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Abstract: Bacterial lipopolysaccharides are the major cuter surface membrane components present in almost
all Gram-negative bacteria and act as extremely strong stimulators of mnate or natural mmmunity in diverse
eukaryotic species ranging from msects to humans. The DNA sequence of the O-antigen biosynthesis cluster
of a putative probiotic and pathogenic strain, Vibrio alginolyticus has been determined. Here, we report the
sequence of the LPS biosynthesis genes, wzm, wzt and wbil and the analysis of the genes using Biology
Workbench 3.2. From the study, it shows that the sequences of LPS genes in V. alginolyticus are lnghly
homologous to the LPS genes in Vibrio cholerae 1solates with more 80% homology. However, several variants
of the whil sequence have been found in the V. alginolyticus isolates compared to the other genes, wzm and

wzt.
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INTRODUCTION

Lipopolysaccharide (LPS) 1s one of the major
components of the bactenal outer membrane (Nikaido and
Vaara, 1985). Tt is composed of lipid A and a core
oligosaccharide and in many species of bacteria also has
a polysaccharide cham termed the O-specific antigen
(Whitfield and Valvano, 1993). The O-antigen is a major
contributor to the antigenic variability of the bacterial cell
surface. The O-antigen promoted the activation of
complement and formation of the complement membrane
attack complex away from its site of insertion m the outer
membrane (Joiner, 1988). The early research has been
focused on the role of LPS as a virulence determinant and
on its use as a vaccine candidate. Since that time, studies
have expanded to mclude analysis of the chemistry
and biosynthesis of the O-antigenic region due to its
immunogenicity, serotype specificity and
resistance properties.

Therefore, the understanding of its mechamsm of
synthesis may unravel new targets for antimicrobial
therapy that may contribute to the control of infections
by gram-negative bacteria. The biosynthesis of LPS 1s
very complex and requires the activity of many genes,
most of which are clustered in different regions of the

serum

chromosomal map. In this study, Vibrio alginolyticus, as
halophilic vibrios (Tanda ez al., 1988; Wong et al., 1992,
Holt et al., 1994) was selected to characterize the LPS
biosynthesis genes. Thus, here we report the
amplification of LPS biosynthesis genes (wzm, wzt and
whil) in Vibrio alginolyticus and comparison of the
sequences to the LPS gene sequence in other gram
negative bacteria (Vibrio cholerae, Fsherichia coli and
Burghedoria pseudomaller).

MATERIALS AND METHODS

DNA procedures: Ten isolates of Vibrio alginolyticus
isolated from the fish and 2 clinical isolates of Fibrio
cholerae (as a comparison) were used in this study.
Chromosomal DNA was 1solated from V. alginolyvticus
and V. cholerae using Genispin (BST Techlab) followed
the manufacturer’s instructions.

Primer designing: The primers for wzm and wzt genes
were designed according to the published sequence of
Vibrio cholerae in the Genbank under accession number
X59554 and wbil gene from ABO012956. The primers were
designed using DNASIS (Hitachi Software Corporation)
program.
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PCR anyplificationand cloning: PCE anphficationwas
carted out on a DA thernmal cwler PCE Swtem
[Biometra-TEIO Thermoblock) using 10 prol of each
puner, 1 ng pL ™' of DHA ternmplate, 1.8 MzC1, 0 pm
dMTFs and 10U Tag DMNA polwnerase (BST). DHA
amplification steps pexforrred were 1mtal denatiration
at W C for 2 nan, followred by 35 cveles of amplificabion
steps comsishng of denataratom at ™°C for 1 man
armealing at 57°C for | mon and elorgation at 727 C for
2 nun The amphificabon was ended with a single final
extersionat TIC for T run Analiqot of 10 pLofthe PCE
product nmxbire was elechophorsed thwoagh 1.0%%
agarcse gel. Following amplification, the PCE prodacts
[Tdle 1) conesponding to wet, wan and whil wegomw
vrere putified wsing the QLAmick™ PCR Purification it
(DIAGEN, Gennany) according to the mamfichiver's
mstmctons. The puified PCE product chtaned wras
cloned to 2.1 TOPD TA vector (Invitrogen, US4, cat.
Mo, 30010 and travsfoomed ibo TOPLO E oolf host
strmin

Plasmad preparation, DNA sequencing and analysis:
Small-scale plasrmnd DHA preparatices wewe performed
using QL prep™ 5 pin Miniprep lat ( QLAGEN, Germary).
The extacted plunod was digested by EcoRl ermymme
[(Gihoo-EEL Boelmnger Mawmheirn to comfim the

Iabk 1: Sqmnceof proimes wod m the ctody

(£ POme T ingmnE 5 -3 Prodnctim
st IIGGEICEIGIAC ICEETT
GUAICGATIGICEICIION L35ty
wEm BB T A IR AT AT AR T
BA TR CrpflCrl BB TCCRR, 171 bp
il CoIACGE IACCICACTTIICE
[ Nl Tl N Nl o] e Y ) 1102 %p
|
2o
g
0
o i)
i)
Fiz. 1

presence of the nsert. The plasnud contaning wsert was
sent for conmmercial mtomated sequencing to corfirm the
DHA target sequence and the onentaton of the zene
DHA sequerce homologies wer analysed by using
Biclogy Waorkbench 3.2 (lttp fercelb enchusd se adwt 2GS
bwrogl) and protein sequence databases tlwough the
Maticmal Cemer for Biotechrology Infbnmation blast
retwork server (Altsclul et &, 1997,

Reverse transeripiase PCR: The preparation of mBEMN A
fiom the reconbinant colomies, were canied out wsing
Mimo-FastTrack 2.0 kit (Tiatrogen Corp) folloaring the
mamfachirer’s instmetions with shight modificahces . The
solation of cDHA from both reconbinants was carried
autusing a cDHA Cyele lat (Inategen Corp) follosring
the mamafactorer’s imstmctons. Twao pl of each
cDHA prodact was subjected to PCER wsing the primers,
wlich were used to venfy the gene by using the same

protocol.
RESULT S

PCR anphifcadion: The total genoemie DHA of logh
molecularweiglt was saccessfally exdracted froen Fildo
adpmalticows and Filvio clolerae solates using the
Genispin kit (B5T Techlah). The Polymetase Chain
Feactons (PCR) with specific pames were sensibive
endigh to detect 100 ng ul™" genorie DA This stady
demors trates that the we=m and whil zenes have been
sucoessilly anplified and solated foen V) ol vl whcus
and ¥ cholerae. The amplification ofwret and whil zenes
produced 4 single bard of 471 (Fiz. 1) ard 10685 bp (Fig. 2,
wspectvely.

o Anplficabon ofwen gere by PCE. Lanes 1-10, asingle band of's1me 471 bp showing the presence of wzt zene,

lane C 15 a regabve conbol and lane M s 2l b DHA ladder (Fennentas)
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Fig. 2:

A mplification of whil gete by POR. The whil gene positive isolates havwe a single band peesert in the region

bebaeen the ladders of 1000-1500 6 p (lanes 1-8). The actoal band position is at a 1069 bp. Lame C regative

cottiol and lane M is a1 kb DN A ladder (Fennertas)
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Fig.3: Eestdction endomiclese digestion of 2.1 I0PD [A- pesitive clones The positive clones showwr tro bands at
sizes 39 kb and 471 bp after digestion with EcoRl 1. Tane 5 1= a regative control that produced band at size 3.9
ko and lane M iz a 1 kb DNA narker (Fermentas, Geriminy)

Cloning and iransformation of wzmn gene: Ihe PCE
prodoct cortainng the wzm gene was successfilly ligated
to 2.1 TOPD I8 vector (Inwtrogen, TTEA), a T4 cloning
systeml The recommbinart wzm gere wa tansformed into
IOP10 and confirmatery PR (cPUE ) was carried oot for
soresming the ingert (wan), whichwers selzcted mndomly.
The pramers anrealed to the iserted DHA and the
expected amplified prodocts of 417 bp were chigined.
Festriction erzyme amlysis was @arried oot on the
plasmid DM A confaining the wem gene of imterest, 18 ing
EcoRl enzanes. As expacted, the positive trarsfonmarts
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produced 2 fiagmerns with the sizes approxingtely 3.9 kb
arnd 417 bp (Fig. J). The resulis indicated that the wzm
gete lad been succes sfilly clored and tramefonned into
E coli T OPID host. The positive clones weie chosen
and sert for the matomated sequencing for fiether
confirmation.

Analysis of sequences was performed vsing Ile
Biology Workbench 32 under CLUS IEE W program
([ Thompson et al, 1984} Ihe wan gene seuence wWas
aligned to the wzm gene sequence of P chaleres under
accession tsrber X39554 and = showmn in Fig. 4. The
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4v305 GCEECCECCAGTETEATGGATATC TGCAGAATTCG- CCCTTAATATGGAGARTGEGAGTA
5v8 GCCGOCCCCASTETGATGGATATCTGCAGAATTCG - COC TTRATATGCAG RATGGGAGTA
A T AATATGGAGARTGEGAGTA
1OVI003 mmmmmm ATATCCACARTGECAGTR
av1l -- B ATATGGAGARTGEGAGTA
9v14 -- -—- - -RATTCG- CCCTTAATATCCAGARTGGEAGTA
258554 ATGTTCCTACARRTTC TCTG TATAGGGCTAATT TGO TC TTTAA TATGCCAG RATGGGAGTA
FEEAEFEFAEREATRRRE
4305 GATGATTATTTACCATATGTCGGTETTGEACACATART TTACTTGTTITATAC TCARACE
5ve GATGATTATTTACCATATGTCGGTETTGEACACATART TTACTTGTTITATAC TCARACE
8V 14 GATGATTATTTACCATATGTCGGTGTTGGRCACATARTTTAC TTGTTTTATAS TCRARCE
10v1003 GATGATTATTTACCATATGTCGGTETTGEACACATART TTACTTGTTITATAC TCARACE
BV11 GATGACTATTTACCATATGTCGGTGTTGGRCACATARTTTAC TTGTTTTATAL TCRARCE
5V 14 GATGATTATTTACCATATGTCGGTGTTGGRCACATARTTTAC TTGTTTTATAC ACRARCE
259554 GATGATTATTTACCATATGTCGGTETTGEACACATART TTACTTGTTITATAC TCARACE
b . E
4305 ATTARCGARAGCACAGGAATC TTCGTTGCAGRT G CTCGAGTATACCTARATGATAGGCAR
5vE ATTARCGARAGCACAGGAATC TTCGTTGCAGRT G CTCGAGTATACCTARATGATAGGCAR
8V 14 ATTALCGARAGCACAGGAATC TTCGTTGCAGRTACTCGAGTATACCTARATGATAGGCAR
10v1003 ATTALCGARAGCACAGGAATC TTCGTTGCAGAT GCTCGAGTATACC TARATGATAGGCAR
8v1l ATTARCGARAGCACAGEAATC TTCGTTGCAGAT GCTCGAGTATACC TARATGATAGGCAR
5V 14 ATTARCGARAGCACAGGAATC TTCGTTGCAGRT G CTCGAGTATACCTARATGATAGGCAR
¥50554 ATTARCGARAGCACAGGAATC TTCGTTGCAGRT G CTCGAGTATACCTARATGATAGGCAR
FEEEEFERAERAA A A AN AL
4v305 CCTTTTATECTTTCAGTCGG TG TCACATATATCGEAACGTGC TGATTC TTCTTCATART
5vE COTTTTATGCTTTCAG TCGG TGO TCACATATATCGGRACGTGC TGATTC TTCTTCATART
8V 14 COTTTTATGCTTTCAG TCGG TGO TCACATATATCGGRACGTGC TGATTC TTCTTCATART
10v1003 CCTTTTATECTTTCAGTCGG TG TCACATATATCGEAACGTGC TGATTC TTCTTCATART
BV11 COTTTTATGCTTTCAG TCGG TGO TCACATATATCGGRACGTGC TGATTC TTCTTCATART
9v14 CCTTTTATECTTTCAGTCGG TG TCACATATATCGEAACGTGC TGATTC TTCTTCATART
¥50554 COTTTTATGCTTTCAG TCGG TGO TCACATATATCGGRACGTGC TGATTC TTCTTCATART
e
4305 ATACCARCCATATTTTTGC TTGTCATATGG TC TAGC TCGECEAA CTTIGARTTTAGTTTT
5ve ATACCAACCATATTTTTGC TTGTCATATGE TCTAGC TCGECARA T ICGARTTTAGTTC T
8V 14 ACACCARCCATATTTTTGC TTGTCATATGG TC TAGC TCGGCRAA CTTIGARTTTAGTTTT
10v1003 ATACCARCCATATTTTTGC TTGTCATATGG TC TAGC TCGECASA CTTIGARTTTRGTTTT
8v1l ATACCAACCATATTTTTGC TTGTCATATGE TCTAGC TCGECARA LT TIGAATTTAGTTTT
5V 14 ATACCARCCATATTTTTGC TTGTCATATGG TC TAGC TCGECEAA CTTIGARTTTAGTTTT
259554 ATACCAACCATATTTTTGC TTGTCATATGE TCTAGC TCGECARA LT TIGAATTTAGTTTT
FOAAERAAFEFA AR I AR AR R A AR AR AAA AR RFAA AT ARNAAAE A HxHd AhFrddrart +
4v305 ATGETTTETCATT TCGTTGAGT TTAAGTC TG TTTTTCGTCC TATT TECTAGC TATTTTTGT
5vE ATGTTTETCATT TCGTTCAGTTTAAG TC TG TTTTTCGTCCTATTTGCTAGC TATTTTTGT
8v14 ATGETTTETCATT TCGTTGAGT TTAAGTC TG TTTTTCGTCC TATT TECTAGC TATTTTTGT
10v1003 ATGETTTETCATT CCETTEAGT TTAAGTCTGTTTTTCGTCC TATT TECTAGC TATTTTTGT
BV11 ATGTTTETCATT TCGTTCAGTTTAAG TC TG TTTTTCGTCCTATTTGCTAGC TATTTTTGT
9v14 ATGETTTETCATT TCGTTGAGT TTAAGTC TG TTTTTCGTCC TATT TECTAGC TATTTTTGT
¥50554 ATGTTTETCATT TCGTTCAGTTTAAG TC TG TTTTTCGTCCTATTTGCTAGC TATTTTTGT
FEEEARAFLAEAELE KA AER
4305 GCTGTTATTTCAACGAGATTTAGAGACTTAATCCAGC TEATTGEHEC TTTTEATG CRGTTA
5vE GCTGTTATTTCARCGAGATTTACAGACTTAATCCAGC TGATTEGEC TTTTGATG CRGTTR
8v14 GCTGTTATTTCAACGAGATTTAGAGACTTAATCCAGC TEATTGGECTTTTGACG CAGTTA
10v1003 GCTGTTATTTCAACGAGATTTACAGACTTAATCCAGC TEATTGEEC TTTTGATG TRGTTA
8v1l GCTGTTATTTCAACGAGATTTAGAGACTTAATCCAGC TEATTGGEC TTTTGATG CAGTTA
5V 14 GCTGTTATTTCARCGAGATTTACAGACTTAATCCAGC TGATTEGEC TTTTGATG CRGTTR
259554 GCTGTTATTTCAACGAGATTTAGAGACTTAATCCAGC TEATTGGEC TTTTGATG CAGTTA
e ThEEE A A A AL A A A AL AL A ALY & HhEAH
4v305 GCTTTCTTTETAAGTCCTGTCATG TEGEARAGTAAGC TT TCTACCCGARCARTATCARAAC
5vE GCTTTCTTTETARG TCCTGTCATG TGEARAGTAAGCTTTCTACCCGARCARTATCRARAC
8v14 GCTTTCTTTETARATCCTGTCATG TGGEARAGTAAGC TTTCTACCCGARCARTATCARAAC
10v1003 GCTTTCTTTETARG TCCTGTCATG TGEARAGTAAGCTTTCTACCCGARCARTATCRARAC
8v1l GCTTTCTTTETAAGTCCTGTCATG TEGEARAGTAAGC TT TCTACCCGARCARTATCARAAC
9v14 GCTTTCTTTETAAGTCCTGTCATG TEGEARAGTAAGC TT TCTACCCGARCARTATCARAAC
¥50554 GCTTTCTTTETARG TCCTGTCATG TGEARAGTAAGCTTTCTACCCGARCARTATCRARAC
hhEEL
4v305 TATGTGTACATARATCCATTTGC TTCCCTATT
5v8 TATGTGTACATAARTCCATTTGCTTCGCTATT
8v14 TATGTGTACATARATCCATTTGC TTCCCTATT
10v1003 TATGTGTACATAARTCCATTTGCTTCGCTATT
gv11l TATGTGTACATARATCCATTTGC TTCCCTATT
914 TATGTGTACATARATCCATTTGC TTCCCTATT
%59554 TATGTGTACATAARTCCATTTGCTTCGCTATT

EEEE TS

Fig. 4. Alignment of wzm genes by Biology Workbench 3.2. The nucleotide analysis by CLUSTAL W (multiple
sequence alignments) shows that the vector system had altered the base sequence of the insert
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alignments showed that the wzm gene sequence obtained
were highly homologous (97-99%). On the other hand,
the sequence that obtained from wbil gene was compared
to the sequence m V. chelerae from the database
(AB012956). The alignments shows that the whil gene
sequences in V. alginolyticus were 81-82% homologous
compared to I. cholerae sequence.

DISCUSSION

In this study, the LPS biosynthesis genes which are
wazt, wzm and whil were amplified in Vibrio alginolyticus
isolates and Vibrio cholerae as a control. The wzm and
wzt genes which are similar to a subfamily of ATP-binding
cassette (ATP) transporter involved m the export of
polysaccharides. ABC-2 transport systems are composed
of 2 proteins, an inner membrane protein (wzm) and a
cytoplasmic ATP-binding protein (wzt). Two subunits of
each protein comprise a functional ABC-2 transport
systemm (Fath and Kolter, 1993). On the other hand,
the whil gene, which 1s the last gene in the type II O-PS
(O antigenmic polysaccharide) biosynthetic gene cluster
(DeShazer et al., 1998). This protein is required for the
biosynthesis of surface polysaccharide in numerous
bacterial species and may function as nucleotide sugar
epimerase or dehydratase. The wzm gene was
successfully amplified with the product of a size 471 bp
and cloned mto 2.1 TOPO TA vector. Analysis of
sequencing for this gene using Biology Workbench 3.2
showed that the sequence was highly homologous (99%)
to V. cholerae published sequence (3{59554). From the
study, it was found that the sequences of wzt and wazm
genes are similar to the particular genes in V. cholerae
1solates. Therefore, it can be concluded that the LPS
biosynthesis genes within the genus are same.
Furthermore, in Fig. 1 (Artemis software), the location of
genes (wzm and wazt) in V. alginolyticus was assumed
according to the database of V. cholerae. However, the
sequence of the gene (wzt) n other family such as
S. marcencens (AF038816), P. aeruginosa (U63722),
B. pseudomallei (AF064070), Synechocystis (PCC6803),
K. preumoniae (1.41518) were different, even though the
name and the functional of the gene is the same
(ABC-transporter). According to DeShazer ef al. (1998)
and Reeves (1992) wzm gene was also successfully
detected 1 mRNA samples by RT-PCR. The wbil gene
was also successfully amplified by PCR, suggesting that
whil is essential for type 1T O-PS biosynthesis because it
is the last gene in the type 1T O-PS biosynthesis gene
cluster.
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