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Flagella as a Potential Marker for Campylobacter jejuni Strains
Associated with Guillain-Barré Syndrome
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Campylobacter jejuni recovered from patients with Guillain-Barré syndrome (GBS) in different geographical
locations and bearing different heat-labile and heat-stable antigens were found to have identical amino acid
sequences in their flagellar fla4 short variable region, suggesting that it may be a potentially useful marker for

GBS association.

Gastroenteritis caused by Campylobacter jejuni is one of the
common antecedent infections associated with Guillain-Barré
Syndrome (GBS), an acute demyelinating polyneuropathy (9).
In both the United States and Japan, many GBS-associated C.
jejuni strains were found to belong to the Penner heat-stable
(HS) serotype O19 (3). We have recently identified the heat-
labile (HL) antigens of two O19 GBS strains and the O19
serostrain as HL77 and HL84. Also HL77, and HL84 seros-
trains were found to have the HS O-antigen 19 (11). This
serological data supports the clonal nature of serotype O19
strains (2, 6). Further studies in our laboratory using sodium
dodecyl sulfate-polyacrylamide gel -electrophoresis (SDS-
PAGE) immunoblot of whole-cell lysates with absorbed anti-
HL77 and anti-HL84 serotyping antisera revealed that the
HL77 and HL84 serodeterminants reside on the flagellar com-
ponents of these O19 strains (unpublished data). Flagellar
preparations, containing the flagellar hook proteins and the
flagellin subunits, were prepared from the HL77 and HL84
type strains (Fig. 1a), and both the flagellar hook protein and
the flagellin were shown to react with the anti-HL77 (data not
shown) and anti-HL84 (Fig. 1b) typing antisera by SDS-PAGE
immunoblot (10).

DNA sequencing and alignment of the structural flagellum
gene flaA was performed in an attempt to understand the role
of the flagella in contributing to the serospecificity and patho-
genesis of GBS. The flaA gene was amplified by PCR (7) from
1 pl of DNA template prepared by boiling in 0.4 ml of distilled
water a loopful of bacteria from an overnight culture grown on
sheep blood agar plate incubated at 37°C under microaero-
philic conditions. The PCR forward (FLA4F) and reverse
(FLA1728R) primer sequences were 5'-GGATTTCGTATTA
ACACAAATGGTGC and 5'-CTGTAGTAATCTTAAAAC
ATTTTG, respectively (5, 7). Both strands of DNA containing
flaA were sequenced using an automated system (ABI/Applied
Biosystems, Inc., Foster City, Calif.) and primers including
FLA4F, FLA1728R, 5'-GTGCAACCCAGTCTTCAAA, 5'-A
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AACCTGAACCTGCCGAGAA, 5'-AGGTTTCTCAGCAGG
CAGTGG, and 5'-TGATTTGAGCTTGAACCGATTTG. The
sequence data was compiled (Seqman 4.0; DNASTAR, Inc,,
Madison, Wis.), compared, and aligned with published data in
GenBank (1; http://www.ncbi.nlm.nih.gov). The flaA gene se-
quences of five serotype O19 strains with HL77 and HL84
antigens used in our previous study were determined and com-
pared, including two isolates from a pair of Japanese siblings
suffering from GBS (OH4382 and OH4384), the O19 seros-
train, and the HL77 and HL84 serostrains (11). The flaA genes
of the two Japanese C. jejuni O19 GBS strains (OH4382 and
OH 4384) are identical to the fla4 gene of the O19 serostrain
but have a one-base difference from the two identical flaA
sequences of the HL77 and HL84 serostrains (Fig. 2). How-
ever, the mutation at coordinate 327 in the two HL serostrains
is silent and does not result in any amino acid changes. The
similarity of fla4 sequences therefore confirms that the strains
have identical HL antigens and supports the finding that HL77
and HL84 specificities reside on the flagella.

The flaA gene of three C. jejuni isolates from multiple stool
specimens of a GBS patient in Chile was also sequenced and
found to be identical. These strains were typed as non-O19 and
non-HL77 and HL84 and hence were antigenically different
from the Japanese OH4382 and OH4384 isolates. Comparison
of flaA sequences of the Chilean GBS isolates showed 98.96%
homology to the fla4 of the Japanese GBS isolates (Fig. 2 and
3). The differences between the Chilean and Japanese GBS
strains were found at coordinates 30 (A to G), 117 (C to T),
327 (Cto T), 537 (C to T), 961 (A to G), 1343 to 1344 (AA to
CC), 1361 (C to T), 1665 (T to C), 1668 (T to A), 1674 (A to
T), and 1683 (A to G) and at a six-nucleotide (TTCAAG)
insertion at coordinates 1183 and 1184 (Fig. 2). The nucleotide
differences that were at the 5’ end and the short variable region
(SVR; Fig. 2) of flaA did not result in changes in the amino
acids. However, the nucleotide differences at coordinates 961,
1343 to 1344, and 1361 that were in the long variable region
(LVR; Fig. 2) resulted in amino acid conversions from threo-
nine (Thr) to alanine (Ala), glutamic acid (Glu) to alanine, and
alanine to valine (Val), respectively. Also, the Chilean isolate
have a 6-bp insertion in the LVR that codes for valine-glu-
tamine after amino acid 394.

When the entire fla4d sequences were compared with se-
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FIG. 1. (a) SDS-PAGE of flagellar preparations from HL type
strains 77 (lane 2) and 84 (lane 3). Lanes 1 and 4 show the migration
of molecular weight markers. (b) SDS-PAGE immunoblot of flagellar
preparation from HL type strain 84 reacting with absorbed anti-HL84.

quences in GenBank (1) and a dendrogram was generated to
study the relationship of GBS-related and non-GBS-associated
Campylobacter strains (Fig. 3), it was apparent that the GBS-
related isolates were clustered together. Strains (C. coli VC167
and C. jejuni 81116) that were most closely related to the GBS
isolates have about 15% sequence differences in their flaA
genes, with 19 to 20 bp difterences in their SVR and 135 to 153
bp differences in their LVR (Fig. 2 and 3). The genetic differ-
ences in the SVR of C. coli VC167 and C. jejuni 81116 also
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FIG. 2. A diagrammatic representation of the flad gene structures
of different Campylobacter strains showing locations of sequence ho-
mology and variance. The SVR is located between coordinates 450 and
600 of flaA of L17 (AF050192), and the LVR is located between
coordinates 700 to 1450 of flaA of C. jejuni L17. The difference in DNA
sequence from the O19 serostrain was indicated with a vertical bar,
except for C. coli VC167 and C. jejuni 81116, for which the number of
changes in each region of flaA is indicated below the bar diagrams.
Strains OH4382 and OH4384 are Japanese GBS strains; CH86(1),
-(2), and -(3) are Chilean GBS strains.
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STRAIN HS Ag HL Ag Ref.
©19 Type Strain o1¢ 77184 This study
OH4382 o019 77184 This study
OH4384 018 77184 This study
HL77 Type Strain 019 77184 This study
HL34 Type Strain o019 77184 This study
CHBS (1) Non-019 Non-77/84 This study
CHBs (2) Non-O019 Non-77/84 This study
CH86 (3) Non-D1% Non-77/84 This study
VC167 T1 ND 8 4
VC167 T2 NO 8 4
veie7 ND 8 4
81416 ND 6 8
AT4/0 36,23 5 5
SSU9894 23,36, 22 5 5
02677 36, 23, 15W 5 5
—_ D2e40 23,36 50,5 5
n L17 NT 17 5
$5U9896 2 4 5
D118 2 4 5
02290 w 4 5
D772 5-, 5+ 9,53 5
", TGHI011 ND k13 5
[ iNt NT 7 5
L
D935 4,13 1,24 5
L1s ND 19 5

FIG. 3. Dendrogram of aligned fla4 sequences to show the rela-
tionships of different Campylobacter strains. The difference between
019 serostrains with HL77 and HL84 serostrains, Chilean GBS strains,
C. coli VC167, C. jejuni 81116, and C. jejuni L17 were 1, 18, 254, 254,
and 389 bp, respectively. NT, not typeable; ND, not determined.
Strains OH4382 and OH4384 are Japanese GBS strains; strains
CHS86(1), -(2), and -(3) are Chilean GBS strains.

specify for very different amino acids in this part of their
flagella. Sequence analysis of the C. jejuni SVR has also been
proposed to be a useful epidemiology tool for strain discrimi-
nation (5). The alignment of all the 42 SVR sequences in
GenBank showed that only the GBS strain C. jejuni D445
O19:HL77 (5; GenBank accession no. AF015106) is 100%
homologous to the O19 GBS strains in the present study. The
SVR of C. jejuni D445 is identical to two other GBS strains of
the same serotype (5). It is thus surprising and unusual to find
that strains of C. jejuni isolated from very different geographic
locations (America, Japan, and Chile) and having very differ-
ent antigenic formulas (O19:HL77 or HL84 or non-O19 and
non-HL77 or HL84) would have identical amino acid se-
quences at their flagellar SVR. The common denominator in
these strains is their association with GBS. Therefore, we hy-
pothesize that the SVR of Campylobacter flagella may serve as
an unique marker for their association with GBS. It is also
interesting to note that the genetic and hence amino acid
differences in the flagellar LVR of the Chilean and Japanese
GBS isolates may specify for their different HL specificities.
Indeed, further studies are required to confirm whether a cer-
tain region, such as the SVR in the flagellar antigen of Campy-
lobacter, may be a useful marker for GBS association, while
other regions may be associated with serospecificity, and to
show how the flagellar may contribute to the induction and/or
pathogenesis of GBS.

Nucleotide sequence accession numbers. The GenBank acces-
sion numbers assigned to the C. jejuni flaA gene sequences de-
termined in this study are as follows: O19 serostrain, AF290496;
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HL77 serostrain, AF290497; HL84 serostrain, AF290498;
OH4382, AF290499; OH4384, AF290500; 86-1, AF290501;
86-2, AF290502; and 86-3, AF290503.
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