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A B S T RA C T Gonococci are capable of attaching to
the surface of polymorphonuclear leukocytes (PMN).
In this location they resist phagocytosis and are not
killed by PMN. To delineate the factors involved in the
survival of these gonococci, we investigated the inter-
action of virulent gonococci, which adhere to cells and
resist phagocytosis, and avirulent gonococci, which are
phagocytized and killed by PMN.

In the presence of serum, both virulent and avirulent
gonococci associate equally well with PMNand stim-
ulate increases in oxidative metabolism. In the absence
of serum virulent gonococci attached to PMNand stim-
ulated PMNoxidative metabolism to a greater extent
than avirulent gonococci which did not attach to PMN
(P = 0.0009). Therefore, the survival of virulent
gonococci attached to the PMNsurface is not a result
of failure to activate oxidative and bactericidal mech-
anisms.

Both virulent and avirulent gonococci stimulated
equivalent PMNspecific granule release as measured
by the appearance of lactoferrin in the media. Phagocy-
tosis of avirulent gonococci stimulated significantly
greater,/3-glucuronidase release (P = 0.01) and myelo-
peroxidase-mediated iodination of protein (P = 0.001)
by PMNthan attachment of virulent gonococci. In the
absence of serum neither type of gonococci stimulated
,8-glucuronidase release or protein iodination by PMN.
Thus, virulent gonococci fail to stimulate primary
granule release by PMN.

To further assess the role of attachment versus inges-
tion on the survival of gonococci, PMNwere treated
with cytochalasin B to block ingestion. Cytochalasin
B-treated PMNwere unable to kill either virulent or
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avirulent gonococci despite normal degranulation stim-
ulated by the latter.

The failure of PMNto kill surface-attached gonococci
appears to be a consequence of the failure of PMNto
enclose the virulent gonococci within a phagosome.
The phagocytic vacuole thus plays a critical role in
normal PMNbactericidal activity by providing a closed
space in which the proper concentration of substances
may be achieved to generate microbicidal activity.

INTRODUCTION

Phagocytosis of most bacteria by normal human poly-
morphonuclear neutrophils (PMN)l usually results in
the death of the microorganisms. The generation of
oxidative metabolites and the release of granule con-
tents from both the specific and the primary granules
into the phagosome during phagocytosis is responsible
for the killing of ingested organisms by PMN(1). The
same substances are also released extracellularly by
PMNduring phagocytosis and during interaction with a
nonphagocytosable stimulus (2-5). Extracellular re-
lease of these substances has recently been implicated
in the in vitro production of damage and probably death
of Candida albicans pseudohyphae by PMN(6), in the
killing of tumor cells by PMN(7), and has been postu-
lated to play a role in certain types of immune-mediated
tissue injury (8). Thus PMNappear capable of exerting
a "cidal" effect on intracellular and certain extracellular
organisms.

Although it has been classically taught that the gono-
cocci seen in association with PMNin Gram-stained
smears of urethral exudate are "intracellular," several
studies have demonstrated that many of these organ-
isms are in fact attached to the surface of these cells
(9-13). In this extracellular but attached location the

1Abbreviations used in this paper: CB, cytochalasin B;
HBSS, Hanks' balanced salt solution; HMP, hexose mono-
phosphate shunt; PMN, polymorphonuclear neutrophil.
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organisms remain viable, apparently immune to micro-
bicidal attack by PMN. To delineate the factors re-
sponsible for the survival of attached gonococci we in-
vestigated the morphologic and metabolic conse-
quences of PMN interaction with virulent, piliated,
type I gonococci which adhere to cells but resist phago-
cytosis, and with avirulent, nonpiliated, type III gono-
cocci which are readily phagocytized (9-15).

METHODS

Bacteria. Gonococcal colony types I and III (strain F-62,
kindly supplied by Dr. Douglas Kellogg, Venereal Disease
Research Branch, Communicable Disease Center [U. S.
Public Health Service] Atlanta, Ga.) were maintained by
clonal selection on gonococcal agar base (BBL, Cockeysville,
Md.). The bacteria were harvested at 12-14 h, washed and
resuspended in Hanks' balanced salt solution (HBSS;
Microbiological Associates, Bethesda, Md.). The bacterial
concentration was adjusted to 109 organisms/ml with a Gilford
2400 spectrophotometer (Gilford Instrument Laboratories,
Inc., Oberlin, Ohio) at 580 nmto read an absorbancy of 1.100.
Except where noted, the gonococcus to PMNratio used was
40:1 or greater. Petroff-Hauser chamber counts were performed
as an additional method of bacterial quantitation. DNA
quantitation by the method of Burton (16) confirmed that both
of these methods of adjusting bacterial concentrations yielded
equal numbers of type I and type III gonococci.

Neutrophils. Neutrophils were obtained from normal vol-
unteers denying a history of gonorrhea. The PMNwere puri-
fied by centrifugation over Ficoll-Hypaque (Ficoll, Pharmacia
Fine Chemicals, Piscataway, N. J.; Hypaque, Winthrop Lab-
oratories, Sterling Drug Co., New York) (17) and(or) by sedi-
mentation of whole blood in an equal volume of heparinized
(10 U/ml) 6%dextran-70 (Pharmacia Fine Chemicals) for 1 h at
22°C at a 600 angle. The leukocyte-rich supemate was re-
moved and centrifuged at 200 g for 12 min at 22°C. In the
oxygen consumption and degranulation experiments the
erythrocytes were then lysed twice with 3 ml of iced 0.22%
saline plus heparin (10 U/ml). Isotonicity was restored after
45 s with 0.88 ml of 3% saline followed by 5 ml of HBSS.
Centrifugation was repeated and the pellet resuspended in
HBSS. The final suspension contained 1.0 x 107 PMN/ml.

Phagocytosis and bactericidal activity. To eliminate any
contribution of serum to the bactericidal activity, phagocytosis
and killing of gonococci by PMNwas assessed in the pres-
ence or absence of C7-deficient human serum (kindly provided
by Dr. Terry Lee, University of North Carolina, Chapel Hill,
N. C.). This serum has no intrinsic bactericidal activity for
gonococci (18, 19). PMN(106) and gonococci (106) in 1 ml of
HBSScontaining 10% C7-deficient serum were tumbled at 12
rpm in 12 x 17 mmpolypropylene tubes (Falcon Plastics,
Div. of BioQuest, Oxnard, Calif.) at 37°C for 60 min. Aliquots
were removed after 0, 15,30, and 60 min of incubation and total
bacterial counts were performed after hypotonic lysis of PMN.
The same experiments were also performed in the presence
of cytochalasin B (CB; Sigma Chemical Co., St. Louis, Mo.).
The final concentration of CB (0.5% in dimethylsulfoxide) in
the incubation mixture was 5 ,ug/ml. All experiments were
performed a minimum of three times.

Phase contrast microscopy. Samples were prepared as de-
scribed for the phagocytosis experiments except that incuba-
tion was carried out on a glass slide under a cover slip on a
temperature-controlled stage of a Zeiss photomicroscope (Carl
Zeiss, Inc., New York) with phase optics fitted with a 16-mm

Bolex movie camera (Bolex International S.A., Switzerland)
and Sage stroboscopic flash (Sage Instruments, Div. Orion
Research, Inc., Cambridge, Mass.). This permitted observation
and photography of the dynamic gonococcal-PMN interaction.

Electron microscopy. PMN(106) and gonococci (108) were
incubated for 30 min with either 10% autologous serum or
no serum, as described in the phagocytosis experiments. At
the end of 30 min, phagocytosis was stopped by icing the re-
action tube. Pellets were prepared by centrifugation at 200 g
for 10 min at 0°C and fixed for 24 h at 4°C in 2.5% glutuaral-
dehyde buffered at pH 7.2 with 0.1 Mphosphate. They were
postfixed in osmic acid in the same buffer at 4°C for 3 h, de-
hydrated in graded alcohols and propylene oxide and em-
bedded in Epon 812 (Shell Chemical Co., Houston, Tex.).
Thin sections were cut with an ultramicrotome, placed on
copper grids, stained with uranylacetate and lead citrate (20),
and examined and photographed with a Siemens Elmiskop
1A electron microscope (Siemens Corp., Iselin, N. J.).

Uptake of radiolabeled gonococci by PMN. Gonococcal
agar base containing 1 ml of "4C-L-aminoacids (10 ,uCi/ml; New
England Nuclear, Boston, Mass.) per 100 ml of agar was used to
grow radiolabeled gonococci. Equivalent concentrations of
type I and type III gonococci prepared as described above con-
tained equivalent amounts of radioactivity. "4C-labeled gono-
cocci (108) and 106 PMNin 1 ml HBSScontaining 10%normal
human serum were tumbled at 12 rpm for 30 min at 37°C.
Aliquots (0.1 cm3) were removed at 0, 5, 10, 20, and 30 min.
The aliquots were added to 0.9 cm3 of ice cold HBSS and
centrifuged for 5 min at 200 g at 0°C. The pellet was washed
twice more in iced HBSSand then counted in a Beckman LS
250 scintillation counter (Beckman Instruments, Inc., Fuller-
ton, Calif.). Percent uptake was calculated by dividing the
14C cpm in the sediment at each time point by the total num-
ber of 14C cpm added at zero time and multiplying by 100.

Oxygen consumption. PMN(106) and gonococci (107) in 3
ml of HBSS were incubated with 10% serum or no serum
in the chambers of a model 53 polarographic oxygen monitor
(Yellow Springs Instrument Co., Yellow Springs, Ohio). The
incubation mixture contained 1 mMKCN which abolished
oxygen consumption of live gonococci without interfering with
PMNoxygen consumption or the attachment or ingestion of
gonococci to PMN. The oxygen consumption of PMN in-
cubated alone or with heat-killed staphylococcus 502A was
also measured under each set of experimental conditions. Data
were fed into a linear recorder and the oxygen consumption
during 10 min of maximal uptake was measured and expressed
as Al 02/h per 107 PMN.

Hexose monophosphate shunt measurements. The reac-
tion was carried out in siliconized 25-ml Erlenmeyer flasks
containing 106 PMN, 108 gonococci, and 0.2 ml "4C-L-glucose
(2 ,uCi/ml) (New England Nuclear) in a final volume of 2 ml.
The experiments were conducted in 25% normal autologous
serum or in the absence of serum. The flasks were stoppered
(Kontes Glass Co., Vineland, N. J.) and the stoppers pierced
by (a) a center well (Kontes Glass Co.) containing a 2 x 0.5-cm
strip of Whatman qualitative 11.0 cm filter paper (W & R,
Balston Ltd., England) previously saturated with fresh 10%
KOHand (b) polyethylene tubing (inside diameter = 0.023
x outside diameter = 0.038 inches; Clay Adams, Parsippany,
N. J.). The reaction was initiated by adding the gonococci
to the flask through the tubing, flushing with air, and knot-
ting the tubing. The flasks were incubated in a shaker water
bath at 20 rpm at 37°C for 30 min. The reaction was stopped
and "4CO2 released by adding 0.6 ml of 1 N HCI through the
tubing, reknotting, and incubating for an additional 15 min.
The strips of filter paper were then placed in scintillation
fluid (40 ml, Liquiflor, NewEngland Nuclear; 660 ml toluene,
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300 ml absolute methanol) and counted in a liquid scintilla-
tion counter. Experiments were also performed with heat-
killed staphylococcus 502A as the phagocytic stimulus.

Degranulation. Tubes containing 0.4 ml PMNmixture (1-
5 x 107 PMN/ml), 0.1 ml at either 109 gonococci, 109 heat-
killed Staphylococcus aureus 502A or 109 zymosan A plus
0.1 ml of either normal autologous serum or HBSS were
tumbled for 30 min, immediately iced, and then centrifuged
at 2,000 g for 5 min at 0°C. The effect of CB (5 ,tg/ml) on
PMNdegranulation in serum was also measured. Determina-
tions of granule protein and enzyme activity were per-
formed on the supemate. The sediment was resuspended in
0.3 ml, 0.1 Mphosphate buffer, pH 8.0 containing 1.0 MNaCl
and 0.3% cetyltrimethylammonium bromide (Sigma Chemical
Co.) at 22°C for 30 min with frequent vigorous vortexing to
disrupt intact granules.

Myeloperoxidase and lactoferrin concentrations were meas-
ured by the Mancini radial immunodiffusion technique (21)
as described by Leffell and Spitznagel (22). 5-,ul samples were
placed in the wells and allowed to diffuse overnight at room
temperature in a moist chamber. The plates were then stained
for 5 min with 4% tannic acid (23) and the precipitin ring
diameters measured. (Purified human lactoferrin and myelo-
peroxidase and rabbit anti-human lactoferrin and anti-human
myeloperoxidase were the generous gifts of Dr. John Spitz-
nagel, University of North Carolina.)

f3-glucuronidase activity was determined by the method of
Fishman et al. (24) using standard reagents (Sigma Chemical
Company). This technique is based on the spectrophotometric
determination of the generation of phenolphthalein from
phenolphthalein-glucuronic acid by the action of,8-glucuroni-
dase.

Myeloperoxidase-mediated iodination by granulocytes.
The method of Klebanoff (25) as modified by Root et al. (26)
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was employed. Experiments were performed in 10% autol-
ogous normal serum or, in the absence of serum, in a final
volume of 1.0 ml HBSS containing 0.2 ml Na 1251 (10 ,uCi/
ml) (New England Nuclear) in addition to 106 neutrophils and
108 gonococci. Experiments were also performed with CB
(5 ,ug/ml). The reaction mixture was tumbled at 12 rpm at 37°C
for 30 min. The reaction was stopped by the addition of 2 ml
of iced 20% trichloroacetic acid and the specimen centrifuged
at 2,000 g at 0°C for 5 min. The pellet was washed twice
with 4 ml of iced 10% trichloroacetic acid. The final precipitate
was resuspended in 1.0 ml of 10% trichloroacetic acid and
counted in a gammacounter. PMNincubated alone or with
heat-killed staphylococcus 502A served as controls.

Cell-free peroxidase-mediated iodination. With the method
Klebanoff (25), iodination of 108 gonococci was performed in
a final volume of 1 ml HBSScontaining 10% human serum.
In addition, the reaction mixture contained 80 U lacto-
peroxidase (Sigma Chemical Co.), 0.1 ml Na 1251 (10 ,uCi/ml),
and 0.1 ml 3% hydrogen peroxide (Parke, Davis & Co., De-
troit, Mich.). The reaction mixture was tumbled at 12 rpm at
37°C for 30 min and the determination of bacterial iodination
determined as described above.

Statistical methods. Student's t test was used to calculate
statistical significance in all experiments.

RESULTS

Phagocytosis and bactericidal capacity. After incu-
bation with PMNin 10% C7-deficient serum there is a
2-3 log decrease in the number of viable type III gono-
cocci. Under the same conditions, there was a minimal
decrease in the number of viable type I gonococci (Fig.
1A). Neither type I nor type III gonococci was killed
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FIGURE 1 Bactericidal activity of human PMNfor type I and type III gonococci (GC). In the
presence of serum (A) type III gonococci were rapidly killed by PMN, but type I gonococci were
not. In the absence of serum (B) and in the presence of serum plus CB (C) there was no killing of
either type I or type III gonococci.
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FIGURE 2 Sequential phase contrast micrographs of the PMN-type I gonococcus interaction.
Initial contact is made at the granule-free, advancing PMNfront. Note the persistent membrane-
attached location of the type I gonococcus (arrow) and movement along the membrane to the tail
where it remains with other adherent gonococci (total time of 90 s).

in tubes containing serum alone. In the absence of
serum (Fig. 1B), there was no killing of either type I
or type III gonococci incubated with or without PMN.
Neither type of gonococci was killed by CB-treated
PMNin the presence of serum (Fig. 1C). More than
95% of the PMNremained viable as determined by
trypan blue exclusion.

Phase contrast microscopy. Photomicrographs of
the interaction of PMNwith type I and type III gono-
cocci in serum are shown in Figs. 2 and 3. Type I
gonococci (Fig. 2) adhere to the PMNmembrane and
move along the membrane to the "tail" of the PMN.
In contrast, the type III (Fig. 3) gonocci are ingested
by the PMNand can be seen in a phagocytic vacuole.
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FIGURE 3 Sequential phase contrast micrographs of the PMN-type III gonococcus interaction.
Note the ingestion of type III gonococci at the leading PMNedge. The internalized organism is in
a phagocytic vacuole and appears to be surrounded by granules (total time of 90 s).

Electron microscopy. The attached but extracel- take of both type I and type III gonococci by PMN
lular location of the type I gonococci and the primarily (Fig. 7) was equivalent at 10, 20, and 30 min. How-
intracellular location of the type III gonococci incu- ever, at zero time and at 5 min fewer type I gonococci
bated with serum is demonstrated in these photomicro- than type III were cell associated. This early difference
graphs as shown in Figs. 4 and 5, respectively. In Fig. in uptake of piliated type I and nonpiliated type III
6 gonococcal pili can be seen in contact with the PMN gonococci by PMNis unexplained. All the metabolic
surface. and degranulation responses by PMNto gonococci

Uptake of radiolabeled gonococci by PMN. The up- were measured after 30 min incubation, thereby elim-
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FIGURE 4 Electron microscopy of PMN-typ4
associated organisms (arrows).

inating any early effect of differences in the cell as-
sociation of gonococci.

Oxygen consumption. In the presence of serum
oxygen consumption of PMNincubated with both type
I gonococci and type III gonococci as well as with
the heat-killed staphylococci is markedly increased
when compared to PMNwithout bacteria (Table I).
In the absence of serum both the type III gonococcus
and staphylococci minimally stimulate PMNoxygen
consumption. In contrast, marked oxygen consumption
is observed with PMNincubated with type I gonococci
in the absence of serum. The difference in PMNoxygen
consumption induced by types I and III gonococci in
the absence of serum is highly significant (P < 0.0001).

Hexose monophosphate shunt (HMP). In the pres-
ence of serum, PMN-HMPactivity is stimulated by
type I gonococci, type III gonococci, and staphylococci
(Table I). In the absence of serum, the type I gonococcus
causes marked HMPactivity, but type III gonococci

e I gonococcus interaction. Note the surface-

and staphylococci only minimally stimulate HMPactiv-
ity. The greater stimulation of PMN-HMPin the ab-
sence of serum by type I gonococci compared to type
III gonococci is highly significant (P = 0.0009).

Degranulation (Table II). PMNreleased significant
quantities of lactoferrin, the specific granule marker,
after interaction in serum with type I gonococci, type
III gonococci, staphylococci, or zymosan. In the ab-
sence of serum, the lactoferrin release from PMNin-
cubated with any of the stimulus particles was markedly
reduced and was not significantly greater than lacto-
ferrin release from PMNalone. Myeloperoxidase re-
lease into the media was significantly increased only
by incubation with zymosan (P = 0.03).

In contrast to myeloperoxidase, a significant release
of another primary granule marker, f3-glucuronidase
was induced by all stimulus particles in serum except
type I gonococci (type III vs. type I, P = 0.01). In the
absence of serum none of the particles stimulated sig-
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FIGURE 5 Electron microscopy of PMN-type III gonococcus interaction with serum. Note the
extensive ingestion of the type III gonococci (arrows).

nificant 8-glucuronidase release. 3-glucuronidase re-
lease from stimulated PMNin the presence of CB and
serum was similar. Attempts to measure lysozyme activ-
ity as an additional marker of specific granule release
were unsuccessful because of interference by the
gonococci with the lysozyme assay (Unpublished
observations).

Myeloperoxidase-mediated iodination. In the pres-
ence of serum, PMNstimulated by the ingestion of
type III gonococci or heat-killed staphylococci, iodi-

nated protein (39,144+1,472 and 20,275+3,328 cpm,
respectively) to a much greater extent than PMNstim-
ulated by the attachment of type I gonococci
(10,000+268 cpm; P < 0.001). In the absence of serum
none of the organisms stimulated protein iodination by
PMNand there was no significant difference in iodina-
tion with either type of gonococci.

Protein iodination in the presence of serum was de-
creased by CB for type I gonococci (1,786+ 152 cpm;
P < 0.001) and type III gonococci (26,102+3,033 cpm;
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FIGURE 6 Electron microscopy of the PMN-type I gonococcus interaction. The type I gonococcus
(GC) is closely opposed to the surface of the PMN. Gonococcal pili (P) can be seen in contact with
the surface of a PMNpseudopod.

P = 0.02) but not for heat-killed staphylococci. Never-
theless, type III gonococci continued to stimulate sig-
nificant iodination by PMNand the iodination was sig-
nificantly greater than the iodination stimulated by type
I gonococci (P = 0.002).

Cell-free peroxidase-mediated iodination. Lacto-
peroxidase-catalyzed iodination of type I gonococci and
type III gonococci was similar 10,277+540 vs.

10,617+479 cpm, respectively; P = 0.33).

DISCUSSION

The mechanism by which virulent piliated gonococci
escape ingestion is unknown but may relate to (a) the
concomitant presence of an antiphagocytic capsule
(27-29); (b) interference by pili or other surface struc-
tures with the sequential, circumferential interaction of
opsonic ligands with their receptors on the PMNmem-
brane which may be necessary for phagocytosis (30);
or (c) a decrease in phagocytic membrane fluidity as a
result of its interaction with the gonococcal pili (31).

Despite the failure of PMNto ingest piliated gono-
cocci adherent to the PMNsurface, there is a significant
burst of PMNmetabolism similar to that observed dur-
ing ingestion of nonpiliated gonococci. In addition, the
magnitude of the PMNmetabolic response to piliated
gonococci is similar regardless of the presence or ab-
sence of serum. These two facts strongly suggest that
the mode of attachment of piliated and nonpiliated

gonococci to PMNmaybe different and that differences
in the outcome of the interaction of piliated and non-
piliated gonococci with PMNmay be a direct conse-
quence of these different modes of attachment. The
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FIGURE 7 Uptake of radiolabeled gonococci (GC) by PMN.
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TABLE I
Metabolic Responses of PMNto Gotnococci

PMN PMN+ Gc I PMN+ Gc III PMN+ Staphylococcus

Oxygen consumption, .l 021h*
With serum 1.65+0.25 5.20+0.33 6.70±0.57 6.09±+1.99
Without serum 0.52+0.04 4.29+0.26 1.55+0.12 0.52+0.04

HMP, cpm*
With serum 2,458+516 29,774+2,286 28,421+4,731 17,507+1,557
Without serum 703±+119 23,856+3,032 7,475+859 1,717+179

Gc = gonococcus.
* Mean-+-SEM; n = a minimum of four separate experiments.

work of Goldstein et al. (32) lends support to this sug-
gestion. These investigators demonstrated that opsoni-
zation of Sepharose beads (Pharmacia Fine Chemicals)
with different immunologic ligands resulted in dif-
ferent degrees of stimulation of PMNoxidative metab-
olism and degranulation.

The finding that piliated organisms stimulate PMN
metabolism in the absence of serum supports previous
observations (33, 34) that membrane perturbation per
se and not ingestion (32, 35-37) is the initiating event
for the metabolic burst.

The results of the degranulation experiments dem-
onstrate that in serum either attachment or ingestion
can serve as a sufficient stimulus for the release of
lactoferrin from the specific granule.

In contrast, we found that only zymosan, in serum,
stimulated appearance of significant amounts of myelo-
peroxidase in the media compared to PMNalone. How-
ever, data from the iodination experiments indicate that
myeloperoxidase is released into the phagosome dur-
ing ingestion of type III gonococci because myelo-
peroxidase-mediated protein iodination increased
markedly compared to PMNalone. In contrast, type I
gonococci stimulated iodination poorly, suggesting that
degranulation of the primary granule is not stimulated

by the attachment of type I gonococci. Additional sup-
port is found in the observations that f3-glucuronidase
release was stimulated by type III gonococci but not by
type I gonococci. Similar findings have recently been
reported by Senff and Sawyer (38). The different re-
sults for primary granule release with the myelo-
peroxidase assay and the 18-glucuronidase assay could
reflect cell binding of myeloperoxidase (35) and sub-
sequent diminished escape into the media despite pri-
mary granule release.

To further study the influence of attachment versus
ingestion on the survival of nonpiliated gonococci, PMN
were preincubated with CB, which prevents ingestion
but not attachment. Preincubation of PMNwith CB
did not significantly alter the interaction of PMNwith
the virulent, piliated type I gonococci. However, CB
dramatically improved the survival of type III gonococci
without decreasing,8-glucuronidase release. This sug-
gests that the inability of PMNto kill attached type I
gonococci is only partially explained by the failure of
these organisms to stimulate the release of primary
granule contents. The failure of CB-treated PMNto
kill other attached organisms has been reported pre-
viously (39).

One possible explanation for the inability of CB-

TABLE II
PMNDegranulation Induced by Gonococci

PMN PMN+ Gc I PMN+ Gc III PMN+ Staphylococcus PMN+ Zymosan

Lactoferrin, utg/ml*
With serum 16.4+4.8 41.1+12.6 45.0+15.1 39.7±11.2 42.0±12.2
Without serum 12.2±1.2 19.4±5.6 20.8±0.6 15.6±1.9 14.3±2.1

Myeloperoxidase, ,ug/ml*
With serum 4.8±1.0 6.2±2.2 8.7±1.8 10.4±2.3 12.9±3.6
Without serum 7.3±1.4 7.9±1.5 9.6±2.7 8.3±1.9 8.6±2.0

,3-Glucuronidase, Sigma units*
With serum 62.1±6.0 78.6±13.8 132.0±9.0 155.5+45.5 195.9±22.2
Without serum 52.7+5.8 52.0±7.6 54.0±11.0 49.3±7.0 51.3+8.8
With serum and CB 56.4±4.8 71.1±7.5 110.4+24.0 107.0±31.6 167.1±13.2

Gc = gonococcus.
* Mean±SEM; n = a minimum of three separate experiments.
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treated PMNto kill gonococci is the inhibition of phago-
some formation by CB. This may result in the rapid
dilution and diffusion of oxidative metabolites and
granule constituents away from the PMNsurface where
they are formed and released. The phagocytic vacuole
thus functions to contain these bactericidal components
in a milieu at an optimal pH (40) for expression of their
activity. It is possible that the near normal levels of
protein iodination noted on stimulation of CB-treated
PMNreflect iodination of serum and neutrophil pro-
teins rather than bacterial protein because bacterial
iodination is usually associated with bacterial death (25).

The failure of both normal PMNand CB-treated
PMNto kill attached gonococci stands in marked con-
trast to the ability to PMNto kill organisms (6) or cells
(7) that are too large to be ingested but to which the
PMNare closely adherent. It is possible that the larger
size of nonphagocytosable particles permits extensive
and intimate contact between the PMNand the par-
ticle, in effect providing a closed space similar to a
phagosome in which hydrogen peroxide, myeloperoxi-
dase, and other antimicrobial factors can be contained.

The inability of normal PMNto kill virulent, attached
type I gonococci appears to be the consequence of both
inadequate release of enzymes from the PMNprimary
granules and the failure of PMNto incorporate type I
gonococci in a phagocytic vacuole. Avirulent type III
gonococci do stimulate normal primary granule release
from CB-treated PMNbut are not killed as they ad-
here to the PMNsurface. The phagocytic vacuole thus
plays a critical role in normal PMNbactericidal activ-
ity by providing a closed space in which the proper
concentration of substances may be achieved at the
proper pH to generate microbicidal activity.
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