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Abstract

We undertook this study to determine the immunoaccessibility 

of VD III of the major outer membrane protein (MOMP) of Chlamydia 

trachomatis. \Ne used western blot, ELISA, and immunodot blot 

techniques to elucidate this characteristic of VD III. Using 

polyclonal, monospecific antibody developed to synthetic 

polypeptides, we demonstrated that VD III is not accessible to 

antibody in vitro. We also report the cross reactivity patterns of 

antiserum raised to three different serotypes of Chlamydia 

trachomatis. These cross reactivities will conceivably help to 

determine which variable domain sequences could be used in a

subunit or recombinant vaccine candidate.
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Introduction

Chlamydiae are obligate intracellular parasites of eucaryotic 

cells. The exist in a single genus, Chlamydia, and three species, 

trachomatis, psittaci, and pneumoniae. Characteristics which 

differentiate the chlamydiae from other bacteria and from viruses 

are (i) a unique life cycle involving both intracellular and 

extracellular phases, (ii) the presence of both DNA and RNA, (iii) 

disulfide bonding in the outer membrane proteins (17, 3) in the 

absence of peptidoglycan (15) to maintain structural stability, and 

(iiii) inability to replicate outside a suitable host cell. The 

chlamydiae are linked to a widening spectrum of clinical diseases.

C. psittaci species causes human psittacosis as well as a large 

number of avian diseases (21). The trachomatis species causes 

several diseases, the most widely spread of which is trachoma. 

Trachoma is endemic in certain third world countries and worldwide 

500 million people are afflicted, resulting in blindness in 7 million 

persons (9). This makes trachoma the leading cause of preventable 

blindness in the world. The most prevalent sexually transmitted 

diseases in the United States are non-gonococcal urethritis,

* cervicitis, salpingitis, and proctitis, which are caused by

Chlamydia trachomatis. (9). There is a more tentative association of
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C. trachomatis with Reiter's syndrome. Chlamydia pneumoniae has 

recently been associated with pneumonia in college students and is
* estimated to be the third most common cause of pneumonia in the

United States (10).

Infectious chlamydiae are small (approximately 300 nm in 

diameter), gram negative-like cocci. The life cycle of the 

chlamydiae is unique and possesses distinct intracellular and 

extracellular stages. In the extracellular stage the infectious 

chlamydial particle is known as an elementary body (EB). The EB 

binds to a potential host cell and induces phagocytosis of the 

particle (5). Upon entry the phagosome-enclosed EB avoids fusion 

with lysosomes and within 8 hours has reorganized to a non 

infectious reticulate body (RB). The RB is the intracellular, 

metabolically active stage of the life cycle. The RB grows and then 

multiplies by binary fission until approximately 20 hours 

postinfection. At this time the RBs reorganize to form EBs at a 1:1 

ratio. This reorganization is completed by 48 hours post infection, 

and the EBs are released upon rupture of the host cell.

The intracellular stage in the life cycle of chlamydiae is the 

reticulate body. The RBs are more difficult to study as they are

g fragile and unstable outside the host cell. The EBs constitute the

extracellular, infectious stage in the chlamydial life cycle and are
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more readily studied as they are stable extracellularly. They have 

a rigid cell wall which does not contain peptidoglycan or detectable 

muramic acid (15). These particles maintain stability by the 

disulfide bonding between cysteine-rich proteins which are abundant 

in the cell wall (17, 3). These particles show no metabolic activity 

while in the extracellular milieu. They contain RNA and DNA, with 

the DNA existing in a central nucleoid structure. The DNA exists as 

a closed circular molecule with a molecular weight of 6.6 X 10® kD.

The cell wall of the infectious particle contains nine distinct 

proteins ranging in molecular weight from 11 kD to 78.5 kD (25).

The most prevalent of these proteins is the major outer membrane 

protein (MOMP), which has a molecular weight between 38 kD and 42 

kD (6).

The major outer membrane protein is found in all C. 

trachomatis isolates that have been studied to date (8, 10, 16), and 

a similar protein is found in C. psittaci and C. pneumoniae isolates. 

The protein acts as a serotyping antigen and plays a role in the host 

immune response to chlamydial infection (8). Studies have shown 

that antisera directed at immunogenic domains of MOMP neutralize 

the infectivity of chlamydiae in vitro (31, 7).

The host immune response to the chlamydiae is highly complex
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and the development of a vaccine has been attempted several times 

before. These vaccines involved the use of live or formalin killed
* chlamydiae to induce a short term immunity in both experimental

animals and humans. The results of these vaccine trials have been 

disappointing. In some cases the vaccines have caused the test 

animal to develop hypersensitivity, resulting in a more serious 

chlamydial disease than in non-vaccinated animals. It has been 

shown that a 57 kD secreted protein analogous to proteins in other 

bacteria elicits hypersensitivity in guinea pigs and may be 

responsible for the hypersensitivity reaction elicited by whole cell 

vaccines (16). The focus of vaccine development has shifted now to 

a subunit or recombinant vaccine. Such a vaccine would contain both 

T and B-cell epitopes that are non-sensitizing and confer protective 

immunity. As immunity to chlamydial infection is often short lived 

this vaccine would have to be given repeatedly, depend on constant 

exposure to the protective epitopes, or include components which 

can stimulate long term immunity. It is this type of vaccine that 

this study is directed toward. This study is part of a project to 

identify potential vaccine candidates.

C. trachomatis isolates exist as fifteen different serotypes

* based on serologic reactivity. These serotypes have been placed into

three serogroups based on cross reactivity with monoclonal and
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polyvalent antibodies directed to whole chlamydiae (Table 1) . 

Chlamydia trachomatis can also be grouped into biovars in which 

serotypes A-K exist in the trachoma biovar and L1-L3 exist in the 

LGV biovar. The antigenic determinants used in serotyping are found 

on the major outer membrane protein (23). Recently, the genes 

encoding the MOMP from 5 serotypes have been cloned and sequenced 

(1,18,22,24). From the deduced amino acid sequence MOMP is a 

highly conserved protein containing domains where the amino acid 

sequence varies considerably. Four variable domains exist (VDs I,

II, III, and IV) in chlamydial MOMP and they are spaced evenly among 

highly conserved regions in this protein. Recent studies show that 

these variable domains contain the epitopes that are bound by 

neutralizing antibody (1). Through mRNA sequencing the sequences of 

all four variable domains of all fifteen serotypes have been 

determined (30). It is known that several of the variable domains 

(VDs I, II, and IV) are immunoaccessible and protrude from the 

chlamydial surface (30, 12). These variable domains then, may be 

ideal candidates for B-cell epitopes in a recombinant or subunit 

vaccine. It is known that proteolytic cleavage of VD II and VD IV in 

serotype B decreases chlamydial attachment to HeLa cells (12). VD I

> is also exposed on the chlamydial surface of some serotypes but its

role in infection remains unknown.
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Table 1. Specificity of pooled antisera to VDIII as determined by 
immunoblotting.

SerotvDe Seauence

Reactivity with 
antisera to VDIII
A L2 E SeroarouD3

A AEFPLDITAGTEAA + + C
H + + C
J + + C
L3 + + C
I ............ I . . . + + C
K V . . . + + - C
Ba K.L. . . . L. S. . DAA + + - B
L2 Q. . . . . LK. . .DGV +/- + - B

D K. .. . . .1___ D . . + + + B
F K. . . .. .1___ D . . + + + 1
L1 K. . . . . .1___ D .. + + + B
B K.L. . . .1___ D .. + + + B

c . . N............. + c
E Q. .. . .ALL . .D . . - + B
G Q... . .AL. . . D. .. - - + 1

a C-C serogroup 
B-B serogroup 
l-lntermediate serogroup
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Until now, no information concerning VD III has been available.

No antigenic determinants have been mapped to VD III, nor has 

proteolytic cleavage of this variable domain been noted, nor have any 

monoclonal antibodies been developed to this domain. This study 

was undertaken to define the immunoaccessibility and antigenic 

characteristics of VD III. Using synthetic peptides homologous in 

sequence to VD III, polyclonal, rabbit antisera to this domain were 

raised. By testing for antibody binding to live and formalin killed 

chlamydiae, we were able to show that VD III is not

immunoaccessible nor does antibody raised to this domain neutralize 

infectivity of chlamydial EBs in vitro. The antisera were used to 

determine cross-reactivity patterns among serotypes to determine 

if antibodies to VD III could group chlamydiae into serogroups or 

biovars. This data may be of use when choosing the amino acid 

sequence to be used in a recombinant or subunit vaccine involving 

other epitopes.

Materials and Methods

Chlamydiae. The following C. trachomatis serotypes were 

used: A/Har-13, B/TW-5/0T, Ba/AP-2/OT, C/TW-3/OT, D/UW-3/Cx,
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E/Bour, F/IC-Cal-13, G/UW-57/Cx, H/UW-4/Cx, l/Uw-12/Ur, J/UW- 

36/Cx, K/UW-31/Cx, LGV/L1-440, LGV/L2-434, LGV/L3-404. 

serotypes A, E, and F were obtained from the American Type Culture 

Collection, Rockville, Md. All other serotypes were obtained from 

Cho-Chou Kuo, Department of Pathobiology, University of 

Washington, Seattle. All serotypes were immunotyped by the 

microimmunofluorescence method in the laboratory of San-Pin Wang,
t
University of Washington. The following strains of C. psittaci were 

used: meningopneumonitis (Mn) Cal-10 and Guinea Pig Inclusion 

Conjunctivitis, GPIC. All of the chlamydiae were propagated in HeLa 

229 cells and EBs were purified by Renograffin density gradient 

centrifugation (8). Inclusion forming units were determined as 

previously described by Taylor et al. (26).

Preparation of Antisera. Antisera to VD III were prepared 

in the following way: polypeptides corresponding in sequence to the 

naturally occurring VD III as determined by Yuan et al. (30) were 

prepared by Dr. Nancy Watkins as described by Watkins et al. (29). 

Briefly, peptides were synthesized by solid-phase FMOC chemistry. 

The carboxyl terminus residue was bound to a solid phase support

< and residues were added sequentially. When the peptide was fully

synthesized it was cleaved from the support and purified by reverse
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phase HPLC in an acetonitrile: water gradient. These peptides were 

then crosslinked to keyhole limpet hemocyanin (KLH) using 

glutaraldehyde by the method of Kagan and Glick (13). An emulsion 

(0.1 mg/ml) of the appropriate peptide in Freund's complete adjuvant 

was made. This emulsion was then injected into New Zealand White 

rabbits in the following manner: 0.5 ml intramuscularly in the flank 

and 0.5 ml subcutaneously in the neck. Each peptide was injected 

into three rabbits. The rabbits were given booster immunizations 

three weeks later in the same manner, using an emulsion of 

polypeptide in Freund's incomplete adjuvant. Rabbits R1, R2, and R3 

were immunized with peptide corresponding to serotype A VD III; 

rabbits R4, R5, and R6 were immunized with a peptide corresponding 

to L2 VD III; and rabbits R130, R131, and R132 were immunized with 

the peptide corresponding to serotype E VD III (Table 2). Rabbits

were anesthetised and serum was collected via ear vein or cardiac

puncture on the following days: before boosting, day 7 post boost, 

day 14 post boost and day 21 post boost. Preliminary testing of 

these sera showed that the highest antibody titer (as determined by 

enzyme linked immunosorbance assay described below) occurred at 

day 14 post boost; therefore all further testing was done using day

> 14 serum.

Control sera was developed to epitopes whose
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Table 2. Antisera developed to MOMP variable domain III.

Rabbit Antiaen Seauence

R1, R2, R3 AVDIII-KLH AEFPLDITAGTEAA3

R4, R5, R6 L2VDIII-KLH QEFPLDLKAGTDGV

R130, R131,
R132

EVDIII-KLH QEFPLALTAGTDAA

a All VD III sequences are residues 224-237 in the MOMP amino acid 
sequence.
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immunoaccessibility was previously defined. Monoclonal antibodies 

from Rocky Mountain Laboratories with the following specificities 

were used as controls: H5-A5, directed to the C serogroup specific 

antigen located in VD IV; L2I-5, directed to the B serogroup specific 

antigen located in VD IV; and L2I-10, directed to the species 

specific antigen located in VD IV (1).

Western blot. The specificity of antisera raised against VD 

III peptides was determined by an immunoblotting procedure. This 

procedure involves a combination of sodium dodecyl sulphate- 

polyacrylamide gel electrophoresis (SDS-PAGE), described by 

Laemmli (14), and an immunoblotting procedure described by 

Batteiger (2), Bittner (4), and Towbin (27). Briefly, lysates of the 

15 chlamydial serotypes containing 0.5 mg/ml of protein were 

solubilized in an equal volume of Laemmli sample buffer. Samples 

(40 pi) of each serotype were incubated at 95° C for 10 minutes and

then placed on a 12.5% acrylamide gel slab and electrophoresed for 

approximately 3 hours at 5 watts (40 mamps) per gel. Each gel was 

then removed from the electrophoresis apparatus and placed on top 

of nitrocellulose paper (NCP) presoaked in 0.025M sodium phosphate 

buffer, pH 7.2 (transfer buffer). Proteins in the gel were then 

transferred to the NCP by electrophoresis at 27 V (0.9 to 1.0 A) for 2
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hours at room temperature in transfer buffer. After this transfer, 

the NCP was placed in a 3% Bovine Serum Albumin- 

Phosphate Buffered Saline (BSA-PBS) blocking buffer for 30 

minutes. The NCP was then incubated in antiserum diluted 1:250 

with blocking buffer for 16 h on a rocking platform. The NCP was 

then washed 3 times for 10 min. with PBS-0.5% Tween 20. The NCP 

was then incubated for 2 h in a [1 IJ-protein A in blocking buffer (5

X 105 cpm/ml). The NCP was again washed in PBS-Tween, rinsed 

briefly in distilled water and dried. The NCP was then subjected to 

autoradiography at -70° Cfor 2 hours using Kodak X-Omat AR film

and a Lightning Plus intensifying screen.

Enzyme Linked Immunosorbance Assay (ELISA). Antisera 

were evaluated for specific antibody by the ELISA method. Antisera 

were tested against VD III peptides conjugated to bovine serum 

albumin (VDIII-BSA) and to formalin fixed EBs. The EBs were

formalin fixed by incubation in 2% formalin-PBS for 4 hours at 4° C.

EBs were washed once with PBS and then stored in 0.02% formalin-

PBS at 4° C . The enzyme linked immunosorbance assay has been 

described previously by Voller, Bidwell and Bartlett (28). Briefly,
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antigens (EBs or VD lll-BSA) were plated onto Immulon 1 or Immulon 

2 "U" 96-well plates (Dynatech). Antigen concentrations were 5

pg/ml of peptide or 5 X 106 inclusion forming units (IFU)/ml. These

solutions were allowed to incubate for 16 h at 4° C to facilitate

adsorption of antigen to the plates. Plates were then washed with 

PBS-0.05% Tween 20 in an automatic plate washer (Bio-Rad), and 

200 pi of 2% BSA-PBS (blocking buffer) was added to each well. The 

plates were allowed to block for 1 hour. Two fold antiserum 

dilutions from 1:20 to 1: 20480 were made in blocking buffer.

Plates were again washed with PBS-Tween and 100 pi of appropriate 

triplicate antiserum dilutions were added to each well. Antiserum 

dilutions were incubated on the plates for 2 hours at 37° C. Plates

were washed and 100 pi of a 1:500 dilution of alkaline phosphatase 

conjugated goat anti rabbit IgG antibody (Zymed) was added to each 

well. The second antibody was incubated for 75 minutes and plates 

were again washed. A substrate solution of p-nitrophenyl phosphate 

(Sigma) in 0.1 M diethanolamine buffer was then added to each well 

(100 pl/well). After a 25 minute incubation period the optical

density of each well was read at 405 nm by a Bio-Rad Microplate
t

reader. This optical density was compared to a set of blank wells
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that had no antibody present. An optical density of 0.2 was 

determined to be an optimal titration endpoint. Antiserum 

titers are given as the reciprocal dilution where the average optical 

density of triplicate wells was minimally greater than 0.2. This 

assay was repeated a number of times on separate days to insure

accuracy.

Immunodot Blot. The surface accessibility of VD III was 

determined by the immunodot blot procedure. These procedures were 

carried out under controlled conditions using a laminar flow hood in 

a biosafety level 2 laboratory. This procedure has been described 

previously (31). Briefly, nitrocellulose paper was presoaked in 

phosphate buffered saline, pH 7.4 for 30 minutes. NCP was placed 

into BIO-DOT microfiltration apparatus and each well was washed 

with 100 pi of PBS. A 50 pi suspension of viable chlamydial EBs

containing 5 pg/ml of protein was added to each well. After 15 

minute incubation, the wells were washed with 200 pi of PBS and

200 pi of 2% BSA-PBS was added to each well; this was allowed to

incubate for 30 minutes. The wells were washed with PBS-0.5% 

Tween 20 (Dot blot washing solution), and appropriate dilutions of 

polyclonal antiserum or monoclonal control antibodies were added to
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each well in 2% BSA-PBS. The antisera were adsorbed to the EBs for 

45 minutes and the wells were again washed with washing solution. 

A 50 p.1 solution of [12®l]-PrOtein A (1 X 10® cpm/ml) in 2% BSA-

PBS was added to each well and allowed to incubate for 15 minutes. 

Each well was then washed with washing solution and the NCP 

removed from the apparatus. The NCP was washed briefly in 

distilled water and allowed to dry. This paper was then subjected to 

autoradiography as described above.

Neutralization Assays. The complement independent 

neutralizing ability of the polyclonal antisera was tested in a 

neutralization assay. Monolayers of HAK cells were grown in 

Minimum Essential Medium supplemented with 10% Fetal Calf Serum 

(MEM-10) and glucose. A 0.5 ml solution of HAK cells (3X10® 

cells/ml) was placed in each well of a 48 well, cell culture plate 

(Gibco) 24 hours prior to infection. Suspensions of EBs (1 X 108

IFU/ml) were made in sucrose-phosphate-glutamate buffer (SPG). 

Antisera were subjected to a complement inactivation procedure. In

this procedure antisera were heated to 56° C for 1 hour in order to

neutralize complement. Antisera were diluted in SPG at a ratio of
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1:50. EBs (90 gl) and antiserum (10 gl) were mixed and incubated for

1 h at 37° C in a shaking water bath. Each sample of EB-antiserum

was then diluted with 0.9 ml of ice cold SPG. Dilutions (1:100 and 

1:1000) of this sample were then made. These samples were then 

inoculated onto the HAK cell monolayers (200 gl/well) in duplicate.

The EBs were then allowed to adsorb to the HAK cells for 2 hours at

37° C. The inoculum was then aspirated and the cells washed once

with MEM-10 plus glucose. Cells were then fed with MEM-10 

supplemented with glucose and cycloheximide (4 gg/ml). After 48

hours, cells were fixed for 5 minutes in absolute methanol and 

washed with PBS. Solutions of rabbit polyclonal antiserum to the 

appropriate serotype were added to each well (1:100 dilution of 

antiserum in 2% BSA-PBS, 0.5 ml/well). The antiserum was allowed 

to adsorb to the chlamydiae for 1 hour and then the cells were again 

washed with PBS. Fluorescein conjugated goat anti rabbit IgG 

(Cappel) was then added to each well (1:400 dilution in 2% BSA-PBS, 

250 gl/well). After 30 minutes incubation, the conjugate was 

aspirated and the wells washed with PBS and stored in distilled 

water. Inclusions were counted using a Zeiss fluorescence 

microscope. The number of inclusion forming units was then 

calculated in the following way: triplicate counts of inclusions per
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10 microscope fields (320X) in each duplicate well were made.

These counts were then averaged and the percent neutralization was 

calculated. The percent neutralization was calculated from control 

wells that had been infected with chlamydiae that were not treated 

with antiserum. The following formula was used to determine the 

percent neutralization: (1-(average inclusions per sample wells I 

average inclusions per control wells)) X 100.

Results

Western blot. All fifteen serotypes reacted with at least 

one of the antisera raised against serotypes E, L2, or A. The results 

of the western blotting procedure are shown in Figure 1 and the 

specific cross reactivities are shown in Table 1. These results 

indicate that antisera cross react with the MOMP of heterologous 

serotypes and may enable us to map the immunogenic domains in VD

III.

Specific cross reactivity of antiserum directed at homologous 

serotypes showed some variaton. Antiserum from rabbit R1, for 

example showed a range of cross reactivity that falls between R2

• and R3. Antiserum from R1 cross reacted with serotypes found in

the C serogroup and the B serogroup. Serogroup C reactants were

17



A B Ba CD E F G HI J K Li L2 L3 Mn GP 
I II II III II II II I I*

Figure 1. Western Blots of antisera to MOMP VD III. Samples (40 pig) 
of elementary body whole cell lysate were subjected to SDS-PAGE 
and immunoblotting and probed with monospecific, polyclonal rabbit 
antisera to chlamydial VD III.
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serotypes A, C, H, I, J, K, and L3. Serogroup B reactants were 

serotypes D, L1, and L2. The antiserum also reacted with serotype F
* from the I (intermediate) serogroup. Antiserum from R2 showed a

much wider range of cross reactivity, reacting with all the same 

serotypes plus serotypes B and Ba of the B serogroup. Antiserum 

from R3 showed a similar degree of cross reactivity as R1 but in a 

different specific manner. Similar cross reactions were seen in 

antiserum directed at VD III from other serotypes. These variations 

in cross reactivity indicate a variation of immune responsiveness in

the test animals.

The cross reaction with heterologous serotypes is seen in 

antisera directed to VD III of serotypes A, L2, and E. Antiserum 

directed at VD III from L2, a member of the B serogroup, showed 

cross reactivity with nearly all of serogroup I and serogroup C. 

Antisera directed at VD III from L2 did not react with one member of 

each serogroup (serotype C from the C serogroup and serotype G from 

the I serogroup). Antisera directed at VD III of serotype E served to 

define the intermediate serogroup and reacted with all the serotypes 

in the I serogroup. The cross reactivity of this serum included only 

members of the I and B serogroup.

• The cross reactivity that is seen by western blot agrees with

predictions based on sequence analysis and hydrophilicity data.
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Cross reactivity that is seen in sera from individual rabbits 

immunized with the same antigen can be attributed to the use of 

outbred, non-isogenic animals in this experiment. Cross reactivity 

seen in sera from groups of animals immunized with different 

antigens is probably due to the fact that VD III is sufficiently 

conserved amongst the differing serogroups to allow for antibody 

binding to conserved regions.

ELISA. ELISA measures the relative amount of specific 

antibody in serum. The serum was reacted against a panel of 

homologous and heterologous antigens consisting of A VD lll-BSA, L2 

VD lll-BSA, E VD lll-BSA and formalin fixed EBs of serotypes A, L2, 

and E. The results of these assays are summarized in Table 3. The 

titer was generally 3-4 orders of magnitude higher when the antigen 

used was the homologous peptide rather than when formalin fixed 

EBs of a homologous serotype were used. Polyclonal, monospecific 

antiserum to known immunoaccessible domains reacts with the 

same titer to both synthetic peptides and to formalin fixed EBs 

(personal communication, Nancy G. Watkins). The titer of antibody to 

formalin fixed EBs of a homologous serotype was often between 20

• and 80 indicating some sort of non specific binding of the antibody.

A similar loss of titer was seen when reacting the antibody with a
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Table 3. Average ELISA titers of antisera to AVDIII, L2VDIII, and 

EVDIII reacted against various antigens.

Sera
AVDIII A EBs

niyvi i
L2VDIII L2 EBs EVDIII E Ebs

R1 1159 (7)a ND 640 (4)* ND ND ND

R2 1470 (10) 20 (2)* 254 (5)* 40 (2)* ND ND

R3 718 (6) ND 64 (3)* ND ND ND

R4 761 (6)* *
(2) 2560 (6)

*
(2) ND ND

R5 905 (3)* 40 (1) 2560 (5) 160 (1) ND ND

R6 1280 (3)* *
(1) 735 (5)

*
(1) ND ND

R130 ND ND ND ND 10240 (4) 1612 (3)

R131 ND ND ND ND 10240 (4) 806 (3)

R132 ND ND ND ND 10240 (4) 403 (3)

a Numbers in parentheses are number of times the ELISA was 
repeated. Starred numbers indicate that on one or more occasions 
the titer was less than 20.

b ND = Not determined

f
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heterologous serotype. Generally the highest titer was seen when 

the antiserum was reacted with the homologous peptide or
* elementary body and the lowest titer was seen when the antiserum

was reacted against a heterologous peptide or antibody.

These assays show that while relatively large amounts of 

anti-VD III antibodies were produced, they failed to cross react with 

heterologous variable domain peptides and to react with formalin 

fixed EBs. In general antibody titer to peptides and to EBs differed 

greatly. The difference corresponded to a dilution factor ranging 

from 400 to greater than 6000.

Immunodot Blot. Dot blots were performed to determine if 

antibody present in antisera was capable of binding to VD III on the 

surface of viable chlamydiae. It was demonstrated that antisera 

raised against VD Ills of serotypes A, L2, and E did not bind to live, 

non-denatured chlamydiae of homologous serotypes (Figure 2). Other 

immunodot blots showed that pooled antisera developed to VD III of 

serotypes A or L2 did not react with live chlamydiae of serotypes A, 

C, H, I, J, or L2 nor would antisera raised to L2 VD III react with live 

EBs of serotypes B, D, F, K, L1, or L3 (data not shown). This

• antiserum reacted with these serotypes on Western blots conducted

previously (Table 1). Monoclonal antibodies known to bind to viable
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Figure 2. Dot blot of antisera to MOMP VD III. Samples of viable 
chlamydiae were adsorbed to nitrocellulose paper. They were then 
probed with polyclonal, monospecific rabbit antisera. MAB1 is a 
monoclonal antibody to the B serogroup specific antigen, MAB2 is a 
monoclonal antibody to the C serogroup specific antigen, and MAB3 
is a monoclonal antibody to the species specific antigen that is not 
surface exposed.
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chlamydiae were used as controls. These monoclonal antibodies 

were directed at the C serogroup specific antigen and the B 

serogroup specific antigen which are known to be immunoaccessible. 

Another monoclonal antibody directed at a species specific epitope 

was used to determine viability of the EBs. On viable EBs (with the 

exception of serotypes E and L1) this epitope is not accessible, and 

if the EBs are heated or denatured this epitope becomes accessible. 

These controls demonstrated both immunoaccessible epitopes and, in 

the case of the species specific antigen, a non-exposed epitope.

Neutralization Assays. Complement independent 

neutralization assays were then performed using antisera raised 

against A VD III, L2 VD III, and E VD III, as well as several control 

antisera. The neutralizing effect of these antisera was tested on 

EBs of both homologous and heterologous serotypes. Positive and 

negative controls were used, in order to determine percent 

neutralization. The negative control consisted of SPG treated 

chlamydiae rather than serum diluted in SPG. The positive control 

consisted SPG and serum with no EBs. Dilutions of the antiserum/EB 

solution ranged from 1:100 to 1:1000, in order to determine

• accurately the number of inclusions present. In one case (using

serotype E) only a 1:1000 dilution of the inoculum gave satisfactory
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results. Overall it does not appear that antiserum to VD III had any 

neutralizing effect for chlamydial infectivity (Tables 4, 5, and 6).

In fact, a slight increase in infectivity was observed in many cases 

(data not shown). The few cases where infectivity decreased may be 

due to experimental error and were not consistent with these

dilutions of antisera.

Conclusion and Discussion

In this study we present the results of analyses to determine 

the immunoaccessibility and immunogenic properties of VD III of 

chlamydial MOMP. In particular, we focused on serotypes A, L2, and 

E as representative serotypes causing trachoma, sexually 

transmitted disease and lymphogranuloma venereum. Our data 

indicate that VD III of the major outer membrane protein is not 

exposed on the chlamydial surface and that polyclonal, monospecific 

antibody to this variable domain does not neutralize chlamydial 

infectivity. In addition, antisera to this domain does not appear to 

be useful for serotyping chlamydial isolates.

Monospecific antibody that was developed to VD III reacted 

• with denatured MOMP that contained homologous sequences as

determined by Western Blot. In the enzyme linked immunosorbance
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Table 4. Neutralization of serotype A with antisera to AVDIII, 
L2VDIII, and EVDIII.

Serum____________Number of inclusions / % Neutralization__________
1LLQD 1;1QQQ

R1 240a/ -b 18 / 14
R2 128/25 13 / 38
R3 178 / - 17/19
R4 207 / - 17 / 19
R5 125 / 27 21 / -
R6 172/- 10/53
R130 221 / - 27 / -
R131 218 / - 27 / -
R132 171 / - 21 / -

Table 5. Neutralization of serotype L2 with 
L2VDIII, and EVDIII.

antisera to AVDIII,

Serum — Number of inclusions / % Neutralization
1:100 1:1000

R1 74a/ -b 12 / -
R2 54 / - 8 / -
R3 44 / - 7 / -
R4 52 / - 9 / -
R5 47 / - 8 / -
R6 54 / - 11/-

R130 52 / - 9 / -
R131 46 / 4 11/-
R132 67 / - 10 / -

a Inclusions per 10 microscopic fields at 320X
b Percent neutralization calculated as 1- (average inclusions of 
sample wells / average inclusions of control wells) x 100. Dashes 
indicate a zero or less than zero percent neutralization.

26



Table 6. Neutralization of serotype E with antisera to AVDIII, 
L2VDIII, and EVDIII.

Serum____________Number of inclusions / % Neutralization__________
1:1000

R1 42a7 -b
R2 52 / -
R3 59 / -
R4 42 / -
R5 52 / -
R6 61 / -
R130 52 / -
R131 39 / 2.5
R132 43 / -

a Inclusions per 10 microscopic fields at 320X
13 Percent neutralization calculated as 1- (average inclusions of 
sample wells / average inclusions of control wells) x 100. Dashes 
indicate a zero or less than zero percent neutralization.
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assay and immunodot blot procedures monospecific antibody did not 

bind to either formalin fixed or viable chlamydiae, indicating that 

VD III was not exposed on the chlamydial surface. The immunodot 

blot procedure has been used previously to demonstrate surface 

accessibility (28). In addition, since monoclonal antibody directed 

to exposed epitopes neutralized infectivity, we tested our antisera 

in a neutralization assay using homologous and heterologous EBs.

The antisera did not neutralize, again suggesting that these epitopes 

are not immunoaccessible on the elementary body surface.

Study of the cross reactivity pattern reveals that polyclonal, 

monsopecific antibody raised to VD III of serotype A or L2 reacts 

with MOMP found in all three serogroups. The immunogenic sites 

recognized by these antibodies lie in the middle of the variable 

domain and involve an aspartic acid residue at position 233. The 

cross reactivity of antibody raised to VD III of serotype E indicates 

that the epitope recognized is found at the N-terminal region of the 

variable domain, possibly involving aspartic acid 237. As is shown 

(Table 1) these epitopes do not confer any serogrouping properties 

that correspond with known serogroups.

The immunoreactivity of the antisera to the peptides 

• corresponding to VD III of various serotypes was determined. The

differences in antibody titer to the various immunogens can be
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explained by the hydrophilicity of those immunogens. Immunogens 

with a higher proportion of ionizable amino acid residues showed
* generally higher titers than those with fewer ionizable groups.

Overall, the imunogenicity of epitopes found in VD III was low. The 

use of peptides as immunogens has been shown to be plagued by this 

problem. Conjugation of peptides with known haptens can overcome 

this difficulty to a certain degree. The differing cross reactivity of 

antisera raised to identical immunogens is a common problem in the 

type of system used in this study. The animals used to develop 

antisera were non-isogenic and would be expected to show different 

immunologic characteristics.

If VD III does not have epitopes which generate humoral 

immunity in vivo, why do we see variation in amino acid sequences 

in VD III? Four theories can be proposed for the explanation of this 

sequence variation. The variation is due to a selective pressure, 

either immunological or structural. This selective pressure may 

firstly be due to host immune responses, as has been proposed for 

sequence variation in VD I, VD II, and VD IV (1). The sequence of 

exposed regions of the protein changes to enable the organism to 

evade an active immune response to the exposed domains thus

• evading clearance by the host. We have shown that antibody to VD III

does not bind to viable chlamydiae during the infection process
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indicating that it is not accessible and probably not involved in 

clearance of the organism by the host. The selective pressure that 

results in sequence variation of VD III cannot, therefore, be due to a 

direct humoral immune response to VD III. Indirectly, the immune 

response may exert pressure by requiring changes in VD III to 

accommodate structural changes in the other variable domains. This 

would enable MOMP to maintain structural integrity and function 

while varying sequences in accessible domains.

Secondly, the selective pressure may also result from the 

host’s cell-mediated immune response. Variable domain III is the 

least variable of the four domains found in chlamydial MOMP. 

Sequence analysis of this variable domain by the method of Rothbard 

(19) has shown that it contains motifs common to T-cell epitopes 

found in other organisms. T-cell epitopes are protein fragments 

which are processed by T cells and can contribute either helper or 

suppressor activity. Helper T cells stimulate production of 

lymphokines and antibody, while T suppressor cells suppress the 

immune response to chlamydiae. The suppression of the immune 

response may lead to short lived immune responses during 

Chlamydia trachomatis infections. The selective pressure that such

• a cell-mediated immune response places on an infectious particle

may be responsible for the variation seen in the amino acid sequence
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of VD III, if this is indeed a T cell epitope.

The third theory that would explain the variation seen in VD III 

of MOMP involves the function of MOMP itself. MOMP has been 

hypothesized to be a porin protein (3). As a porin protein the 

molecule would be expected to regulate the flow of ions into and out 

of the cell during the metabolically active stage of the life cycle. 

Variable domain III could conceivably be involved in the regulation 

of this flow. The sequence of VD III shows that it has 2-4 readily

ionizable amino acid residues. These residues could have a role in

regulation of the flow of ions or other molecules through the outer 

membrane of this organism.

A fourth theory explaining the existence of sequence variation 

in the variable domains of the chlamydiae was proposed by Baehr (1). 

The variable domains may serve as structures that protect a highly 

conserved binding site elsewhere on the outer membrane, perhaps 

elsewhere in the major outer membrane protein. According to Baehr, 

this has been seen in picornaviruses. In the picornaviruses the 

serotyping determinants protrude from the surface of the virion and 

may protect a cleft region that contains the binding site for host 

cell receptors. Such a function may be proposed for the variable

• domains in general and VD III in particular.

It is important to note that the functional significance of the
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variation in VD III remains unknown. Further study must be done to 

elucidate completely the function of VD III in the chlamydiae. The 

fact that VD III is variable does indicate that it exists in an area, or 

has a function, that is susceptible to selective pressure.

This work has succeeded in defining the surface accessibility 

of chlamydial VD III. We show that VD III is not immunoaccessible 

on the bacterial surface and thus does not serve as a serotyping 

antigen. We have further demonstrated that polyclonal, 

monospecific antibody to VD III does not neutralize chlamydial 

infectivity in vitro. The approach that is taken in this study is novel 

in the use of synthetic peptides to develop specific reagents to look 

at functions of protein in the cell wall and in the use of cell wall 

protein sequences as templates for such peptide development. We 

have developed a theory to explain why there has been no antibody 

activity directed towards VD III in convalescent animal or human 

serum and have eliminated from serious consideration the use of VD

III in a subunit or recombinant vaccine.

<1
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