
INFECTION AND IMMUNITY, May 1985, p. 546-551
0019-9567/85/050546-06$02.00/0
Copyright ©D 1985, American Society for Microbiology

Effect of Proteolytic Cleavage of Surface-Exposed Proteins on

Infectivity of Chlamydia trachomatis
TED HACKSTADT* AND HARLAN D. CALDWELL

Laboratory of Microbial Strulctuire and Function, Rocky Mountain Laboratories, National Institute of Allergy and
Infectious Diseases, Hamilton, Montana 59840

Received 3 December 1984/Accepted 31 January 1985

The proteolytic cleavage of Chlamydia trachomatis LGV-434 surface proteins and resultant effects on

infectivity and association with cultured human epithelial (HeLa) cells have been examined. Of several
proteases examined, trypsin, chymotrypsin, and thermolysin extensively cleaved the chlamydial major outer
membrane protein (MOMP). Two proteases, trypsin and thermolysin, cleaved the MOMP to the extent that
monomeric MOMP was not detectable by immunoblotting with monospecific polyclonal antibodies. In the case

of thermolysin, not even antigenic fragments were detected. Surprisingly, infectivity toward HeLa cells was not
diminished. In addition, the association of intrinsically '4C-radiolabeled elementary bodies (EBs) with HeLa
cells or their dissociation by proteinase K was not measurably affected by prior trypsinization of the EBs.
Trypsinization of lactoperoxidase surface-iodinated elementary bodies demonstrated that most of the '251-la-
beled surface proteins were cleaved. In all cases, however, a number of proteolytic cleavage fragments
remained associated with the EB surface after surface proteolysis. When trypsinized EBs were electrophoresed
under nonreducing conditions and immunoblotted with either polyclonal or type-specific monoclonal MOMP
antibodies, MOMP was found in a large oligomeric form that failed to enter the polyacrylamide stacking gel.
Additionally, trypsinized viable EBs bound radioiodinated type-specific MOMP monoclonal antibody as

efficiently as did the control nontrypsinized organisms. Taken together, the findings indicate that although the
MOMP is highly susceptible to surface proteolysis, the supramolecular structure of the protein on the EB
surface is apparently maintained by disulfide interactions. Thus, if surface-exposed chlamydial proteins are
involved in the initial interaction of chlamydiae with eucaryotic cells, the functional domains of these proteins
which mediate this interaction must be resistant to proteolysis and remain associated with the EB surface.

Chlamydiae are obligate intracellular bacteria that repli-
cate within phagosomal vesicles of eucaryotic cells. The
developmental cycle of chlamydiae is complex, involving an
extracellular infectious cell type, the elementary body (EB),
and a metabolically active but noninfectious reticulate body
that multiplies by binary fission (3, 15, 29). Chlamydiae
resemble gram-negative bacteria in their cell wall structure
but differ from them in that chlamydiae lack demonstrable
peptidoglycan (1, 17, 24, 36). It is believed that the structure
conferring rigidity to the EB cell wall is a network of
disulfide cross-linked outer membrane proteins (2, 18, 19,
27). A predominant component of this structure is the
chlamydial major outer membrane protein (MOMP). This
protein has been estimated to make up as much as 60% of the
total outer membrane protein (8). In extracts of freshly
purified EBs, MOMP is found in monomeric, dimeric, and
oligomeric forms. On the EB surface, a proportion of the
MOMP also appears to be linked via disulfide bonds to form
a large supramolecular structure dissociable with reducing
agents (2, 18, 19, 27). The MOMP from reticulate bodies also
appears in monomeric, dimeric, and oligomeric forms, al-
though cross-linking is less extensive than that of EBs (18,
19). Reductive cleavage of this disulfide-mediated supramo-
lecular structure therefore appears to precede differentiation
and growth to the reticulate body stage (18, 19).

In addition to its structural role, the MOMP appears also
to be an exposed surface antigen with different antigenic
domains conferring serotype, serogroup, and species reac-
tivities (8, 34). The predominance alone of this surface-ex-
posed protein (8) and neutralization of infectivity by poly-
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clonal rabbit anti-MOMP antisera (10) has led to speculation
that this protein may be involved in the interaction of
chlamydiae with host cells.
To explore possible roles of MOMP and other surface

proteins, we have subjected intact, purified EBs to a variety
of proteases and examined the effects of this surface pro-
teolysis on the ability of chlamydiae to interact with eucary-
otic cells. The conditions used resulted in extensive cleavage
of surface-exposed chlamydial proteins but had surprisingly
little effect on infectivity.

MATERIALS AND METHODS

Organisms. Chlamydia trachomatis LGV-434, serotype
L2, was grown in suspension cultures of mouse L-929 cells,
and EBs were purified as described previously (8). Intrinsic
radiolabeling of EBs with 14C-amino acids was also done as

described previously (10). EBs were surface radiolabeled
with Na1251 (ICN, Irvine, Calif.) by using lactoperoxidase
and hydrogen peroxide (25).

Infectivity determinations. Inclusion-forming units (IFUs)
were determined by the method of Furness et al. (16) as
modified by Hackstadt et al. (18).
PAGE. Polyacrylamide gel electrophoresis (PAGE) has

already been described (22), as have immunoblotting proce-
dures (18).

Immunological reagents. Preparation and specificity of the
immunoglobulin G fraction of hyperimmune rabbit poly-
clonal antisera against purified sodium dodecyl sulfate (SDS)-
denatured C. trachomatis (L2 serotype) MOMP have been
described previously (11). The monoclonal antibody L2-1-6,
which recognizes a genus-specific epitope on the lipopolysac-
charide of chlamydiae, has been described previously (7).
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Monoclonal antibodies L2-1-45 and L2-1-10 were similarly
prepared and recognized type- and species-specific epitopes,
respectively, located on the MOMP of C. trachomatis
LGV-434 (H. D. Caldwell, manuscript in preparation). A
control monoclonal antibody (C53) reactive with a surface
protein of Borrelia hermsii was kindly provided by Alan
Barbour, Rocky Mountain Laboratories.

Binding of monoclonal antibodies to surface-proteolysed
EBs. Monoclonal antibodies were radioiodinated by the
lodogen (Pierce Chemical Co., Rockford, Ill.) procedure
(14). Control or trypsinized EBs were incubated for 30 min
at 37°C in 50 mM sodium phosphate-150 mM NaCl (pH 7.4),
containing 3% bovine serum albumin (PBSA) and 2.0 Fig (5.2
x 104 to 7.2 x 104 cpm) of the control of chlamydia-specific
1251-monoclonal antibodies. The EBs were pelleted in a
microcentrifuge and washed twice with PBSA before deter-
mination of associated radioactivity with a Beckman Gamma
4000 (Beckman Instruments, Inc., Fullerton, Calif.).

Surface proteolysis of EBs. Purified C. trachomatis
LGV-434 EBs (approximately 100 to 150 ,ug of protein in 200
,ul of 10 mM sodium phosphate-15 mM NaCl [pH 7.4] [PBS])
were pulsed with 10 ,ul of protease (1 mg/ml of 0.001 N HCI)
four times at equal intervals over a 2-h incubation period at
37°C. Phenylmethylsulfonyl fluoride was added after 2 h,
and the suspension was chilled to 4°C and pelleted in a
Beckman microfuge 12 (Beckman Instruments). The pellets
were resuspended in PBS and layered over 1 ml of 30%
(vol/vol) Renografin (E. R. Squibb & Sons, Inc., Princeton,
N.J.) and pelleted through the Renografin pad by centrifu-
gation at 70,000 x g for 30 min. The pellet was carefully
resuspended in 1 ml of 250 mM sucrose-10 mM sodium
phosphate-5 mM glutamate buffer (pH 7.2) (SPG) and dis-
sociated by vigorous vortexing (proteolysed EBs tended to
aggregate more than control EBs). A portion was taken for
determination of IFUs, and the remainder was pelleted in a
Beckman Microfuge 12 and solubilized for PAGE.

Binding of 14C-chlamydiae to HeLa cells. Association of
control or trypsinized 14C-chlamydiae with host cells was
determined by a method similar to that used by Soderlund
and Kihlstrom (33). Monolayers of HeLa 229 cells were
seeded 24 h earlier at a density of 5 x 105 cells per ml (3 ml
per well) in 6-well plastic tissue culture plates (Flow Labo-
ratories, Inc., McLean, Va.). Control or trypsinized EBs
were suspended in cold Hanks balanced salt solution, and
the medium was aspirated from the monolayers. The HeLa
cells were inoculated with 1 ml of the 14C-EBs per well and
incubated at 4°C for 2 h, after which the monolayers were
washed rapidly three times with cold PBS, 1 ml of PBS was
added to half the wells, and 1 ml of PBS plus 250 ,ug of
proteinase K per ml (Boehringer Mannheim Biochemicals,
Indianapolis, Ind.) was added to the remaining wells. The
plates were held for an additional 30 min at 4°C. The
monolayers were dislodged with a rubber policeman and
transferred to a prechilled conical glass centrifuge tube. The
wells were washed once with cold PBS, and the wash was
pooled with the cells in the centrifuge tube. The cells and
associated chlamydiae were pelleted by centrifugation at 250
x g for 5 min at 5°C, the pellet was washed once with 4 ml
of cold PBS, 1 ml of 0.1 N NaOH was added to the pellet,
and the cells and associated 14C-chlamydiae were solubilized
at 70°C for 45 min. The solubilized cells and chlamydiae
were transferred to scintillation vials, and 7.5 ml of Aquasol
(New England Nuclear Corp., Boston, Mass.) was added to
each vial. Associated counts were determined by liquid
scintillation spectroscopy, and proteinase K-sensitive and
-resistant radioactivity was calculated.
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FIG. 1. Effect of protease treatment of intact C. trachomatis
LGV-434 EBs. The EBs were treated with no protease (control [C]),
trypsin (T), (x-chymotrypsin (CT), staphylococcal V-8 protease
(V-8), mouse submaxillary gland protease (MSMG), or thermolysin
(TL), as described in the text. The EBs were washed and solubilized
for electrophoresis in Laemmli buffer (22) plus 2-mercaptoethanol
and applied in parallel to 12.5% acrylamide SDS-PAGE. Gels were
either stained with CBB (A) or immunoblotted with rabbit poly-
clonal anti-C. trachomatis, L2 serotype, MOMP immunoglobulin G
(B). The position and molecular weight of markers are indicated.
Note that even in the control lane some cleavage of the MOMP is
apparent. The fragments do not appear to comigrate on SDS-PAGE
with any of the fragments generated by the proteases used here. It is
not clear whether these fragments result from spontaneous break-
down of the MOMP, endogenous proteases, or exposure to host
proteases during purification, but they do seem to vary in amount
between chlamydial preparations.

RESULTS

Protease susceptibility of EBs. A battery of proteases was
examined for cleavage of C. trachomatis (L2 serotype) EB
surface-exposed protein, and effects on infectivity. A
Coomassie brilliant blue (CBB)-stained gel and accompany-
ing immunoblot of L2 EBs electrophoresed after surface
proteolysis are shown in Fig. 1. Trypsin, chymotrypsin, and
thermolysin all cleaved MOMP to the extent that its mono-
meric form is not apparent on CBB-stained gels. Staphylo-
coccal V-8 protease and mouse submaxillary gland (MSMG)
protease had little effect. On this 12.5% polyacrylamide gel,
two CBB staining fragments are seen near the dye front in
the trypsin-treated EB lane and one fragment from the
chymotrypsin- and thermolysin-treated EBs. These frag-
ments are not reactive with the anti-MOMP antibody by
immunoblotting. In the immunoblot of a parallel gel with
rabbit polyclonal anti-MOMP antibody, some fragments of
MOMP are apparent even in the control EBs incubated in
the absence of protease. EBs incubated in the presence of
V-8 or MSMG protease are similar to the control, although
one additional large fragment is seen in the V-8-treated EBs.
While chymotrypsin treatment reduced amounts of mono-
meric MOMP to undetectable levels by CBB staining, some
residual monomeric MOMP is detected by immunoblotting,
as are two or three large fragments. No monomeric MOMP
is seen after trypsin treatment, but four predominant poly-
peptides, reactive with anti-MOMP antibodies, remain asso-
ciated with the EBs. Thermolysin treatment cleaved MOMP
to such an extent that no immunoreactive species was
detected.
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TABLE 1. Effect of protease treatment on chlamydial infectivity'

Protease IFU/ml(x 106)

None........ 2.65
Trypsin........ 2.11
Chymotrypsin........ 2.81
V-8........ 2.41
MSMG........ 1.32
Thermolysin ........ 2.63

a Infectivity of those preparations subjected to SDS-PAGE and immuno-
blotted in Fig. 1.

Although two proteases, trypsin and thermolysin, cleaved
surface-exposed MOMP to the extent that no monomeric
MOMP was detectable, no reduction in infectivity was seen
(Table 1).

Trypsin concentration. Increasing ratios of trypsin to EBs
result in fewer antigenic fragments and fragments of lower
molecular weight than those seen in the less extensively
cleaved samples (Fig. 2). At the highest trypsin concentra-
tion, five antigenic fragments are detected by immunoblot-
ting with the polyclonal anti-MOMP antibodies. In this 15%
polyacrylamide gel, up to five additional CBB staining
fragments in the molecular weight range of 3,000 to 14,000
are resolved. The intensity of their CBB staining suggests
that these fragments may be cleavage products of MOMP;
however, only one of these low-molecular-weight (8,000)
fragments is reactive by immunoblotting with anti-MOMP
antibody. The lack of reactivity by immunoblotting is not
due to failure of these peptides to transfer to or remain
associated with the nitrocellulose paper, since intrinsically
14C-amino acid-labeled chlamydial peptides after trypsiniza-
tion transferred to and remained associated with the nitro-
cellulose paper during a mock immunoblot (data not shown).
Attempts to demonstrate that these fragments were ofMOMP
origin by radioimmunoprecipitation of control and trypsin-
ized 14C-EBs were unsuccessful (data not shown) as a result
of the coprecipitation of unrelated polypeptides or epitopes.
Since we did not precipitate these polypeptides with the

A

control anti-ovalbumin antisera, we presumed that the lack
of specificity of radioimmunoprecipitations seen even with
monoclonal antibodies (data not shown) was due to the
formation of mixed micelles among the hydrophobic frag-
ments of MOMP and other outer membrane proteins. The
origin of these fragments therefore remains unknown. In
nine separate trypsinizations in which cleavage of mono-
meric MOMP was virtually complete, the mean number of
IFUs after proteolysis was 103.0% ± 20.0% (R ± standard
error of the mean) of control samples.

Trypsinization of surface-iodinated EBs. To examine the
effects of proteolysis of surface-exposed proteins other than
MOMP, C. trachomatis LGV-434 EBs were surface iodin-
ated by the lactoperoxidase method and treated as controls
or with trypsin as described above (Fig. 3). A number of
1251-containing bands are apparent in the lane containing the
control EBs. In the EBs treated with trypsin, however, most
of 125I-labeled surface proteins are cleaved from the surface
or migrate on SDS-PAGE as small fragments near the dye
front. A single 125I-labeled polypeptide of about 15,000
daltons appears to be more resistant to cleavage by trypsin.

Trypsinization of [35S]cysteine-labeled EBs. Disulfide-medi-
ated cross-linking of chlamydial outer membrane proteins (2,
18, 19, 27) appears to confer structural rigidity to these
gram-negative bacteria which lack demonstrable peptido-
glycan (1, 17, 24, 36). In addition, disulfide exchange of
chlamydial proteins with eucaryotic cell components has
been proposed as a mechanism potentially involved in the
interactions of chlamydiae with host cells (18). Because of
the importance of disulfide bonding and its regulation in the
life cycle of chlamydiae (18, 19), we examined the effects of
trypsinization on EBs intrinsically labeled with [35S]cysteine
(Fig. 4). A number of [35S]cysteine-containing bands remain
associated with surface-proteolysed EBs. Again, the origin
of most of these fragments is unknown, although the inten-
sity of exposure suggests that many may be fragments of
MOMP.
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FIG. 2. Effect of trypsin concentration on cleavage of the C.
trachomatis LGV-434 MOMP. Various enzyme-to-substrate protein
ratios are shown. The acrylamide concentration in the gel depicted
here was 15%; there is therefore considerably better resolution of
the low-molecular-weight fragments. Antigenic fragments were de-
tected by immunoblotting with rabbit polyclonal anti-C. trachoma-
tis, L2, MOMP immunoglobulin G (A). A CBB-stained gel is also
shown (B).
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FIG. 3. Autoradiogram of C. trachomatis LGV-434 EBs surface
iodinated by the lactoperoxidase method (24) and treated as controls
or with trypsin.
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MOMP epitopes remaining surface associated after prote-
olysis. The preceding figures demonstrate that cleavage
products of a number of chlamydial surface proteins remain
associated with the EBs after trypsinization. Although intact
monomeric MOMP is not apparent by immunoblotting in
most cases after surface trypsinization, it is clear that certain
antigenic domains remain associated with the EB surface.
To examine the interaction of MOMP after trypsinization,
EBs that had been treated as controls or with trypsin were
solubilized in the absence of 2-mercaptoethanol, subjected
to SDS-PAGE, and immunoblotted. Antigenic species were
detected with rabbit polyclonal monospecific anti-MOMP
antibodies or monoclonal antibodies reactive with type- or
species-specific epitopes on the MOMP (Fig. 5). From these
control or trypsinized EBs in which disulfide interactions of
the MOMP have not been disrupted by reducing agents,
MOMP is detected in large aggregates that fail to enter even
the stacking gel. These large aggregates are characteristic of
interactions ofMOMP on the EB surface and were believed
to make up portions of the disulfide-linked supramolecular
structure which confers structural stability to the EBs (18). It
is clear that even after trypsinization, MOMP fragments
remain extensively cross-linked via disulfide bonds. It is
further apparent that the type-specific epitope of the MOMP
remains associated with these aggregates and is antigenic
even after trypsinization. In contrast, either the species-spe-
cific epitope of the MOMP is cleaved from the surface or its
antigenicity destroyed by trypsin.

Additional evidence for the association of the type-spe-
cific epitope of MOMP with the EB surface after trypsiniza-
tion was obtained by examining the binding of 1251I-labeled
monoclonal antibodies to control or trypsinized EBs (Table
2). Binding of the type-specific monoclonal antibody to
trypsinized EBs was greater than 70% of control values. In
contrast, binding of the species-specific monoclonal antibod-
ies to trypsinized EBs was reduced to background levels.

Association of trypsinized EBs with cultured cells. Control
of trypsinized C. trachomatis LGV-434 EBs intrinsically
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FIG. 4. Autoradiogram of C. trachomatis LGV-434 EBs intrin-
sically labeled with [35S]cysteine and treated as controls or with
trypsin.
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FIG. 5. Immunoblot analysis of MOMP interactions in the ab-

sence of reduction. Control or trypsinized C. trachomatis LGV-434
EBs were solubilized for SDS-PAGE in the absence of 2-mercap-
toethanol, electrophoresed, and transferred to nitrocellulose, and
antigenic species were detected by using polyclonal (PC) rabbit
anti-MOMP IgG (11), monoclonal antibody L2-1-45 (type), or mono-
clonal antibody L2-1-10 (Sp.). Note that in these unreduced prepa-
rations much of MOMP apparently fails to enter even the stacking
gel whether or not the EBs had been trypsin treated. The interface
of the stacking gel (St.) and 15% acrylamide resolving gel (R) are
indicated.

labeled with 14C-amino acids were allowed to bind HeLa cell
monolayers at 4°C. The monolayers were washed, and we
attempted to release bound but not internalized chlamydiae
by using proteinase K at 4°C, as has been described previ-
ously (33). As was also described, proteinase K removed
only about 40% of the chlamydiae bound at 4°C (33). No
difference in association of 14C-EBs with HeLa cells or their
release by proteinase K was observed whether the EBs were
first trypsinized or not (Table 3).

DISCUSSION
Processes critical to the intracellular life-style of chlamyd-

iae are attachment to and ingestion by eucaryotic cells and
the inhibition of phagosome-lysosome fusion (3, 15, 29). It is
believed that the EB surface mediates both ingestion by
eucaryotic cells and prevention of phagosome-lysosome
fusion (13, 23). In contrast to rickettsiae (37), also obligate
intracellular procaryotes, UV-killed EBs attach to and are
ingested by host cells as efficiently as are infectious EBs (5,

TABLE 2. Binding of radioiodinated monoclonal antibodies to
control or trypsinized C. trachomatis LGV-434 EBs

Cpm bound" for:
L2 EBs C53

(control) 45 (type) 10 (Sp.) 6 (LPS)

Control 168 ± 13 18,928 ± 825 1,186 ± 7 3,445 ± 3
Trypsinized 212 ± 56 13,695 ± 149 190 ± 14 2,949 ± 117

" Mean + standard error of the mean.
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TABLE 3. Effect of trypsin treatment on chlamydial binding to
HeLa cells'

Cpm bound for cells:
EBs

-Proteinase K +Proteinase K

Control 1,040 ± 79b 594 ± 162
Trypsin 1,018 + 46 668 ± 57

a A total of 8.5 x 104 to 8.8 x 104 cpm of control or trypsin-treated 14C-
amino acid intrinsically labeled EBs in Hanks balanced salt solution were
added to monolayers of HeLa cells and maintained at 4°C for 2 h. Monolayers
were washed and incubated for an additional 30 min at 4°C in the absence or
presence of proteinase K (250 ,ug/ml). Cells were dislodged and washed, and
associated radioactivity was determined.

b Mean ± standard error of the mean.

6). Indeed, purified cell envelopes of C. psittaci attach to and
are ingested by mouse L cells (23) and prevent phagosome-
lysosome fusion (13). A number of studies have demon-
strated that attachment or infectivity (4, 6, 20, 23) of EBs is
not susceptible to treatment with proteases, although the
extent of proteolytic cleavage of the EB surface was minimal
(23) or, in most cases, not examined. Protease treatment has,
in fact, been included as a step in some purification protocols
(33, 35).
The nature of the macromolecule(s) interacting with the

eucaryotic host cell is not known. Attachment to host cells
and prevention of phagosome-lysosome fusion by intact EBs
(4-6, 20, 23) and purified cell envelopes (13, 23) is inhibited
by mild heat treatment (56°C for 30 min). This sensitivity to
heat suggests denaturation of a critical polypeptide, although
masking of the chlamydial ligand by heat treatment remains
a viable alternative. In attempts to identify essential surface-
exposed proteins potentially involved in interactions of
chlamydiae and host cells, we have examined the effects of
exposure of intact EBs to a variety of proteases.
The studies described above demonstrate that proteases

cleave a number of exposed proteins on the surface of C.
trachomatis LGV 434 EBs but that this surface proteolysis
does not impair infectivity for cultured human cells. It is
unlikely that resynthesis of cleaved chlamydial protein has
taken place to restore infectivity, since the metabolic activ-
ity of EBs is minimal (3, 18, 29), and the EBs after prote-
olysis were either plated immediately or frozen at -70°C
until IFUs could be determined. These results speak against
a role for surface-exposed, protease-sensitive domains of
MOMP or other chlamydial surface proteins in the initial
interaction of chlamydiae with host cells. If such proteins
are involved in interaction of chlamydiae and host cells, the
active domains of these proteins must remain functional and
associated with the EB surface after surface proteolysis. A
number of proteolytic cleavage products remained associ-
ated with the EBs, although the origin of most of these
remains questionable since only one of several low-molecu-
lar-weight tryptic fragments reacted with anti-MOMP anti-
bodies by immunoblotting. The mechanism by which these
fragments remain associated with the EB surface was not
studied in detail, although it seems reasonable to suspect
that hydrophobic interactions of membrane-embedded poly-
peptides play a major role. In view of the known disulfide
interaction of chlamydial outer membrane proteins (2, 18,
19, 27), an additional possibility might be that cysteine-con-
taining peptides remain associated with the surface via
disulfide bonding. Therefore, although we have shown that
protease-sensitive regions of surface proteins are not re-
quired for infectivity, it is likely that, if chlamydial surface-
exposed proteins are involved in host cell interaction, the
active sites of these proteins may be protease resistant or

nonantigenic, or both. Alternatively, polypeptides involved
in interaction with the host may not be exposed or accessible
on the EB surface until some association with the host has
occurred. Teleologically, protease resistance and nonim-
munogenicity of the protein domains involved in host cell
interactions might be advantageous for a microorganism that
is exposed to a variety of proteases in its natural habitat.
Another consideration, although hypothetical, is that pro-

teolytic cleavage by either exogenous (host) or endogenous
(chlamydial) protease may be actually required for exposure
of an active site, and so the treatments described here may
have only superceded a required function. Analogies might
be drawn from the F-glycoprotein of paramyxoviruses,
which is the mediator of virus penetration and virus-induced
cell fusion (26, 30-32). In this system an inactive precursor
(F) protein is activated by proteolytic cleavage to yield two
membrane active disulfide-linked polypeptides (32).
A role for reductive cleavage or disulfide exchange in the

differentiation of EBs to reticulate bodies seems likely (18,
19). On the basis of analogies with insulin-receptor interac-
tions (12) and diphtheria toxin internalization (38), we have
speculated that disulfide exchange may also play a role in
interactions of chlamydiae and hosts. The data presented
here do not rule out that possibility, since a number of
cysteine-containing fragments remain associated with the
EB surface although the origin of many of these cleavage
products remains unknown.

Although it seems clear that exposure of EBs to proteo-
lytic enzymes does not impair their infectivity toward cul-
tured human epithelial cells, a role for these surface-exposed
proteins may exist in the pathogenesis of chlamydial infec-
tion in the normal host. The ability to remain infectious after
proteolytic cleavage of peptide epitopes suggests the intrigu-
ing possibility that chlamydial antigen-antibody complexes
could be cleaved from the EB surface. Thus, the sero-
logically dominant, surface-exposed, and protease-sensitive
antigens may be expendable in regard to the actual internal-
ization events and prevention of phagosome-lysosome fu-
sion.
We began these studies as one approach toward identifi-

cation of chlamydial surface components involved in the
initial interaction with host cells. The data indicate that
protease-sensitive domains of chlamydial membrane pro-
teins are not essential for the initial events of interaction of
chlamydiae and host, including attachment, internalization,
inhibition of phagosome-lysosome fusion, and differentiation
to the reticulate body. Whether protease-sensitive portions
of outer membrane proteins are involved in the reorganiza-
tion and condensation of the reticulate body to the EB
remains in question. We have not ruled out polypeptides as
the mediators of interaction of chlamydiae and host; how-
ever, other mechanisms must be considered.

Despite the diversity in antigenic structure (9) and genetic
composition (21, 28) between the two species of Chlamydia,
both species share a number of characteristics. These shared
characteristics include site of replication, inhibition of phago-
some-lysosome fusion, a similar developmental cycle (3, 29),
and a common mechanism of maintaining structural stability
in the absence of a peptidoglycan (2, 18, 19, 27) and some
surface components (7). We are continuing attempts to
identify common structures which may act as determinants
of virulence in these obligate intracellular parasites.
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