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Abstract An Irp gene encoding a leucine-responsive bacteria is a complex phenotype and typically involves the
regulatory protein was identified frowibrio vulnificus and  products of many genes [12]. Most of the genes and
its role in the survival of the organism was assessed byoperons are members of a global regulatory network, and
analyzing the stress tolerance of the isogenic mutant, in whicbften subject to coordinate regulation.
the Irp gene had been inactivated. The results demonstrated Global regulation is the concept that a single transcriptional
that Lrp contributes to the survival ®f vulnificus and that  regulator can control several distinct genes and operons
their contribution is dependent on the phase of growth. in response to environmental signals. Leucine-responsive
regulatory protein (Lrp) is a transcription regulator that
controls the expression of a number of genes involved in
stress tolerance properties of bacteria [15E Iroli, Lrp
controls more than 70 genes that are grouped together
Vibrio vulnificusis an opportunistic Gram-negative pathogeniq reflect physiologically related functions. It has been
that .commonly cpntaminates various raw.seafood [11]suggested the. coli uses Lrp for adapting between the
and is the causative agent of foodborne diseases such @gsy |ife in the gut and the stressed harsh realities of the
gastroenteritis and life-threatening septicemia [7]. Predisposegltside world [15].
individuals, with underlying immunocompromised conditions, [ jke many other pathogenic bacteNayulnificusoccurs
liver damage, or excess levels of iron, who consume ravh various environments having different stresses; it naturally
oysters, can die within days from sepsis. Even otherwisghhapits coastal seawaters, contaminates shellfish, and infects
healthy people are susceptible to serious wound infectionge human body. This indicates that the pathogen has
after contact with shellfish or water contaminated With g constantly alter expression of many genes in response
vulnificus [1, 8]. Mortality from septicemia is very high to ever-changing stresses in its growth environments.
(>50%), and death may occur within one to two days afteHjowever, until now, only a few studies have addressed the
the first signs of iliness [1, 8]. genes whose gene products contribute to stress tolerance
The bacteria have.evolved with elaborqte protectionyf the pathogen [17]. Furthermore, no analysis of the
systems to allow survival and/or growth during exposuregffect of global regulators on the survival of the pathogen
to environmental stresses. Furthermore, pathogenic bactefigjyder various stresses has been reported. Therefore, in an
are highly adapted microorganisms with a survival strateg¥ffort to identify a global regulator involved in stress
that requires multiplication on or within another living tolerance ofV. vulnificus current study identified and
organism [14]. Pathogenic bacteria have to survive numeroygoned anlrp gene encoding Lrp fronV. vulnificus A
stresses imposed upon not only by natural ecosystems ajd yyinificusnull mutant, in which thérp gene had been
present control practices, but also by the human immungisrupted, was also constructed by allelic exchanges. After
defense system, to ensure developing illness. This multifacetqghing challenged to the conditions, simulating current control
nature of the stresses indicates that survival of the pathogerti,(pactices used to suppress bacterial growth in raw seafood,
_ such as low pH, hyperosmolarity and cold temperature, the
FLorespondin 3%Lft2h101{6; Fax: 82-62-530-2149; survival of the mutant was compared with that of parental
E-mail: shchoi@chonnam.chonnam.ac.kr wildtype.
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Table 1. Plasmids and bacterial strains used in this study.

Strain or plasmid Relevant characteristics References
Bacterial strains
E. coli
DH5a supE4 AlacU169(¢B0lacZ AM15) hsdRL7 recAl endAl gyrA96 thi-1 relAl Laboratory Collection
SY327pir A(lac pro) arg@m) recA56 rpoBApir; Host forrerequiring plasmids [13]
SM10\pir thi thr leu tonA lacY supE rec/RP4-2-Tc::MuApir, oriT of RP4, Kn’ conjugational donor [13]
V. vulnificus
ATCC29307 Clinical isolate Laboratory Collection
HS02 ATCC29307Irp::nptl This study
Plasmids
puC18 Ap Laboratory Collection
pLAFR3 IncPori; cosmid vector; Tc [18]
pUC4K pUC4 withnptl; Ap', Km' Pharmacia
pCVvD442 R6Ky ori; sacB, oriTof RP4; Ap [4]
pHS100 Cosmid library containirigp; Tc' This study
pHS101 9.0-kiBanHI fragment containingrp cloned into pUC18; Ap This study
pHS102 pUC18 with 2.1-kBst fragment containingrp; Ap’ This study
pHS102-1 pHS102 withptl; Ap’, Km' This study
pHS102-2 pCVD442 withrp::nptl; Ap,, Km' This study

*Ap', ampicillin resistant; Kmkanamycin resistant; Tdetracycline resistant.

The bacterial strains and plasmids used in this study arsoftware, SAS Institute Inc., Cary, NC, U.S.A.). Significance
listed in Table 1. Stress tolerance was assessed by measurimgs accepted ak0.05.
survivals in a challenged broth; M9 supplemented with
5.0% NaCl and incubated at°80(for osmotic tolerance) Cloning and Sequencing Analysis of. vulnificus Irp
or M9 supplemented with 2.0% NaCl and incubated affo assess the role & vulnificusLrp in stress tolerance,
10°C (for cold stress). For acid tolerance, 10 mM sodiumthelrp gene was cloned from strain ATCC29307. A DNA
citrate buffer (pH 4.4) supplemented with 2.0% NaCl wasfragment internal to thdrp was then amplified from
used. Following inoculation into the challenged broths,genomic DNA ofV. vulnificus by a polymerase chain
samples were removed at appropriate intervals and platagaction (PCR) using a pair of oligonucleotide primers.
in duplicate on LB [Luria-Bertani] supplemented with 2.0% The primers (the LRPO1, 5-GACCGTATAGATCGCAAT-
NaCl as previously described [17]. The percentage of survivor8T-3', sense primer, and LRP02, 5-GCTTCACTTCTTC-
was calculated relative to the CFU/ml as determinedCATGAC-3', antisense primer) were designed using the
immediately after inoculation as 100%. Averages andrp sequence of. cholerae(GenBank accession number
standard errors of the mean (SEM) were calculated fronrAE004266, www.ncbi.nlm.nih.gov) and synthesized (Takara,
at least three independent determinations. The statistic8eoul, Korea). Since the deduced amino acid sequence of
significance of the difference among the vulnificus the resulting PCR product, a 427-bp DNA fragment,
strains was evaluated using Students unpaitedt (SAS revealed a 79% identity with that Bf colilrp, the DNA
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Fig. 1. Physical map of thiep gene on th¥. vulnificusATCC29307 chromosome and plasmids used in this study.

Plasmid pHS101 was used to determine the nucleotide sequdneeTdfe shaded boxes represent the coding regidns géne and unknown ORF, and
thick lines represent chromosomal DNA, respectively. The region cloned in the plasmid pHS102-2, used for the constrechipnnptittmutant, is
depicted. The insertion positions of thgtl cassette are indicated by the open triangle. AbbreviationE€d&RV; K, Kpnl; P, Pst.
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was labeled withd-*P] dCTP and named Lrp-P. To clone Generation and Confirmation of V. vulnificus Irp Mutant
the full genes of thdrp gene, a cosmid library o¥. Thelrp gene in pHS102 that was constructed by ligation
vulnificus ATCC29307 constructed using pLAFR3 [18] of a 2.1-kbPsi fragment of pHS101 with pUC18 was
was screened using Lrp-P as a probe. A colony showing iaactivated in vitro by the insertion ofnptl encoding
positive signal was isolated, and the cosmid DNA wagfor aminoglycoside 3'-phosphotransferase and conferring
purified and named pHS100 (Fig. 1). A 9.0-kb band fromresistance to kanamycin [16]. The 1.2-kb DNA fragment
the cosmid DNA digested witBanHI was purified and  carrying nptl was isolated from pUC4K (Pharmacia,
ligated into pUC18 (New England Biolabs) to result in Piscataway, NJ, U.S.A.) and inserted into a unigcarV
pHS101 as shown in Fig. 1. The nucleotide sequence dfite present within the ORF &p in pHS102. The 3.3-kb
the 9.0-kb DNA fragment in pHS101 was then determinedrp::nptl cartridge from the resulting construct (pHS102-1)
by primer walking (Korea Basic Science Institute, Kwang-was liberated and ligated wigma-digested pCVD442 [4],
Ju, Korea). The nucleotide sequence Iqgf from V. forming pHS102-2 (Fig. 1). To generate the:nptl mutant
vulnificus ATCC29307 was deposited in the GenBankin V. vulnificusby homologous recombination (Fig. 34&),
database under accession no. AY160773. coli SM10Apir, tra [13, 3] was transformed with pHS102-2,
The nucleotide sequence revealed a coding regioand used as a conjugal donoMovulnificusATCC29307.
consisting of 468 nucleotides. A database search fofhe conjugation and isolation of the transconjugants were
nucleotide sequences similar to that of the coding regiomonducted using the methods previously described [6, 5]. A
revealed three othdrp genes cloned fronk. coli, V. double crossover, in which each wildtypre gene was
cholerag and Salmonella typhimuriunstrains with high  replaced with thérp::nptl allele, was confirmed by a PCR
levels of identity. Thédrp from these bacteria was 79% to using a pair of primers, LRP0O1 and LRPO02 (Fig. 3B).
84% identical in nucleotide sequence with the coding The PCR analysis of the genomic DNA from ATCC
region in pHS101 (data not shown). This information 29307 with primers LRP01 and LRP02 produced a 0.5-kb
proposed that the coding region was a homologuepof fragment (Fig. 3B), whereas the genomic DNA from the
genes reported from other Enterobacteriaceae, and led Up::nptl mutant resulted in an amplified DNA fragment of
to name the coding regidrp to V. vulnificus The amino  approximately 1.7-kb in length. The 1.7-kb fragment was
acid sequence deduced from thp coding sequence in agreement with the projected size of the DNA fragment
revealed a protein, Lrp, composed of 155 amino acids witltontaining the wildtypép (0.5-kb) andhenptl gene (1.2-
a theoretical molecular mass of 17,744 Da and PI of 5.8&b). To determine the stability of the insertional mutation,
The amino acid composition and molecular weight of thisstrain HS02 was grown overnight without kanamycin
Lrp are quite similar to those of the Lrp from other selection. The insertedptl DNA was stably maintained,
Enterobacteriaceae. The amino acid sequence o¥.the evidenced by the maintenance of kanamycin resistance
vulnificus Lrp was 92% to 98% identical to those of the and by the generation of the appropriate-sized DNA
Lrp from E. coli, S. typhimuriumandV. cholerag and  fragment by PCR (data not shown). THevulnificuslrp
their identity appeared evenly throughout the whole
proteins (Fig. 2, http//www.ebi.ac.uk/clustalw). A B
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V. vulnificus 0 @—--------- MDLDRIDRNILNELQKDGRISNVELSKRVGLSPTPCLERVR 41 o™
V. cholerae MVDSYKKPSKDLDRIDRNILNELQKDGRISNVELSKRVGLSPTPCLERVR 50 - — -| -—
S. typhimurium MVDSKKRPGKDLDRIDRNILNELQKDGRISNVELSKRVGLSPTPCLERVR 50 - S
E. coli MVDSKKRPGKDLDRIDRNILNELQKDGRISNVELSKRVGLSPTPCLERVR 50 — ]
**************************************** i
| i
V. vulnificus RLERQGYITGYTALLNPQYLDASLLVFVEITLNRGAPDVFEQFNAAVQKL 91
V. cholerae RLERQGFITGYTALLNPQYLDASLLVFVEITLNRGAPDVFEQFNAAVQKL 100 sl |||.:'\.\.||'_' :
S. typhimurium RLERQGFIQGYTALLNPHYLDASLLVFVEITLNRGGPDVFEQFNAAVQKL 100
E. coli RLERQGFIQGYTALLNPHYLDASLLVFVEITLNRGAPDVFEQFNTAVQKL 100 l
*********************************************

Hse smmma L
V. vulnificus DDIQECHLVSGDFDYLLKTRVSDMGAYRKLLGDTLLRLPGVNDTRTYVVM 141 e e
V. cholerae DDIQECHLVSGDFDYLLKTRVSDMGAYRRLLGDTLLRLPGVNDTRTYVVM 150 —_ -
S. typhimurium EEIQECHLVSGDFDYLLKTRVPDMSAYRKLLGETLLRLPGVNDTRTYVVM 150 | LT
E. coli EEIQECHLVSGDFDYLLKTRVPDMSAYRKLLGETLLRLPGVNDTRTYVVM 150

******************************************** . . .

Fig. 3. Allelic exchange procedure and constructiofrtnptl
V. vulnificus EEVKQTNQLVIKTR 155 Isogenic mutant.
V. cholerae EEVKQTNQLVIKTR 164 H . .
S typhimurium FEVKQSNRLVIKTR 164 Double homologous recombination between strain ATCC29307 and
B. coli EEVKOSNRLVIKTR 164 plasmid PHS102-2 led to an interruption lgf gene and resulted in

************

construction of mutant HS02. Dashed lines represent the bacterial
Fig. 2. Sequence relatedness of Lrp\¢fvulnificusand other  chromosome; a full line, the plasmid DNA; open boxes, the taggene;
bacteria. shaded boxes, theptl gene; large Xes represent genetic crossing over.
Identical sequences are indicated with asterisks, and dashes represédtbreviations;sacB levansucrase genbla, -lactamase gene (A). PCR
missing sequences. Alignment was based on the amino acid sequencesainalysis of ATCC29307 and isogenic mutant HS02 generated by allelic
the Genbank (NCBI) database and derived by the CLUSTRALW exchange. Molecular size markers (1-kb ladder, GIBCO-BRL, Gaithersburg,
alignment program. (http://www.ch.embnet.org/software/ClustalW.html ). MD, U.S.A.) appear in the last lanes of the gel (B).
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Fig. 4. Stress tolerance of log-phase ATCC29307 and isodrpninutant.

Survival of log-phas#®’. vulnificusparent strain (ATCC 293073() andirp::nptl mutant (HS02) 4 ). Both strains were challenged with acidic pH (A), low
temperature (B), and hyperosmolarity (C) as described in the text. All points represent the mean from three indeperiBlient tals.represent the
standard errors.

mutant chosen for further analysis was named HS02 asells increased significantly under an acid challenge. For
shown in Fig. 3B. ATCC29307, there was only a ca. 0.5 Jo@FU/mI
decrease of stationary-phase cells compared to a cg, 1 log
Effect of Irp Mutation on Survival Under Various Stresses ~ CFU/ml reduction with log-phase cells after a 60 min acid
The survival of log-phase cells (40.8) of the parent strain challenge. As observed for acid challenge, stationary-phase
(ATCC29307) was significantly greatgxQ.05) than that of cells of both ATCC29307 and HS02 exhibited the slower
thelrp::nptl mutant (HS02), when challenged with acidic pH rate of decline and had greater number of survivors after
(PH 4.4; Fig. 4A). The parent strain decreased ca. 1,0 logthese stress challenges than log-phase cells. Additionally,
CFU/ml (90%), while the mutant strain decreased ca. 4.@ompared to the results with log-phase cells, smaller
log,, CFU/mI (99.99%) during a 60 min acid challenge. differences in the survival of the parent strain andrne
Similar to the results with the acid challenge, the survival oimutant were observed with stationary-phase cells (Fig. 5).
log-phase cells of the parent strain was significantly greate€onsistent with this, the survival of stationary-phase cells
(p<0.05) than HS02, when challenged with either a lowof the parent strain, ATCC29307, and HS02 in a hyperosmotic
temperature (2Q) or hyperosmolarity (5% NaCl) (Figs. 4B M9 broth was not significantly different, indicating that the
and 4C). This indicated that log-phase cell oflthenutant  role of Lrp in survival under high osmotic stress was not
was more sensitive to stresses than the wildtype, and that tbeucial for stationary-phase cells (Fig. 5C).
Lrp plays an important role in the survival\@fvulnificus Consequently, it was apparent that the contribution of
The survival of the cells grown to stationary phasg,(A the Irp gene to the stress tolerance \af vulnificus is
=2.0) under stress challenges is shown in Fig. 5. The trersubstantial, but dependent on growth phases. It is also
in survival of the stationary-phase cells (A2.0) in an  noteworthy that cells grown to stationary phase were more
acidic pH was similar to that for log-phase cells. However tolerant to stresses, regardless of the type of stresses challenged
the survival of ATCC29307 and HS02 of stationary-phaseahan log-phase cells. It has been previously reported that

100
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Fig. 5. Stress tolerance of stationary-phase ATCC29307 and isdgemiitant.

Survival of stationary-phasé vulnificusparent strain (ATCC 29307®) andIrp::nptl mutant (HS 02) 4). Both strains were challenged with acidic pH
(A), low temperature (B), and hyperosmolarity (C) as described in the text. All points represent the mean from three intlig@ni8igor bars represent
the standard errors.
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