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SUMMARY

The nucleotide - (nt) sequence of the gene encoding the
Salmponells  typhl OmpC ocuter membrane protein, and its deduced
amine acid (an) sequence are presented here. The 5. typhi ompcC
gene coneists of an open reading frame (ORF) of 1134 nt,
corresponding to a protein of 378 &8a; with a 21 sa signal
'peptide. This protein is 11 aa longer than Escherichia goli OmpcC,
but it has an identical leader peptide. The mature OmpC Begquence
shows 79% similarity for both bacteria at the aa level, and 77%
similarity at.the nt level. Seven main wvariable regions in the
OmpC protein were identified. Filve o0f them correspond to
hydrophylic regions and contain aa observed most £frequently in
turn configurations in soluble proteins. This suggests that these
aa stretches could bhe on the exterior of the outer membrane. In
order to probe into the genus and species specificity of the main
variable regions, we have constructed complementary
oligodeoxyribonucleotides (oligos). The use of one of them, with
a small number of DNA samples is illustrated here; no restriction
fragment length polymorphism (RFLP)} nor nt seduence
heterogeneiety could be found between £S. Ltyphi and 8.



INTRODUCTION

The Epcherichia c¢oli outer membrane proteins OmpC, OmpF, and
PhoE, have been well characterized. They are preferentially
synthesized at high ‘osmolarity, low osmolarity, and low phosphate
laboratory conditions, respectively. They form trimeric
structures that constitute pore channels (Nikaido and Vaara,
1985)., Their respective genes have been isolated and sequenced.
Both at the aa& and nt sequence level, these three proteins and
their genes eshare an approxXimate 60% similarity {(Mizuno et al,,
1983).

We have previously reported the isolation of an ompC-like
outer membraﬁe protein gene from Salmonella typhi, the causal
agent of typhoid fever (Puente et al., 1987). Interest in outexr
membrane proteina is partly because of their potential role as
immunogens in dilagnostic assays and vaccination (Kuusi et al.,
1981; Calderén et al., 1984; Udhayakumar and Mathukkaruppan,
1987&a, 1987b; Isibasi et al., 1988). We have especlal interest in
the 5. fyphi outer membrane protein OmpC because it is
synthesized and incorporated into the bacterial envelope both at
low and high osmolarity laboratory conditjons (Fuente. et al.,
1487)., This result suggests that it might be present on the outer
membrane not only during free-living conditions, but also during
infection, since osmeolarity of human serum is ecquivalent to the.
high conditions ueed in the laboratory (Nikaido and Vaara, 1985).

If indeed this is the case, OmpC appears as & candidate antigen



for diagnostice and vaccination.

We have reported that the £. tyvphl cmpC-like gene is present
in mall of eseventeen different clinical isolates that we tested;
showing no RFLP with restriction endonuclease BglII., In addition,
it  hybridized with E. goli ompC only under non-stringent
conditions; which indicates that both genes are similar but must
differ in some reglions (Puente et al., 1987).

Our interest is to characterize genus~ and species-specific
nt and.aa Bequences, by a comparative analysis with data from
other enterchacteria. In order to probe into the structure and
variability of the S. typhl ompC-like gene, we determined its nt
sequence; wh%ch is reported here. 1In addition, we show <the
comparison of this nt sequence with that of the E. goli ompC
gene, as well as the comparison between the deduced OmpC protein
aa sequences (Mizuno et al., 1983).

We have previously proposed the use of specific oligoe for
studying the wvariability of OmpC and its gene (Calva et al.,
1988). An example of this approach on & small number of different

clinical isolates is illustrated here.



MATERIALS AND METHODS

a) Btrains and plasmids \

The following Salmonella nmhi (serotype 9, 12, 4, Vi)
straine were used. -IMSS-1, a Mexican reference strain kindly
provided by Dr. Jesiis Kumate and cellaborators from the Instituto
Mexicano del Seguro Social, Mexico City, Mexico, isolated from a
patient with typhoid fever (Isibasi et al., 1988). Several
c¢linical isolates £rom the MK series, kindly provided by Dr.
Gulllermo Ruiz~Palacios and coworkerg from the Instituto Nacional
de la Nutricién, Mexico City, Mexico, isvlated from patients with
typhoid fever presenting a variety of clinical symptoms (Puente
et al., 1987} ¥Ferndndez et al.,1988). Reference strain Ty2,
obtained from the American Type Culture Collection (No. 19430).

Salmonells typhimurium reference strain CDC6516—-60 was from
the American Type Culture Collection (No. 14028). E. c¢oli JM101
was described by Messing et al.(1980); E.celi Q359 is that
described by Karn et al., 1980).

Plasmid pvF27 (Puente et al., 1987) contains the 8.typhi
onpC-like gene in a 3 kb BglII fragment cloned in pBR322 (Bolivar

et al., 1877).

b) DHA sedquencing
Several restriction fragments from plasmid pVF27 were cloned
into vectors M13mpl8 and M13mpl9. Dideoxy chain-termination

reactions were carried out according to the method reported by



Messing et al.(1981); using a commerclally available kit

{Sequenase; USB, Cleveland OH, USA).

¢) Nucleotide and protein secquence analysis

Nucleotide sequence analysis was done using standard Pascal
programs for an Apple II computer, described by Fristensky et
al., (1982) and De Banzie et al.(1984). Hydrophylicity and
hydrophobicity profiles of the protein seguence were -done as
reported by Hopp and Woods (1981), using a window size of seven

amino acids.

d) Oligo synthesis, purification and hybridization

The oligo used in this study was synthesized on solid
support using automated phosphoramidite chemistry (Nielsen et
al., 1986). It was purified by preparative gel electrophoresis,’
32p-jabelled at the S' end with polynucleotide kinase and [c}A—
329] ATP to a specific activity of 108-109 cpm/ug, and separated
from unincorporated substrate with Sephadex G-50, following
standard procedures (Matthes et al., 1984; Maniatis et al.,
1982).

Bacterial DNR was ipolated according to the procedure
reported by Betlach et al. (1976). It was digested feor 18 h at
379C with 5 units per A{g of restriction eﬁdonuclease EcoRrV
(Promega Biotech, Madison-WI, USA). The resulting fragments were
separated by electrophoresis at 80V for 8 h through 1% 6-mm
thick, 20 com long, 15 cm wide, Blab gelse in TBE buffer (89 mM
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Tris-borate, 89 mM boric acid, 0.2 mM EDTA, pH 8). Southern blots
were prepared by trancforing the fragments teo nitrocellulose
membranes following established procedures (Maniatis et al.,
1982).

The Southern blots of S.typhi total DNA were hybridized with
0.5-1 X 106 cpm per lane of radiolabeled oligo at 859C for 20 h,
in 6X NET (0.9M NaCl. 6mM EDTA, 90 mM Tris-HC1l pH 7.5), B5X
Denhardt's solution (0.1% each of ficoll, polyvinylpirr;:lidone,,
and bovine serum albumin), 0.5% SDS, and 10% dextran sulfate.
Pre-hybridization of the Southern blots was for 3 h at 65°C in
the same solution plus 0.1 mg/ml calf thymus DNA, and in the
absence of radiocactive probe. Post-~-hybridization washes were
twice in 2X SQC, for 5 min at 42%c. The blots were subjected to
autoradiography at ~-70°C for 2 to 7 d, using Kodak X-OmatK £ilm

and enhancing secreens.



RESULTS AND DISCUSSION

(a) The coding region

The S§. typhi ompC-like gene, from now on referred to as
ompC, was seguenced following the strategy shown in Fig. 1. The
nt and the derived aa sBeguences of pmpC are shown in Fig. 2.
Numbering adopted for the §. typhi nt and aa residues is
according to Figs. 2 and 4 of this study; the numbering in E.
coli is according to Mizuno et al. (1983).

The seguenced MepI-AsuIl DNA fragment contains a single ORF,
the ompC gene, ©of 1134 nt, corresponding to & protein (CmpC) of
378 @ma, These results are consistent with our deletion mapping
data presented before (Puente et al., 1987). The E. coli OmpC
coding region is slightly smaller, containing 1101 nt, which
correspond to 367 aa (Mizuno et el., 1983). The nt and aa
numbering systems presented here are based on S.typhi ompC.

At the nt level, the leader region (starting at nt +1) is

92% similar in both bacteria. The nt sequence corresponding to

mature OmpC shows a 77% similarity with its E. goli counterxpart
{Fig. 2). There are different types of non-similarities at the nt
level. There are 86 sBingle nt changes that result in a conserved
aa; whereas 17 such changes result in a different aa. There are
two-base discrepancies in 28 codons, thus resulting in as many aa
differences. Three-base pair discrepancies are found in 14
codons; 13 of them result in a different aa.

There are also differences in the DNA sequences that are the
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result of either deletions or insertions. In comparison with the
E. goli gene, S, typhi ompC lacks six codons between nt 543 and
544, and has additional one, three, nine, and four codons, at nt

610, 6B5, B02 and 955, respectively (Figs. 2, 4).

(b} Predicted amino acid sequence and predicted secondary

structure
The 357 aa of the deduced sequence of the S,typhl mature

OmpC protein (calculated M. of 39,215), revealed a 79% (282/357)
similarity with E. goli mature OmpC. The leader portion consists
of 21 &aa (starting at aa -21) and 'is identical in both
microorganisme. In contrast, the leader aa sequences of E. goli
OmpF and PhoE share a 63 and a 29% similarity, respectively, with
that from OmpC (Mizuno et &l., 1983).

The hydropathy profile of OmpC (Hopp and Woods, 1981)
(Fig.3), is similar in both bacteria.

In Fig, 4 we have boxed seven segments, & to ¢, that vary
(are non-conserved) between 8. typhi and E. goli OmpC. They
range between 4 and 18 reﬁidues. With the exception of the boxes
comprising aa 181-188 (box d) and 245-259 (box f), these variable
regions have a high hydrophylic profile and contain aa (gly, pro,
asn, asp, sear) that are observed most frequently in turn
configurations in socluble proteins. Thus they correspond to
regions that might protrude on either side of the outer membrane
layer, away from a hydrophobic transmembrane zone (Paul and

Rosenbusch, 1985).



Interestingly, aa 331 to 349, which correspond to a highly
variable segment between E. ¢oli porins OmpF, OmpC, and PhoE
(Mizuno et al., 1983), are conserved between 5. typhl OmpC and
E.coli OmpC. Whether this region participates in determining

paerticular properties of. OmpC is unknown.

(c) The 5' and 3' end regions

The nt sequence cof the 5' upstream region shows differences
between E. coli and 8. Ltyphi. The 194 nt at positions -1 to -194
(Fig. 2), upstream of the putative N-terminal ATG, share 91%
eimilarity with the corresponding region in E. g¢oli. These nt
encompaps three putative tandem promoters, egquivalent to those
described for the E.coli ompC regulatory region (Ikenaka et al.,
1986); and part of the binding geite for the E.golli OmpR
transcriptional activator (Norioka et al., 1986; Maeda et al.,
1988; Mizuno et al., 1988). Slight differences around the P2 -10
and -35 sequences are obseerved. In contrast, the next 139 nt,
immediatly upstream at positions -185 to -333, show only a 61%
aimilafity with the equivalent E.goli region. They correspond to
the region containing the promoters end S' end coding porticen of
the E.coli micF RNA (Mizuno et et al., 1984; Andersen et al,.,
1987). It remaine to be seen if these differences have any
relevance in gene expression,

The sequenced 3' end. region, encompassing 99 bp downstream
from the termination codon, shows a 64% similarity between hoth

bacteria. A conserved portion corresponds to a possible E. cgli

10



rho-independent transcriptional terminator (Mizuno et al. 1983).
Nt +1156 to +1163 and +1168 to +1175 correspond to inverted
repeats that could form a stem; with a locop comprised by nt +1164
to +1167 (Fig. 2). 1In between the termination codon and the
putative terminator lies a non-conserved segment between §S. xgphi
and E. cojli.

(d) Codon usage and amino acid composition

Codon preference is very similar between §. typhl =and E.
ol ompC (Teble I: A). This presumably reflects the availability
of the corresponding tRNA molecules reguired for the synthesis of
an abundant protein, such as OmpC (Ikemura et al., 1981}).

In uddition, for most aa, codon preference in S.typhi ompg
resembles more the E.coli than the S.typhimuriuvm overall use of
codons (Table I: A,B).

(e) Oligo hybridization analysis

A 20-mer olige, 5'-GCGCCGTAGCCGTTGCTGAT-3', complementary

to the nt sequence located between bp +937 and +956 of the coding

region (aa +292 to +298), was synthesized (see MATERIALS AND

METHODS, section (d4) ). This nt sequence is variable, or non-

conserved (10 out of 20 bp), between S. typhi and E.coli ompC;
and it codes for a putatively exposed OmpC region,

The oligo was radioactively labeled and incubated with

Southern blots containing DPNA from £five §. typhi;, one

8.typhimuriumn, and one E.coll strains. As can be seen in Fig. 5,
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~the oligo hybridized with the expected EgoRV 2.1 kb DNA fragment
from S.typhi 1IMSS-1. The same hybridizing band was observed in
three S8.Lyphi isolates (MK12, MK20, MK28), in a reference strain
{Ty2), and in one reference S.typhimurium strain (ATCC 14028). No
hybridization was seen with E._coli {(Q359) DNA.

In this experiment the intensity of the hybridizing bands
was roughly proportional to the amount of S.Lyphi DNA present in
each lane (see Fig. 5). The intensity of the S.typhimurium band
was less than expected for a perfect match, considering the
amounts of DNA per lane. Therefore, the Salmopnella strains used
in this experiment appear to have a few, if any, bp miesmatches in
this region. No RFLP was apparent. Thig preliminary result
requires further studies using a much larger number of clinical
isolates from diverse geographical locations,

Control experiments (not shown) using 3 to 200 ng of either
the EcoRV 2,1 kb fragment containing S.typhi gmég {(Puente et al.,
1987), or of the HIindIII 2.7 kb band comprising E.goli ompC
(Mizuno et al., 1983), revealed hybridization of the oligo to the
5. typhi but not to the E.coli gene.

{£) Conclupgions

We have identified seven variable, or non-conserved, regions
between S.typhi and E.goli cuter membrane protgin ompC (see Figs.
4 and 2).' Most of them, however, have retained a hydrophylic
profile (Fig. 3; boxes a,b,c,e,qg); and all contain aa that favor

alpha helical turns in proteins (Paul and Rosenbusch, 1985). It
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is tempting, thus, to propose that some of them might be surface
exposed. Interestingly, these regions correspond to segmente that
also vary between E.goll outer membrane porin proteins OmpC,
OmpF, and PhoE (Mizuno et al., 1983Y).

Several sauthors, using phage-resistant and pore-function
mutants, as well &as in vivo-constructed chimeric genes, have
identified some E.goli OmpC domains. E.goli residues arg (+37),
arg (+74), asp (+105), and arg (+124) have been proposed to be
involved in pore function (Misra and Benson, 1988). In S.typhi
these repidues are conserved at the same positions (in segments
with & low hydrophylic wvalue); consistent with the notion that
the porin amino terminal third portion is involved in pore
function (Misra and Benson, 1988; Benson et al., 1988). Aa
encompassing the first third of the protein (+1 to +120) show an
B88% similarity.

E.coli OmpC residues gly (+62), gly (+154), and leu (+250),
are thought to be part of bacteriophage receptors (Misra and
Benson, 1988). They lie within regions comprising aa +142 to
+267, and <4229 to +268, which have been suggested to determine
specificity £for OmpC bacteriophages (Tommassen et al., 1985;.
Mizuno et al., 1987). In S.typhl both gly residues are conserved,
but a leu residue substitutes the tyr at position +257.

E.coli OmpC residues +155 to +169 have been implicated in
the formation of an OmpCrspecific structure (Tommassen et al.,
1985). Nevertheless, the equivalent region in 8.Lyphi lacks six

aa, which otherwise would be located between residues +160 and
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+161 (Fig. 4); This observation suggests that such specific
structure is not shared by both bacteria. A region that appears
to code for a common OmpC-specific structure is that conformed'by
S.typhi a; residues +330 to +351; since they are highly conserved
with respect to E.gpll OmpC, but net with respect to OmpF nor
PhoE (Mizuno st al., 1983).

Zaror et al. (1988) isolated an S.typhi Ty2 gene encoding a
36 kDa porin. Venegas et al. (1988) reported the nt sequence of
the corresponding ORF; which appears almost identical to the one
shown here. Their sequence is different in several respecte: it
containe a codon for gln instead of leu at ma -16 in the leader
sequence; it has & silent third-base nt substitution (A for T) at
nt +788, reahlting in the cconservation of ala +242; and lacks
coden +341 (ala). The fact that both nt seguences are very
similar suggests a high degree of conservation in pmpC. Whether
the differences observed are relevant to gene evolution, should
be a matter of future study.

Further dinvestigation should shed some light on the
significance of the variable and conserved regions between OmpC
proteins. One approach to this study is by hybridization with
oligos, that correspond to Buch variable reglions, agalnst
Southern blots of different enterobacteria. Lack of hybridization
would indicate sufficient miematch in base pairing, reflecting-
divergence in a confined Beguence, Furthermore, posgitive
hybridization could reveal RFLP (Calva et al., 1988). The oligo

hybridization experiment presented here (see Fig. 5) suggests
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close similarity between S.typhi and £. typhimurium ompC, at a
region that codes for a variable (non-conserved) portion between
B. typhi and E. goli OmpC (aa +292 to +298). It remains to be.

seen if such approach will be useful in molecular epidemioclogy.
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Fig. 1. Sequencing strategy of the 5. typhi ompC gene. The figure
-shows a map ©of the restriction endonuclease sites in the 1.6 kb
MepI-AEuII fragment from plasmid pVF27 (Puente et al., 1987},
used for subcloning into M13mpl8 or M13mpl9 phage cloning
vectors. Each arrow represents the direction and extent of each
sequencing reaction. The horizontal solid bar indicates the
location of the entire coding region for OmpC; the dashed bar

corresponds to the putative leader peptide.

Fig. 2. Complete nucleotide sequence of the S.tvphl ompC gene.

Nt number 1 denotes the beginning of the ORF; nt 5'upstream are
indicated by ﬁegative numbers. The deduced aa sequence for the
‘OmpC protein is shown immediatly above the nt seguence. Aa number
~21 to -1 correspond to the leader peptide. Aa number 1
corresponds to the N-terminus of the mature protein. Nt and aa
that differ in E.gol)li are shown below the nt sequence. Gaps,
indicated by dashes, are included in both 8.typhi and E. cgoll
ompC, in order to obtain the best fit comparison between both
genea. At the 5' upstream region, Pl, P2, and P3 are tandem
putative oqmpC promoters; boxes correspond to thelr respective =10
and —-35 regions. The region between nt -158 and -183, bracketed
by two arrows, corresponds to an OmpR-binding site. Two promoters
for micF RNA are also boxed. At the 3' end of the gene, the
inverted repeats corresponding to a rho-~independent

transecriptional terminator are depicted by two arrows, downstream
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of the end codon. The assignment of the leader sequence, the N-
terminus of the mature protein, the promoters, the OmpR-binding
gite, and the transcriptional terminator was done by comparing
with E.coli ompC (Inouye et al., 1983; Ikenaka et al., 1986;
Andersen et al., 1987; Maeda et al., 1988). Whether these
features are functionally equivalent in S.typhi remains to Be

elucidated.

Fig. 3. Hydropathy profiles of the S.typhi and E.goli OmpC
proteins. The heptapeptide profile was done according te Hopp and
Woods (1981); the hydrophylicity values are plotted versus
position along the amino acid sequence. Gaps are included for a-

best fit alignment. Solid bars correspond to the seven variable

. ragions boxed in Fig. 4.

Fig. 4. Amino acid sequence of 8.typhi OmpC. The conventional one
letter aa code is used. Aa number -21 to -1 corrxespond to the
leader sequence. The putative N-terminal &a - of the mature protein
is numbered as 1. The aa that differ in E.goli are marked below
the sequence. Dashes, indicating gaps, and extra sequenées are
included in the E.colji protein in order to obtain the best fit
_alignment, Boxea show Beven regions, a to g, that vary between
B.typhi and E;;gli. The sequences with a high hydrophylic profile

are underlined.
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Fig. 5. Autoradiogram of Scuthern-blotted DNA from: g.typhimurium
ATCC 14028 (a, 5.J{g); S.typhi MK12 (b, 4 Ag), MK20 (c, 2.M4),
MK28 (d, 5.49), Ty2 (e, 5Mg), IMSS-1 (£, 54g); and E.coli Q359
(g, 5-4/(9): all cut with restriction endonuclease EcoRV and
hybridized againset a radicactive 20-mer oligo which is
complementary to nt +937 to +956 of the S.iyphi ompC gene. This
nt sequence encompesses one of the variable (or non-conserved)
regions boxed in Fig. 4 (box g;aa +292 to +29B). For experimental

details see pection (d) of MATERIALS AND METHODS.
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-404 CCGGTTGAAATAGGGGTAAACAGACATTCA
—10mlec —35mic
~374 GAAGTGAATGACGGTAATAAATARAGTTAATGATGATAGCGGTCACTRATTTTAGTTGCGAATGAAGATTHIGTTT
GAGT c G G T
R — 10 mic
-299 TATCATTCAGTCCTATGAATTTCATCAATTTAACCCGTTGATTTTAAARGTTTCGTGRATATATTTTGTCTATTT
GA GC ARTAGA GTTA CCT GAAT - T TGC  ATGT AG
~ 35mic —-35P3
~223 G@EZZZQTT-TTTACTTGATTTTTGCTTTAAAAAAGTTccd;AAAATTCATATﬂE::EEQCATcTAHBTAGATAA
TCGCCA CCGCAR AA C T CTGC T C GC
—35 P2 —10 P2 —35 P1 —10 P1
~149 CTGEARCATCTTAAAAGTTTTAGTATCATATTCG T TGGATITATTC TGTATTTT TGCGEAGAATIGGACTTGCCG
A A-10P3 c G

-74 ACTGGTTAATGAGGGTTAACCAGTAAGCAGTGGCATAAAAAAGCAR-TAARAGGCATATAACAGAGGGTTAATARC
A : T T A

~21 -1 1
HETLysVu1LysVa1Leu5erLeuLeuValprohlaLeuLeuVa1A1aGlynlaAlaAsnAlaAlaGluI1eTyr
1 ATGARAGTTAAAGTACTGTCCCTCCTGGTACCAGCTCTGCTGGTGGCGGGCGCAGCGAATGCGGC TGARATTTAT
o4 A A A C T G [
Val
20
AsnLysAspGlyAsnLysLeuhspleuPheGlyLysVelAspGlyLleuHisTyrPheSerAspAspLysGlySer
76 AATAAAGACGGCAACAAATTAGACCTGTTTGGTAAAGTTGATGGCCTGCACTACTTCTCTGACGACARAAGGCAGC
C T AC A C T A ATGTA
Tyr Asn AspVal
40
AspGiyAspGlnThrTyrMetArgIleGlyPheLysGlyGluThrGlnValAsnAspGlnLeuThrGlyTyrGly
151 GACGGCGACCAGACCTACATGCGTATCGGCTTCAAAGCGCGAAMCGCAGGTTARCGATCAGCTGACCGGTTATGGT
T cT T T cT C C
Leu Thr
60
GlnTrpGluTyrGlnIleGlnGlyAsnGlnThrGluGlySerAsnAspSerTrpThrArgValhlaPheAlaGly
226 CAGTGGGAATATCRGATTCAGGGCAACCAGACTGAAGGCAGCAACGACTCCTGGACGCGTGTGGCGTTTGCGGGT
AGCG AR GAA A [ A C A
Serila AsnGlu Asn
80 100
Leul.ysPhehlaAsphlaGlySerPheAspTyrGlyArgAsnTyrGlyvalThrTyrAspValThrSerTrpThr
301 CTGAAATTCGCTGACGCAGGTTCCTTCGATTATGGTCGTAACTACGGCGTAACCTATGACGTGACCTCCTGGACT
CAG T TG T cC C TGTT A T
Gln val val
120
AspValLeuProGluPheGlyGlyAspThrTyrGlyAlaAspAsnPheMetGlnGlnArgGlyAsnGlyTyraAla
376 GACGTTCTGCCGGAGTTCGGCGGCGACACCTACCGCGCTGACAACTTTATGCAGCAGCG TGGTAACGGCTATGC T
A A A T T T C T G
Ser Phe
140
ThrTyrArgAsnThrAspPhePheGlyLeuVealAspGlyLeuAspPheAlaLeuGInTyrGlnGlyLysAsnGly
451 ACCTACCGTAACACCGACTTCTITCGGTCTGGTGGATGGTCTGGACTTCGCGT TGCAGTATCAGGGCARARAACGGEC
T T C C A T TG T C T
Asn Val

e e —E——— A . e p—



526

&83

658

733

gos

883

958

1033

1108

1183

160
ThrAenGlyArgSerLeuLeuAsnGlnAsnGlyAspGly

ServalSerGlyGluAsn--—--—~—~=--—-=-~---
AGCCTGAGCGGTGAAAAC - r—— ==~ —w—m— = — ACCAACGGTCGCAGCCTGCTGAACCAGARCGGCGACGGT
A CCATCT GG TTTACTAGTGGCGTAACT A TGA GCA CGT A c

AsnPro GlyPheThrSerGlyvalThrAsn AspAla Arg
180
TyrGlyGlySerLeuThrTyrAlalIleGlyGluGlyPheSerValGlyGlyAlalleThrThrSerLysArgThr
PACGGCGGATCGCTGACTTATGCARTCGGCGAAGGCTTCTCTG TCGGTGGCGCTATCACCACGTCTARACGTACT
GT T TA C ATTA --- T GG A T G T GC C
val Ile ABpTYyr=-= GlyIle SerSer
200 220
AlapspGlnAsnAsnThrAlaAsnAlaArgLeuTyrGlyAsnGlyAspArgAlaThrValTyrThrGlyGlyLeu
GCCGATCAGAACAACACCGUTAACGCTCGCCTGTATGGTAACGGCGATCGCGCCACGG TTTACACCGGCGGCCTS
AT C CGT T ATC-=-=-==n==- C T TGAAACC T T T
ABpAla ThrAla Tyrlle--—-=-=== GluThr
240
LysTyrAspAleAsnAsnlleTyrLeuAlaAlaGinTyrSerGlnThrTyrasnAlaThrArgPheGlyThrSer
ARATACGATGCGAACAACATCTATCTGGCAGCGCAGTATTCTCAGACCTATAACGCARCCCGTTTTGGTACCTET
c 7 c T 7T ca C C T &G A @ —--m-—--
Thr val  e-m-=-
260
AsnGlySerAsnProSerThrSerTyrGlyPheAlaAsnLysAlaGlnAsnPheGluvalValAlaGlnTyrGln
AACCGGCAGCAACCCGTCCACCTCTTACGGTTTTGCCARCAAAGCGCAGAACTTTGAAGTGGTTGCTCAGTACCAG
--------------------- CCTG GG G A c CT
--------------------- Leu Trp Ala
280 °
PheAspPheGlyLeuArgProSerValhlaTereuclnSerLysclyLysAspIleSerasnGJyTyrclyAla
TTCGACTTTGGTCTGCGTCCGTCTGTGGCTTACCTGCAGTCTAAAGGTAAGGACATCAGCAACGGCTACGGCGCC
cc AR C GG TCGT A -
Leu AsnLeuGlyArg Agp---
300 320
SerTyrGlyAspGlnAsplleValLysTyrValAspValGlyAalaThrTyrTyrPheAsnLyshsnMetSerThr
AGCTATGGCGACCAGGARCATCGTAAAATACGTTGATGTCGGCGCGACTTACTACTTCAACAARAACATGTCCACE
--------- GA T cCG T T T T €
--------- Glu Leu .
340
TyrValAspTyrlyslleAsnlLeuLeuAspLysAsnAspPheThrArgAspAlaGlyIleAsnThrAspAsplle
TATGTTGATTACARAATCAACCTGCTGCATAAARRCGACTTTACCCGCGATGCGGGCATCAACACCGACGACATC

c C cG C CG ¢c T T cCc T T TA
Asp Gln Asn
357
valAlaLeuGlyLeuValTyrGlnPheEnd
GT%GCGCTGGGTCTGGTTTACCAGTTCTAATCAGCAAAAGATGTTGCTAAA sETGCGG CCCTTTTTTCATG
T TCG TTGATATCGAAC T
ABu I

CCTTATTCCGGCGTACARATACGACGTTTTGATATACGCTTGCGTCCATTCGAA
GT TChA--- CT AGTT GG T A G c
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TABLE 1. Codon usage and amino acid composition for S.typhi OmpC

ks S — P g e S S e ok i D S g — W T T T——— . o —— T — vl o ok S T kW e el . o W

A B C A B C
aa cod. St Ec Stm BEc St Ec aa cod. St Ec Stm Ec St EcC
Gly GGG 0 0 * 50 48 Trp TGG 3 4 3 4
GGA 1 0 * End TGA 0 0 1 1
GGT 18 29 w Cys TGT o O o 0
GGC 31 19 * TGC 0 O
Glu GAG 2 0 * g8 11 End TAG 0 0
GARA 7 11 * TAA 1 1
Asp GAT 1z 9 * 33 32 Tyr TAT 14 5 * 31 29
GAC 22 23 * _ TAC 17 24
val GTG 7 2 23 25 Leu TTG 1 0
GTA 5 9 * TTA 1 1
GTT 9 12 * Phe TTT 8 2 ¥* 20 19
GTC 2 2 * TTC 12 17 *®
Ala GCG - 12 -3 * . 31 29 Ser TCG 1 0 23 17
GCA 5 8 * TCA 0O 0
GCT 9 18 * TCT 8 6 *
GCC 4 0 w TCC 6 8
Arg AGG 0o O Arg CGG 0 0 * 12 13
AGA o 0 CGA 4] 0
Ser AGT o 1 cGT 8 12 *
AGC B8 2 CGC 4 1
Lys AAG 2 0 * 18 17 Gln CAG 20 20 21 21
ARR 17 17 * CAR 0 1
Asn AAT 2 0 * 32 32 His CAT 0 o * 1 1
ARC 29 32 * CaC 1 1
Met ATG 4 4 4 4 Leu CTG 23 24 * 26 27
Ile ATA 0 © 11 10 CTA 0 O
ATT 2 0 * CTT 0 1
ATC g 10 * CTC 1 1
Thr ACG 4 0 * 27 24 Preo CCG 3 1 4 4
ACA 0 O CChA 1 3
ACT 4 12 v ccT 0 0
ACC 19 12 * CCC 0 O *
A) Codon usage comparison for S.typhi (this study) and E.coli (Mizuno et

al., 1983) ompC.

B) Overall codon preference for S.typhimurium and E.ceoli, based on the
compiled average reported by Rota et al. (1988). Asterisks indicate the
. preferred codon(s). No asterisk indicates no clear preference.

C) Amino acid composition of S.typhi (this study) and E.coli (Mizuno et
al., 1983) OmpC.
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