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Abstract Numerous virulence factors such as O antigen(>50%), and death may occur within one to two days after
have been proposed to account for the fulminating andhe first signs of illness [2, 14].

destructive nature ofV. wvulnificus infections. To better The symptoms which occur with vulnificussepticemia,
characterize the role of O antigenpmmgene encoding a as well as the inflamatory response observed in wound
phosphomannomutase was identified and cloned fkom infections, are those associated with the endotoxic activity
vulnificus The deduced amino acid sequence opthenwas  of lipopolysaccharide (LPS) molecules, rendering it a prime
42 to 71% similar to that reported from other Enterobacteriaceaeandidate as a major virulence factor [21]. Very little is
Functions of thggmmgene in virulence were assessed by theknown so far regarding the biosynthetic pathway for the
construction of an isogenic mutant, whgs®mm gene was LPS of V. vulnificus and its genes encoding enzymes
inactivated by allelic exchanges, and by evaluating its phenotypevolved in the production of LPS have not yet been
changesn vitro and in mice. The disruption pinmresulted  identified. However, it is generally believed that a similar
in a loss of more than 90% of phosphomannomutase, andiosynthetic pathway has been proposed to operate in
reintroduction of recombinarppmm could complement the Gram-negative bacteria. The molecular genetics of LPS
decrease of phosphomannomutase activity, indicating that theroduction ofPseudomonas aeruginokave been widely
pmmgene encodes the phosphomannomutasewdnificus studied [17]: The glycolytic intermediate fructose-6-phosphate
There was no difference in the | ®of the wild-type and the is first converted to mannose-6-phosphate by the action of
pmmmutant in mice, but the L[ observed by the mutant phosphomannose isomerase. Mannose-1-phosphate is then
complemented with recombingotmwere lower. Therefore, formed by the action of phosphomannomutase (PMM) and
it appears that PMM is less important in the pathogene$ts of further converted to GDP-mannose, which is a common
vulnificusthan would have been predicted by examining themetabolite used for the synthesis of different saccharides
effects of injecting purified LPS into animals, but it is not of LPS [16].

completely dispensable for virulence in mice. The characteristics of. vulnificusLPS as a potential
virulence factor have been studied primarily using the
purified LPS in animal models. In fact, McPhersainal

[18] demonstrated that intravenous injection¥.ofulnificus

_ . _ _ -~ _ LPS into mice caused mean arterial pressure to decrease
The pathogenic marine bacteriuNibrio vulnificus is  within 10 min, with a further decline and subsequent death
the causative agent of food-borne diseases such as lifg; 30 to 60 min. One of the leading factors believed to
threatening septicemia and possibly gastroenteritis in individualsgntripute to fatality in Gram-negative septicemia is the
with underlying predisposing conditions such as liver damag&yyerproduction of tumor necrosis factor (TNF), leading to
excess levels of iron, and immunocompromised conditiongyerstimulation of nitric oxide synthase, in response to
[2, 14, 15]. Wound infections result from exposure to| ps. |n fact, increased mortality in cirrhotic mice du#to
seawater or from the handling of shellfish contaminated,;inificus infection is dependent on an vivo TNF-a

with V. vulnificus Mortality from septicemia is very high response [6]. Purified/. vulnificus LPS causes severe
hypotension and death within 1 h, when injected into rats
~Corresponding author [5]. However, when a nitric oxide synthase inhibitor
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E-mail: shchoi@chonnam.ac.kr is administered to rats along with LPS, the lethality of
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Table 1. Plasmids and bacterial strains used in this study.

Strain or plasmid

Relevant characteristics

Reference or source

Bacterial strains
V. vulnificus
ATCC29307
HSO01
JHO01
E. coli
DH5a
SY327A pir

SM10A pir

Plasmids
pGEM-T Easy
puC18
pBR322
pUC4K
pCVD442
pRK415
pKC600
pJH0020
pJH0021
pJHO0027
pJH0028
pJH0029
pJHO030

Clinical isolate; virulent
ATCC29307 withuxS::nptl, Ap5, Km'
ATCC29307 witlpmm::nptl Ap®, Km'

SUpE44A lacU169 ¢80 laczAM15) hsdR17 recAl endAdyrA96 thi-1 relAl
A(lac pro) arggAm) recA56 gyrA rpoB\pir; host for

Terequiring plasmids; conjugal donor
thi thr leu tonA lacY supE recRP4-2Tc::Mu Apir; KnT;

host forrerequiring plasmids; conjugal donor

PCR product cloning vector;'Ap

Cloning vector; Ap

Cloning vector; ApTr

pUC4 withnptl; Ap’, Knm'

R6Kyori; sacB; Suicide vectogriT of RP4; Ap

IncPori; broad-host-range vectatiT of RP4; T¢

494-bp PCR product containipmmcloned into pPGEM-T Easy vector; Ap
Cosmid library containirgmm Tc¢'

7.0-kkPst fragment containingmmcloned into pUC18; Ap
pBR322 withmm Ap, Tr*

pJHO027 withmm::nptt Ap", Km'

pCVD442 witpmm::nptt Ap, Km'

pRK415 witlpmm Tc

Laboratory collection
This study
This study

Laboratory collection
[20]

[20]

Promega

Laboratory collection
Laboratory collection
[22]

[4]

[12]

This study

This study

This study

This study

This study

This study

This study

% Ap', ampicillin resistant; Krpkanamycin resistant; Teetracycline resistant; Jt¢etracycline sensitive.

the endotoxin is reversed [18]. These data suggest thamount of enzyme needed to redugaribl of NADP to

the stimulation of TNF, followed by nitric oxide (NO) NADPH per min, as described previously [26]. Protein
production, leads to endotoxic shock in responsé/.to concentrations were determined by the method of Bradford
[3], with bovine serum albumin as the standard. Averages

vulnificusLPS.
However,

in contrast to the reported effects ofand standard errors of the mean (SEM) were calculated

administratingv. vulnificusLPS in experimental animals, a from at least three independent determinations.
definitive analysis of the role of thé vulnificusLPS by
the construction of a defined mutation has not yet beei€loning and Sequence Analysis of themmGene

reported. We therefore undertook this study to identify theRecent reports suggest that environmental cues, such as
function of the LPS during an infectious process, rathercell density, may govern virulence gene expression in
than the artificial system of injecting purified LPS, by many Gram-negative bacteria [19]. It has been recognized

constructing the isogenic PMM mutant\6fvulnificusand
applying the molecular version of Koch’s postulates [7].

that bacteria can regulate gene expression in response
to cell density, and quorum-sensing systems based on

The bacterial strains and plasmids used in this study aracylhomoserine lactone autoinducer (Al-1) molecules are
listed in Table 1E. coli strains used for plasmid DNA widespread among Gram-negative bacteria [8]. Recently,
replication or conjugational transfer of plasmids were grownan alternative, highly conserved quorum-sensing system used
in Luria-Bertani (LB) broth or on LB broth containing by both Gram-positive and Gram-negative bacteria has

1.5% (w/v) agar. Unless otherwise notédyulnificusstrains

been identified [1]. This system requires a highly conserved

were grown in LB medium supplemented with 2.0% (w/v) locus, luxS It has been proposed that LuxS acts on

NaCl (LBS). Cultures ofV. vulnificusstrains were grown

a metabolic intermediate to synthesize a unique signaling

at 30C with aeration. Five ml samples were removed atmolecule, termed autoinducer 2 (Al-2). However, until now,
log phase for determination of cell densities, PMM activities,no study addressed the genes whose expression is regulated
and cellular protein concentrations. The PMM activitiesby the Al-2 quorum sensing systemMnvulnificus

were determined according to the method of Goldle¢rg

Therefore, as an effort to identify genes that are regulated by

al. [9]. One unit of the enzyme activity was defined as thethe Al-2 quorum-sensing system, we cloned genes differentially
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expressed by mxSmutant, HS01, using DD (differential V. vulnificus
display) PCR [25]. ThduxS mutant was constructed by V. cholerae
allelic exchange in ATCC29307 (Choi, 2002, unpublished -
data). Cultures of ATCC29307 and thS mutant were S oneidensis 23.4%
grown to log phase, and total cellular RNAs were isolatec p ,,..iiocida
using a Trizol reagent kit according to the manufacturer’s_

specifications (GIBCO-BRL, Gaithersburg, MD, U.S.A.). For \'leﬁhif%(:uégégootﬁgidﬁgﬁ?eﬂfgce relatedness of PMMs \of

reverse transcriptase (RT) PCR of the genes diﬁere""tia”bendrogram showing relatedness of PMM was derived using the DNASIS
expressed itluxSmutant, total RNA was reverse transcribed alignment program (version 2.6, Hitachi Software Engineering Co., Ltd.,

essentially following the manufacturer's (GIBCO-BRL) Japan), and based on the amino acid sequences in the GenBank databases
protocol in a total volume of 20 ml reaction mixture. For (NCB).
PCR amplification, each @ sample of the resulting cDNA
was used as a template, and OPA4 (5'-AATCGGGCTG-3')s a homolog of themmgene fromv. choleraeand led us
as a random primer. to name the coding regignmmof V. vulnificus The amino
The resulting PCR product, a 494-bp DNA fragment,acid sequence deduced from gmemnucleotide sequence
was purified from the agarose gels and cloned into theevealeda protein, a PMM composed of 568 amino acids
pGEM-T Easy vector (Promega, Madison, WI, U.S.A.) with a theoretical molecular mass of 62,582 Da and a PI of
according to the manufacturer’s specifications, yielding5.67. A database search for amino acid sequences similar
plasmid pKC600. Since the deduced amino acid sequende those deduced from th@mm coding region revealed
of the resulting PCR product revealed 79% identity withthree other PMM proteins frond. cholerage Shewanella
that of V. choleraepmm the DNA was labeled withof oneidensis and Pasteurella multocidastrains with high
®P]dCTP and named PmmP. To clone the full gene of théevels of identity (Fig. 2, http//www.ncbi.nml.nih.gov).
pmm a cosmid library ofV. vulnificus ATCC29307, The amino acid sequence of thevulnificusPMM was
constructed using pLAFR3 [13, 24], was screened using 1% identical to that of the PMM &f cholerag and their
PmmP as a probe. A colony showing a positive signal waglentity appears evenly throughout the whole proteins
isolated, and the cosmid DNA was purified and nameddata not shown). All of this information confirmed that
pJHO0020 (Fig. 1). A 7.0-kb band from the cosmid DNA thepmmgene encodes the PMM dfvulnificus
digested withPsi was purified and ligated into pUC18 to
result in pJH0021, as shown in Fig. 1. Generation and Confirmation of the pmm::nptl Mutant
The nucleotide sequences of the DNA fragments inThe pmmgene in pJH0027 (Table 1) that was constructed
pJHO021 were determined by primer walking (Korea Basidoy ligation of a 1.7-kiBanHI-Hindlll fragment of pJH0021
Science Research Center, Kwang-Ju, Korea), and theith pBR322 was inactivateid vitro by insertion ofptl
sequence data were submitted to the GenBank [Accessi@ncoding for aminoglycoside 3'-phosphotransferase and
number AY205154]. The nucleotide sequence revealed eonferring resistance to kanamycin [22]. The 1.2-kb DNA
coding region consisting of 1,707 nucleotides (Fig. 1). Thdragment carryingiptl was isolated from pUC4K (Pharmacia,
pmm from V. choleraewas 61% identical in nucleotide Piscataway, NJ, U.S.A.) and inserted into a unhgsiesite
sequences with the coding region in pJH0021 (data ngbresent within the open reading frame (ORFpmim The
shown). This information proposed that the coding regior2.9-kb pmm::nptl cartridge from the resulting construct

65.4%

— 56.7%
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Fig. 1. Physical map of th¥. vulnificuspmmgene on the plasmids used in this study.

(A) Plasmid pJH0021 was used to determine the nucleotide sequemmumofhe shaded boxes represent the locations of one complete open reading frame
(pmm) and partial open reading fram@ZC) and directions of their transcription. (B) Depicted is the region cloned in the plasmid used for construction of
pmm::nptimutant. The insertion position optl cassette is indicated by the open triangle. Abbreviatio®stPB, BanHl; H, Hindlll.
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Fig. 3. Allelic exchange procedure and constructiopmim::nptlisogenic mutant.

(A) Double homologous recombinations between strain ATCC29307 and plasmid pJH0029 led to interrpptioyene and resulted in construction of
the mutant JHOO1. Dashed lines represent the bacterial chromosome; a full line, the plasmid DNA; open boxpthentgeget shaded box, thetl gene;
large X's represent genetic crossing over. Abbreviati8asB levansucrase genbla, B-lactamase gene. (B) PCR analysis of ATCC29307 and isogenic
mutant generated by allelic exchange. Molecular size markers (1 kb plus DNA ladder, GIBCO-BRL) and PCR products are indicated.

(pJHO028, Fig. 2B) was liberated and ligated v@iima- the wild-type. These data demonstrated thapthengene
digested pCVD442 [4], forming pJH0029 (Table 1). encoded the PMM of/. vulnificus However, the PMM

E. coli SM1(ir (containing pJH0029) was used as aactivity in JHO01 was still evident and its level was significantly
conjugal donor to generate tipenm::nptl mutant of V. higher than the background level observed, when control
vulnificusATCC29307 by homologous recombination (Fig. assay was carried out in the absence of mannose. This
3A). The V. vulnificus pmm mutant chosen for further observation that the mutant still exhibited PMM activity
analysis was named JHOO01. The conjugation and isolatioimdicated the existence of at least one more PMM (or its
of the transconjugants were conducted using the methodsmolog) being produced by vulnificusATCC29307.
previously described [10], and a double crossover, in which To rule out the possibility that the decrease of PMM activity
each wild-typgommgene was replaced with thenm::nptl by more than 90% resulted from polar effects ofghem
allele, was confirmed by PCR as shown in Figure 3B. PCF
analysis of genomic DNA from ATCC29307 with primers
PMMO002 (5-GTACTGCAGTTTAGAGAAAACAGAG-
AGAGTAAG-3") and PMMO003 (5-TTAGAATTCAAG-
AGCACACTCATACGTCGAGTG-3") produced a 1.7-kb
fragment (Fig. 3B), whereas genomic DNA from the JH001
resulted in an amplified DNA fragment, approximately 2.9-
kb in length. The 2.9-kb fragment is in agreement with the
projected size of the DNA fragment containing wild-type
pmm(1.7-kb) andhenptl gene (1.2-kb). The insertegtl
DNAs were stably maintained in the mutant, as determine:
by maintenance of kanamycin resistance (all of more tha
500 colonies tested) and by generation of the appropriate £
sized DNA fragment by PCR (data not shown). :
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Effects of Mutation in pmmGene on Phosphomannomutase
Activity Teemsty e /] [0 ITH
For ATCC29307, PMM was produced and reached ¢ Plasmid PIHNED
maximum 45.0 units (Fig. 4). The disruptionppfimin the

mutant JHOO1 resulted in reduced production of PMMﬂgiaﬁi PMM activities of ATCC29307 and isogenimm

activity (p<0.05). The residual _level of PMM activity in _Complementation of mutant with functionamm (pJH0030) was also
JHOO01 corresponded to approximately one-tenth of that ipresented as indicated. Error bars represent the S.E.M., WT, wild-type.
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insertional mutation on downstream genes, we examinedextran-treated mice. Taking these results together, it is

if reintroduction in pJHOO030 carrying the recombinantreasonable to assume that the PMM is not completely

pmmcould complement the decrease of PMM activity of dispensable for virulence in mice; however, we cannot

JHOO01 cells.For this purpose, pJHO030 was constructedmake any conclusions as to the role of PMM in general.

by subcloning theommamplified by PCR using primers ~ The major problem to be addressed is the difference in

PMMO002 and PMMO003 and then digested withl and  virulence between the wild-type and the JHO01 complemented

EcoRl into the broad host-range vector pRK415 [12] with pJH0030. Although other explanations are possible,

linearized with the same enzymes. The resulting plasmidhis discrepancy could be related to the level of PMM

was mobilized intd/. vulnificusby conjugationThe PMM  expressed in the cells during infection. Complementation

activity of the JH001(pJHO030) was restored to a levewith pJHO030 would provide JHOO01 wiftmm which is

comparable to, even higher than, the wild-type level ofexpressed under the Bromoter of pRK415 [12]. Therefore,

ATCC29307 (Fig. 4). Therefore, the decreased PMM activityit might be possible that the number of PMM molecules

of JHOO01 resulted from inactivation of functiopshmrather  in the complemented cells could be relatively higher than

than any polar effects on any genes downstregomaof that in wild-type cells, in which all PMM molecules are
products ofpomm which is expressed by its own promoter

Effects of pmm Mutation on the Virulence of V. carried on the chromosome. This possibility strongly

vulnificus underscores the necessity of understanding the regulation

We examined the virulence &f vulnificusATCC29307  of pmmexpression. However, no promoter(s) of fimem

and JHOO01, using both iron dextran-treated and normajene has been identified, and the molecular mechanisms

ICR mice (Specific Pathogen-Free; Daehan Animal Copy which the bacterium modulates the expression of the

Taejon, Korea), as described [11]. Briefly, female micepmmgene have not yet been characterized. This lack of

from 7 to 11 weeks of age were housed under specifimformation on the regulatory characteristics of fimem

pathogen-free conditions. For the determination of LD gene makes it difficult to understand how the expression

bacteria grown in BHI-N [11] broth overnight at’€5vere  pattern and level of PMM varies spatially and temporally

harvested and suspended in PBS to appropriate concentratiodsying infection with viablé/. vulnificus

ranging from 10to 10 CFU in 10-fold increments. Group

of (n=6) 7-weeks-old normal female mice were injected

subcutaneously with 0.1 ml of serial dilutions of bacterial Acknowledgment

suspensions. The infected mice were observed for 24 h,

and the LD, were calculated by the method of Reed andThis study was supported by a grant to S.H.C. from the

Muench [23]. For experiments involving iron treatment, Korea Health 21 R&D Project, Ministry of Health &

mice were injected intraperitoneally with 26 of iron  Welfare (01-PJ10-PG6-01GM02-0002), ROK.

dextran per g of body weight immediately before injection

with bacterial cells.

As shown in Table 2, there was no difference in theRgrerENCES

LD,s of ATCC29307 and JHOO1 in normal mice (none-

iron-treated), which were as high as*OFU for both 1. Bassler, B. L. 2002. Small talk: Cell-to-cell communication

strains. In iron dextran-treated mice, the JsDobserved in bacteriaCell 109: 421- 424,

by both strains were also indistinguishable (Table 2). 2. Blake, P. A., R. E. Weaver, and D. G. Hollis. 1980. Diseases

Therefore, in the mouse model of subcutaneous infection, of humans (other than cholera) caused by vibAosiu. Rev.

in which LD, s were compared with wild-type amenm Microbiol. 34: 341~ 367. . N
mutant strains, the PMM appeared to be not important for3. Bradford, M. M. 1976. A rapid and sensitive method for the
disease. However, it is notable that |Dobserved by quantitation of microgram quantities of protein utilizing the
JH001(pJH0030) were lower in both normal mice and iron ggf‘gfgzgf protein-dye bindingAnalytical Biochemistry
4. Donnenberg, M. S. and J. B. Kaper. 1991. Construction of an

Table 2. Effects of thepmm mutation on the lethality o¥. eaedeletion mutant of enteropathogefischerichiacoli by
vulnificusto micé. using a positive-selection suicide vectafect. Immun59:

Bacterial lethality (LD,)"° 4310-4317. ) ,

- - - : 5. Elmore, S. P., J. A. Watts, L. M. Simpson, and J. D. Oliver.
Strain Non-iron-treated mice  Iron-treated mice 1992. Reversal of hypotension byibrio vulnificus
Wild-type 6.46x10 1.22x10 lipopolysaccharide in the rat by inhibition of nitic oxide
JHOO1 8.41x10 2.31x10 synthetaseMicrob. Pathog13: 391-397.

JHO01(pJHO030) 9.70x10 2.65x10 6. Espat, N. J., T. Auffenberg, A. Abouhamze, J. Baumhofer, L.

** Details are in the text. L. Moldawer, and R. J. Howard.996. A role for tumor



154

10.

11.

12.

13.

14.

15.

16.

LEEet al.

necrosis factor-alpha in the increased mortality associated?.

with Vibrio vulnificus infection in the presense of hepatic
dysfunction Ann. Surg223:428- 433.

. Falkow, S. 1988Molecular Kochs postulates applied to 18.

microbial pathogenicityRev. Infect. Disl0: S274 S276.

. Fuqua, C., S. C. Winans, and E. P. Greenberg. 1996. Census

and consensus in bacteria ecosystems: the luxR-LuxI family
of quorum-sensing transcriptional regulatofsnu. Rev.
Microbiol. 50: 727- 751.

. Goldberg, J. B., K. Hanato, and G. B. Pier. 1993. Synthesig0.

of lipopolysaccharide o side chains Hyseudomonas
aeruginosaPAO1 requires the enzyme phosphomannomutase.
J. Bacteriol.175: 1605- 1611.

Jeong, H. S., K. C. Jeong, H. K. Choi, K. J. Park, K. H. Lee,

J. H. Rhee, and S. H. Choi. 2001. Differential expression o21.

Vibrio vulnificuselastase gene in a growth phase-dependent
manner by two different types of promoteisBiol. Chem.
276:13875- 13880.

Jeong, K. C., H. S. Jeong, J. H. Rhee, S. E. Lee, S. S. Churzg.

A. M. Starks, G. M. Escudero, P. A. Gulig, and S. H. Choi.
2000. Construction and phenotypic evaluation \dfrio
vulnificus vvpE mutant for elastolytic proteasdnfect.
Immun.68: 5096- 5160.

Keen, N. T., S. Tamaki, D. Kobayashi, and D. Trollinger. 24.

1988. Improved broad-host-range plasmids for DNA cloning
in gram-negative bacteri&ener0: 191- 197.
Kim, H. J., J. H. Lee, J. E. Rhee, H. S. Jeong, H. K. Choi, H.

J. Chung, S. Ryu, and S. H. Choi. 2002. Identification and25.

fuctional analysis of theutAP genes encoding/ibrio
vulnificus proline dehydrogenase and proline permedse.
Microbiol. Biotechnol12: 318- 326.

Klontz, K. C., S. Lieb, M. Schreiber, H. T. Janowski, L. M.
Baldy, and R. A. Gunn. 1988. Syndromes ‘dbrio
vulnificusinfections. Clinical and epidemiologic features in
Florida cases, 1981-198%nn. Intern. Med109: 318- 323.
Lee, J. H., K. H. Lee, and S. H. Choi. 2001. Enumeration of
Vibrio wvulnificus in natural samples by colony blot
hybridization.J. Microbiol. Biotechnol11: 302- 309.

Lightfoot, J. and J. S. Lari993. Chromosomal mapping,
expression and synthesis of lipopolysaccharidsgudomonas
aeruginosa A role for guanosine diphospho(GDP)-D-
mannoseMol. Microbiol. 8: 771-782.

19.

23.

26.

May, T. B. and A. M. Chakrabart§994. Pseudomonas
aeruginosa Genes and enzymes of alginate synthesis.
Trends Microbiol 29: 1419- 1434.

McPherson, V. L., J. A. Watts, L. M. Simpson, and J. D.
Oliver. 1991.Physiological effects of the lipopolysaccharide
of Vibrio vulnificuson mice and ratdMicrobios. 67: 272-

273.

Miller, M. B. and B. B. Bassler. 2001. Quorum sensing in
bacteria Annu. Rev. Microbiob5: 165- 199.

Miller, V. L. and J. J. Mekalanos. 1988. A novel suicide
vector and its use in construction of insertion mutations:
osmoregulation of outer membrane proteins and virulence
determinants invibrio choleraerequirestoxR J. Bacteriol.
170: 2575-2583.

Oh, E. T., H. S. Yun, T. R. Heo, S. C. Koh, K. H. Oh, and
J. S. So. 2002. Involvement of lipopolysaccharide of
Bradyrhizobium japonicunin metal binding.J. Microbiol.
Biotechnol 12: 296- 300.

Oka, A., H. Sugisaki, and M. Takanami. 1981. Nucleotide
sequence of the kanamycin resistance transposon TA903.
Mol. Biol. 147:217-226.

Reed, L. J. and H. Muench. 1938.simple method of
estimating fifty percent endpointdam J. Hyg27: 439- 497.
Rhee, J. E., J. H. Rhee, P. Y. Ryu, and S. H. Choi. 2002.
Identification of thecadBA operon fromVibrio vulnificus

and its influence on survival to acid strdsEMS. Microbiol.

Lett. 208: 245- 251.

Robb, C. W., C. J. Orihuela, M. B. Ekkelenkamp, and D. W.
Niesel. 2001. Identification and characterization oiffrewivo
regulated D15/0ma87 homologueShigella flexnerusing
differential display polymerase chain reacti@ene 262;
169-177.

Sa-Correia, I., A. Darzins, S. K. Wang, A. Berry, and A. M.
Chakrabarty. 1987. Alginate biosynthetic enzymes in mucoid
and nonmucoidPseudomonas aeruginas@verproduction

of phosphomannose isomerase, phosphomannomutase, and
GDP-mannose pyrophosphorylase by overexpression of the
phosphomannose isomeragen( gene.J. Bacteriol 169:
3224-3231.



	Identification and Characterization of the Vibrio vulnificus Phosphomannomutase Gene

