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(22) and cathepsin G (98-101). Hence, cathepsin G may exert
its antigonococcal activity against gonococci by binding to
the surface, thereby causing damage to the OM, which then
permits interference with enzymes (such as PBP-2) involved
in the terminal stages of PG synthesis. How does a mutation
that decreases the binding of penicillin to PBP-2 increase
susceptibility to cathepsin G? It appears that granule pro-
teins inhibit the binding of radiolabeled penicillin to PBPs,
suggesting that granule proteins such as cathepsin G may
have significant affinity for PBPs (R. F. Rest, unpublished
data). Thus, mutations that alter PBPs may enhance the
binding of cathepsin G, thereby leading to an inhibition of
PG synthesis.

Recently, an 870-base-pair complementary deoxyribonu-
cleic acid sequence having the coding capacity for a full-
length molecule of cathepsin G has been isolated (93), cloned
into \ gtll, and subcloned behind a T7 ribonucleic acid
polymerase promoter in pT7-6 (W. M. Shafer, G. Salvesen,
and J. Travis, submitted for publication). With this plasmid
expression system, recombinant cathepsin G has been pro-
duced in Escherichia coli. The isolated recombinant poly-
peptide has bactericidal activity against gonococci that is
identical to that of the lysosomal cathepsin G. The fact that
recombinant cathepsin G Kills gonococci (and other cathep-
sin G-susceptible bacteria) indicates that the antibacterial
domain(s) of cathepsin G resides within its primary struc-
ture. It should now be possible, through recombinant deoxy-
ribonucleic acid and mutagenic techniques, to identify such
‘‘antimicrobial’’ domains of cathepsin G. This will be of
great benefit in determining the mechanism of killing.

Degradation of Gonococci by Lysosomal Enzymes

Degradation of gonococcal antigens is of importance since
surface antigens or potentially toxic substances (LPS and
PG) may be altered. Such action could modify antigenicity or
biologic activity. Only a few studies to date, however, have
examined this topic.

Proteases (notably the neutral serine proteases elastase
and cathepsin G) degrade a number of gonococcal OMPs.
PIB and PIIs are susceptible to PMN elastase (30, 85). This
occurs in vitro when highly purified elastase and gonococci
or OM preparations are used and in situ when gonococci are
present in phagolysosomés. Elastase also has the capacity to
cleave highly purified pili with at least one cleavage site in or
near the highly conserved CNBR-2 domain of pilin (106).
Such cleavage of pili in antigen-presenting macrophages may
alter the domains of pilin thought to be important in biologic
and immunologic activity. Cathepsin G is a much weaker
protease than elastase, but it can degrade PIII and the major
iron-regulated OMP termed MIRP 37 (99). The PIA molecule
appears to be somewhat resistant to cathepsin G, but the PIB
subclass can be degraded (Shafer et al., unpublished). Other
hydrolyses in granules may also participate in digestion of
the gonococcal cell envelope. Certainly lysozyme (present in
both specific and azurophil granules [104]) may have a role in
degrading gonococcal PG in phagolysosomes. An unrelated
lysosomal enzyme has been described by Striker et al. (108)
that is activated by acidic conditions and appears to remove
terminal glucosamine residues in PG. Since this enzyme is
activated by acidic conditions, it probably performs a PG-
modifying activity in the terminal stages of phagolysosome
development when the environment is acidic. The number of
lysosomal hydrolyses that can attack substrates like PG
(108) may give rise to diverse types of PG fragments that are
thought to be liberated in vivo and may regulate human
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physiology. In this respect, recent studies by Powers and
Shafer (unpublished observations) indicate that cathepsin G
can cleave PG fragments of strain RDS5 liberated after
digestion with lysozyme. Cathepsin G cleavage of PG was
predicted, since molecular modeling of the active site of
cathepsin G revealed that diaminopimelic acid fits into the
active site.

What is the fate of the gonococcal antigens liberated from
digested gonococci or modified after the antigens themselves
have been degraded? Is their presence in tissues and/or fluids
significant for the pathology of the different forms of gonor-
rhea? Do they have immunomodulatory activities? For in-
stance, both gonococcal PG and LPS have toxic activities
when prepared from bacteria grown under laboratory condi-
tions. What are their activities in vivo after being processed
by phagocytic cells? Answers to these questions are not
available. However, this should be a fertile area of research
in years to come, particularly since more information is
becoming available regarding the structure of gonococcal
LPS and PG, as well as the PMN hydrolyses that modify
their structure.
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