








PHENOTYPIC VARIATION OF GONOCOCCAL LOS 1759
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FIG. 3. Immunoelectron micrograph of clonally selected strain 220 grown for 2 h in broth, using colloidal gold staining for the detection
of 3F11 (15 nm) and 6B4 (5 nm). As can be seen, three organisms are present, two of which stain for both 3F11 and 6B4, while the remaining
organism stains only for 6B4. Magnification, x45,000.

DISCUSSION

Previous studies with continuous culture techniques have
demonstrated the effect of the nutritional environment on
gonococcal LOS antigen expression (20). The present stud-
ies extended this observation by using FACS analysis of
specific LOS epitopes during growth in broth cultures. In
addition, using two monoclonal antibodies with specificity
for different epitopes on the oligosaccharide units of
gonococcal LOS, we demonstrated that phenotypic varia-
tion of LOS epitope expression is occurring during in vitro
growth among organisms derived from single colonies ob-
tained from two different gonococcal strains. Colloidal gold
studies indicated that the 6B4 and 3F11 epitopes are located
on distinct LOS chains since geographically discrete staining
for both epitopes can be recognized on individual organisms.
Thus, in addition to indicating that phenotypic differences in
LOS structure can exist between members of a clone, these
studies demonstrate that LOS chains with different antigenic
composition can exist on the same organism.

Despite the variation at the epitope level demonstrated in
this study, the gross antigenic structure of LOS as defined by
absorbed polyclonal antisera has been demonstrated to
remain constant in different LOS preparations isolated over
a 5-year period of study. Given this constancy of the
antigenic expression of individual LOSs and of the repro-
ducibility of the LOS banding pattern of an individual strain
by SDS-PAGE analysis, the regulation of the epitope varia-
tion described in this paper must be controlled within narrow

limits by either environmental or genetic factors or a com-
bination of both.
The biosynthesis of enteric lipopolysaccharide has been

shown to involve a series of discrete steps which include (i)
the synthesis of the lipid A (9, 24, 25), (ii) the synthesis of the
core oligosaccharide (6, 8, 10, 16), (iii) the assembly of the 0
side chain polysaccharide on an undecaprenol carrier (21,
22, 26), (iv) the polymerization of the repeating units on the
carrier lipid (22), (v) the translocation of the side chain
polysaccharide onto the core (22), and (vi) the postassembly
modifications which often involve the addition of glucosyl
and other branch structures to certain positions of the side
chain (22, 32). Despite the conserved nature of the epitopes
recognized by 3F11 and 6B4, they are in some way associ-
ated with the serotype determinants of gonococcal LOS
because loss of the serotype determinants in pyocin-selected
mutants (2, 19) has been shown to be associated with
concomitant loss in the expression of the 3F11 and 6B4
epitopes on the intact LOS (2, 17). If biosynthetic mecha-
nisms analogous to those given above can be proposed for
gonococcal LOS, it would appear that it is most likely that
alterations in some process involving either the translocation
of side chains onto a core structure or postassembly modi-
fication of branch structures on the side chains are respon-
sible for the antigenic variation seen with these two mono-
clonal antibodies. Such processes could be controlled by
single-enzyme processes and would be subject to relatively
minor genetic variation for differences in expression.
The phase variation of outer membrane protein II and
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FIG. 4. Immunoelectron micrograph of clonally selected strain 220 grown for 2 h in broth, using colloidal gold staining for the detection
of 6B4 (15 nm) and 3F11 (5 nm). One organism stains for both epitopes, while the second stains minimally for 3F11. Magnification, x45,000.

pilus have been well described (5, 28, 29). It has been shown
that during phase variation, the pilin gene is turned on and
off at high frequencies (28). Two loci on the gonococcal
chromosome function as expression sites for the pilin gene,
and many other sites contain silent, variant pilin sequences.
When gonococcal cells switch from the pilus-expressing
state to the nonexpressing state, genome rearrangement
occurs. This leads to the considerable antigenic variation in
pilin which can occur in a single strain. It is unlikely that the
LOS variation has as its cause a similar genetic basis. The
total antigenic expression of the LOS is not modified signif-
icantly by the variation at the epitope level, and recent
studies would indicate that transformation to cells with
expression of both epitopes is constantly occurring (C. A.
Hammack, J. M. Griffiss, M. A. Apicella, and H. Schneider,
in Proceedings of the 5th International Conference on
Pathogenic Neisseria, in press).
We are attempting to determine whether this variation also

occurs in vivo. Studies of genital secretions from infected
humans indicate that both the 3F11 and 6B4 epitopes are
present on the same gonococci in these secretions. We are
not able to determine now whether organisms are undergo-
ing the in vitro antigenic variation we described in this paper.
Recently, Hammack and co-workers using the same mono-
clonal antibodies described in this manuscript isolated colo-
nies from clonal populations which have different expres-
sions of the 6B4 and 3F11 epitopes on the LOS of the
organisms in their population (Hammack et al., in press).
These studies indicate that phenotypic variation of gono-

coccal LOS occurs under conditions of in vitro growth.
Recent advances in molecular biology have led to the

isolation of the biosynthetic genes for the lipopolysaccharide
of Salmonella typhimurium (12) and Vibrio cholerae (18).
The gene order for S. typhimurium lipopolysaccharide has
been determined (12). A recent report has indicated that the
biosynthetic genes for gonococcal LOS have been expressed
in Escherichia coli (D. A. Palermo and V. L. Clark, in
Proceedings of the 5th International Conference on Patho-
genic Neisseria, in press). Expansion of these studies will
lead to a definition of the mechanisms responsible for the
phenotypic variation of LOS epitope expression seen in this
study. Further studies are necessary to define the mecha-
nisms responsible for this observation.
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