INFECTION AND IMMUNITY, June 1996, p. 2365–2367
0019-9567/96/$04.0010
Copyright q 1996, American Society for Microbiology

Vol. 64, No. 6

The Predicted Amino Acid Sequence of the Salmonella typhimurium
Virulence Gene mviA1 Strongly Indicates that MviA Is a Regulator
Protein of a Previously Unknown S. typhimurium
Response Regulator Family
WILLIAM H. BENJAMIN, JR.,1,2* XINPING WU,2

AND

W. EDWARD SWORDS2

The Departments of Pathology1 and Microbiology,2 The University of Alabama at Birmingham, Birmingham, Alabama 35294
Received 20 October 1995/Returned for modification 3 January 1996/Accepted 18 March 1996

We have shown that differences in the mviA gene in Salmonella typhimurium strains of the LT2 background directly affect
the ability of the bacterium to grow in Itys (susceptible genotype) but not Ityr mice (4–6). Thus, an understanding of the
mechanism of action of mviA1 may shed light on the resistance
mechanism of Ity as well as on salmonella virulence. mviA1 was
initially characterized by its ability to confer avirulence upon
LT2 strains of S. typhimurium (6). A comparison of the deduced amino acid sequence of mviA1 with that of known
proteins reveals a high degree of homology with a well-characterized family of bacterial response regulatory proteins and
suggests that MviA is the second component of a previously
unknown two-component response regulatory system. Twocomponent response regulator systems are commonly used by
prokaryotes in environment-dependent control of gene expression (1, 9, 21). On the basis of sequence homology, it is estimated that approximately 40 two-component response regulator systems exist in Escherichia coli. However, functional data
to support this assignment are available for only a portion of
the response regulator-like genes that have been sequenced (1,
18). Several two-component regulatory systems (phoP/phoQ,
envZ/ompR, bvgS/bvgA, and virG/virA) are known bacterial virulence genes (3, 11–13, 15, 17, 20).
The intact mviA1 allele from an avirulent S. typhimurium
LT2 strain was cloned and sequenced. The mviA1 sequence
was found on a 1.92-kb BstXI-ClaI fragment of pWB4184 (6),
which includes a 1.57-kb DraI fragment that constitutes the
minimal subclone causing avirulence (reference 6 and data not
shown). DNA sequencing of double-stranded plasmids was
performed with the Sequenase kit (U.S. Biochemicals). On the
basis of initial sequence data obtained from the cloned mviA1
gene in plasmid pWB4184, appropriate primers were constructed, and the entire mviA1 gene was amplified by PCR
from chromosomal DNA prepared from cultures of S. typhimurium by previously described methods (14). PCR products
were made single stranded by exonuclease digestion with a
presequencing kit (U.S. Biochemicals). The primers used include the following pUC19 universal and reverse primers:
mviAa, 59 ATGCAGCAAGATTTGCTCTC 39 (nucleotides

[nt] 53 to 72); mviAb, 59 ACCAATGGCTGCGTCATGTT 39
(nt 506 to 487); mviAc, 59 TTTAACGGCTTATTGCAGGA 39
(nt 1156 to 1175); mviAd, 59 CATTCCGCAGACAACATCAA
39 (nt 1503 to 1489); mviAe, 59 AGCAAATTCTGACAGGC
GCA 39 (nt 422 to 431); mviAf, 59 GGGGGTGAAGATGTC
TTGCT 39 (nt 789 to 809); and mviAg, 59 TCAACCCGCG
AGTTAAACAT 39 (nt 895 to 875). A single open reading
frame was identified which is predicted to encode a protein 337
amino acids in length with a molecular mass of 37,292 Da and
with a pI of 5.5. No obvious transmembrane or leader sequences were noted. A typical promoter [235 (TATACC) N17
(TTTAAT)] was identified 89 bp upstream of the predicted
start codon of the open reading frame (16).
GenBank searches yielded no significant homology at the
nucleotide level, except for the apparent mviA1 homolog from
E. coli, which was previously designated orf37 (7, 8). Because of
the high degree of homology and an almost identical chromosomal map location, we believe that orf37 is a homolog of
mviA1; hereafter, we refer to it as E. coli mviA1. The 110 best
matches to mviA1, obtained from a TfastA search with the 112
N-terminal amino acids predicted from the mviA1 sequence
were analyzed, and 84 unique sequences were identified. Of
these, 77 were identified as having the response regulator motif, on the basis of the invariant amino acids corresponding to
MviA residues D-15, D-58, T- or S-83, and K-108 (21, 22). The
deduced sequence was 90% identical to the E. coli MviA predicted protein product (Fig. 1). In contrast to E. coli MviA, the
additional 76 known and apparent response regulators had 20
to 37% amino acid sequence homology with MviA over at least
98 amino acids. In each case, the region of homology covered
most of the N-terminal 112 amino acids of MviA (Fig. 1). The
hydrophobic regions described by Stock et al. (21, 22) were
also highly conserved between MviA and the response regulator protein sequences. By using the seven mviA oligonucleotide
primers, mviA1 homologs were amplified from E. coli (strain
LE392) and two strains of Salmonella typhi (the virulent strain
Q5 and the avirulent vaccine strain Ty21a). The PCR products
were sequenced as described above, and the nucleotide sequences obtained were compared with that of mviA1 from S.
typhimurium. Q5 was found to have a single nucleotide difference, in codon 98 (TTG 3 TTA); this is a silent mutation,
because it has no effect on the predicted product. Ty21a was
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The Salmonella typhimurium virulence gene mviA1 has a predicted amino acid sequence with homology to the
N-terminal 112-amino-acid sequence of response regulator proteins. A previously described mutant allele
(mviA), which restores virulence to avirulent LT2 strains, was shown to contain a point mutation which would
be predicted to cause a single amino acid change, V-1023G (W. H. Benjamin, Jr., J. Yother, P. Hall, and D. E.
Briles, J. Exp. Med. 174:1073–1083, 1991). A comparison of the nucleotide sequence of mviA1 with that of the
Escherichia coli and Salmonella typhi genes revealed a high degree of conservation.
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FIG. 1. Amino acid sequence homology of MviA and other response regulators. The GCG Pileup program was used to align representative response
regulators which were found to have homology to MviA. The underlined residues
are the amino acids found to be homologous to mviA (S. typhimurium [St]) in the
other proteins. MviA (E. coli [Ec]), M64675; CheY (S. typhimurium), M12131;
HydG (S. typhimurium), M64988; NarL (E. coli), M24910; OmpR (E. coli),
J01656; CheB (E. coli), M13463. Boldface residues delineate the invariant amino
acids D-15, D-58, S-83 or T-83, and K-108. The site of the mutation found in
strain WB600 (V-1023G) is indicated by #.

found to have the same mutation as well as two other silent
mutations (codons 46 and 231). The sequence obtained from
E. coli mviA1 matched that reported for orf37 and was compared with the sequence obtained from S. typhimurium mviA1.
The E. coli sequence was .75% conserved at the nucleotide
level and .90% conserved at the level of the predicted product.
Identification of the mviA1 gene product MviA. The open
reading frame of mviA1 (S. typhimurium) is expected to encode a protein with a size of 37,292 Da. The mviA1 minimal
coding region was cloned into pUC19 to form plasmid pWES5.
A kanamycin resistance (Kmr) cassette from plasmid pBSL14
(2) was excised with BamHI and ligated into the mviA1-internal BglII site of pWES5. The Kmr cassette was then removed
with NcoI and BglII, and the vector was treated with T4 DNA
polymerase and ligated to form plasmid pWES9. The
mviA::STOP mutant allele in pWES9 resulted in an insertion
of 16 nucleotides and thus a frameshift. Analysis of the sequence of mviA::STOP reveals a stop codon immediately adjacent to this frameshift, which would be predicted to halt
translation early in the predicted product. In vitro transcription-translation with the E. coli S30 extract system for circular
DNA templates (Promega, Madison, Wis.) was performed with
[35S]methionine label to show that mviA1 encodes the production of a protein with an apparent size of 38.5 kDa (23). This

protein was shown to be MviA, because it is expressed from
plasmid pWES5 (mviA1) and not from the vector (pUC19) or
the mviA::STOP allele (pWES9). These results are shown in
Fig. 2.
Sequence of a mutant mviA allele. Previously reported mutations which affect the activity of response regulators are
mostly clustered around the invariant amino acids (D-15, D-58,
T- or S-83, and K-108) (10, 19). These mutations can affect the
phosphorylation and dephosphorylation of response regulators
and thus affect expression of regulated genes. Some mutations,
especially those in the conserved amino acids D-15 and D-58
and K-108, can abolish phosphorylation and therefore transcriptional regulation (18, 22). Other mutations near these
residues result in independence of the response regulators
from their normal sensor proteins. Minute changes in the rate
of phosphorylation or dephosphorylation can result in altered
gene regulation, as evidenced by phenotypic modifications
(10). LT2 S. typhimurium strains with a functional mviA1 allele
are avirulent, whereas strains with interrupted mviA1 alleles
are virulent (6). We have identified a single allele, mviAV102G
(from strain WB600) which confers a virulent phenotype (3, 6).
The mviAV102G allele differed by only a single base pair from
the mviA1 sequence, resulting in a change in the predicted
amino acid sequence, V-1023G, shown in Fig. 1. The close
proximity of the V-1023G mutation to K-108 is consistent
with its apparent effect on the activity of the response regulator. It is worth noting that the V-1023G mutation was not
observed in the mviA genes from any source other than strain
WB600. The previous designation of the mviA1 allele was
based upon the ability to confer avirulence upon LT2 strains
and thus was somewhat provisional. The present sequence data
support the designation of mviA1 as the wild-type allele.
The results of this study indicate that mviA1 encodes a
response regulatory protein which is highly conserved among
enteric species. The dramatic effects of mutations in mviA1 on
the virulence of S. typhimurium suggest that the homologous
gene found in S. typhi may be an important virulence determinant in human typhoid fever. Mutations in mviA1 may there-
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FIG. 2. Visualization of the mviA1 gene product by in vitro transcriptiontranslation. MviA is a 38.5-kDa protein which is clearly produced by pWES5
(lane 2) and not by the vector pUC19 (lane 1) or by an mviA::STOP mutant allele
(lane 3). Lane 4 is a control with no exogenous DNA template. Lane numbers
given above refer to positions from left to right. Molecular masses are given
(kilodaltons) on the left.
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fore be useful in the rational construction of attenuated strains
for use as live vaccines.
Nucleotide sequence accession number. All sequences obtained in this study have been submitted to GenBank under
accession number U53173.
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