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Quorum sensing is a cell-to-cell communication process in bacterial kingdom,
in which the expression of genetic information is controlled via the production and
detection of “signal molecules” in a population density-dependent manner. Quorum
sensing system has been discovered and shown to control virulence factors in several
Gram-negative bacterial pathogens in aquaculture, including Vibrio harveyi, a harmful
bacterium in shrimp. It has been shown that the ability to inactivate AHL signal molecules
may be useful in controlling the AHL-mediated virulence in many Gram-negative
pathogenic bacteria. AHL-lactonase, one of the three AHL-disrupting enzyme classes,
attracts significant interest of researchers due to its high substrate specificity toward
AHL signals. In this study, a recombinant and purified AHL-lactonase (AiiA,;, protein)
was verified for its ability to inhibit bioluminescence of V. harveyi cultures. AiiA, ,
protein at a concentration of 15 ug ml? could significantly attenuate the luminescence
intensity of V. harveyi cultures over a 6-hour period. The findings of the study are
important for future research as it was proven that recombinant AHL-lactonase can be
used to control infectious diseases in aquaculture which are related to the AHL-mediated
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quorum sensing system.
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Quorum sensing iswell-known asacell-
to-cell communication process in bacterial
kingdom, in which the expression of genetic
information is controlled via the production and
detection of so-called “signal molecules” in a
population density-dependent manner . In Gram-
negative bacteria, thiscommunication is mediated
by N-acyl homoserine lactones (AHLS). Quorum
sensing system has been discovered in several
Gram-negative bacterial pathogensin aquaculture,
including Vibrio harveyi, an important pathogen
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which causes luminous disease in shrimp from
post-larval to grow-out stages 2. Quorum sensing
in Vibrio harveyi utilizes three cell-signalling
systemsthat function in parallel and are regul ated
by three types of signal molecules: HAI-1 (harveyi
autoinducer 1, whichisan AHL), Al-2 (autoinducer
2), and CAIl-1 (cholerae autoinducer 1).
These quorum sensing systems regulate several
virulence factors in Vibrio harveyi such as
bi oluminescence>®, metalloprotease?, siderophore,
and exopolysaccharide production 7.

Thefinding that many pathogensrely on
guorum sensing mechanism to synchronize
microbial activities essential for infection and
survival in the host suggests a promising disease
control strategy, i.e. quenching microbial quorum
sensing or quorum quenching. The naturally
occurring quorum-gquenching mechani sms appear
to play important roles in microbe-microbe and
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pathogen-host interactions, and have been used
in devel oping and formulating anew generation of
antimicrobial substances®.

It has been shown that the ability to
inactivate AHL signal molecules may be useful in
controlling the AHL -mediated virulence in many
Gram-negative pathogenic bacteria. Among the
various naturally occurring AHL-inactivating
substances, the most effective have been found
to be the AHL-inactivating enzymes of bacterial
origin. Thereaction of disruption of AHL molecules
can be catalyzed by three types of bacterial
enzymes, namely AHL -acylase, AHL -lactonaseand
paraoxonase®°, Recently, AHL -oxidoreductase, a
novel type of AHL-inactivating enzyme, was
described . AHL -lactonases, which belong to the
metallo-beta-lactamase superfamily and catalyze
the reaction of lactone ring opening, attract
significant interest of researchersdueto their high
substrate specificity toward AHL signals 2. The
ability to produce AHL -lactonaseiswidely inherent
in bacterial genera such as Agrobacterium,
Acinetobacter, Arthrobacter, Bacillus, Klebsiella,
and Pseudomonas & 3 4 with the highest
frequency of AHL-lactonase genes (aiiA gene)
being recorded in the Bacillus group. In a study
conducted by Nusrat et al. (2011) **, among 800
bacterial strains isolated from different sources,
gene encoding AHL -lactonase was present in 42
strains. Thesestrainswereall identified asBacillus
strains, predominantly B. cereus. A survey of the
available databases shows that, around 100
sequences of AHL-lactonase gene have been
submitted to GeneBank, of which 88 belong to
Bacillus sp. (http://www.ncbi.nlm.nih.gov/). It is
alsorevealed that, since AHL -lactonase activity is
independent of the length and substitutionsin the
AHL signal molecule®, AHL -lactonaseislikely to
be more effective in controlling quorum-sensing
dependent bacterial infections*’.

Two studies concerning the application
of recombinant AHL -lactonase in aquaculture have
been reported recently. An AHL-lactonase
originating from Bacillus sp. B546 was produced
extracellularly in the yeast Pichia pastoris. This
recombinant AHL -lactonase was able to decrease
themortality rate and to delay the mortality timein
common carp, when it was co-injected with
Aeromonas hydrophilain thefish 8, Recently, the
same research group has reported on the use of
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another Bacillus-originated recombinant AHL-
lactonase. This AHL-lactonase, when orally
administered viafish feed, significantly attenuated
A. hydrophila infection in zebrafish °.

In the present study, apurified aiiA gene
product from aBacilluscereus strain N26.2, called
aiiA,; , (GenBank accession number KC128668),
was verified for its capacity to attenuate the
bioluminescence production in V. harveyi strain
BB120 and its double-mutant IM H606.

MATERIALSANDMETHODS

Bacterial strains

Bacilluscereusstrain N26.2 wasisolated
in striped catfish pond water in Dong Thap
Province, Vietnam. This strain was identified by
API 20 biochemical kit and 16S rRNA sequence
analysis. E. coli strain BL21(DE3)pLysS was
purchased from Promega (USA). V. harveyi strain
BB120 and its mutant strain IMH606, which is
dysfunctional in Al-2 and CAI-1 synthase, were
obtained from the Department of Molecular
Biology, Princeton University, New Jersey, USA.
Chromobacterium violaceum strain CV026 was
used asareporter strain for acommercial HHL (N-
Hexanoyl homoserine lactone) molecule (Sigma,
USA). CV026 isamini-Tn5 mutant derived from
the C. violaceumstrain ATCC 31532 %, Thisstrain
cannot produce AHL, but can detect and respond
toarange of AHL molecules (with acyl sidechain
of four to eight carbons) by inducing the synthesis
of the purple pigment violacein.
Culturemedia

V. harveyi strains were grown in Marine
Broth (Difco, Detroit, USA). E. coli strain and
CV026 strain were grown in Luria-Bertani (LB)
medium (1% peptone, 0.5% yeast extract, 0.5% NaCl)
supplemented with appropriate antibiotics
(ampicillin 100 pug mi-* or kanamycin 20 pg mi-,
respectively). All these strains were incubated for
24 hat 30°C.
Amplification of aiiA gene

Total DNA from Bacillus cereus strain
N26.2 wasextracted asdescribed by Bai et d. (2008)
2L and used as template for polymerase chain
reaction (PCR) amplification. Theforward primer
was aiiA-F2 (5-GCATGCCATGGGCATGAC
AGTAAAGAAGCTTTA -3') and reverse primer
wasaiA-R2 (5'- GCAGGTCGACCTATATATATTC
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CGGGAAC-3) withaproduct sizeof 773 bp bearing
Ncol (underlined in forward primer) and Sall
(underlined in backward primer) recognition sites
at each of end sites 2. The full-length aiiA gene
wasamplified in 50 %4 of PCR reaction contained
1%4 of DNA template, 0.6 mM of each primer, 0.2
mM of dNTPsand 1.25 U of Pfu DNA polymerase
in 1X of PCR buffer (Promega, USA). PCR reaction
wascarried out in athermal cycler (Icycler, Biorad,
USA) programmed for 95°C for 2 min; 35 cyclesat
94°C for 30 s, 55°C for 45 s, and 72°C for 90 s,
followed by 72°C for 10 min. The resulting aiiA
gene was separated by electrophoresisina 1.5 %
(w/v) agarose gel and recovered by using Wizard®
SV Gel and PCR Clean-Up Kit (Promega, USA).
Construction of expression vector and sequencing

The recovered aiiA gene was double
digested by Ncol and Sall (New England Biolabs,
USA) and ligated into pMAL-c5x vector (New
England Biolabs, USA) previously digested with
the same restriction enzymes. The recombinant
PMAL-c5x—aiiA vector wasthen transformed into
Escherichia coli IM 109 chemical competent cells
asmanufacturer’sinstructions (Promega, USA) for
analysis of recombinant vector. The presence of
theinsert in the recombinant vector was confirmed
by PCRwith primersaiiA-F2 and aiiA-R2, followed
by double digestion at respective restriction
enzyme sites and sequencing with primer vector
PMAL-5R (5'-TGTCCTACTCAGGA
GAGCGTTCAC-3') on 3130 Genetic Analyzers
device (Applied Biosystems, USA). The good
construct of pMAL-c5x—aiiA vector from
transformed E. coli IM109 was transformed into
E. coli BL21(DE3)pLysS (Promega, USA) chemical
competent cells for expression as manufacturer’s
instructions. PCR cloning analysiswith primer pair
aiiA-F2 and aiiA-R2 was used to confirm the
positivetransformed E. coli BL21(DE3)pLysS.
Expression of recombinant AHL -lactonase

The transformed E. coli strain
BL21(DE3)pLysScarrying pMAL-c5x-aiiA vector
was cultured at 37°Cin 100 ml Luria-Bertani Broth
(LB) medium containing 50 pg ml= ampicillinand 2
% glucose in shaking condition until the culture
reached an optical density of 0.5-0.6 at 600 nmin
wavelength. To stimulate the expression of
recombinant protein, the culture was supplemented
with0.01 mM CoCl,and 0.05mM isopropy! thio->-
D-galactopyranoside (IPTG) and was further
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incubated with shaking at 16°C overnight. The
control experiment was performed similarly to E.
coli BL21(DE3)pLysS carrying vector pMAL-c5x
(without aii A gene). The purification protocol for
recombinant AHL-lactonase was done with
Amylose Magnetic Beads (New England Biolabs,
USA), using column-binding buffer and elution
buffer without EDTA. The purified recombinant
AHL-lactonase was re-named asAiiA ., protein
and was evaluated on 12% SDS-PAGE gel and
stained with Coomassie Brilliant Blue G250 (Biorad).
Effect of AiiA ., protein on the luminescence
intensity of Vibrio harveyi

V. harveyi strains were cultivated
overnight in Marine Broth (MB) medium at 30°C
with shaking until OD,, reached approximately 1.0,
and further diluted 1/5000 in fresh MB medium.
Then 50 pl aliquotswere mixed with 50 pl of fresh
medium in 96-well microplate. Purified AiiA .,
protein was added to the wells at three different
concentrations (5 ug mi-, 15 ug mi-* and 25 pg ml-
1 insix replicates). Theluminescenceintensity of
V. harveyi culturesin the absence and presence of
AiiA ., protein was monitored for up to 6 h after
the addition of protein and with one-hour interval,
by meansof TECAN Multireader apparatus|nfinite
M200.

RESULTS

Amplification and sequenceanalysisof aiiA gene
The bioassay using AHL-reporter strain
C. violaceum CV 026 showed that N26.2 strain has
a high capacity for degradation of HHL signal
molecule (data not shown). PCR product was
amplified fromgenomic DNA extraction of B. cereus
strainN26.2 by using primerspair aiiA-F2and aliA-
R2. The sequence analysis confirmed that this
amplicon is 753 bp in length, was named as
aiiA(N26.2) (deposited GenBank accession number
K C128668) and shares high identity of the AHL-
lactonase-encoding gene sequence with those
from other Bacillus species. The putative
aiiA(N26.2) gene encodes a protein of 250 amino
acid residues which contains no leader peptide
and has a predicted molecular weight of 27 kDa.
Amino acid sequence alignment indicates that it
containsa®*HXHXDH®- H% zinc-binding motif
that is conserved in some AHL-lactonases and
several groups of metallo-hydrolases (Fig. 1).

J PURE APPL MICROBIO, 8(SPL. EDN.), MAY 2014.



356 TINH et a.: STUDY OF QUORUM SENSING-MEDIATED BIOLUMINESCENCE
A 1 LTV EEL T E 7 P fm = FLHL DHE § ¥ 55T = LA GHLL RCYELETERGPLLY UTEIFE e ST =F 59
BF el 1 {17 EEL T F P F G m B LAFGHLL = YLLEVERHFLLY UTTHIPE e 58V =l 54
HF S4%78a 1 77 EXL Y F LR dulm = B TAFGHLL MLETRCYLLETEEGRILT DTS Emm ST =F 29
BEIRIAIE 1 el 7 EXLTF TR UG = R TAE GHLL = e e e e TRCYLLETERGEILT I DGAFE-= 57=F =%
BONTIOIE 1 o TT7 BN YF IF i R LAF GHLL = e o TRCYLLETERGEILT I DS Enm 5T=F =9
EDEBLAST 1 ATTEXLYFLPAG - B MET-LTRGELL MLFTTCYLLETTEGRILIODEEFE— fA7-1 29
MAUSLELL 1 [TTEXLYFIPAG- - POHL DES EP A LTEGELL MLFTTCYLLETEEGETLTITEMFE— SAT-F =9
MAESTTEE v EIN] LETFTLETG THEADHATLL - L3P GEI Tz d¥ pritorqra PLIEHPEGRILTDDGIFRAnEEEm] 75
BhOsTEdS 1 rFE TIC T S g HORYORT Rifa)e - 7 - GEHY LLTHPTAFTLIDGGLAT 261X £0
RASELOAL 1 105 KELFPLIT 5o 4 RTHEME T TAYET s PTEQER Ty = ar1td - IFTEANLTQCTPATTLY DTGCHF — 2aT &8
oL D | L S6E L ECERHIT EO0E- B - GREY EIFTFFFLITHPAGBTTCOGEIAT - S%A-T =3
A4EAE 53 HESLFISTFTEGG L HUTE SOR TP LT STEFTDLL YT TS5 3L EFD MBS Neh- T M- TRT TMORTETERAS (EX]
P 04781 &1 HESLFRGTFTIA L P I TEEORITMILERTSYEFTOLLYTTA8 ML 2F I HhEGEAET 3. TRT IMORTETEARS 123
HE 245994 &) HEGLFRSTFTESIL S i TE S iR O T ERT SYEPTIDLL YT T4 2 30 T T MW a = T - M- - TRT IMORTETERAL F-1]
REDEES3E 51 HESLFHGTFVTIAT TEINRIPMTLERTSTEFIOLL YT TS 3L EFD HbSGSAE T M TRT IMORTETERAS (EH]
RENSE0%E &) HESLFRGTRTDACLF I TESORITMILERTSYEFTOLLYTT A2 ML 2F I HhEGaAsT . TRTIMORTETEARS 123
AOSL08F &b HEGLFESTFOESOCL S 3F MR T eI ERISAAPEOLL CPT A2 0.5 F Y e - APTIMORTENT A 153
SAYSIELL 83  HESLFRSTIT OG0 L R TESNETOMILERTSTESTDLL YIS HRESHE ST A - TRTIMIRTETERN iF-x]
BATTTTEE T ESHIINTEFVETE 55 EE SFFLESELADTFLEFADTOLLILEHMLELTHRENARLE D MR TEIVANEFELEG®cdn 150
BACHFEID 51 DFSGYMGETVE QFFFTHEEEIECTEN ERDSIAFEDTRY P TLEMLEEL HIERT GBEF - H. - ATHTMORIETETAT 133
BAEL03L 5%  BGREFAQSQLEAFTIG - AEECFLFERLROLGLEFIDCETTTLEMLERDHRECYEYF oX- - EELIAHETEFATATryfa 143
BADEESID 58 DFEGERGELCY VIMETLIEDOECT IO EALSFDFADTEY TS HLELI HTEATGREF 0 ATHIMORSETETAT 124
14255 153 HFEETH HECILFYLNYIIIES - DYEYTES - VOLL YTPEHEFF-OSLFIETERSSEILLTIDASITE 19§
EF_OE4761 15F ECILFYLNYSIIES- ——DYEVTFS--—TOLL -YTPEHI FF-0SLFTETEISGSILLTINASITE 198
HE 345794 153 ILFELMYIIIES- -—DYEVTFS———TOLL -TTPEHIF LFTETEXSFSILLTIDASITE 195
BEDFERIE 153 ECILFELNY3IIES- -—DYEVTEG—-—TOLL-YTPEHIF LFZETEX2SILLTIDASITE 195
ROATIOIE O 1EF FECILFELNYIIES- --DY KN YF3—-—TOLL -XTPEHIFF-NILFIETEXMFTLLTIUASITE 19§
AUEELO0IT  1FF ECILFILINCER-——DYEVIF 3—-—VOLL-¥TPEHIFI-RILILYETZEFFTLLTIDASITA 196
BATSLIEIL  1EF ECIL PRI I IES- ~--DYEVEF 3—-- TP L - YT PGHI PERSLETETEIPFFTLLTIIOASITE 195
BATTITEE 191 g HLGELkwll—- - —EFLEIDAIEG- --DTEITF—-—7 FYI-DTPEHT TS L DLF DDFTIIFIS0AT (LR, S15
BADSTE4D 153 ——-AFDWFTsguycr FIF IRFILNTLFLNGL  ADHTDLY 30qt LI -FTPEHS P30S FLIFLF 3TRFTLALIAAYTL  E03
BASTL03L 194 LgiHSFPVIvidi- LATEFNA DL 38 ey EFELAF 5 -~V ALL 1 FFIGHASHLELAYFLEEQFGFLLTS0ACITA 13
BADATE30  18F  -—-TFDWFRG @y L XIF DFFFLEFL M o DY ST Y gt LT -FTPEHAT 305 FLYFLY BSEFLLLTIDAAYTL 500
4425 197 ERFEDE-TFFAG-FOFELAL 351 EFLEET VL EENFIYFF SHDLEQESD 3TF =0

EF 0E4761 197 ERFEDE-TFFAG-FIFELAL Z9IERLEETVARERFIIFF SHOCEQERGT =0

HF 2495794 197 ERFEDE-TFFAG-FOFELAL F51EFLEE T VAEEEFIIFFFHOCEQERGT el ]

AEIII926 197 ENFEDE-TFFAG-FOFELAL 35IERLEET VAEFEFTIFFSHOCEQEMCIREFE-YI- 220

RIATI036 197 ERFEDE-TFFAG-FOFELAL 39IERLEET TAERERFITFFSHOCEQEHHCRAFFE-YI- 250

ADXIL03F  4%7 ERFEQ>-TFFAG-FI SEEASQSINPLEE LV DEEFITFF SHOHEQESRCITFFE-FL- 230

BAYS1E1L 157 ENFEDE-TPFAG-FFPELAL SSIERLEET VAEFEFICFEGIDOCEQESGCPACFE-YI- 220

MATETTSE 216 DEFGERLIGRATGTINILL L 25V ERL PRIDE RONAEATE GHESEQT ST RIAR] 5B s 273

BAOST3I0  2I  DHYMEEWLPELH-T5ATDTAQSTEELBGLIERYHATE CFGHDFEIVEOFELARA-TYy 4

BAXIINAL 21T THYGERARRAGT]HTTTEVT RTY SETROVASSRSLTCLFGIDRENFASLTKSMNAFYS 276

BATIEESI0 201 NHEEEALPRTL-ASTTCATRETOETRTYATEINATTPTRHIFTATARF THARE -FYs  28F

Fig. 1. Predicted amino acid sequence alignment of AiiA

N26.2

protein of our study (44262) with BacillusAiiA-like

proteins and with AHL-lactonases from other species. Bacillus cereus E33L (GenBank accession number
YP_084761), Bacillus anthracis strain Ames (NP_845794), Bacillus thuringiensis (ABD93926), Bacillus
amyloliquefaciens (ACX55096), Bacillus sp. AI96 (ADK91097), Bacillus subtilis (AAY 51611), Arthrobacter sp.
strain IBN110 (AAP57766) (AhID), Klebsiella pneumoniae (AA047340) (AhlK), Agrobacterium tumefaciens
C58 (AAK91031) (AiiB), Agrobacterium fabrumstrain C58 (AAD43990). The similar and identical residues are

shaded in blue and red, respectively

Expression and purification of recombinant AHL -
lactonase

Thetransformed E. coli strain BL21(DE3)
pLysS/pM AL -c5x-aii A wasinduced overnight with
0.05mM IPTG, at 16°C andinaCoCl.-supplemented
medium. The construct vector of pMAL-c5x-aiiA
allowed to express AHL-lactonase as a fusion
protein with MBP tag at its N-terminal. Amylose
Magnetic Beads and modified buffers were used
to purify recombinant MBP-aiiA lactonase in

J PURE APPL MICROBIO, 8(SPL. EDN.), MAY 2014.

induced cell lysate. The SDS-PAGE analysis
showed that the recombinant MBP-AHL-lactonase
enzymewas expressed mostly asasoluble protein
withamolecular massapproximately 71 kDa, which
is consistent with the predicted molecular mass
(71.4 kDa, including molecular mass of MBP tag
and AHL-lactonase) (Fig. 2). The purity of the
obtained recombinant AHL -lactonase (AiiA
protein) should be more than 95 %.

N26.2
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Fig. 2. SDS-PAGE analysis of the recombinant MBP-AHL-lactonase enzyme. M: marker; 1: total protein of non-
induced E. coli BL21(DE3)pLysS/pMAL-c5x-aiiA cell lysate; 2: total protein of IPTG-induced E. coli
BL21(DE3)pLysS, 3: total soluble protein fraction; 4: unsoluble protein fraction; 5: purified AiiA ., protein.

Inhibition of luminescence intensity of Vibrio
harveyi by AiiA ,, ,protein

In this series of experiments, the optical
density and luminescence intensity (LI) of V.
harveyi cultures (BB120 and IMHG606 strains), with
and without the addition of AiiA . , protein, were
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monitored over a6-hour period. Asshownin Fig.
3, thelog phase of both V. harveyi cultures started
about 4 h after inoculation. Besides, the addition
of AiiA,,,, protein at different concentrations

apparently did not affect the growth of V. harveyi
cultures.
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Fig. 3. Optical density (OD,,) of Vibrio harveyi wild-type BB120 culture (A) and double-mutant IMH606
culture (B) over 6-h period, with and without the addition of AiiA ., protein.
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On the other hand, different resultswere
obtained considering the luminescence intensity
of V. harveyi cultures over the same period. The
luminescence intensity of BB120 culture was
significantly attenuated (p < 0.05) from 2 honwards,
whenAiiA ., protein was added at 15 pug ml or
25ugmit (Fig. 4A). Theluminescenceintensity of
JMH606 culturewas also significantly inhibited (p
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< 0.05) at the same concentrations of AiiA
protein, but 1 hlater (Fig. 4B). Inal cases, thelevel
of attenuation of luminescenceintensity increased
with protein concentration. Luminescenceintensity
of V. harveyi cultures was attenuated by 40-44 %
a5ugmitof AiiA ,, , protein, by 84-89%at 15 ug
mi~ of AiiA,,, protein, and by 97-99 % at 25 ug
mi*of AiiA ., protein.
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Fig. 4. Logluminescenceintensity (L1) of Vibrio harveyi wild-type BB120 culture (A) and double-mutant IMH606
culture (B) over 6-h period, with and without the addition of AiiA ., protein

A second experiment was conducted to
confirm theinhibiting effect of AiiA ., protein at
the concentration of 15 pg ml?t (the lowest
concentration that showed a significant effect)
towards the luminescence intensity of V. harveyi
cultures. The results shown in Fig. 5 confirmed
those from the previous experiment. Hence, it can

700

£.00 a d
500

A.00

Log (LI}

300

200

100

0.0 — — —
h zh =h

OBE120 AEBL2D, 15 pedml AHL-lactonase

be concluded that, AiiA , , protein at the
concentration of 15 pg ml* was ableto inhibit the
luminescenceintensity of both V. harveyi cultures
(wild-type strain BB120 and mutant strain JIM H606)
during the early log phase (3 h until 6 h after
inoculation).
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Fig. 5. Logluminescenceintensity (L1) of Vibrio harveyi wild-type BB120 culture (A) and double-mutant IMH606
culture (B) withthe addition of AiiA . , protein (at 15 ug mi**) and of control cultures (noAiiA ,, , protein added),

over 6-h period
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DISCUSSION

We evaluated the activity of AiiA .,
protein via the ability to attenuate the AHL-
mediated bioluminescenceintensity in V. harveyi.
Thisbacterium hasthree quorum-sensing systems
which act asathree-way coincidence detector and
regulate genes responsible for a variety of
phenotypes, including bioluminescence ®, which
can be quantified by means of a multireader
apparatus. Two strains of V. harveyi were used in
this study, wild-type strain (BB120) and a mutant
strain (IMH606) which hasonly the HAI-1 channel
functional. This mutant strain was used to ensure
the specificity of AiiA ., protein through the
AHL-dependent channel.

Inasimilar study done previously by Bai
et al. (2008) 2, arecombinant Aii A protein was over-
expressed from the aiiA gene of a Bacillus
thuringiensisstrain, and the activity of thisprotein
based on its ability to inhibit the luminescence
intensity in V. harveyi was investigated. These
authors studied the activity of AiiA proteinin a
short duration of time (2 min) and at the early
stationary phase of V. harveyi culture (OD = 0.8).
Moreover, since the cell lysate of the recombinant
E. cali strain BL21(DE3)pLysSwasused, thetarget
protein was unquantified, and it is difficult to
correlatethe protein’sactivity to its concentration.

In thisstudy, the pattern of luminescence
intensity in V. harveyi wild-type strain and its
mutant was followed in the early log phase with
one-hour interval since the bioluminescencein V.
harveyi ismost intensively expressed in this period
of growth. Besides, sinceAiiA . , protein was used
in the purified form and other componentsin the
E. coli’s cell lysate were excluded, any observed
bioluminescence-inhibiting effect can beinferred
solely to the target protein. The level of
bioluminescence attenuation in this study was 84-
89 % (at a protein concentration of 15 pg mi?),
which was comparable with that from the study of
Bai et al. (2008) 2. However, sincetheluminescence
intensity of V. harveyi cultureincreasesasit grows,
it is suggested for further application that
recombinant AHL -lactonase is added regularly
during the whole growth period in order to see a
sustained effect.

From the work of Henke and Bassler
(2004) 3, it can be concluded that bioluminescence
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and other virulence factorsin V. harveyi are both
regulated by quorum sensing. Since the results of
thisstudy showed that AiiA ., protein can greatly
inhibit the bioluminescenceintensity of V. harveyi
cultures, it might be concluded that this type of
protein can block the AHL-dependent quorum
sensing channel in V. harveyi, and therefore, can
also inhibit the virulence factor production which
are controlled by the AHL-mediated channel.
Recently, the study of Ruwandeepikaet al., (2011)
22 showed that there is a relationship between
bioluminescence in V. harveyi and its virulence
towards gnotobiotic Artemia, revealing that the
non-luminescent V. harveyi strainsarelessvirulent
than their luminescent isogenic counterparts.

A functional quorum sensing system, and
AHL-mediated channel in particular have been
shown to be essential for the virulence of severa
pathogenic species 2% 24, Thus, the results of this
study are important for future research on the
application of recombinant AHL-lactonase as a
measure to control infectious diseases caused by
V. harveyi aswell asother aguatic pathogenswhich
regulate virulence factors via the AHL-mediated
guorum sensing system.
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