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Human enterotoxigenic Escherichia coli isolates expressing the colonization factor antigen CFA/IV (previ-
ously designated PCF8775) produce plasmid-encoded CS5 fimbriae. The nucleotide sequence of the region
encoding the major CS5 fimbrial subunit was determined. The subunit is synthesized as a precursor of 203
amino acids (20.85 kDa) with a mature protein of 181 amino acids corresponding to a size of 18.6 kDa. The CS5
subunit shows homology to the corresponding component of porcine enterotoxigenic E. coli F41, particularly
within the signal sequence and at the carboxy terminus.

Enterotoxigenic Escherichia coli (ETEC) strains are a been shown to consist of three fimbrial antigens: CS4, CSS5,
major cause of acute infantile diarrhea in developing coun- and CS6 (22).
tries and are associated with traveller’s diarrhea (13, 18). Manning et al. (11) described ETEC belonging to the
These bacteria cause disease by attaching to the small 0O115:H40 and O115:H™ serotypes in an outbreak of diarrhea
intestinal epithelium, where they release enterotoxins that among Australian aborigines. Molecular characterization of
can be heat labile, heat stable, or both. Colonization is the isolates revealed a common 23-kDa protein that corre-
mediated by colonization factor antigens (CFA), which are lated with a fimbrial structure seen under the electron
usually fimbrial in nature (3, 16). ETEC fimbriae are also microscope. It was shown to be identical to the CS5 fimbriae
protective antigens and have potential for use in vaccine of CFA/IV (5). In this paper we provide genetic characteri-
development (8, 14, 17). zation of CS5 and the nucleotide sequence of the major pilin.

A number of distinct colonization factors for ETEC asso- The genes for CS5 biosynthesis were originally cloned in
ciated with human and animal disease have now been the cosmid vector pHC79, generating pPM1306 (5). A further
characterized. These include CFA/I (2), CFA/II (1a), CFA/ derivative, pPM1312, which was still capable of mediating
III (7), CFA/IV (previously PCF8775) (21, 23), PCFO9 (4), expression of CS5 fimbriae in E. coli K-12, was generated by
and PCFO159 (20). CFA/II and CFA/IV both represent sequential deletion with Clal and Mlul (5) (Fig. 1).
multiple fimbrial types (19, 22). In particular, CFA/IV pro- To determine the extent of the cloned DNA required for
duces fimbriae that are antigenically heterogeneous and have the synthesis of CS5 fimbriae, we subjected pPM1312 to
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FIG. 1. Physical map of the cloned CS5 determinant. Transposon mutagenesis with pRU669 (R,1::Tn1725) (24) was performed as
previously described (10). The vertical arrows correspond to the sites of insertion of Tn1725, and the relevant plasmids are indicated. The
hatched box corresponds to residual vector (pHC79) DNA. The region corresponding to the segment of DNA that bound to a synthetic DNA
probe based on the N-terminal sequence of the purified fimbrial subunit is shown. The boxes in the lower part of the figure represent the region
of DNA required to encode the indicated proteins. The box corresponding to the CS5 major fimbrial subunit (CS5 pilin) is precisely located
based on the DNA sequence data. The N-terminal signal sequence coding region is shown by the cross-hatching.
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FIG. 2. Nucleotide sequence of the region containing the gene for the CS5 major fimbrial subunit. The nucleotide sequence was generated
from cloned DNA fragments in pUC18 or pUC19 by using an Applied Biosystems model 373a automated DNA sequencer. The data were
analyzed by using the LKB programs DNASIS V6.0 and PROSIS V6.0, and SeqEd (Applied Biosystems). The CS5 major fimbrial subunit is
encoded by the sequence from nucleotides 51 to 659. The relevant PstI and Mlul sites are indicated. The region underlined corresponds to the
N-terminal sequence of the purified CS5 major fimbrial subunit as determined by sequential Edman degradations (5); residues corresponding to
amino acids 47 and 48 of the derived sequence were ambiguous. The signal peptidase cleavage site is indicated by the arrowhead. A potential
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stem-loop structure after the CS5 pilin gene is shown. The N-terminal coding region for the gene after that for CS5 pilin is shown.
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FIG. 3. Homology between CSS pilin and F41 pilin. Data base searches were performed via electronic mail with the EMBL MAILFASTA
server. The amino acid sequences of the major fimbrial subunits of CS5 and F41 were aligned by using the CLUSTAL program of Higgins
and Sharp (6). The dots below the line correspond to similar amino acids, and the asterisks correspond to identical amino acids.

mutagenesis with Tn1725 as previously described (10, 24)
(Fig. 1). Few insertions were obtained in the cloned DNA,
suggesting a form of hot spotting by Tn1725, although this
has not occurred in other cases where we have extensively
used this transposon (9, 10, 12). Initial studies indicated that
the minimal coding region is delimited by the noninactivating
transposon insertions in plasmids pPM1341 and pPM1338, a
distance of approximately 7.0 kb (5). The insertions between
these two points, namely, those in plasmids pPM1336,
pPM1340, and pPM1342, all eliminate fimbrial expression
but not the fimbrial subunit (Fig. 1; data not shown).

Using a synthetic oligodeoxynucleotide probe based on
the N-terminal sequence of the mature CSS major subunit,
we previously showed that the N-terminal coding region lies
on an Mlul-HindIII fragment (Fig. 1) (5). Initial sequencing
in this region confirmed this but revealed that most of the
coding region was to the left of the Mlul site as shown in Fig.
1. The complete sequence of this stretch of DNA was
subsequently determined (Fig. 2).

An open reading frame encoding a protein of 203 amino
acid residues was identified. The first 22 amino acids corre-
spond to a typical signal sequence (25, 26), and residues 23 to
46 and 49 to 52 agree with the N-terminal analysis previously
obtained with the purified CSS5 fimbrial subunit (5). Protein
sequence analyses of residues 25 and 26 were ambiguous.
Thus, it is clear that the open reading frame was that for the
gene encoding the major CS5 subunit.

Based on the sequence data, the precursor for the CS5
subunit would have a size of 20.85 kDa and the mature
protein would be 18.6 kDa. Previous estimates based on
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
suggested that the mature subunit had a size of about 23 kDa.
The basis of this minor discrepancy is unknown but it is
worth noting that there is an unusual distribution of charged
residues within the subunit, and there are no charged resi-
dues within the first 30 residues of the mature subunit. Also,
CS5 is the most hydrophobic of any of the ETEC pili
examined and is readily precipitated with less than 5%
ammonium sulfate (5).

Following the CS5 major subunit gene is a potential
stem-loop structure that may function as a transcriptional
terminator or attenuator to reduce the expression of genes
downstream. It is relatively stable thermodynamically, with
a free energy of —21.1 kCal (ca. —88.3 kJ)/mol (23). This is

followed by the first 76 residues of the next open reading
frame. Of these residues, the first 18 also are typical of a
signal sequence, suggesting that the product is an exported
protein. There are also several long stretches of hydrophobic
or neutral amino acids within the protein. These regions and
the organization of the predicted turns in the protein struc-
ture suggest that there is much intrinsic information associ-
ated with self-assembly into the marked helical structure that
has been observed within the fimbriae (5, 11).

We have sought proteins related to the CS5 major subunit
in the various data bases. The only protein with any signif-
icant homology was the major fimbrial subunit of the F41
fimbriae of porcine ETEC (15). The CS5 subunit shows a
high degree of homology within the signal sequence and at
the extreme ends of the mature protein (Fig. 3). The homol-
ogy of CS5 with the F41 fimbriae of porcine ETEC is not
dramatic but is statistically significant. This suggests that the
two proteins have a common origin and functional signal
sequence (and presumably C-terminal) domains that are
highly conserved, whereas the remainder of the protein was
subject to considerable evolutionary pressures, affecting its
antigenicity and probably also reflecting adaption to different
host epithelial receptors. F41 has also been shown to be
related to K88, another porcine ETEC (15); another human
fimbrial type, PCFO9 (4), is even more closely related (1).

A variety of (potential) fimbrial colonization factors have
been identified in ETEC of human origin. By analogy with
similar structures in animal ETEC, these too probably
represent the important protective determinants for inclu-
sion in vaccines. Thus, to develop a broad-based vaccine,
the relative incidence of the different colonization factors
needs to be established. The availability of the nucleotide
sequences of individual genes specific for each of the dif-
ferent colonization factors also has the potential to facilitate
the development of suitable epidemiological reagents. For
example, by making a cocktail of synthetic oligodeoxynucle-
otide primers, a multiplex polymerase chain reaction could
be set up so that several factors could be looked for
simultaneously and rapidly. This has advantages over anti-
body-related tests in that cross-reactions between some
human CFAs have been observed. Also, gene probing
consumes considerably more time and reagents. The poly-
merase chain reaction also enables a high degree of strin-
gency in recognition.
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Nucleotide sequence accession number. The nucleotide

sequence for the CSS fimbrial subunit determinant has been
submitted to EMBL under accession number X63411.
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