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SUMMARY

Bacteriocins are antimmerobial peptides or proteins d o lly by a ium that mhibits the growth of other bacteris,
especially closely relative strains. As a result, bacterioeins can be used as pnlenual drugs for human and animal health. In this study,
we assessed the ic potentral and spectrum of 12 manne bacwna swains isolated from cobia

(Rachycentron canadwum), snubnose porpana (Trachinotus blochii), black tiger shrimp (Penaeus monodon) and ornate spiny lobster
(Panulirus ornafus) i Nha Trang Bay and Cam Rauh Bay agawst together themselves and agaunst food-bome and anums] pathogens,
The indicator bacteria, which were shown to be sensitive to at least one of crude bacterfocins in our study, included E. coli, Proteus
mirabilis, Clostridium perfringens, Sabnonellz erterica, Vibrio owensii, V. parahaemolyticus. Staphylecoccus aureus, and Sacilus
cereus. In addition, the effect of temperature, pH and enzymes on the stability and activity of crude bacteriocin produced by these
strains was also determined. The results have indicated that they were completely inactivated when treated with proteinese K, but
stable to trypsin and catalase reamnent, Mot of baciericcin was resistent 1o the treatment at 60°C in 15 min, but lost 75% their
activity afer 30 min at 60°C nnd completely mactivated at 100°C fm- 30 min However, they remained active after incubation at pH 4-
10. The i of ial activity end of cruds i nto studying on bactenacin
diversity 1n marine bacteria isolated fram VietNam and further thewr applications in roedicine and agriculture.

ds imi ial activity, b tocin, tarine bacteria, pathogen, physico-chemical characteristic
INTRODUCTION
The invasion development of aguaculture farming at the industrial scale addition to cllmate changes increases
associated infectious epizootes (Desriac ef al., 2010). F ics can contral epit but may

induce an antibiotic-resistant mechanism in bacteria and an accumulation of unused residues of drugs in the
enviranment which, in tum, results n longterm negative effects on human and animal health (Glllur ef al 2008}, Thats

why scientfic communities have friendly i such as . or use of
probiotics. Bactenocinegenic bacteria strains appear to be an for alternative since
bacteriocin would be used as an antibiofic substitute, whereas bacteriz would be a potenhal probigtic (Glllor et al,, 2008).
Bacterioans are antimicrobial peplides or proleins i iby lly by a b: jium that inhibits the growth of
other bacteria, especially l:lnsely relative slrams They have a relatvely narvow kiling spectrum (Riley, 2009). Howevar,
inhibitory spectra of or (BLIS) p by Gram -~ positive bacteria are often

much more breadty than mest of bacteriacins pmducad by Gram - neganves In gansral they lend to be active agalnsta
wide range of Gram-positive bacteria, and sometime mhlbm Gram neganve spemes Mureover the degree of activity of
bacteriocin-ike agents against sensitive bacteria can d by testing either al particulsr
pH values or in the presence of chemical agents that weaken cell wall integrity (Abee ef al., 1995; Gillor et al,, 2008).

Bactenocins have been classified in four distinct classes on the basis of bi ical and genetic ; (]
lantibiotics, () small heat-stable, non-lanthionine peptides including {lla) Listerfa-active peptides, (lIb} i
complexes consisting of two peptides far activity and (llc) thiol-activated peptides, (1) large heat-lablle proteins, and {I¥),
complex bacteriocins, camying lipid or r:arhahydra(e molet:u (Rlley, 2009) Bacteria strains, which produce bactariodins
classes | and jl, have been produced by lactic acid bacteria (LAB) hawe
studied the mnsl showing their rernarkable potential as food conservatives (Abee et al, 1995), or as therapeuties for
vetennary or medical uses (Riley, 2009). Nevertheless, only a few studies have focused on marine bacterium isofation from
marine animals and the search for their ability to produce bactenoains (Desrac et al., 2010).

In this study, we ic potential and antimi i of 12 marine bacteria strains isclated
from cobia dum), (Trachi blochif), black liger shrimp {Penasus monodon)
and omate spiny lobster (Panuiirus ornatus) in Nha Trang Bay and Cam Ranh Bay against together themselves and
against food-bome and anlmal pathogens. [n addition, the sensitivity to heat, pH and enzymes of crude bacteriocins were
also i i and These are basis to apply bacteriocins as food preservatives or new drgs
in medicing and aquaculture in Vietnarn,

MATERIALS AND METHODS
Strains and growth conditions

Total 12 bacteriocin producing strains were screened from hundreds of marine bacteria strains isolated from the gut of
cobia ( pompano (Trachir blochif), black tiger shrimp (Penasus monodon) ai
omate spiny lobster (Panuhrus omarus) in Nha Trang Bay and Cam Ranh Bay (Nguyen Van Duy ef ai., 2012; Nguyso
Van Duy and Pham Thu Thuy, 2012, Nguyen Van Duy and Nguyen Thi Ngoc Thanh, 2012). The ndicator strains inclute
food-borne and animal pathogens supperted from Nha Trang University {strains Sal1, C1, B1.1), Institute of Veterinay
Research and Development of Central Vietnam (strains GA, CP, SA), Niva Trang Pasteur Institute (strain VP2885) 2
Ausiralian Institute of Marine Science (strain DY0S) (Table 1). All bacteria were grown aerabically in trypticase soy broft
(TSB) (HiMedia, India) supplemented with 2% NaCl at 30°C for | day on a rotary shaker at 180 rpm per min.
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Chemicals and reagents

IPmteinase K 101U mg”, trypsin 10 000 BAEE U mg”, a-chymatrypsin 10 000 BAEE U mg", a-amyisse 200 I mg'" and
ipase 20 000 IU mg™ were purchased from Promega (USA). Other chemicals and reagents were from Merck (Germany).
Assay of antimicrabial activity

achvity was ck ined by ag; | diffusion method as described by Tadorov and Dicks (2009) with some
modifications. Selected manne bacteria were inaculated inta TSB medium and incubated at 30°C with agitation until mid
logarithmic phage of growth (ODgoo = 0.8 - 1.5). Then cell-free supematants were harvested by cantrifugation at 6000
Tpmémin for 30 min at 4°C. Plates were ovel ertaid with 3 ml soft agar containing 10° cells per ml of indicator bacteria. Wells
were cut and 100 ul of the supematant of 10° cells per mi of growing isclates was loaded into each well. Plates were
incubated at 37°C for 24 - 36 h and then the diametes of inhibitory zone arcund the well was measured.

Assay of bacteriocin activity

activity was d i by ag Il diffusion methed as described above with some modifications. The pH
of the supematant fiuid was adjusted m 7.0 with 1N NaOH or 1N HCI to remove the effect of organic acid and then
treated with catalase (Promega, USA) at the final concentration of 0.5 mg ml™" at 37°C for 30 min to remove the affect of
hydrogen peroxide. To eheck the protain proparty of bacteriocin, proteinase K or trypsin {Promega, USA) at the final
concentration of 1 mg mi™ were treated ‘with supematant at 50°C for 3 hours.

Effact of physiochemical factors on the activity of crude bacteriocin

The effact of enzymes

The supemaLtanl was. first adjusted PH to 7.0 and treated with catalase as described above. To check the chemical

property of o K, trypsin, ymotrypsin and lipase or a-amylase (Promega, USA) at a final

concentration of 1 mg ml”’ were added. Aftsrward the supematant were incubated at their optimal temperatures as
by the . In , trypsin and i K were il at 50°C for 3 hours, and lipase

and c-amylase at 37°C and 20°C for 2 hours, respecﬁvsly The residual actvity after enzyme treatment was determined
as described previously.

Heat and pH stability

For the determmnation of heat stability, the cell-free i of at different
temperatures 80-100°C for 15 - 30 min and 121°C for 15 min. The remaining bactenacin acnvny was checked by agar-
wall diffusion method as described above. Similarly, the effect of pH on the was by ing the

cell-free supematant to pH 2.0-12.0 with 1 N HCI or 1 N NaOH. After 30 min of incubation at 30°C, the samples were
readjusted ta pH 7.0 and the bacteriocin activity was determined (Todorov and Dicks, 2609).

RESULYS AND DISCUSSIONS
Antimicrobial spactra of 12 marine bacteria strains

The results from Table 1 have shown that the cell-free supematants from all 12 isolates extubited antmicrobial activity
against at least ane of selected indicaters. Among them, the culture extracts of bacteria isolated from snubnose
pompane (T. blochiy such as D9.1, D10 and D15 inhibited the growth of mast of indicators with the strongest activity (20 -
40 mm in inhibitory zone diameter) against Profeus spp. (N1.4, T8, T14, B3.7.1), V. owensii DYG5, Bacilius pumilus
B3.10.2B, B. cereus B1.1 and Staphylococcus aureus SA. In addition, the strains L5B and M2, which originated from
spiny lobster (P. omatus), showed their strong antimicrobial activity against Proteus spp. (CT1.1, T9, T14) and E. coli GA
with the inhibitory zone diameter more than 30 mm. Nevertheless, the strain N1.4 was indicated as the weakest inhibitory
agent that only shightly pravent 6/21 indicator strains from the growth with relatively small inhibitory zone diameter

Antimicrobial activity pfays an i role for a ium In ity to exclude or inhibit competitive bacteria,
which enable to be p through p pecifi such as orgamic acids or
hydrogen peroxide, and target-specific toxins sucn as iocins or BLIS, and i (Riley, 2009; Desriac et

al., 2010). In this research, 12 manne bacteria strains showed their wide antinicrabial spectra agamst several important
fuud-bome and animal pathogens. For example, £. coli strains can cause sarious food poisoning in humans and gut
diseases in animals, while §. aureus Is a common cause of skin infectons, respiratory disease and also food poisoning
in humans, Some strains of B. cereus and Salmonetlia are also harmful to humans and cause foodbome iliness (Abee et
al,, 1995).

In addition, the Vibrio strains, one of the most impartant pathogens recognized in larval cultures, provoking a high
martality in marina anmals (Desriac ef al., 2010} were inhibited significantly by cell-free supematants of strains D9.1,
010, D15 and L58. Interestingly, Vibrio owens:i strain DYOS has just recently been demonstrated as an agent of disease
causing rapid and high mortality in phyllosoma larva of omate spiny lobster (P, omatus) cultured in Australie (Goulden et
al, 2012) In our research, Frofeus spp. strains isolated from snubnose pompano (strains D10 and D15) and lobster
(strains T9 and T14) expressed their strong antagonistic activity against the lobster pathogen DYOS, indicating the
potantial of these bactena for the development as probiotics in lobstar culiure. However, further study on the
pathogenicity of these potential probiotics is required. In addition, some Profeus strains (CT1.1, G1, N1.4, T¢ and B3 7,1)
with antimicrabia) activity found in this study could belong to novel species with undetermined toxicity {Nguyen Van Duy
and Pham Thu Thuy, 2012; Nguyen Van Duy and Nguyen Thi Ngoc Thanh, 2012).
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Table 1. Antimit livity of cell-free from 12 marine bacferia strains of Yietnam origin against together

and against food-berne & animal pathogens
- e
Animal hosts Cobia Snubnose pompano Omate spiny lobster Black tiger shrimp
Isolates CT1.1 D81 D10 D15 G1 LSB M2 N1.4 T9 T1483.10.2B B3.7.1
Indicators {CR3.1) (CR10) (CR15) (R2)
Proteus sp. CT1.1
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(‘) The dlemeter of inhibitary zone +, >10 mm, ++, >20 mm; +++, >30 mm; G, no inhibition zone
Bacteriocin activity of 12 marine bacteria straing

Tha most sensitive indicators of 12 strains of research interest were selected for screening bacterlogin activity of marine
bacteria. After neutralized to pH7 to exclude the effect of organic acids, and then treated with catalase to remove the
effect of hydrogen peroxide, cell-free supsmatants of 12 marine bacteria strains were spotted onto soft agar plates
seeded with selected sensitive indicators. The results were presented in Table 2,

Tabie 2. Bacteriocin activity of 12 marine bacteria of Viemam origin against sensitive indicators
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No. Isolates Inhibitory zone diameter {D-d, mm)  Sensdive indicators

158 z3 P. mirabiils T14
2 D15 15 P. mirabilis T14
3 D10 145 P. mirabilis T14
4 G 1 Proteus sp. T8
5 cTa 3.5 P. mirabilis T14
6 D9.1 12 P. mirabilis T14
7 B37.1 7 S. enterica Sal
8 B3.102B 5 8. enforica Sal
9 T8 5 S. enterica Sal
10 Tia 4 K. prisumonias M2
1 M2 4 Proteus sp. T9
12 Ni4 4 Prateus sp. CT1.1

The resuits from Table 2 have indicated the cell-free neutralized supematants of & strains (B3.7,1, B3.10.2B, T9, T14,
M2 and N1.4) much smaller in inhibitory zone diameter than their natural supematants, suggesting that their antimicrobfal
activities could resuit from organic acid production. in the contrary, the activity of 6 remaining strains were found to be
relatively stable after their were i Even ne inhlbitory activity of these strains was cbserved after

is K , indicating the i nature of inhibitory compounds, which may be bacteriecins or BLIS,
These resuits are similar to the bacteriocin activity reported in 5 Pseudoaiteromonas isolates and 3 unidentified isolates
from marine animals in Australia (Wilson et af., 2010j and in Vibria strains isolated from seahorses (Balcazar of al.,
2010). Thus, 6 these strains were selected for further study on physico-chemical characteristics

Effect of pH and P on b iocin activity

Crude bacteriocins from 6 selected strains were tested for their sensttivity to various enzymes (Table 3 and Figure 1}
The activity or litle after catalase indicating that inhibitory activity was not
caused by H;Oz. Althaugh crude bacteriocins of all of 6 strains were inactived by tei K treatment,

cause 2 Y P

mhn;ntnry activity of supematants produced by 6 strains was different after the ex'posure to trypsin and chymotrypsin. In
particular, a complete |[|achvahnr! was. observed when bacteriocin extracts of two strains CT 1.1 and G1 were treated by
1hese two enzymes, while the activity of oCi d by four ining strains seemed to be unchangad.
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Table 3. Effect of enzymes, pH ricrobial achvity

— = _Inhibitory zone diameter (D-d, mm)

CTi1 81 D91 D10 DS (158
Control (*) 135 14 12

: 145 15 23

Enzyme troa;
lase 13 12

Protelnase K - - 32 .1 4 f .21
Trypsin - 12 8
a-Chymotrypsin - 11 9 : 2
a-Amylase 135 12 6 10 2
Lipasa 135 1 8 95 23
pH treatment
pHZ - - - - - -
pH4 4 4 4 14 12 .5
pHE 11 8 1 14 15 18
pHT7 13.5 135 12 145 15 23
pHE 12 14 B 7 13
pH 10 75 & 5 6 4

1?2 - - 4 N - 4
Heat treatment
60°C, 15 min 135 13 1 13 6 18

.+ 30 min 10 LAl - - 4 -

100°C,15min 8 ° - - -
100°C, 30min - 4 - N R
121°C, 15min - - - - - -

) Controk: coll-troe without any - :no st acty

Flgure 1. Effact of enzymes on antimi activity of crud by bacteria strains 094 (CR.1) (&), ET1.1 (B)
and D15 (CR15) (C). BC: control; samples ith enzymes p plate:

These resuits are in agraement with results recorded by previous studies, e.g., nisin, plantaricin C and plantaricin D as
fnod biopresarvatives applied all over the world (Abee et al,, 1995; Gillor ef al., 2008). Also, bacteriocin G2 isolated

G2 was inactivated by trypsin but ined inhibitory activity after prmemase K and
chymo!rypsln ‘treatment {Seatovic ef al, 2011). This can be exp by different ck of types of
proteases resulting from the diversity of amino amd in i In addition, with ylase and
fipase did not signi affect the antimi ctivity, excapt for the sirain G1, suggesting that the bacteriocins lrnm

these strains were not attached o a carbohydrate nr lipid moiety (Riley, 2009).

Mareover, inhibitory activity of bacteriocins produced by 6 isolates was found to be stabk in the pH range 4.0 to 10.0
{Table 3), even the activity of bacteriocins from D9.1 and L58 still remained 50% at pH 2. These resulb suggest the
potential appllcanon of these marine bacteria as probiotics or multi - drugs in hecause

by them can act in fluctuating pH environments.

Finally, bactericcins from 6 marine strains were heat-labile bacteriacing (Table 3). Most of them were resistent to the heat
treatment at 80°C in 15 min, but lost 75% their activity afer 30 min at 80°C and complately inactivated at 100°C far 30
min or at 121°C for 15 min. activity of iecins from LSB, D9.1 and 010 was lost oumpletaly
after incubation at 60°C for 30 min only. These results are similar to data by iocin class I, i

large, heat-labile bacteriocins (Riley, 2009), suggesting that the bacferiocins from these isofates in our research could
befong to Class HL.

Overall, the physi ical of iocins from 6 marine bacteria support important data for further
studylng on bacteriocn diversity in marine bacteria of Vietnam origin and applying these bacteria as potential prohiofics
in and food

CONCLUSIONS

The cell-free supemnatants from 12 marine bacleria exhibited antimicrobial actlvily against together themselves and
against food-borne and animal pathogens such as E. col, Proteus mirabilis, C
enterica, Vibrio owensii, V. parahaamolyticus, S. aureus and B. careus. Amang them, 6 strains LsB, D15, D10, D.1, G1
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va CT1.1 were found to express their stable and strong anhmicrobial activity against sensitive indicatots Eloteus oo
T14 and T9. Bacteriocins produced by these strains were stable to ‘eetalase but rhm
treated with proteinase K. Trypsin or a-chymotrypsin treatment inactived bacteriocing of two strains CT 1.1 and G1 Whils
the activity seemed to be stable in bacteriocins produced by LSBH. 15, D10_ and 09.1 after mp ex_pv_)sum to thass
enzymes. Most of bacteriocins were resistent to the treatment at 60°C for 15 min, but lost 75% |heulat:hvﬁy after 30 miy
at 60°C and completely inactivated at 100°C for 30 min. However, they remained active after incubation at pH 4-10,
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XAC DINH HOAT TINH KHANG KHUAN VA TINH CHAT HOA LY CUA DICH
BACTERIOCIN THO TU VI KHUAN BIEN VIET NAM

Mguyén Thi Hai Thanh, Nguy&n Thj Hing Mai, Nguy#n Van Duy’
Vign Cong nghé sink hoc vé Moi iridmg, Truomg Dai hoc Nha Trang

TOM TAT

Bacteriorin I chc peptide Khing khudn dwge san sink 1y vi Khuin pdy dé érc ché sinh tneong cua céc vi kidn Khic, nhét 1 cée ching
©6 quan hé tién hoa gén gui. Do d6, ching 13 nbimg duge phim tidm ning bio vé cho sizc khde con ngudi va dgog var. Trong oghitn
ciru ndy, ching 181 xic dinh khi ning sioh bacteriocin vi phé khéng khudn cia 12 chimg vi khudn bidn dugc phin 1p tir cé gid
(Rackycentron canadurm), c& chim vay ving (Trachinotus blochii), tom st (Penaess monodon) va t6m him boug (Panulires orsans)
& Vinh Cam Ranh vA Vinh Nha Trang Céc thir nghiém bao gdm xéc dinh hoat tinh khing Uin nhau ciing nh khang cic tc nbin gy
!hf'i thye phidm va gy bfnh cho A3ng vit, Céc vi kbudn chi thj nhay ¢dm voi it nhit mgt bacteriocin thé trong nghién citu nay bso
gom E colt, Proteus mirabilis, Clostridium perfringens, Salmonella enterica, Vibrio owensii, V. parahaemolyticus, Staphylococos
aureus, vi Bacillus cereus. Déng théi dnh hudng cia uhigt 45, pH va enzyme 10i 4 bén va boat tinh oia dich bacterioein the 6 eit
chiing ndy ciing diroc xic dinh. Két qua chi ra ring hiu hét cac bacteriocin déu bj bit hoat khi xit 1§ vé1 proteinase K shung bén véi
trypsin v catalase, Céc bacteriocin bén & 60°C trong 15 phit, nhung hegt tinh giém 75% sau 30 phitt & 60°C v bit hoat hoan todn ¢
100°C trong 30 phitt. Tuy nhién, cic bacteriocin nay vén thé hi¢n hoat tinh sau khi xir Iy & pH 4-10. Két qué xic dinh hoat tinls khing
khuén va tinh chét héa iy ciha cic bacteriocin thé gidp ning cao hidu biét vé da dang sinh hoc cia bactenocin tir vi khudn bitn Viét
Nam, ciing rhu nhilmg ing dyng xa hon trong y diwge vi néng nghidp.

Tic khéa: bacteriocin, hegt tinh khing khuin, tic nhdn gly bénh, tinh chét héa 1y, vi khuda bidn
« Author for comespendence: E-mail; duynvi@ntu.edu v
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