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Escherichia coli K-12 mutants with altered flagellum antigenicity were isolated by introducing random
deletions into the flagellin gene. The deletions were identified in the central region of the gene. It is suggested
that this region corresponds to the flagellin domain molecule which affects flagellum antigenicity.

H antigen is the flagellum-specific bacterial antigen which,
together with 0 antigen, is responsible for most of
the antigenicity in bacteria (6). The H antigenicity is de-
pendent on the amino acid sequence of the component
protein, flagellin.

Several studies have been performed to examine the
region involved in H antigenicity in the flagellin molecule.
Parish et al. (16, 17) showed that one of the four cyanogen
bromide-digested fragments of Salmonella adelaide flagellin,
which is located in the central part of the intact molecule,
was antigenically cross-reactive with the flagellar filament.
Joys and Martin (8-10) reported that one peptide of 13 amino
acid residues in the central region of Salmonella typhimu-

rium phase 1 flagellin showed diversity in its sequence
among several serological mutants and that this peptide
responded to antiserum against phase 1 flagella. Genetic
studies suggested that the H antigenic determinants were
aligned in the central region of the flagellin gene, while
nonflagellate mutants had mutations that were localized in
both terminal regions (4, 5, 21, 22). Moreover, the amino
acid sequences of the central regions of flagellins are very
heterologous among bacteria, which also suggests that the
central region of a flagellin affects the H antigenicity (2, 3, 7,
9, 12, 20).

In this study, I attempted to alter the H antigenicity of
Escherichia coli K-12 by deleting a part of the flagellin gene
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FIG. 1. Motility of C600 hsm hsr hag: :TnlO carrying either pBR322/hag93 (plates 1 and 2) or pFD2 (plates 3 and 4) on lambda motility agar
plates. In plates 2 and 4 the medium contained 0.0001 volume of rabbit antiserum against reconstituted flagellar filaments.
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FIG. 2. Region of the deletion in the nmutant hag gene (A) and the corresponding flagellin (B) compared with the wild-type gene and

flagellin. Nucleotides of the wild-type gene are numbered from the first base (A) of the initiating codon. Amino acid residues of the wild-type
flagellin are numbered from the NH2 terminus; the one-letter code is used. In panel A the deleted region of the hag gene on each plasmid is
indicated by an arrow. L and R, Left and right ends, respectively, of the deleted region. In panel B the substitution of three artificial residues
for the deleted region in each flagellin is shown.
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(hag) at random by in vitro DNA manipulation. The plasmid
pBR322/hag93 (12), which carries the hag gene of E. coli
K-12, was digested with DNase I in the presence of Mn2+
(14), and the linear form of pBR322/hag93 DNA was pre-
pared by using 0.8% agarose gel electrophoresis and further
digested with Bal 31 exonuclease at various concentrations
to remove up to several hundred base pairs of nucleotides
from both ends (13). Next, the DNA was treated with
Klenow fragment and ligated in the presence of the unphos-
phorylated 8-mer HindlIl linker (dCAAGCTTG; Takara
Shuzo Co., Ltd.) (13). This ligated DNA was introduced into
a nonmotile mutant, E. coli C600 hsm hsr hag: :TnlO, which
was obtained by the insertion of the transposon TnJO into the
hag gene of C600 hsm hsr (1) from E. coli K-12 YK4516 (a
gift from Y. Komeda).
The motility test was done for approximately 10,000

transformants on lambda motility agar plates (11) containing
rabbit antiserum against wild-type flagella. The antiserum
was prepared by the immunization of a female New Zealand
White rabbit with reconstituted flagellum fraction (12, 19).
Most of the motile transformants showed very small swarm-
ing zones in the presence of the antiserum. However, 13
strains showed distinctly larger swarming zones. Fromn these
I selected four strains whose plasmids had HindIII sites that
are not found in pBR322/hag93. These plasmids were desig-
nated pFD1, pFD2, pFD3, and pFD4. The hag mutant
strains possessing these plasmids showed good motility even
in the presence of the antiserum, although the strain pos-
sessing pBR322/hag93, whose hag gene encodes the wild-
type flagellin, showed limited motility (Fig. 1). A 10-fold or
higher concentration of the antiserum was required for C600
hsm hsr hag::TnlO carrying the selected plasmids to attain
the same extent of motility inhibition as observed in the
strain carrying pBR322/hag93. However; control serum from
an unimmunized rabbit had no effect on any strains (data not
shown). This fact indicates that the flagellins encoded by the
hag genes on pFD1, pFD2, pFD3, and pFD4 produce
flagellar filaments which exhibit an antigenicity significantly
different from that of the wild type.
DNA sequences of more than 100 nucleotides around the

HindlIl site of each plasmid were determined by the dideoxy
method (18) with M13mpl8 phage (15, 23). A comparison of
these sequences with that of the wild-type hag gene (12) is
shown in Fig. 2A. The hag genes on pFD1, pFD2, and pFD3
had 101, 47, and 59 base pairs, respectively, deleted from the
wild-type hag gene. The same deletion occurred in the hag
genes on plasmids pFD3 and pFD4. In all cases, the se-
quence of the 8-mer HindIll linker dCAAGCTTG was
inserted into the gap. The codon frames of the remaining
parts were not shifted from that of the wild-type hag gene.
Thus, the mutant hag genes on pFD1, pFD2, and pFD3
encode the mutant flagellins, in which are deleted 34 amino
acid residues from Asn-251 to Pro-284, 16 residues from
Asp-239 to Thr-254, and 20 residues from Thr-259 to Ile-278
of the wild-type flagellin, respectively (Fig. 2B). An insertion
of three amino acid residues was present in each deficient
region as a result of the presence of HindIl linker DNA in
the gene.
These deletions occurred in the small region of 46 amino

acid residues from Asp-239 to Pro-284 of the wild-type
flagellin, which accounts for less than 10% of the wild-type
molecule. Furthermore, the deficient region of the pFD1-
encoded flagellin includes that of the pFD3-encoded flagellin
and partially overlaps that of the pFfl2-encoded flagellin.
From these results, I conclude that the region from residue
239 to residue 284 is the domain which strongly affects the H

antigenicity of E. coli K-12. This region might contain some
of the epitopes for the H antigen, since the deletion of it led
to a drastic change of the H antigenicity. This result is
consistent with those of others, which suggested the direct
participation of the central region of bacterial flagellin in the
exhibition of H antigenicity (8-10, 16, 17).
Another interesting point is that even the abnormal fla-

gellin with a small deletion in the central region can result in
flagella which confer good motility to bacteria. On the other
hand, it has been reported that both terminal regions of a
flagellin molecule show high amino acid sequence homology
among various bacteria and seem to be important for fla-
gellum construction (2, 3, 7, 9, 12, 20). Also, genetic studies
have suggested that both ends of flagellin play a role in
flagellum construction (4, 5, 21, 22). Use of plasmid pFD1,
pFD2, or pFD3 should enable us to increase the extent of the
deletion in the central region of the E. coli flagellin very
easily and allow us to examine the relationship between the
structure and the function of the flagellin molecule.

I thank Y. Komeda for kindly providing the bacterial strain and H.
Ozeki for helpful discussions and advice in preparing the manu-
script.
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