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Cloning of phosphomannomutase/phosphoglucomutase gene
(pmmy/pgm) of Vibrio anguillarum related to synthesis of

LPS and construction of knock out mutant

Ryunkyoung Oh
Department of Biotechnology, The Graduate School,

Pukyong National University

Abstract

We sequenced 1341bp ORF of phosphomannomutase/phosphoglucomutase
(pmm/pgm) gene from Vibrio anguillarum, the causative agent of fish vibriosis
catalyzes the interconversion of mannose 1-| phosphate and mannose 6-
phosphate, and glucose 1- 'phosphate and glucose 6- phosphate. We found
that pmm/pgm gene' was up regulated under cold stress by Reverse
Trancriptase-Polymerase ‘Chain Reaction (RT-PCR). We constructed knock out
mutant by homologous recombination to. identify relation: between PMM/PGM
protein and synthesis of lipopolysaccharide (LPS). LPS from V. anguillarum
wild type and mutant was isolated. We checked high molecular weight
(HMW) of LPS was immigrated and several bands smeared by sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and silver
staining. Growth and viability of mutant was lower than V. anguillarum wild
type on stationary phase. In this study, we identified pmm/pgm gene has a

important role for biosynthesis of LPS.



I. INTRODUCTION

Vibrio anguillarum, the causative agent of fish vibriosis, is a fatal
hemorrhagic septicemic disease of fish and causes huge economic losses in
aquaculture industry (1). It causes vibriosis in about 50 species of fish,
including cultured and wild fish, mollusks, and crustaceans, in marine, and
fresh water. About 23 serotypes of V. anguillarum have been reported, and
among them the O1 and O2 serotypes are the most significant pathogens of
fish vibriosis (9, 19).

Lipopolysaccharide (LPS) is' a major component of the outer membrane of
Gram-negative bacteria which makes up approximately 75%  bacterial
membrane (17). Structure of LPS is divided into three parts: lipid A, core
oligosaccharide, and O-antigen (3). LPS is contributed greatly to the structural
integrity of the bacteria, and responsible for permeability. barrier (14),
resistance to serum, antibiotics(17), “and naturally “occurring antimicrobial
peptides (2). LPS acts as an important adhesion molecule (13) and as
endotoxin (17). In various environments, the bacterium utilizes LPS to protect
its intracellular contents from certain kinds of damaging or conditions (18).

Bacteria communicate with, react and adapt to their environment thorough the



outer membrane (4).

Lipid A is highly conserved and exerts the endotoxic activity, while the
O-antigen carbohydrate chain is a polymer of repeating oligosaccharides,
which differs between species and is responsible for the serological specificity
of bacteria (6).

Phosphomonnomutase (PMM)/Phosphoglucomutase (PGM) belongs to a
-D-phosphohexomutase enzyme superfamily and is an essential enzyme for
biosynthesis of LPS (5). PMM/PGM encoded by the gene pmm/pgm catalyzes
the interconversion of mannose -1-phosphate and mannose-6-phosphate, and
glucose 1-phosphate and glucose 6-phosphate via the enzyme-bound
intermediate, glucose ' 1,6-bisphosphate. Glucose 1,6-bisphosphate acts as
cofactor to remain in an active phosphorylated form (5) (Fig. 1).

In this study, we' sequenced pmum/pgm gene and constructed knock' out
mutation of pmm/pgm gene from V. anguillarum to check the role of pmm/pgm
gene related to biosynthesis of 'LPS,“and the protein encoding by this gene

from V. anguillarum was cloned and overexpressed in E. coli.
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Fig. 1. Biosynthetic pathway of the formation of LPS

GK: glucose kinase;’ G-6-P:/ Glucose-6-phosphate; |G-1-P: Glucose-1-phosphate;
UDP-Glc: UDP-glucose; PGI: Phosphoglucose isomerase; PMI: Phosphomannose
isomerase; F-6-P: Fructose6-phosphate; M-6-P: Mannose-6-phosphate; M-1-I

Mannose-1-phosphate; GDP-man: GDP-manose



II. MATERIALS AND METHODS

1. Bacterial strains, plasmid, and culture condition

The strains of bacteria and plasmids used in this study are listed in Table
1. Vibrio anguillarum O1 wild type as parent strain and E. coli strain SM10Apir
was used as host strain for mutagenesis experiments. Wild strain and mutant
was grown at 25C in brain heart infusion (BHI) broth (Difco) or on BII agar
plates.

E. coli strains for cloning host-strain were grown at 37C-.in Luria-Bertani
(LB) broth (Difco) or on LB agar plates. pET-28a(+) was. used as. cloning
vector and pNQ705 was used as suicide vector for. knock out mutation.
Appropriate antibiotics (Kanamycin at 100 pg/ml and Chloramphenicol at 10

ug/ml) were added to the media when required.



Table 1. Bacterial strains and plasmids used in this study

Strains and plasmid

Relevant properties

Reference or

source

Strains

V. anguillarum O1

E. coli
DHb5a
BL21(DE3)

SM10Apir

Plasmids

pNQ705

pET-28a(+)

wild type

cloning host strain
cloning host strain

T

Donor strain for conjugation Km

suicide vector Cm" Mob. Ori R

His tag fusion expression vectors;
Km"

Holmstrgm,
and Gram

(2003)

Promega
Novagen

Miller and
Mekalanos
(1988)

Milton et al.
(1992)

Novagen

2. Sequencing

ABI 3730x1 96-capillary DNA. analyzer (Applied: Biosystems, USA) was used

for sequencing the Polymerase chain reaction (PCR) product. Upstream and

downstream of open reading frame (ORF) were identified by

SpeedUP Premix Kit (Seegene, Korea).

DNA Walking



3. RNA isolation and ¢DNA synthesis

Total RNA was isolated by TRIzol Reagent (Invitrogen, USA) using protocol
of Invitrogen. After isolation, DNase I (TaKaRa, Japan) was added to get pure
RNA. ¢cDNA was synthesis using First strand cDNA synthesis kit for RT-PCR

(Promega, USA). Synthesized cDNA was stored at -20C.

4. RT-PCR

PCR amplification reactions were carried out in a final volume of 20 ul
containing 1 ul of ¢cDNA as template, 1X PCR buffer containing MgCl,, 0.2
mmol/l of dANTP, 0.6 U of Taq polymerase (TaKaRa, Japan) and 1pmol of
each primer. The PCR conditions were denaturation at 94C ' for 5' min
followed by 25 cycles of denaturation at 94C for 30 s, annealing at 55°C  for
30 s, and extension at 72C for followed by final extension at 72C for 7/ min
using a thermal cycler (2720 Thermal cycler; |Applied Biosystems, Carlsbad,

CA, USA).

5. Overexpression and purification of recombinant protein
Overexpression plasmid was constructed with primers based on the

pmm/pgm gene sequence (Forward: 5- GGCC CATATG TCT GAC AAA AGA



CGT TAC -3, the Ndel site is underlined; Reverse: 5- GGCC GGATCC GCA
ATT ATC TTT AAC CGC TTG-3, the BamHI site is underlined). Polymerase
chain reaction (PCR) was performed with primers to amplify the 1341 bp
open reading frame (ORF) of the pmm/pgm gene. PCR amplification reactions
were carried out in a final volume of 50 ul containing 1 pl of DNA template,
1 X PCR buffer containing MgCl,, 0.2 mmol/l of dNTP, 0.6 U of Taq
polymerase and 1 pmol of each primer. The PCR conditions were
denaturation at 94C for 5 min followed by 25 cycles of denaturation at 94C
for 30 s, annealing at 57°C for 30 s, and extension at 72C-for followed by
final extension at 72C for 7min using a thermal cycler (2720 Thermal cycler;
Applied Biosystems, Carlsbad, CA, USA).

The 1341 bp Ndel-BamIll fragment was ligated to pET-28a(+). The
recombinant plasmid ‘was introduced into the E. coli BL21. Cell was cultivated
in 300 ml of LB liquid medium containing kanamycin 100 pg/ml and grown
at 37°C until the culture optical-density at 600nm reached -up to 04. IPTG
(Isopropyl-D-1- thiogalactopyranoside) was added at a final concentration of 1
mM, and growth was continued for 4 h. Cells were harvested and suspended
with 40 ml of 50 mM Tris-HCl buffer (pH 8.0). Suspended cell was disrupted

by sonication and centrifuged at 12000 rpm for 10 min at 4C. Supernatant



was purified with Ni-NTA his-tag affinity chromatography. After purification,

collected fraction was dialyzed in 20 mM Tris-HCI buffer (pH 8.0).

6. PMM and PGM assay

PMM and PGM activity was assayed following the method of Koplin et al.
(1992). Reaction buffer (1 ml) contained MOPS (Morpholine propanesulfonic
acid) buffer (pHl 7.6), 1mM mannose-1-phosphate, 20 mM MgCl, 1.0 mM
NADP, 0075 mM glucose 1,6-bisphosphate, 0.7 unit glucose-6-phoshphate
dehydrogenase, 1 unit phosphoglucose isomerase, 1 unit-phosphomannose
isomerase and mixed with enzyme (100 ul) for PMM assay. Reaction “buffer (1
ml) contained MOPS (morpholine propanesulfonic’acid) buffer (pIl 7.6), 1 mM
glucose-1-phosphate, 20 mM MgClL, 1.0 mM NADP, 0075 mM glucose
1,6-bisphosphate, 0.7 unit glucose-6-phoshphate dehydrogenase with enzyme
(100 ul) for PGM assay. ‘Reaction mixture was incubated at 25¢°C for'15 min,
and the formation of NADPIH “ was monitored—at -340 nm with
UV-spectrophotometer. One unit of enzyme activity was defined as the
amount of enzyme that reduced 1 umol of NADP per min under the assay

conditions.



7. Construction of pruy/pgm::pNQ705 mutant

The 370 bp fragment of pmm/pgm gene from V. anguillarum was amplified
by PCR in order to construction of pmm/pgm mutant using primers (Forward:
5- GGCC GCTIGAC GCT GAA AAT CGT CGT TGA -3, the Sall site is
underlined; Reverse: 5- GGCC TCTAGA ACC TAA CTG CIT TAA GC -3,
the Xbal site is underlined). The 370 bp Sall-Xbal fragment was ligated to
suicide vector pNQ705. The recombinant plasmid was introduced into the
conjugal donor E. coli SM10Apir. Conjugation between recipient V. anguillarum
wild type and the donor E. coli SM10Apir containing the- suicide plasmid
(pPNQ705) was perfomed.” The mixture of cells was dropped, incubated for at
least 8 h on LB agar plate. Grown cells were taken with sterile cotton swabs,
suspended in 1 ml of BHI liqud medium, and spreaded on TCBS (Thiolshlfate
cutrate bile salts) agar plate containing chloramphenicol 10 pg/ml to select

mutants.



8. PCR for knock out mutant
To confirm knock out mutant, we amplified PCR by using primers listed in

Table 2.

Table 2. Primers used in this study for knock out mutant

primers sequence

VA-KO-check up 5'- GGA TAA ACC GAT TGA GTG TGT CGA G -3’
pNQ705 rp-1 5'- GTT GTG GAC AAC AAG CCA GGG ATG -3
pNQ705 rp-1II 5'- CGA ACT AAA CCC TCA TGG CTA ACG -3

_10_



9. Isolation of Crude LPS and SDS-PAGE

Crude LPS was isolated by hot phenol/water method (Westphal et al.
1965). Wild type and mutant were incubated in BHI liquid medium for 12 h.
Cells were suspended with 50 mM sodium phosphate pH 7.0 containing 5
mM EDTA, mixed with lysozyme (100 mg) and incubated at 4C for 12 h.
The cell suspension was incubated at 37C for 20 min, mixed with 20 mM
MgCl, and incubated at 37°C for 2 h. The cell suspension was mixed with
equal volume of 90% hot phenol, incubated at 68C for 30 min. After cooling
in ice water bath for 15 min, the phase were separated by centrifugation
(12000 rpm, 20 min, 4°C): Aqueous phase was carried out and dialyzed for 48
h until the residual phenol was' totally eliminated.. Dialyed sample ' was
dissolved with distilled water. Sample was suspendned in 5 X sample buffer
(2% sodium dodecyl, sulfate, 144" mM mercaptoethanol, 1 M Tris-HICl/ (pId
6.8), 25% glycerol, 0.1% “bromophenol blue) and the samples were boiled for
10 min. LPS  profiles were © determined by sodium  dodecyl
sulfate-polyacrylamaid gel electrophoresis (SDS-PAGE). LPS was visualized

using a silver staining kit. (Biosesang, Korea)

_11_



II. RESULTS and DISCUSSION

1. Sequencing and analysis of amino acid sequences

We sequenced 1341 bp ORF and 447 amino acid residues by DNA Walking
SpeedUp Premix Kit (Seegene, Korea). The amino acid sequence encoded by
pmm/pgm was compared with data available in the GenBank database using
the BLAST network service at the National Center for Biotechnology
Information. Alignments to determine protein similarities was performed with
the ClustalW program. A 1341-bp ORF and 447 amino-acid residue of
pmm/pgm gene was compared with other Vibrio species (Fig.-2). The homology
was high level 86.5% - 92.3%.

The three highly conserved site of phosphohexomutase were found in ORF
among eight species. ' Active 'site, the catalytic phosphoserine residue, which is
located between 102-106“and necessary for phosphoryl transfer to and from
the bisphosphorylated reaction “intermediate. Metal binding site, is located
between 242-247, coordinates Mg2+ ion required for enzyme activity. Sugar
binding site, is located between 225-230, has key residues that enable the
enzyme to recognize the two different binding orientations of its 1-and

6-phospho  sugar substrates (16). The six invariant residues in the

_12_



phosphohexomutase family, Asp 242, Asp 244, Asp 246, Arg 247, Gly 308 and
Ser 413, were found in the sequence. The two additional residues, Arg 14 and

Arg 411, were also conserved among all eight species.

_13_
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Comparison of amino acid-sequences of PMM/PGM of Vibrio species.

The sequences were aligned with the program BioEdit. Vibrio anguillarum

(Vang), Vibrio mimicus (Vmim), Vibrio vulnificus (Vvul), Vibrio splendidus (Vspl),

Vibrio harveyi (Vhar), Vibrio sp. EJY3 (VEJY3), Vibrio alginolyticus (Valg), Vibrio
shilonii (Vshi).
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2. Cloning of pnuw/pgm from V. anguillarum

We amplified pmm/pgm gene by PCR using V. anguillarum genomic DNA as
a template and a 1341 bp PCR fragment was obtained. It contained an ORF
corresponding to 447 amino acid residues.

The target gene fragment was cloned in pET28-a(+) vector, transformed to
E. coli DHb5a followed by E. coli BL21, and finally the recombinant protein
was expressed. Overexpression of tPMM/rPGM was induced by adding 1 mM
IPTG. It was recovered in the soluble fraction after a cell fractionation. The
purified enzyme was easily - achieved by Ni-NTA - his-tag affinity
chromatography. About 1.35 mg of protein was routinely obtained from 300
ml of culture. The purest fraction eluted from column migrated as a single
band with a molecular mass of about 50 kDa under denaturing conditions by

SDS-PAGE (Fig. 3).

_15_
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Fig. 3. SDS-PAGE of recombinant PMM/PGM during purification. Lanel,
standard molecular weight proteins; Lane2, crude extract of cells transformed
with pET-28a(+) vector; Lane3, cell harboring for 4h after induction; Lane4,
soluble proteins; Lane5, insoluble @ proteins; Lane6, eluted fraction from a

Ni-NTA his-tag affinity. chromatography.
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3. Transcriptional analysis of pmmy/pgm gene

To compare gene expression at mRNA level, V. anguillarum was cultured at
15C and 25T, and total RNA was isolated from the cultured cells using
TRIzol reagent. The expression of 165 rRNA was also checked as control
under same conditions. The expression of pmm/pgm gene was relatively
weaker than control gene, but the expression of pmm/pgm gene was stronger
at 15C compare to 25C (Fig. 4.). This indicates that the pmm/pgm gene of V.

anguillarum is expressed during stress condition.

_17_



Fig. 4. Vibrio anguillarum gene expression profiles: prui/pgm gene and 16S

rRNA as internal control gene

_18_



3. PMM and PGM activity

The specific activities of PMM/PGM was assayed with the purest fraction
eluted from column. The increase in absorbance at 340 nm due to the
reduction of NADP at 25C. Previous works on the characterization of PGM
and PMM activities in other strains indicated that the metal ions Mg2+ or
Mn2+ are necessary as cofactors (20). PMM/PGM from V. anguillarum had no
activity without Mg2-+.

One unit of enzyme activity was defined as the amount of enzyme needed
to reduce 1 umol of NADP per min. The specific activities were detected that

PMM (8.22 U/mg) and PGM (4.64 U/mg).

Table 3. PMM and PGM activity

Total pratein Total activity 1PNINL TPGM

Substrate
(mg) (u) Spact (U'mg)
Mannose 1-phosphate (PMM) 14.80 8.22
1.80
Glucose 1-phosphate (PGM) 8.35 4.64

_19_



4. Knock out mutation

The 370 bp fragment which is a part of pmm gene was cloned into a
suicide vector pNQ705 to inactivated pmm/pgm gene of V. anguillarum wild
type, and transformed into E. coli SM10Apir. We selected only mutant on the
TCBS (Cm,10ug) plate after conjugation. The mutant was constructed between
transformant and V. anguillorum wild type by allelic exchange (Fig. 4). To
confirm knock out mutation, PCR was conducted with three designed primers
(Table. 2). Primer VA-KO-check up, was designed based on ORF region for
upstream primer, but not exist on the sequence of knock“out part. Reverse
primers, pNQ705 rp-I and pNQ705 rp-II, were designed based” on the
downstream sequence of sucide vector pNQ705. In Fig. 6, PCR fragments
were present in the pmm/pgm mutant, while the wild type did not amplify as

negative control.

_20_
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Fig. 6. Agarose gel eletrophoresis of PCR products from pnuw/pgm knock out
mutant by PCR using the primers VA-KO-check up, pNQ705 rp-I and
pNQ705 rp-II. M, molecular weight marker; Lane 1, PCR products of the
mutant using the primers VA-KO-check. up and pNQ705 rp-I;' Lane 2, PCR

products of the mutant using the primers VA-KO-check-up and pNQ705 rp-IL
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Fig. 7. Agarose gel electrophoresis of PCR products from prmun/pgm knock
out mutant by PCR using the primers; forward primer for construction
knockout mutant, pNQ705 rp-I 'and pNQ705 rp-II. M, molecular weight
marker; Lane 1, negative control 1; Lane2, negative control 2; Lane 3, PCR
products of the mutant using primers forward primer for' construction
knockout mutant and pNQ705 -rp-I; Lane 4, 'PCR products of the mutant
using primers forward primer for construction-knockout-mutant and pNQ705

rp-1L
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5. Comparison of LPS profile

The most common method used for the extracion of LPS from
Gram-negative bacteria is based on the procedure developed by Westphal and
Jahn (1965). Eletrophoretic profiles of isolated LPS demonstrate changed
pattern by the mutation of pmm/pgm. Isolated LPS from V. anguillarum wild
type have strong several bands but mutant has smear bands, and the upper
strong band immigrated (Fig. 7). Therefore, pmm/pgm gene is related to
biosynthesis of LPS.

6. Growth and viability

Bacterial growth at 25°C was followed by measuring optical density. In BHI
liquid medium, mutant show a slightly slower growth by stationary. We
measured viable bacteria, wild type and mutant at 25C by colony-forming
unit (CFU) (Fig. 8).

Therefore, LPS is essential /for growth and survival ofs Gram-negative
bacteria. The composition of ‘the '‘O-antigenic structure in Gram-negative
bacteria, is important with respect to pathogenicity (10). A small change in
the sugar composition of the O-antigen has been demonstrated to influence
virulence (6). Role of LPS in virulence from V. anguillarum can be studied as

well.

_24_
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Fig. 9. Growth and colony formation-of V. anguillarum O1 wild-type (@)

and the prmy/pgm mutant (A). Cell growth was determined by measuring

optical density at and absorbance of 600 nm.
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Therefore, pmm/pgm gene from V. anguillrum has a important role in the
biosynthesis of LPS, which is essential for growth and survival of
Gram-negative bacteria. The pmm and pgm gene have been studied from a
variety of bacteria, while study of pmm/fpgm gene from V. anguillarum have
not much studied yet.

Futhermore, the functions of LPS can be studied with pmm/pgm knock out

mutant.

_27_
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