the cell —
free culture suPemﬂntS  freom 3 strains (HG-14F, HG-12F and HG-3F) were inaclivited by proteinase K, whereas only 2
strains were i by trypsin. are heized peptides or protems that are generally
effective against closaly related species. i ially cleavaged by di enzymes such as
trypsin, proteinase K and a- chymotrypsin according to me pmtem structure {Riley and Wertz, 2002).

Table 2. The effect of enzymes, temparature and pH on the activity of crude bacteriocin extracts

a Enzymes
Inhititory 2one diameter In mm (residual activity, %)

Strans [T oo Prolsinase K Trypsin Conirol 2 Upase Control 3 a- amylase

(55°C. 3 h) (55°C, 3h) (55°C, 3 h) {37°C.2h) (37°C. 2h) (20°C.2h} (20°C, 2y

HY 11(100) 0 0 10 (100 8.5 (85) 10.5 (100} 95(305)
H18 14 (100} 9 [ 15 {100} 13 (86.6) 12.5 (100} 13 (104)
H51 16(100) 9 0 17.5(100) 13 (74.3} 16 (100) 12(75)
Het 10(100) 0 0 9(100) 9 (100) 10(106) 75(75)

H7T 13 (100) 0 [ 14(100) 125(89.3) 17 {100) 125(735)
H108 16 (100) 0 [ 16 (100) 15 (93.4) 105 (100) 8(76.2)

b. Temperature

<oal T Eflory Zons Fametey in fm (residual asbvlty, %] -
tralns Gontrol (30° C, 30 min) 60°C, 30 rin 100°C, 30 min 121°C, 15 mn

Ho 2(100) 1(91.7) [ 0
H1B 13 (100} 10 (76.9) [ 0
HS1 13 (100) 13 (100) 0 0
HB1 15 (100) 11 (73.3) 0 a
HT? 10 (100) ) 0 0
H108 17 (100) 12(708) 5(20.4) 0

cpH

T T fory Zore dianotsr in mim {residual seivity, %)
Straing | pHi=2 (30min) _pH=4 (30min) _ pH=5 {30 min) _pH=7 (30 wn) _pH=8 {30 min) pH=10 (30 min] _pH=12 (30 min}

HY B (¢ IO 880y~ . =880} - - = 10(100) - IHIWG) T 7o) o 0T T T
H18 ) 7(87.5) 10(125) (100) 8(100) 675 4(50)
H51 e (80) 11(110) 10{100) s(90) 4{a0) 4{40)
HB1 4354y 6(54.5) 8(72.7) 11(100) 8(72.7) 7(636) [
77 6(46.1) 10(76.8) 12(92.3) 13(100) 11(84.6) 9(69 2) 0
H108 4(28.5) 7(50) 16(1143) 14{100) 13(92.9) 10(71.4) 8(42.9)

Fig. 2. The effect of snzymes (protelnase K, trypsin, lipasa, d-amyfese) (A-B), temperatures (60° C for 30 mn, 100° € for 30 min,
121* C for 45 min) (C) and pH 2-12 {D-E) on the activity of crude hacteriocin extracts from the strain Hi08

The results from assessing the effect of temperaturs on the activity of the crude bacteriocin have shown that bacteriocin
activity remained until 60° C for 30 min (expect the stram HT7).(Table 2b & Fig 2). Especially, the bactenocin extracted
from the strain H108 remained nearly 30% activity at 100° C for 30 min but completely inactivated at auloclave condition.
Howavar, the bactsriocin activity of 6 strains was relatively stable between pH 4 - 10 (Table 2¢ & Fig. 2). Even the crude
bacleriocins from the strains H18, HS1 and H108 remzined more than 40% activity at pH 12,

Overall, these results are srmllar to data recorﬂed by bacleriocin dass Ill, including large, heatdabile bacteriocing
199 that the from the isolates from otter clam in our research could beiong to
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Class Ill. The physico-chemical characteristics of bacteriocins from 6 marine bactena suppart important da;a for fqnher
studying on bacteriogin diversity in marine bacteria of Vietnam angin and applying these bacteria as potential probiotics

in aquaculture and food technology.
Identification and phylogenetic anatysis of marine bacteriocin-producing bacteria

Morphalogical and cultural studies have shown that all six strains are facultatively anasrobic Gram-negative bacteria with
rod - shaped cells, 4 - 8 mm i diameter of colonies. Further identification was carried out by 165 rDNA amplification and
sequencing. Gene sequences were submitted to GenBank with the Gene Accession numbers KC894665, KC894666,
KC894867, KCBY4668, KCB4E69 and KCBIAE70 for the strains HY, HT8, H51, HB1, H77 and H108, respectively. The
rasults from 165 rDNA gene sequencing of five sfrains H9, H18, H51, H61 and H108 revealed 100% homology to
Gronobacler sakazaki strain Lc10g (GenBank Accession number JQ963602), 99.6% homology to C. malonaticus
PHLTA-12 {FN401344), while the strain H77 had 100% homalogy to Enterobacter cioacae AB2 (JX188069), 89.2% to E.
kohsi BMO583 (JQ680938) and 98.1% to £. cowanii 6L {DQI19062).

Phylogensiic analysis of the 165 rRNA gene sequences of these six isolates showed significant differences with type
strains of their closest specias within the Cronobacter and Enterobacter genera (Fig. 3 & 4). The steain H77 along with
the type strain of £ cloacae was weil distinguished with type strains of E, kobef and £, cowanil, suggesting the strain
H77 could belong te £ cloacae (Fig. 3). However, five strains H9, H18, H51, H61 and H108 along with type strains of C.
sakazakii and C. malonaticus show the same clusterings in the phylogenetic tree, which required further analysis for a
species-level differentiation (Fig. 4). .

"gar HI7 (KC834669)

SBIL intarcbecier croacae 2798 (NR028912)

Entorvbacter clancag subsp dissoivons LMG 2683 (NROS$978)

Enlorosuctor kobel CIP 103166 (NRG28993)
Enteccbactar ludwipll DSMZ 18658 (NR042349)
Entambacter harmatchas ATCE 45182 (NROA2154)
Enterobactsr asbunas JCMBOST (NRO26543)

., 85— Entercbacter carteregenus LMG 2693 INRD44577)
Entsrobacter esburlas LF7a (NROTATZ)

Fratous mirabuls HI8320 (MRO7985)

—
0.002

Flg 3. Nelghibor falring phylogenetic trea based on the comparativa anatysis of 168 rRNA gene soquences showing the

relationships between the sirain H77 and type strains of Enterabacter species.

The parcentage of replicate raes mars than 50% fn the bootstrap test (1000 repiicates) is shown on the branches. The scale bar
Idicates the numbor of subsituticns per nucleotide position. Protaus mirabifis HI4320 (NROT4898) was used as oulgroup,

|F1108 (KB40}
H8 (KCE34865)
18 trecasascs
- HE1 (KCasa687)
HE1 (KCas4st) .
ronodacter sakaznkin ATCT 26549 (NR04E076)
Cronobactsr maionaticus EA7S (INRDA4060) .

Crongeacior dublinansrs sublp. dublimensis DES18T [MROSI062)

Cranobacter turisensis 23032 (NRG44061)
Gronobosiar cublinensis subsy, tausanansis £515 (NROI05)
Cronobncter dublinentie subsp facionidr E484 (NROLAST)

Crmnonacler muyyenst £603 ATCC 51329 (NRO44059)

micatiits HI4320 (NRO74698)

Fig 4. kel
g 4. Maximum likelihood tree based on the analysi:
/! /sis of 16!
relationships hetween the strains HY, H18, 51, H61 and H108 to type s!ra]nl.:;cronfbmﬁ

The parcenta;

gene sequences showing the
species. o

98 of replicate trees mora than 50% in the bootstrap test

lndicates the number of substutions Pper nucleatids position. Proteus

50

(1000 replicates) is stiown on the branches. The scale bar

mirabifis HIA320 NRO74898) was used as outgroup.
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82, Cronobacter sakazakii {mb04 (JF330143)
89[| cronobacter sakazakil ATCC 29344(T) (FJ717657)

Gronobacter malonaticus (MG 23426 CDC 1058-77(T} (FJ717659)

71 Enterobacter closcae ATCC 13047(T) {AS543726)
mirabils ATCC 29906(T) (DQ836265)

[
0.01

Flg 5. Nelghbior joining phylogenetic tree based on the comparative analysls of poB gene sequences showing the

ralationships between the strains H77 and H108 ta closely related spacies.

The parcentags of replicate trees more than 50% in the bootstrap test (1000 replicates) is shown on the branches. The scale bar

Indicates the number of substitutions per nuclsotide position. Proteus mirabilis ATCC 29906 {DQB36265) was used as outgroup. (T)

stands for type strain.

Therefore, the peB genes of the strains K77 and H108 was further amplified and sequenced with the Gene Accession
numbers KF028308 and KF028389, respectively. Phyiogenetic analysis of the rpoB gene sequences of these two strains
with closely related species confirmed H77 belonging to E£. cfoacae and revealed H108 as C. sakazakii, which was well
separated with C. malonaticus in the e.voluﬁonary tree (Fig. 5). These resultz are agreement with the previous studies
(Mcllet ef &, 1887, Glammanco 'ef al, 20°11), in which rpaE sequence analysis with better resolution than 165 rDNA
sequencing could be used as a marker for bacterial i in family.

CONCLUSIONS

Total 128 merine bacteria strains were isolated from otter clam (Lutraria philippinarum) 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
bacteriodin activity. They perhaps produced bacteriocins class Wi, including large, heat-abile bacteriocins but thesa
substances were relatively stable at pH 4 - 10 Flnafy. seguence and phylogeny analysis of the 16S rRNA and rpoB
genes Indicated that the straln H77 was identified as Enterobacter cloacae and the other strains as Cronobacter
sakazakil,
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PHAN LAP VA PHAN TICH PHAT SINH LOAI GUA VI KHUAN BIEN SONG TREN
TU HAI (LUTRARIA PHILIPPINARUM) CHO THAY KHA NANG SINH
BACTERIOCIN BO'| CRONOBACTER SAKAZAKII VA ENTEROBACTER
CLOACAE
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Nguyén Van Duy®, H Thj Héng Nhi
Vign Cong nghé sinh hoc va M6F tromg, Trudmg Dal hoc Nfa Trang

TOM TAT

Bacteriocin 14 ¢he peptide khing khufn dwye sin sinh béi mdt vi khudn ody 88 i ché sinh mmfcmeac vi khuiin khéc ¢4 quan hé
tién héa ghn gii. Chiing dang duge tim kiém nhim bio vé sic khée cho ngudi, vt nudi vi mft sb thue vit Muyc tigu clia nghién ci
pdy 12 phin Ifp, xéc dinh hogt tioh sink bacteriovin vA phiin tich quan he phat sinh loAf cle céc ching vi khudn bién sbng tréa ca hai
(Lutravia philippinarum) th ti Viok Nba Trang v& Vinh Cam Ranh. Trong s6 128 cbiug vi Khufn phén Lip duge, <6 19 ching
(15%) cb kia nling sinb bacteriocin khing lsi it nhit mét trong cAc chilng chi thi Trong s6 ady, 6 ching H9, K18, HS1, H61, H77 vd
HI08 da thé hién hogt tinh sinh bacteriocin manh nhit, Hoat tinh khing khun ciia djch bacteriogin the n ¢Ac chilng pay d3 bj hir
‘hont hodn todn khi @ 1y véi proteinase K vA trypsin trong khi khing bj anh hudng béi lipase vA a-emylase. Tt cé 6 ching déu 13 vi
ko Gram &m, kj khi tly tién, vi cb t bio hinh que Két qui gidi trinh i doga gen 165 rDNA vi rpolf chi ra ring ching H77
thude vé loki Enterobaceer cloacae vi cic ching con lai thuge vé lodi Croncbacter sakazakit, Diy 1A thing bao dau tén V&
bacteriocin duge sin sink béi chi Cromobecter. Nghién cim niy lim gizu b suu tp ching vi khuda biéa sinh bacteriocin vA mé ra
tidm ning tmg dyng cila ching tam probiotic hodc thubc chifa bénh trong mudi trdng thily sén.

Tir khda: 168 IDNA, bacieriocin, Cronobacter, Enterabacter, vi kbuin bién, rpoB, probiotic ,
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