
purification protocols. Isolation of full 
length cDNA for the glucocorticoid re- 
ceptor with the immunopositive clone 
DNA's as probes will allow determina- 
tion of its primary amino acid structure. 
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Expression of the Chlamydia1 Genus-Specific 
Lipopolysaccharide Epitope in Escherichia coli 

Abstract. The obligate intracellular prokaryote Chlamydia trachomatis is the 
etiological agent of trachoma and is a primary causative pathogen of sexually 
transmitted genital tract disease; both diseases affect millions of people each year. 
The cloning of genes encoding the enzyme or enzymes producing the genus-speciJic 
lipopolysaccharide antigen of Chlamydia into Escherichia coli is reported here. The 
cloned chlamydia1 lipopolysaccharide antigen appears to be a hybrid lipopolysac- 
charide molecule composed of both Chlamydia and Escherichia coli components. 
The chlamydial lipopolysaccharide antigen is expressed on the surfaces of the viable 
Escherichia coli recombinants. These $findings may have a signiJicant impact on 
defining the role of this highly conserved antigen in the pathogenesis and diagnosis 
of chlamydial infections. 

Chlamydia are obligate intracellular 
prokaryotes that are structurally similar 
to gram-negative bacteria (1). There are 
two species, Chlamydia trachomatis and 
C,  psittaci. Chlamydia trachomatis is a 
specific human pathogen, whereas C. 
psittaci is a pathogen of a variety of 
nonprimate species. Diseases caused by 
C. trachomatis present a major health 
problem throughout the world. In devel- 
oping countries, C,  trachomatis causes 
hyperendemic trachoma, which is the 
world's leading cause of preventable 
blindness. There are approximately 2 
million people in the world today who 

are blind as a result of trachoma and an 
estimated 360 million more who are af- 
fected by this disease (2). In industrial- 
ized nations, C. trachomatis causes an 
array of sexually transmitted genital 
tract and associated infections whose 
incidence is increasing at epidemic rates 
(3). Conservative estimates indicate that 
in the United States alone there are at 
least 3 million C. trachomatis infections 
per year (3). In addition to their verte- 
brate hosts, chlamydial-like organisms 
have also been identified in tissues of 
spiders (Coelotus luctuosus) (4) and 
clams (Mercenaria mercenaria) (5); 
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Fig. 1. Polyacrylamide gel and immunoblot analysis of recombinant E. coli m a rn a 
clones expressing the genus-specific chlamydial LPS epitope. (A) Photograph of !? -1 2 r- 

cnm .. 
a silver-stained 15 percent polyacrylamide gel: (1) MW, molecular weight a a  r- 

,O e e  2 . A - 1 o  standards (in kilodaltons); (2) CP-Mn, whole-cell preparation of C. psittaci Cal- 
5 z z A &  &' 

10 meningopneumonitis strain; (3) CT-L2, whole-cell preparation of C. tracho- " u 
matis serotype L2; (4) pUC8, whole-cell preparation of E. coli JM109 harboring 5 0 .  h 3 r r  r 3  - A D  2 

Z V V  a a v a  c 
- - 

G ' Z a u a a  
plasmid pUC8; (5) pFEN207, wholetell preparation of E. coli JM109 harboring 
plasmid pFEN207; (6) CT-L2/LPS, C. trachomatis serotype L2 LPS isolated by - . 
the phenol-water procedure of Westphal and Jann (20); (7) pUCSLPS, isolated 
LPS from E. coli JM109 with plasmid pUC8; (8) pFEN207/LPS, isolated LPS 45 - 
from E. coli JM109 with plasmid pFEN207. The two LPS species (migrating as a 
doublet) of E. coli JM109 are identified by the open arrows in lanes 4,5,7, and 8. - 
The chlamydial LPS and a faster migrating LPS found only in whole cell 
preparations and the phenol-water extract of JM109(pFEN207) are identified by 
the solid arrows. This smaller molecular weight species of LPS found only in E. 
coli harboring plasmid pFEN207 was immunoreactive with monoclonal anti- 

- 
body against the genus-specific chlamydial LPS epitope as shown by the 
immunoblot. (B) Immunoblot of a polyacrylamide gel shown in (A). Polypep 14 - 
tides and LPS were electrophoretically transferred to nitrocellulose paper, 
reacted with monoclonal antibody against the genus-specific chlamydial LPS 
epitope, and probed with ['251]protein A as described (12). The monoclonal 

;Ii 
antibody recognizes the LPS of C. psittaci and C. trachomatis (lanes 2 and 3) 
and the C. trachomatis LPS isolated by phenol-water extraction of purified 

F'# 
1 2 3 4 5 6 7  3 4 5 6 7 8  

chlamydial elementary bodies. The monoclonal antibody also binds to the lower Silver Stain PAGE 
molecular weight LPS in both the whole-cell preparation (lane 5) and the phenol- Immunoblot 

water extract (lane 8) of E. coli harboring the pFEN207 plasmid. The monoclonal antibody did not react with the whole-cell preparation or 
isolated LPS of E. coli harboring pUC8 (lanes 4 and 7). These findings show that E. coli (pFEN207) is expressing at least two electrophoretically 
diierent species of LPS: a larger molecular weight LPS common to E. coli JM109 and a smaller LPS species that binds the genus-specific 
chlamydial LPS monoclonal antibody. 

these results suggest that chlamydiae are 
ubiquitous parasites present throughout 
the animal kingdom. 

Biologically, Chlamydia are distin- 
guished from all other intracellular pro- 
karyotes by their unique life cycle and 
molecular mechanisms of pathogenesis. 
The life cycle consists of two cell types, 
the elementary body and the reticulate 
body, which differ both morphological- 
ly and functionally (1). The elementary 
body is the extracellular cell type; it is 
metabolically inactive and is the infec- 
tious form of the parasite. The elemen- 
tary body is unique in that it is efficiently 
phagocytized, even by nonprofessional 
phagocytes (6), and, once internalized, it 
prevents phagolysosomal fusion (7). Me- 
diators of these interesting pathogenic 
mechanisms are believed to be surface 
components of the elementary body; 
however, their identity and biochemical 
nature are currently unknown. Despite 
their common biology, C .  trachomatis 
and C. psittaci share only 10 percent 
DNA homology (8) and demonstrate lit- 
tle antigenic relatedness among their sur- 
face protein constituents (9). They do, 
however, share a common outer-mem- 
brane glycolipid antigen that has recently 
been shown to be a lipopolysaccharide 
(LPS) antigenically similar to the Re LPS 
chemotype isolated from mutants of Sal- 
monella spp. (1&12). Despite the simi- 
larities between chlamydial LPS and the 
Re LPS of enteric bacteria, chlamydial 
LPS contains a periodate-sensitive anti- 
genic determinant that is not found in a 
variety of Gram-negative bacteria (12). 

This antigenic determinant has been de- 
fined by a monoclonal antibody and 
termed the genus-specific LPS antigen 
(12). The biological function of chlamyd- 
ial LPS is unknown, but the conserved 
nature of the LPS epitope in an other- 
wise antigenically diverse genus suggests 
that this epitope may be functionally 
important with respect to the molecular 
mechanisms of pathogenesis shared by 
these obligate intracellular parasites. 

From a gene bank (13) of C.  trachoma- 
tis (strain LGV-434) DNA, we identified 
several recombinants that were immuno- 
reactive with rabbit polyclonal antibody 
raised against viable LGV-434 elemen- 
tary bodies. Four of these nonsibling 
recombinants were subsequently shown 
by immunoblots of polyacrylamide gels 
to possess an antigen reactive with a 
monoclonal antibody directed against 
the genus-specific LPS epitope. One of 
these Escherichia coli recombinants, 
JMlW(pFEN207), was studied in more 
detail. Analysis of whole-cell prepara- 
tions and phenol-water extracts of chla- 
mydial elementary bodies and E. coli 
recombinants by polyacrylamide gel 
electrophoresis (PAGE) showed that the 
JMlW(pFEN207) recombinant has three 
distinct species of LPS (Fig. 1A). Two of 
the LPS species were found in the parent 
E. coli strain harboring the pUC8 plas- 
mid. A third LPS species was unique to 
the recombinant strain and reacted with 
a monoclonal antibody against the chla- 
mydial genus-specific LPS epitope by 
immunoblotting analysis (Fig. 1B). The 
immunoreactive LPS found in the 

recombinant clone pFEN207 migrated 
with an increased electrophoretic mobil- 
ity relative to native chlamydial LPS. 

There are two likely explanations for 
this observation: (i) the molecule is an 
incomplete chlamydial LPS, or (ii) it is a 
hybrid LPS molecule composed of both 
E. coli and chlamydial LPS component. 
The latter explanation is more likely 
since the 6.5-kilobase chlamydial DNA 
insert in the pFEN207 plasmid lacks the 
necessary coding capacity for the esti- 
mated 20 to 30 enzymes needed to syn- 
thesize a complete LPS molecule (14, 
15). Using this reasoning, we believe that 
the pFEN207 plasmid contains a gene or 
genes that encode a glycosyl transferase 
involved in chlamydial LPS synthesis 
and that the chlamydial glycosyl trans- 
ferase has incorporated the carbohydrate 
moiety that confers the genus-specific 
antigenic property to chlamydial LPS on 
E. coli LPS. Glycosylation of the E. coli 
LPS by the putative chlamydial glycosyl 
transferase might terminate the further 
synthesis of the proximal portion of the 
E. coli LPS and result in a truncated 
hybrid molecule. Although this is a rea- 
sonable explanation for our observa- 
tions, definitive proof will require struc- 
tural and genetic analysis. 

Of considerable interest to us was 
whether the chlamydial LPS epitope 
was exposed on the surface of the E. 
coli recombinant. Fluorescent antibody 
staining of heat-fixed pFEN207 cells 
with the chlamydial LPS monoclonal 
antibody showed that the antigen was 
located at the periphery of individual 
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cells (Fig. 2).We also observed sur- 
face immunofluorescence, using viable 
JM109(pFEN207). (These results are not 
shown because of the technical difficul- 
ties associated with photographing un- 
fixed cells.) We were able to confirm the 
surface exposure of the chlamydial LPS 
epitope on viable E. coli recombinants 
by immunoelectron microscopy. When 
viable pFEN207 cells were reacted with 
monoclonal antibody and protein A col- 
loidal gold and then examined by elec- 
tron microscopy without subsequent fix- 
ation or staining, electron-dense gold 
particles were specifically bound to the 
surfaces of the recombinant clone ex- 
pressing the chlamydial LPS epitope 
(Fig. 2C). 

In order to investigate the biological 
role of the chlamydial LPS epitope in 
chlamydial-host cell interaction, we per- 
formed some preliminary in vitro ex- 
periments. The E. coli recombinant, 
JM109(pFEN207), and its parent strain, 
JM109(pUC8), were radiolabeled both 
intrinsically ([35S]methionine) and ex- 
trinsically ('*'I) and absorbed to mono- 
layer cultures of HeLa 229 cells at 37°C. 
In both sets of experiments, we observed 
that the association of the recombinant 
strain with HeLa cells was two to five 

times that of the parent strain. These 
data suggest a possible role for the LPS 
epitope in chlamydial-host cell interac- 
tion. 

Thus far, all the LPS biosynthetic en- 
zyme genes that have been cloned have 
been from enteric bacteria (1618); enzy- 
matic activity has not always been ob- 
served outside of the homologous sys- 
tem. Therefore, our results are particu- 
larly interesting since they indicate simi- 
lar mechanisms of LPS biogenesis in two 
diverse genera. Furthermore, the obser- 
vations reported here will provide an 
opportunity to investigate the function of 
chlarnydial LPS in both the biology of 
the chlamydial infectious process and 
the pathogenesis of chlamydial disease. 
For example, E. coli clones expressing 
the LPS genus-specific antigen on their 
surfaces may be useful in studying the 
role of this molecule as a chlamydial 
adhesion or a virulence determinant that 
functions in the internalization or inhi- 
bition of phagolysosome inhibition, or 
both. Moreover, it has been proposed 
that the pathology seen in chlamydial 
disease, particularly chronic ocular tra- 
choma, is immunologically mediated 
since pathognomonic signs of pannus 
formation and conjunctival scarring oc- 

recombinant plasmid 
pFEN207 reacted 
with monoclonal anti- 
body against the ge- 
nus-specific chlamyd- 
ial LPS epitope and 
stained with a fluores- 
cein-conjugated goat 
antimouse immuno- 
globulin G antibody, 
Fluorescence is local- 
ized to the outer 
membrane of E. coli. 
(B) Negative control, 
E. coli JM109 with 
plasmid pUC8 treated 
in the same way as 
cells shown in (A). 
(C) Immunoelectron 
microscopy of viable , 
E. coli (pFEN207) re- 
acted with monoclonal antibody and probed with protein A conjugated to 14 nM colloidal gold 
particles (21'22). The electron-dense gold particles are found associated only with the surfaces 
of viable E. coli. Binding of monoclonal antibody against the chlamydial LPS epitope shows 
that this antigenic determinant is exposed on the native E. coli cell surface. (D) Negative 
control, E. coli pUC8 treated in the same way as cells shown in (C). 

cur only after repeated or recurrent in- 
fection (19). The antigen or antigens that 
mediate this apparent hypersensitivity 
response to infection are unknown. 

It is tempting to speculate, however, 
that the antigenically common LPS de- 
terminant may mediate this proposed 
immunopathogenesis. The recombinant 
E. coli clone JM109(pFEN207) express- 
ing the chlamydial genus-specific LPS 
epitope could be used in animal model 
studies to investigate the role of chla- 
mydial LPS in both the pathogenesis and 
immunity to chlamydial infections. This 
recombinant may prove to be a useful 
reagent in the development of much 
needed immunoassays for the diagnosis 
of chlamydial infections in both humans 
and nonprimate hosts. 
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