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Escherichia coli morphotype E flagellar filaments have a characteristic surface pattern of short-pitch loops
when examined by electron microscopy. Seven of the 50 known E. coli H (flagellar antigen) serotypes (H1, H7,
H12, H23, H45, H49, and HS51) produce morphotype E filaments. Polymerase chain reaction was used to
amplify flagellin structural (fiC) genes from E. coli strains producing morphotype E flagellar filaments and
from strains with flagellar filaments representing other morphotypes. A single DNA fragment was obtained
from each strain, and the size of the amplified DNA correlated with the molecular mass of the corresponding
flagellin protein. This finding and hybridization data suggest that these bacteria are monophasic. fliC genes
from three E. coli serotypes (H1, H7, and H12) possessing morphotype E flagellar filaments were sequenced in
order to assess the contribution of conserved flagellin primary sequence to the characteristic filament
architecture. The H1 and H12 fliC sequences were identical in length (1,788 bp), while the H7 fliC sequence was
shorter (1,755 bp). The deduced molecular masses of the FliC proteins were 60,857 Da (H1), 59,722 Da (H7),
and 60,978 Da (H12). The H1, H7, and H12 flagellins demonstrated 98 to 99% identity over the amino-terminal
region (190 amino acid residues) and 89% (H7) to 99% (H1 and H12) identity in the carboxy-terminal region
(100 amino acid residues). The complete primary amino acid sequences for H1 and H12 flagellins differed by
only 10 amino acids, accounting for previously reported serological cross-reactions. However, the central
region of H7 flagellin had only 38% identity with H1 and H12 flagellins. The characteristic morphology of
morphotype E flagellar filaments is therefore not dependent on a highly conserved primary sequence within the
exposed central region. Comparison of morphotype E E. coli flagellins with those from E. coli K-12, Serratia
marcescens, and several Salmonella serovars supported the established concept of highly conserved terminal

regions flanking a variable central region.

Flagella are the locomotory organelles of many prokary-
otes. In Escherichia coli, the flagellum is a complex structure
consisting of three main structural regions: the basal body,
the hook, and the filament (reviewed in reference 30). The

eubacterial flagellar filament is composed of many thousands

of copies of a single protein subunit, flagellin (reviewed in
reference 17). The flagellin molecule carries the antigenic
determinant for the H (flagellar) antigen, which can be
identified by using H antigen-specific antibodies in slide
agglutination tests. In E. coli, there are at least 50 known H
serotypes (3, 29). Most H serotypes can be classified into
one of six flagellar filament morphotypes (A, B, C, D, E, and
F) by the surface architecture of intact flagellar filaments
viewed by electron microscopy (28, 29). E. coli H serotypes
H1, H7, H12, H23, H45, H49, and H51 are included as
members of morphotype E, since flagellar filaments possess-
ing these H antigens display the surface pattern of short-
pitch loops characteristic of morphotype E filaments (29, 44,
60).

Immunological analysis of the flagellins from members of
the family Enterobacteriaceae has demonstrated the pres-
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ence of both serotype-specific determinants (3, 16, 19, 20,
39, 43, 60) and cross-reactive determinants (1, 3, 5, 12, 13,
26, 43). The immunological relationships among morphotype
E flagellins have been analyzed by using monoclonal anti-
bodies (43, 60). In addition to serotype-specific and broadly
cross-reactive epitopes, other epitopes were common among
subgroups of closely related flagellin serotypes within mor-
photype E. Immunogold labeling studies demonstrated that
serotype-specific determinants tend to be surface exposed in
intact flagellar filaments, while cross-reactive determinants
tend to be hidden (43, 60).

DNA sequence analysis of flagellin structural genes from
E. coli K-12 (24), Serratia marcescens (10), and several
Salmonella serovars (15, 48, 58, 59) demonstrated that the
termini of flagellin proteins are conserved. The central
region of the flagellin molecule is variable and gives rise to
serotype-specific epitopes (6, 16, 18, 19, 23, 36, 45, 47, 48,
58). The flagellin protein therefore possesses several distinct
structural domains (34, 46, 51-54, 56). These have been
mapped on the primary structure of the flagellin molecule
and localized within the intact flagellar filament by electron
density mapping studies (57). The conserved, terminal re-
gions of flagellin were found to be associated with the inner
structure of intact flagellar filaments. The outer surface-
exposed architecture is formed from the folding outward of
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TABLE 1. Bacterial strains and plasmids used in this study

Strain or Serotype or relevant Flagellar filament Reference or
plasmid genotype morphotype® source
E. coli
Su 1242 02:K2:H1 E F. @rskov
U5-41 O1:K1:H7 E F. @rskov
Bi 316-42 09:K9:H12 E F. @rskov
K42 045:K1:H23 E F. @rskov
4106-54 052:K?:H45 E F. @rskov
2147-59 06:K13:H49 E F. @rskov
C218-70 08:K50:H51 E F. @rskov
U9-41 02:K1:H4 A F. @rskov
U4-41 04:K3:H5 B F. @rskov
P4 016:K?:H48 C F. @rskov
Ulla-44 08:K49:H21 D F. @rskov
5306-56 026:K?:H46 F F. @rskov
DHS5«a K-12 F~ ¢80d lacZAM15 endAl recAl hsdR17 (tx~ mg~) 41
supE44 thi-1 gyrA96 reldl A(lacZYA-argF)U169
Plasmids
pGEM-7Zf(+) Cloning vector; Ap* Promega Biotech
pKS93 (pBR322/hag93) pBR322 derivative containing E. coli K-12 fliC gene; Ap* 24,25
pWQ701 pGEM-7Zf(+) derivative containing E. coli H1 fliC gene; Ap" This study
pWQ707 pGEM-7Zf(+) derivative containing E. coli H7 fliC gene; Ap” This study
pWQ712 pGEM-7Zf(+) derivative containing E. coli H12 fliC gene; Ap® This study

2 Data are from references 29 and 60.

the central variable region of the flagellin molecule (4, 14, 23,
34, 35, 51-53, 55).

The unique properties of flagellins, including recognition
for export and self-assembly (25, 55, 58), place structural
constraints on these proteins. The structural constraints on
morphotype E flagellins are potentially more severe because
they possess antigenically unique determinants while con-
serving the complex structural features (surface patterns) of
the flagellar filaments seen in this group. The objective of
this work was to investigate the relationships between the
FliC proteins from morphotype E flagellar filaments to
determine whether primary sequence conservation is essen-
tial for the identical flagellar filament morphology seen in the

morphotype E group.

MATERIALS AND METHODS

Bacterial strains, plasmids, and growth conditions. The
bacterial strains and plasmids used in this study are listed in
Table 1. Cultures were grown in Luria broth at 37°C.
Ampicillin (100 pg/ml) was added when appropriate. Plasmid
pGEM-7Zf(+) (Promega Biotech) was used for cloning ex-
periments. Recombinant plasmids were maintained and am-
plified in E. coli DHSa.

DNA manipulation. Chromosomal DNA was prepared by
the method of Hull et al. (11). Plasmid DNA was purified by
an alkaline lysis method, and transformations were per-
formed with CaCl,-treated competent cells (41). DNA se-
quencing was performed by the dideoxy chain termination
method (42) with Sequenase version 2.0 (USB, Cleveland,
Ohio); both strands were sequenced. T7 and SP6 oligonucle-
otide primers were obtained from Promega Biotech. Other
synthetic oligonucleotides for DNA sequencing and poly-
merase chain reactions (PCRs) were obtained from Vetrogen
Corp. (London, Ontario, Canada). Protein sequences were
aligned with PALIGN (33), part of the PC Gene software
package (Intelligenetics, Mountain View, Calif.). Enzymes
were purchased from either Bethesda Research Laboratories
Inc. (Gaithersburg, Md.) or Boehringer-Mannheim Canada

(Laval, Quebec, Canada) and used as recommended by the
manufacturer.

PCR amplification and cloning of fliC sequences. PCR
amplification reactions were performed with a Coy Temp-
Cycler model 60 thermocycler. Oligonucleotide primers for
PCR amplification were designed from the previously pub-
lished sequence of the E. coli K-12 fliC gene (24). Primer
A (5'-CCGAATTCATGGCACAAGTCATTAATAC-3') con-
tained the first 20 nucleotides of E. coli fliC preceded by an
EcoRI restriction site (underlined) and a 5'-terminal CC
clamp sequence. The reverse primer, primer B (5'-CC
GAATTCTTAACCCTGCAGTAGAGACA-3'), also con-
tains an EcoRlI site and clamp sequence but is followed by
the complementary nucleotide sequence for the 3’-terminal
20 nucleotides of fliC. PCR amplification was preceded by an
initial denaturation step at 95°C for 10 min. Each cycle
consisted of a denaturing step at 95°C for 1.5 min, an
annealing step at 55°C for 1.5 min, and a polymerization step
at 72°C for 2 min. Amplification was carried out for 35 to 40
cycles. Tag DNA polymerase was obtained from Boehr-
inger-Mannheim. PCR amplification products were purified
by phenol-chloroform extraction, digested with EcoRI, and
ligated to linearized pGEM-7Zf(+).

Nucleotide sequence accession numbers. The nucleotide
sequences for the fliC genes of E. coli H1, H7, and H12 have
been entered into GenBank under accession numbers
1.07387, 107388, and 107389, respectively.

RESULTS AND DISCUSSION

PCR amplification of E. coli fliC sequences. Comparison of
fliC nucleotide sequence data for E. coli K-12 and several
Salmonella species demonstrates high similarity in the 5’ and
3’ regions of the fliC genes. The conservation is as high as
80% at the 5’ end of the gene and 60% at the 3’ end (24). In
preliminary experiments, a gene probe from the conserved 5’
region of E. coli fliC hybridized to a single DNA fragment in
EcoRlI digests of chromosomal DNA from serotypes H1, H7,
and H12 (44). The E. coli K-12 sequence data were therefore
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FIG. 1. Agarose gel showing PCR-amplified fliC DNA from E. coli strains. The outer lanes show size markers (Bethesda Research
Laboratories), and the sizes (in base pairs) of relevant markers are indicated. The representative H serotype is indicated above each lane, and
the strains are described in Table 1. Lanes 2 to 8 demonstrate amplification products from the fliC gene of all seven morphotype E E. coli
strains. Lanes 9 to 13 demonstrate amplification products from the fliC gene of the representatives of the other five E. coli morphotypes
(indicated in parentheses). Lane 14 demonstrates PCR-amplified DNA from plasmid pKS93 (formerly pBR322/hag93), which contains the

cloned fliC sequence for E. coli K-12 (24).

used to design oligonucleotide primers for PCR amplification
of fliC sequences from different H serotypes. As shown in
Fig. 1, these oligonucleotide primers were used to amplify
fliC sequences from E. coli strains with flagellar filaments
representing all seven morphotype E H serotypes. In addi-
tion, fliC sequences were amplified from representatives of
the other E. coli flagellar morphotypes. This result indicates
that the termini of fliC genes from different E. coli serotypes
are conserved. As expected, the sizes of the fliC PCR-
amplified products correlate with the size profile of the
respective FliC flagellin proteins in sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) (Table 2).

TABLE 2. Relative sizes of PCR-amplified fliC DNA sequences
and molecular masses of the corresponding flagellins

E. coli serof Size of PCR Flagellin size
or stl'aintype Morphotype product (kb) g(kDa)
H1 E 1.8 67° (60,857 Da)"
H7 E 1.8 67° (59,722 Da)"
H12 E 1.8 66° (60,978 Da)®
H23 E 1.8 67¢
H45 E 1.7 61¢
H49 E 1.7 607
H51 E 1.9 65¢
H4 A 1.1 37
H5 B 1.4 46°
H48 C 1.9 674
H21 D 1.5 56°
H46 F 1.7 56¢
K-12 1.5 51°

“ Apparent size from SDS-PAGE (60).

® Deduced from DNA sequence (this study).
< Apparent size from SDS-PAGE (29).

4 Apparent size from SDS-PAGE (44).

€ Deduced from DNA sequence (24).

The sizes of the FliC proteins in morphotypes A, B, C, D, E,
and F also correlate with the diameter and surface pattern
complexity of flagellar filaments from each of these morpho-
types (28, 29).

E. coli K-12 has been reported to be serotype H48, a
representative of morphotype C (29). PCR amplification of
the E. coli K-12 fliC sequence from plasmid pKS93 (25),
formerly known as pBR322/hag93 (24), resulted in produc-
tion of the expected fragment of approximately 1.5 kb (Fig.
1). However, the PCR-amplified fliC DNA from the refer-
ence strain E. coli 016:K?:H48 (morphotype C) was approx-
imately 1.9 kb in size. This size is expected because the
flagellin from the H48 reference strain shows a molecular
mass of 67 kDa in SDS-PAGE (Table 2). The basis for the
anomaly between the H48 and K-12 flagellins is unclear.

H antigens in Salmonella strains are often diphasic be-
cause of phase variation between two chromosomal flagellin
structural genes, which give rise to serologically distinct
flagellins (reviewed in reference 30). An additional plasmid-
encoded flagellin structural gene is responsible for the tripha-
sic properties of some Salmonella serovars (49). Salmonella
flagellin genes representing different phases show conserva-
tion in the 5’ and 3’ regions (37, 49). Ratiner (40) has
suggested that many E. coli strains also have diphasic H
antigens. In the strains tested here, we found no evidence for
multiple flagellin genes; we have not examined the strains
studied by Ratiner. Some sequence variation in the terminal
regions of alternate-phase flagellin genes could result in the
inability to amplify one of two flagellins. However, hybrid-
ization experiments with a gene probe from the predicted
conserved 5' region also detected only a single fragment in
digests of chromosomal DNA from E. coli serotypes H1, H7,
and H12 (44).

Analysis of amino acid sequences of flagellins from morpho-
type E filaments. To investigate relationships among FliC
sequences, H1, H7, and H12 serotypes were chosen for
detailed analysis based on immunological data (43). Previ-
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FIG. 2. Amino acid sequence comparison of the FliC protems from E. coli serotypes 01:K2:H1, 01:K1:H7, and 09:K9:H12. H1 is used
as the prototype, and the H7 and H12 sequences are compared with that of H1. Alignments were made with PALIGN (33). Identical amino
acids are denoted by vertical bars, and similar amino acids are indicated by dots. The amino acids which are considered similar are A, S, and
T;Dand E; Nand Q; Rand K; I, L, M, and V; and F, Y, and W.
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Escherichia coli H1
Escherichia coli H12
Escherichia coli H7
Escherichia coli K-12
Salmonella typhimurium (i)
Salmonella muenchen (d)
Salmonella rubislaw (r)
Salmonella paratyphi A (a)
Salmonella choleraesuis (c)
Serratia marcescens

Bscherichia coli H1
Escherichia coli H12
Escherichia coli H7
Escherichia coli K-12
Salmonella typhimurium (1)
Salmonella muenchen (d)
Salmonella rubislaw (r)
Salmonella paratyphi A (a)
Salmonella choleraesuis (c)
Serratia marcescens

Escherichia coli H1
Escherichia coli H12
Escherichia coli H7
Escherichia coli K-12
Salmonella typhimurium (i)
Salmonella muenchen (d)
Salmonella rubislaw (r)
Salmonella paratyphi A (a)
Salmonella choleraesuis (c)
Serratia marcescens
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FIG. 3. Alignment of the first 190 amino acids of the protein sequences of FliC from E. coli serotypes 02:K2:H1, 01:K1:H7, and
09:K9:H12 and E. coli K-12 (24). The FliC sequence from E. coli 02:K2:H1 was used as the template for comparison. Identity with the
02:K2:H1 FIiC sequence is indicated by an asterisk. Included in the comparison are the predicted amino acid sequences for flagellins from
Salmonella typhimurium fliC(i) (from reference 15, as corrected in references 21 and 47), Salmonella muenchen fliC(d) (58), Salmonella
rubislaw fliC(r) (59), Salmonella paratyphi A fliC(a) (58), Salmonella choleraesuis fliC(c) (58), and S. marcescens (10).

ously, we reported that H1 and H12 flagellar filaments
showed extensive cross-reaction with anti-H12 polyclonal
antiserum and shared an epitope (recognized by a monoclo-
nal antibody) that was absent in other morphotype E flagel-
lins. In contrast, serotype H7 showed no significant cross-
reaction with H1 and H12 with the anti-H7 polyclonal serum.
All E. coli flagellins have at least one common epitope (5,
43).

To facilitate DNA sequence analysis, the H1, H7, and H12
fliC sequences were amplified by using primers designed
with EcoRI restriction sites at the 5' ends and cloned in
pGEM7Zf(+). The absence of EcoRI sites within the fliC
genes was previously established by Southern blotting (44).
The H1 and H12 fliC genes were identical in size (1,788 bp).
The deduced H1 and H12 FliC proteins were very similar in
primary structure, with only 10 amino acid differences (Fig.
2). Both showed comparable predicted molecular masses of
60,857 Da (H1) and 60,987 Da (H12). The overall similarities
in these proteins are reflected in the immunological cross-
reactions reported previously (43). Any of the specific amino
acid differences in the central regions of the H1 and H12 FliC
proteins could be responsible for the serotype-specific
epitopes.

In contrast, the H7 fliC sequence is smaller (1,755 bp) than

those of H1 and H12, as is the predicted protein (59,722 Da).
The deduced H7 FliC protein shows near identity to the H1
and H12 flagellins at the termini. The N-terminal conserved
region extends over the first 190 amino acid residues (Fig. 3).
The C-terminal conserved domain occupies approximately
100 amino acids (Fig. 4). The central variable region of the
H7 flagellin is poorly conserved. It was necessary to intro-
duce breaks in the FliC central region sequences of H1
(residues 190 to 517) and H7 (residues 190 to 506) to generate
an optimal alignment (Fig. 2). This analysis resulted in 38%
identity and 14.6% similarity in the central regions of H1 and
H7. 1t is therefore clear that the typical and complex
morphotype E surface pattern on H1, H7, and H12 flagellar
filaments is not dependent on a highly conserved primary
sequence in the central region of FliC.

H7 flagellin was 11 amino acids shorter than both H1 and
H12, and the size difference did not affect filament diameter
or architecture (29, 60). Kuwajima (22, 23) showed that the
central variable region of the flagellin from E. coli K-12 can
be deleted without detrimental effects on flagellin function.
However, deletion of this region does affect H antigenicity
and might be expected to affect filament morphology, since
the central region is surface exposed in intact filaments (4,
14, 23, 34, 35, 51-53, 55). It is conceivable that the morpho-
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Bscherichia coli H1 495
Escherichia coli H12 495
Escherichia coli B7 484
Bscherichia coli K-12 398
Salmonella typhimurium (i) 394
Salmonella muenchen (d) 405
Salmonella rubislaw (r) 393

Salmonella paratyphi A (a) 394
Salmonella choleraesuis (c) 389
Serratia marcescens 351
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DATSEGTVTKDPLKALDEAISS IDKFRSSLGAIQNRLDSAVINLNNTTTNLSEAQSRIQD
P e T e T L e LI LA R L TR LR S T L e L L L

ET**A*SA*TNAAA* R XDRA AR AR AR Rk RTRRARIIRRRRRRRRRTRRRRRR R hld
LTAVANGK*TH* & k& & X DA RARTRA Rk kR ATAERARRNRRRRRIRRRIRLRRRI TSNS
L*EAAA*T*EN**QKI*A*LAQUATLA¥D¥ * *U** * PN+ * Tk kGH AYN* ¥ *SHR¥* *E*
LKEVNTDK*EN**QKI*AYLAQV*TL**D* *+V#* ¥ FN** [ * k¥ G AYN* ¥ kSkR* **E*
LYBAAA*TH*EN**QRI *A*LAQU*TLA ¥D* # ¥ Uk * ¥ PN* kT # # kGR*UN* *TS*R¥ ¥ *E*
LY*EAAAAT*EN**AKI *A*LAQUFAV* ¥DA + AUk &k FN# * T ¥+ #GR#YN* ¥ *SHR** kB
L*ERAA*TH*EN**QKI*A*LAQUFAL* #D#* * #Vh* *FN* * [+ 4Gk *YN* k¥ *SHR** ¥ E
TDSGTDAGV*N* *AT**K*LAQUAGL* ** # k¥ Uk * s P+ A VIN*# *SUN* * *ASh ¥k k%%

Escherichia coli H1 ADYATEVSNMSKAQIIQQAGNSVLAKANQVPQQVLSLLQG 595
Escherichia coli H12 T T T e T T e T T T T R T 595
Escherichia coli H7 L T T T S T T R T 584
Escherichia coli K-12 I T T T ST T TR T I T T 498
Salmonella typhimurium (i) SREXNERKNRARIARLARANPARRRQRAR R K XN S A F*R 494
Salmonella muenchen (d) SHEARERREXNRINRLARARDRNRRQRARARENE SN F*R 505
Salmonella rubislaw (r) SHEAREXRFAKRIRRLAEARDANRRQRAEARXNE* N F*R 493
Salmonella paratyphi A (a) SHEARREXREAREINLAXRADEARRQRA NS RNN Kk ¥R 494
Salmonella choleraesuis (c) SHERNREXEXXAREANLAREADENRRQRAR SR XN E A F*R 489
Serratia marcescens dhkRRIRRARIARINFIL*XAFPRRRRQR X NGTANK*¥A*R 351

FIG. 4. Alignment of the last 100 amino acids of the protein sequences for FLiC from E. coli serotypes 02:K2:H1, O1:K1:H7, and
09:K9:H12 and E. coli K-12 (24). The FliC sequence from E. coli 02:K2:H1 was used as the template for comparison. Identity with the
02:K2:H1 FliC sequence is indicated by an asterisk. Included in the comparison are the predicted amino acid sequences for flagellins from

Salmonella i

ium fliC(i) (from reference 15 as corrected in references 21 and 47), Salmonella muenchen fliC(d) (58), Salmonella

rubislaw fliC(r) (59), Salmonella paratyphi A fliC(a) (58), Salmonella choleraesuis fliC(c) (58), and S. marcescens (10).

type E filament pattern is more dependent on the size of the
variable flagellin region than a specific primary sequence.
The increased size would provide a larger domain extending
out from the surface of the flagellar filament. This could
cause localized trapping of negative stain and give rise to the
features characteristic of morphotype E seen in electron
micrographs (29, 60).

A single point mutation in a fliC sequence can potentially
result in the generation of novel H antigens (19, 21, 36, 45,
58), and this mechanism may have contributed to the origin
of serotypes such as H1 and H12, which differ by only a few
amino acids. However, Smith and Selander (48) showed that
the sequences of the central regions of fliC(i) genes from
Salmonella strains with different genotype backgrounds
were invariant. These authors suggested that the highly
variable central region of the Salmonella fliC sequence may
also be under a great deal of selective pressure and is
probably not subject to mutation rates higher than the
mutation rate found in parts of other genes, such as the #7p
genes of E. coli. It has been proposed that the great diversity
of H antigens may be less dependent on accumulation of
mutations in the central variable region and that new sero-
types more likely arise from lateral gene transfer and recom-
bination of DNA within fliC genes (47, 48). Whether the large
differences seen between the H1/H12 and H7 flagellins
reflect a similar phenomenon remains to be established.

Comparison of morphotype E FliC proteins with other
enterobacterial flagellins. The central regions of E. coli H1,
H7, and H12 flagellins could not be aligned with those from
other enteric bacteria. In contrast, the FliC terminal regions
showed substantial identity (Fig. 3 and 4). Conservation of
the terminal regions of enterobacterial flagellin proteins has
been reported previously (10, 15, 24, 58, 59). Wei and Joys
(58) suggested that conservation in the ends of FliC mole-
cules reflected constraints imposed on flagellins by essential

assembly and regulatory roles. This is consistent with the
observation that a single amino acid change in FliC resulted
in improper assembly or export of unassembled flagellin into
the surrounding growth medium (21). Furthermore, other
terminal-region mutations have been reported to result in
straight, nonfunctional filaments (21, 31).

An alignment of the N-terminal 190 amino acids of known
enterobacterial FliC proteins (Fig. 3) extends these observa-
tions to morphotype E flagellins. The highest degree of
identity with morphotype E flagellins was observed with E.
coli K-12 FliC, with greater than 87% identity. When the
Saimonella flagellins were aligned, 74 to 76% identity was
detected over the 190-amino-acid N-terminal region. The
conservation at the N terminus breaks down after amino acid
170. S. marcescens was less related to H1 and H12, with
69% identity. Other bacterial flagellin sequences, including
those from Bacillus (27, 32), Caulobacter (8), Campylobac-
ter (9), Pseudomonas aeruginosa (50), Rhizobium (2, 38),
and Halobacterium (7) spp., all showed less than 75%
identity with E. coli morphotype E flagellins in the N-termi-
nal region (44).

A C-terminal conserved region of 100 amino acids was
also evident (Fig. 4). The E. coli H1 and H12 flagellins had
87% identity with the C-terminal region of the flagellin from
E. coli K-12 and approximately 64 and 62% identity with
those from the Salmonella spp. and S. marcescens, respec-
tively.

The relative sizes of these conserved terminal regions
reflect the relatedness of the flagellins. On this basis, the H1
and H12 flagellins are more closely related to each other than
they are to H7 flagellin, and as expected, H1, H12, and H7
flagellins appear to be more closely related to each other
than to flagellins of other members of the Enterobacteri-
aceae, such as Salmonella spp. (Fig. 3 and 4). It is clear from
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the terminal alignments that the S. marcescens FliC is more
closely related to Salmonella FliC than to E. coli FliC.

In conclusion, we have presented data indicating that the
E. coli strains examined here are monophasic with respect to
the flagellar H antigen. The flagellins which give rise to
morphotype E filaments show highly conserved termini
compared with flagellins from other Enterobacteriaceae.
However, the characteristic surface pattern of the morpho-
type E filaments shows no requirement for a highly con-
served primary sequence in the central exposed domain of
the flagellin.
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