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Recently, we reported that Campylobacter jejuni, an important gastrointestinal pathogen, has the genetic
determinants to produce a capsular polysaccharide (Karlyshev et al., Mol. Microbiol. 35:529–541, 2000). Despite
these data, the presence of a capsule in these bacteria has remained controversial. In this study we stain C. jejuni
cells with the cationic dye Alcian blue and demonstrate for the first time by electron microscopy that C. jejuni
cells produce a polysaccharide capsule that is retained in the coccoid form but is absent in a kpsM mutant.

Campylobacter jejuni is currently a major cause of bacterial
gastrointestinal disease in humans in many countries (13). De-
spite deciphering the genomic sequence of one isolate, NCTC
11168 (12), many questions relating to the biochemistry, phys-
iology, and pathogenicity of the microorganism remain unan-
swered (20). Capsules frequently play key roles in the survival
of bacteria and in immune evasion of several bacterial patho-
gens (16). Recently, it has been suggested that the high-mo-
lecular-weight fractions of C. jejuni lipopolysaccharide may be
capsular polysaccharide (CPS) (3). Using the NCTC 11168
genome sequence data, we reported the genetic and biochem-
ical characterization of these molecules and found that they
are related to group II and III CPS found in other pathogenic

bacteria (8). Despite detection of CPS in C. jejuni, to date
there have been no reports on the direct visualization of cap-
sules in this species. In this study, using electron microscopy
(EM), we demonstrate for the first time that this important
pathogen does produce a polysaccharide capsule surrounding
the surface of the cell. Capsule detection was facilitated by our
recent discovery that CPS of C. jejuni has a strong affinity to
Alcian blue dye (9).

Bacterial polysaccharide capsules are usually heavily hy-
drated polymers loosely attached to the bacterial cell surface
(16). Because of their fragile nature, they may be lost during
sample preparation for EM. A number of different approaches
to stabilize capsules for EM visualization have been used, in-

FIG. 1. Cells of strain G1 treated with ruthenium red dye.
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cluding treatment with antibodies, different dyes, and chemical
cross-linking (2). Alcian blue has been used for staining cap-
sules in several bacterial species, including Klebsiella pneu-
moniae (2), Neisseria gonorrhoeae (6, 14), Bordetella bronchi-
septica (10), Pasteurella multocida (5), and Haemophilus
pleuropneumoniae (7). Both whole bacteria (10) and thin sec-
tions (2, 5, 6, 7, 14) were used successfully. To avoid disturbing
fragile capsular material, bacteria are often fixed and stained
directly on agar plates, followed by thin-section analyses (7,

14). Ruthenium red dye has also been used for staining bac-
terial CPS, for example, in Vibrio parahaemolyticus (4, 5). Al-
cian blue may stabilize the capsule, since treatment of cells
only during the initial fixation step but not at subsequent stages
facilitated capsule detection (10). Although Alcian blue is
known to have a high affinity for acidic polysaccharides (1), the
mechanism by which the dye binds is unclear.

Bacterial strains G1 (isolate from a patient with Guillain-
Barré syndrome), X (gastrointestinal isolate) (8), and NCTC
11168 were grown at 37°C on agar plates (Columbia agar;
Oxoid, Basingstoke, United Kingdom) containing growth and
selective supplements (Oxoid) in a microaerobic atmosphere
for 2 days. Agar pieces containing bacteria were cut, fixed, and
treated with Alcian blue (17) or ruthenium red (11).

Fixation and processing steps were performed within a fume
cupboard at room temperature in vials on a rotary mixer. Agar
pieces with bacteria were put into fixative containing 1% Al-
cian blue 8GX (or 0.1% ruthenium red) and 3% glutaralde-
hyde prepared in 0.075 M sodium cacodylate buffer (pH 7.4)
and incubated for 2.5 h. The samples were then washed with
four changes of 0.2 M sucrose in 0.075 M sodium cacodylate
buffer for 1.5 h and left for a further 1.5 h in 1% osmium
tetroxide. The samples were incubated in buffered 0.2 M su-

FIG. 2. EM at different magnifications (A and B) of cells of strain
G1 treated with Alcian blue. Capsulated cells with fibrilla-like struc-
tures are also shown (C). CA, capsule; F, fibrillae.

FIG. 3. Alcian blue-treated cells of pldA (A) and kpsM (B) mutants
of strain G1.
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crose solution overnight in a refrigerator at 4°C, washed in
ultrapure MilliQ water, and dehydrated through a graded se-
ries of 30 to 100% ethanol for 10 min per step, transferred
sequentially into 3:1, 1:1, and 1:3 ethanol-TAAB resin (TAAB
Laboratories, Reading, United Kingdom) mixtures for 1 h per
step, and finally into 100% TAAB resin overnight. The samples
were incubated in fresh 100% TAAB resin for 3 h, embedded
in silicone flat molds, and placed into a 60°C oven to polymer-
ize for 2 days. The blocks were removed from the molds and
trimmed and 100-nm ultrathin sections were cut using a glass
knife and a Leica Ultracut R ultramicrotome, (Leica Micro-
systems, Milton Keynes, England). The sections were floated
onto MilliQ water and then placed onto copper grids coated
with a thin Pioloform support film. The grid-mounted sections
were then stained with 2% alcoholic uranyl acetate for 10 min
in the dark, thoroughly washed in MilliQ water, then stained
for a further 10 min on a drop of Reynolds’ lead citrate (15) in
a CO2-free atmosphere, washed in MilliQ water, and allowed
to air dry before examination and photography on a Jeol
1200EX transmission electron microscope at 80 kV (Jeol Ltd,
Welwyn Garden City, England). Micrographs were taken on
Agfa Scienta EM film, and the resulting images were printed

on Agfa multicontrast resin-coated paper using an Agfa Rapi-
doprint processor and Agfa chemistry.

Ruthenium red dye was unable to stain C. jejuni cells (Fig.
1). By contrast, clearly defined capsules were detected after
cells on agar blocks were fixed in the presence of Alcian blue
(Fig. 2A and 2B). The capsule was presented as a thick amor-
phous structure covering bacterial cells. The thickness of the
capsule usually varied between 70 and 100 nm, whereas the
diameter of cross-cut cells was in the range of 200 to 250 nm.
Some capsules were extended by a distinct massive fibrous
layer (F) containing a characteristic bright internal area (Fig.
2C). As F structures have been reported during Alcian blue
EM visualization of capsules in other microorganisms (2, 5),
we investigated their nature. Surprisingly, such F structures
could also be observed after treatment of blank agar blocks
with Alcian blue. We suggest that F structures visible in EM
are aggregates of Alcian blue dye. Such aggregates, which can
often be observed on EM photographs between the cells, stick
to encapsulated cells (Fig. 2C) and can easily be differentiated
from amorphous capsule layer with irregular structure (Fig. 2A
and B).

To investigate whether the capsule in the G1 strain consists
of CPS, Alcian blue staining and EM were performed on de-
fined insertional G1 mutants. One of the mutations, pldA, does
not affect CPS production (9), and this mutant was used as a
positive control. By contrast, the kpsM mutation was found to
abolish production of CPS molecules (8). A capsule was seen
in the pldA mutant, but it was somewhat thinner than the
capsule observed in the wild-type strain (Fig. 3A). The reason
for this difference remains unclear, although one cannot ex-
clude that capsule formation can be modulated by the outer
membrane phospholipase product of the pldA gene. As ex-
pected, no capsule was detected in the kpsM mutant by Alcian
blue staining (Fig. 3B), confirming that the structure detect-
able in wild-type G1 cells is CPS.

The results presented in Fig. 1 to 3 were from a 2-day-old
culture. It is known that C. jejuni cells are prone to undergo
transformation from a spiral to a coccoid morphology after

FIG. 4. Cells of 4-day agar culture of strain G1 after treatment with
ruthenium red (A) and Alcian blue (B).

FIG. 5. Alcian blue staining of heat extracts of different C. jejuni
strains and their mutants after electrophoresis in an acrylamide gel as
described (9). Lanes: 1, G1; 2, NCTC 11168; 3, 11168H (hypermotile
clonal isolate of NCTC 11168); 4, G1 pldA::kan; 5, G1 kpsM::kan; 6, X
kpsM::kan; 7, NCTC 11168 kpsM::kan; 8, prestained protein markers
(New England BioLabs). The arrows indicate locations of CPSs of G1
and NCTC 11168 strains.
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prolonged incubation on a growth medium (19). We investi-
gated whether this transformation has any effect on capsule
staining. Four-day agar cultures of strain G1 were analyzed in
EM after staining with either ruthenium red or Alcian blue
dye. Most cells after 4 days of growth had become oval, with an
average size of about 900 nm, i.e., about three times the cross-
section of the spiral forms (Fig. 4A and B). As with 2-day-old
cultures, no capsule could be detected with ruthenium red
(Fig. 4A). A dark internal area presumably consisting of a
nucleoid could be observed in the older culture. Interestingly,
in contrast to 2-day-old cultures, the space between the nucle-
oid and cell wall is nonstainable. This probably indicates dra-
matic reduction in biochemical (transcriptional) activity in the
coccoid cells. Similar observations were noticed when the same
culture was treated with Alcian blue. A difference in this case,
however, was the presence of a capsule (Fig. 4B).

As in strain G1, a capsule was detected in wild-type strain X
but not in the X kpsM::kan mutant (data not shown). The use
of kpsM mutants in both cases was essential in eliminating the
possibility of false-positive results due to a potential of Alcian
blue to form aggregates and interact with other molecules on
the cell surface (14).

We also attempted to detect a capsule in the sequenced
strain NCTC 11168 (12). A gene cluster related to CPS pro-
duction is present in this strain (8). However, attempts to
detect capsule in this strain have not been successful despite
the observation that CPS of this strain is stainable with Alcian
blue (9). One possibility is that the CPS of NCTC 11168 has
lower affinity for Alcian blue and staining conditions on a gel
(acid pH) are different from those used for staining-fixation for
EM. This correlated with the lower intensity of CPS in the
NCTC 11168 strain compared to that of strain G1 (Fig. 5). It
is possible that despite CPS production in NCTC 11168, the
mechanism of capsule formation in this strain is impaired or
specific environmental signals are required for capsule forma-
tion. Reversible loss of capsule has been reported in some
bacteria (4). As the kpsM gene is present in all nine C. jejuni
strains tested (data not shown) and this gene is involved in both
CPS biosynthesis and capsule formation in strain G1, we sug-
gest that the majority of C. jejuni strains make or have the
potential to make a polysaccharide capsule.

Through a combination of Alcian blue staining and EM, we
have shown for the first time visualization of a C. jejuni capsule.
This finding has confirmed the prediction from sequence anal-
ysis that C. jejuni cells may produce CPS and paves the way for
the full genetic, biochemical, and structural analysis of this
subcellular organelle. We have also demonstrated that despite
apparent significant structural and biochemical changes, the
coccoid form of C. jejuni retains the capsule. By similarity to
the polysaccharide capsules of other microorganisms, C. jejuni
capsules may be involved in enhancing survival of the micro-
organism in the environment by affording resistance to desic-
cation and increased adherence to various surfaces via biofilm
formation, as well as in colonization and resistance to nonspe-
cific and specific host immunity (reviewed in reference 16).

C. jejuni remains a major conundrum in microbiology. One

paradox is how a microorganism that is difficult to culture and
that has reduced viability when cultivated in vitro is able to
survive in the environment to be the most frequently isolated
bacterial food-borne pathogen (13, 18). The polysaccharide
capsule described in this study might be an important new
factor essential for the survival and pathogenicity of C. jejuni.
Its discovery should facilitate future investigations on the sur-
vival, transmission, and pathogenesis of this problematic food-
borne pathogen and may assist in the development of im-
proved intervention strategies to reduce the burden of C. jejuni
infection.
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