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Abstract

Background: Chlamydia trachomatis is considered as an important cause of preventable sexually
transmitted diseases, worldwide. It is known to be of an obligate intracellular nature and enters
its target cells via an endocytic process. As major outer membrane protein (MOMP) is one of the
main candidates for the attachment and entry of chlamydia to the host cells, we have tried to label
the epitopes by using different techniques.

Materials and Methods: McCoy cells were experimentally inoculated with 10* elementary
bodies (EBs) followed by 24 hours incubation at 37°C. The infected cells were then processed
for direct fluorescent antibody (DFA) and transmission electron microscopy (TEM) using anti-
MOMP antibody and pre- and post-embedded labelling techniques.

Results: DFA was able to detect 11/11 (100%) of the infected cells. These values were recorded
as 9/11 (81.81%) and 8/11 (72.72%), using pre- and post-embedded techniques, respectively.
Conclusion: MOMP is proposed to be one of the most important adhesion molecules for
chlamydial attachment and entry into host cells.
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Introduction

Immuno-gold labelling is one of the most rapidly
emerging fields of study for biological and medi-
cal research. Protein A-gold and antibody-gold
conjugates are usually stable for at least three
months. Sensitive methods such as labelling cells
using gold-conjugate are needed to differentiate
cells (1).

Members of the genus Chlamydia are character-
ised by a unique developmental cycleconsisting
of two distinct morphological forms. Although
Chlamydia were originally categorised as pro-
tozoa and later viruses, it became clear that they
have all the properties of bacteria. The chlamydial
envelope lacks conventional peptidoglycan, the
membrane possesses penicillin binding proteins
(2, 3) however genes required for peptidoglycan
synthesis have been shown in the genome of C.
trachomatis serovar D (4).

Chlamydiae are characterised by a unique obli-
gate intracellular developmental cycle (Fig 1)
and morphologically alternate between two dis-
tinct forms; the small infectious elementary body
(approximately ~ 300 nm in diameter) and a

larger dividing intracellular reticulate body (RB)
(~1000 nm). The cycle was firstly described by
Bedson and Bland (5). The morphology of ele-
mentary bodies (EBs) and RBs, the intermediate
form and the inclusion membrane in which the
complete developmental cycle takes place, have
been studied by electron microscopy (6). The EB
is a small, dense and spherical body, which is
adapted to an extracellular environment. The EB
is mainly responsible for attachment to host cells.
Therefore, the main function of EBs is to survive
in the extracellular environment for a sufficient
time to invade susceptible host cells (7). The aim
of this work is to focus on chlamydial surface an-
tigens possibly taking part as major chlamydial
adhesions to its site of attachment.

Materials and Methods

Growth and maintenance of the McCoy cell line
The McCoy cells were grown at 37°C in 5% CO,
in 25 cm? plastic disposable culture flasks (Sterilin
Ltd., Feltham, UK), 1ml Trac bottles (with cover-
slips) or in 24-well tissue culture plates in McCoy
growth medium.
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To avoid any possible bacterial or fungal con-
tamination, the cells were supplemented with an-
tibiotics. The cells were subjected to passage as
follows.

A laminar flow cabinet was switched on for 15
minutes before use and all surfaces in the hood
were disinfected with methyl alcohol. After
checking cell confluency by using an inverted
microscope, the growth medium was discarded.
Cells were washed twice with phosphate buffer
solution (PBS) and treated with trypsin. Follow-
ing incubation at 37°C for 3 minutes, the cells
were easily detached from the surface of the bot-
tles. The detached cells were resuspended in 10-
20 ml growth medium and the bottles were then
incubated at 37°C for 24-48 hours until they were
found to be confluent (8).

Culture of chlamydia on confluent cells

The growth medium, Eagle’s Minimum Essential
Medium (EMEM, LONZA, USA) from tissue
culture flasks was replaced by maintenance me-
dium, and from frozen stocks of chlamydia, 50-
100 pl were added to the flasks. The flasks were
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centrifuged at 2000 x g for 1 hour and incubated
at 37°C for 48-72 hours. The tissue culture flasks
were then directly checked (without fluorescence
staining) under a light microscope in order to find
any chlamydial inclusions.

Purification and titration of chlamydial EBs

The elementary bodies were isolated from Mc-
Coy cells by density gradient centrifugation as
described (9). Infected McCoy cells were de-
tached from the tissue culture flasks using a cell
scraper and the resulting suspension disrupted by
three bursts of sonication (30 seconds at an am-
plitude of 12 microns), interspersed by 1 minute
intervals. The suspension was then centrifuged
at 500 x g for 15 minutes and transferred to a
plastic centrifuge tube before recentrifuging at
30,000 x g for 1 hour at 4° C. The resulting pel-
let was then resuspended in 1 ml PBS and soni-
cated as before and was increased to a volume of
8 ml with PBS. The chlamydia suspension was
then placed on the top of an 8 ml urografin 150
in a Beckman centrifuge tube and the suspension
centrifuged again as above. The final pellet was



gently washed by adding 1 ml PBS to remove re-
sidual urografin before being resuspended in 2-3
ml of 2 sucrose phosphate buffer (2SP). After pu-
rification of EBs, they were diluted 1/10, 1/100,
1/1000 with PBS. Each dilution was subsequently
used to infect the track bottles that contained the
confluent cells and cover slips were prepared for
fluorescent microscopy after 24-48 hours of incu-
bation at 37°C. The numbers of inclusions were
then recorded and the mean values of inclusions
in three dilutions were then used as the final ti-
tration of each preparation (8). The solution was
finally vortexed and sonicated as above, titrated
to give a final concentration of 1 x 10° EBs, and
kept at -70° C for further use.

Direct Immunofluorescence

Cells, 24 hours post-infected, that were in the track
bottles containing coverslips were put on the slides,
dried overnight and fixed in methanol for 30 minutes
followed by incubation with a C. trachomatis mono-
clonal antibody (fluorescent conjugated anti-MOMP
antibody, Abcam, UK) in a wet chamber at 37°C for
30 minutes. The slides were then gently washed using
PBS and mounted with coverslips. The slides were
examined using a fluorescence microscope at x100,
x400 and x1000 magnification (under oil immersion)
to detect any chlamydial inclusions. The work was
performed on total of 11 samples.

In vitro experiments to detect surface-exposed
epitopes on C. trachomatis using transmission
electron microscopy

A variety of conditions for fixation and labelling
of the antibodies as well as embedding were em-
ployed to achieve a clear background and to per-
form a successful labelling of C. trachomatis.

Pre-embedded labelling of C .trachomatis

In this method, 200 ul infected McCoy cells were
incubated with a chlamydia monoclonal antibody
for 2 hours. The samples were then centrifuged
at 9780 x g for 3 minutes followed by incubation
with gold-conjugated antibody after washing 4-5
times with PBS. Paraformaldehyde 2% (v/v) in
PBS was used to fix the pellet for 1 hour or over-
night. The fixed samples were then washed for
4-5 times with PBS followed by dehydration steps
in 50% (v/v) and 70% (v/v) ethanol, respectively,
for 10 minutes each. A pure solution of LR-white
resin was added to the samples for 2 hours on the
roller, followed by embedding and polymerisa-
tion at 55°C overnight. Ultra-thin sections of 70
nm thickness were taken and post-stained using
uranyl acetate and lead citrate solutions. Grids
were then observed with a Philips EM 400 trans-
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mission electron microscope at magnifications
between 6,000 and 21,000 (8).

Post-embedded labelling of C. trachomatis

The samples (200 pl) formed a pellet at 9780 x g
and were fixed with paraformaldehyde 2% (v/v)
in PBS. The fixed cells were then washed 4-5
times with PBS followed by dehydration steps in
50% (v/v) and 70% (v/v) ethanol respectively for
10 minutes each. A pure LR-white resin was then
added to the pellet for 2 hours on a roller, fol-
lowed by embedding and polymerisation at 55°C
overnight. Ultra-thin sections of 70 nm thick-
ness were taken. The grids were incubated with a
chlamydia monoclonal antibody conjugate after
washing 4-5 times with PBS. Grids were then ob-
served with a Philips EM 400 transmission elec-
tron microscope at magnifications between 6,000
and 21,000 (8).

Results

Direct fluorescent antibody

EBs of C. trachomatis were detected using direct
fluorescent antibody. In this commercial method,
monoclonal antibodies against the MOMP of C.
trachomatis produce a specific fluorescent bright-
ness of EBs. All eleven samples checked with
direct fluorescent antibody (DFA) were positive
(Table 1), showing the high specificity of the tech-
nique as it was previously described (10). The
sensitivity and specificity of such DFA tests were
comparable with the nucleic acid amplification
test (NAAT, ligase chain reaction) to detect C. tra-
chomatis (11).

Table 1: Comparison between three tests: DFA, pre-, and
post-embedded labelling of C. trachomatis.
Tests

DFA  Pre-embed-
ded labelling

Sample Nos Post-embedded

labelling

O 0 9 & »n b W N =
+ o+ o+ o+ o+ o+ o+ o+
+ o+ o+ o+ o+ o+ A+

S
+ + + o+ + o+ o+ A+

11 + +

DFA: Direct fluorescent antibody
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Transmission electron microscopy

To detect the surface exposure of epitopes locat-
ed on chlamydia major outer membrane includ-
ing (MOMP) and chlamydia lipopolysaccharide
(LPS), an anti-chlamydia antibody in an immuno-
cytochemical system for transmission electron
microscopy was used. A thin section transmission
electron micrograph of urografin purified EBs
from serovar lympho granuloma venereum (LGV)
is shown in Fig 2. Analysis of the specimen prepa-
rations revealed that antigenicity was preserved
and that localisation of the gold label was specific
for EBs, as was previously reported (12).

A transmission electron microscopy result present-
ed here was employed to suggest the adherence of
EBs to the host cells which were previously shown
in direct fluorescent antibody (Fig 3). In an in vitro
model, the pre-embedded method was successfully
used (Fig 2).
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Fig 2: Gold — labelled conjugates selectively attached to the
membrane of EB's (arrows) (x17000).
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Fig 3. Direct fluorescent antibody — C. trachomatis using
Chlamydia monoclonal antibody conjugate (<1000). Red
spots representing EBs. The arrow points to an inclusion
body.
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Out of 11 DFA positives, 9 (81.81%) and 8
(72.72%) were found to be positive in pre- and
post-embedded TEM, respectively.

Discussion

A number of adhesins have been proposed in-
cluding MOMP. By immunoelectron microscopy
of infected endometrial epithelial cells and in iso-
lated cell secretory compartments, MOMP, LPS
and the inclusion membrane protein A (IncA)
were localized to the endoplasmic reticulum (ER)
and co-localized with multiple ER markers, but
not with markers of the endosomes, lysosomes,
Golgi nor mitochondria (13). Such findings may
lead us to the theory that MOMP can play a role
in the attachment process and thus could induce
a signal transduction pathway inside the infected
cells.

Using the trachoma strain C. trachomatis serovar
B and hamster kidney (HaK), MOMP displayed
at least two independent adhesion functions. In-
volvement of negatively charged hydrophilic
residues exposed in MOMP variable domains II
and IV were involved in initial electrostatic inter-
actions to bring the negatively charged EB close
to the host cells (14, 15). Moreover, a heparan
sulphate-like glycosaminoglycan (GAG) (16),
chlamydial cytadhesin (CCA) (17), chlamydial
heat-shock protein (hsp 70) (18-20), a 28 kDa
grpE protein (21), and the cysteine rich protein
OMP2 (22, 23) have been shown to function as
chlamydial adhesins. Zhang and Stephens pro-
posed that C. trachomatis serovar L2 synthesises
a unique heparan sulphate-like GAG required
for attachment to HeLa cells (16, 24). The same
heparan sulphate-like mechanism has also been
shown in trachoma serovar infectivity (25). How-
ever, an alternative view has suggested that the
heparan sulphate-like molecules originate from
host cells rather than Chlamydia (26).

The attachment site of chlamydia remained un-
known, although a number of studies have sug-
gested that the heparan sulphate-like molecules
function as an active attachment site. Detecting,
localizing and counting ultra small particles and
nanoparticles in sub- and supra-cellular compart-
ments are subjects of interest. For particles with
sufficient contrast (e.g. colloidal gold), visualiza-
tion requires high resolutions that are achievable
by TEM (27). Therefore, we have developed the
technique to follow the major outer membrane
proteins at its site.

Conclusion
In this study a gold conjugate antibody has



been successfully used to confirm that the firm
attachment sites of EBs to the host cells is an
active process which continued to remain intact
even following a few fixative processes during
the transmission electron microscopy proce-
dures.
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