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Neisseria gonorrhoeae were exponentially killed for 120 min (i.e., they were
prevented from forming colonies on agar) by extracts of human neutrophil
granules; however, macromolecular synthesis, indicated by incorporation of ra-
diolabeled precursors in trichloroacetic acid-precipitable material, continued at
or above zero time control values for 45 min. Protein, deoxyribonucleic acid, and
ribonucleic acid synthesis appeared to decrease simultaneously after 45 min.
Little or no lysis of gonococci occurred during the first 60 min of incubation. The
ions K+, Na+, Ca2+, Cll-, S042- and PO43- at concentrations of l100 mM did not
affect granule extract bactericidal activity. On the other hand, 20 mM Mg2+
completely inhibited killing when initially present along with granule extract or
when added within 2 to 5 min after granule extract was added to a suspension of
gonococci. Gonococci treated with granule extract, washed, and then incubated in
the absence of extract died as if extract were still present. The ability of
subinhibitory concentrations of actinomycin D or erythromycin to inhibit growth
and protein and nucleic acid synthesis was synergistically increased in the
presence of granule extract. The above information suggests that a bactericidal
component(s) of human neutrophil granules sticks to gonococci, altering their
outer membrane permeability and their ability to divide.

In vitro, most nonpiliated Neisseria gonor-
rhoeae obtained from uncomplicated gonococ-
cal infections are phagocytized and killed
by human polymorphonuclear neutrophils,
whereas piliated gonococci are usually not inter-
nalized and, therefore, not killed (2, 4, 5, 18, 19).
For bacterial death to occur, the gonococci must
be intraphagolysosomal (1). Neutrophil micro-
bicidal mechanisms responsible for the death of
phagocytized gonococci and other gram-negative
bacteria are not fully understood. Oxygen-de-
pendent systems, including the myeloperoxi-
dase-Cl-H202 system (13) and superoxide- (3)
and oxygen-independent systems (13) have been
implicated in neutrophil gonococcicidal activity.

Recently, a number of investigations have
more completely characterized human neutro-
phil oxygen-independent bactericidal systems.
Odeberg and Olsson (8, 9) studied the mecha-
nisms of microbicidal activity of chymotrypsin-
like cationic proteins (CCP) first described by
Welsh and Spitznagel (23). These proteins pos-
sess heat-stable microbicidal activity, are more
active against gram-positive bacteria, and ap-
pear to act due to their highly charged nature.
More recently, Weiss et al. purified and charac-
terized an apparently nonenzymatic, cationic
"bactericidal/permeability increasing" (B/PI)
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protein of 60,000 daltons that is active against
some gram-negative bacteria. This protein has
the novel mechanism of rapidly increasing outer
membrane permeability and inhibiting bacterial
multiplication, while miniimally affecting mac-
romolecular synthesis or ultrastructure (21, 22).
The question can be asked, however, whether

the bactericidal activity of the individually iden-
tified lysosomal components may be greater
than or less than the total of the granule en-
zymes. Odeberg and Olsson have shown syner-
gistic bactericidal effects between lysosomal pro-
teins such as elastase or myeloperoxidase and
the chymotrypsin-like cationic proteins (10).
Certainly other synergies and possibly inhibitory
processes occur. By using unfractionated ex-
tracts of purified neutrophil granules (lyso-
somes), in addition to purified bactericidal
agents, we can better understand the total oxy-
gen-independent bactericidal capacity of the
neutrophil.

In this communication we extend previous
observations (13) on the oxygen-independent
bactericidal mechanisms of human neutrophil
lysosomal contents against N. gonorrhoeae.

MATERIALS AND METHODS
Bacteria. N. gonorrhoeae strain F62 was obtained
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from P. Fred Sparling, University of North Carolina,
Chapel Hill, and was identified to species as previously
described (13-15). Cultures were selectively passaged
daily on GC medium base agar (GC agar; Difco Lab-
oratories, Detroit, Mich.) with supplements as de-
scribed previously (13-15). Colony type 4 was chosen
by morphology as described by Kellogg et al. (4, 5) and
by transparency as described by Swanson (17). Log-
phase gonococci were obtained by inoculating 20 ml of
warm GC broth containing supplements and 400,ug of
NaHCO3 per ml with 5 ml of a suspension of 16- to 20-
h plate-grown gonococci (optical density at 550 nm,
0.4; Bausch & Lomb Spectronic 20, 1-cm light path)
and incubated in a rotary shaker water bath at 36°C
for approximately 3 h to a Klett reading (green filter)
of approximately 120 (4 x 108 to 5 x 108 cells per
ml).

Neutrophils, granules, and granule extract.
Preparation of neutrophils, granules, and granule ex-

tract was as described elsewhere (14, 15). Briefly,
neutrophils were obtained from healthy adult human
volunteers by leukapheresis and were sedimented first
through Hydroxyethyl starch or Plasmagel and then
through Ficoll-Hypaque, yielding approximately 10'0
purified neutrophils from each donor. Final cell sus-

pensions were 293% neutrophils, with eosinophils the
major contaminating cell population.

Granules were pelleted (20,000 x g, 20 min) from
postnuclear supernatants (250 x g, 15 min) of neutro-
phil homogenates (90% breakage in 0.35 M sucrose).
Granule pellets containing both azurophil and specific
granule populations were twice extracted overnight at
3°C with 0.2 M sodium acetate buffer (pH 4.0) con-

taining 10 mM CaCl2. Extracts were clarified by cen-

trifugation (20,000 x g, 20 min) and dialyzed against
phosphate-buffered saline (PBS; pH 7.4; containing,
per liter of distilled, deionized water: NaCl, 8 g; KCI,
0.2 g; Na2HPO4, 1.15 g; and KH2PO4, 0.2 g) with
dialysis tubing with an average molecular weight cut-
off of 3,500. This dialyzed preparation of acetate-ex-
tracted neutrophils is referred to as "granule extract"
in this manuscript. Extract of granules from 1010 neu-

trophils yielded approximately 90 mg of protein.
Bactericidal and incorporation assays. Experi-

mental mixtures containing 1 x 108 to 2 x 108 gono-
cocci per ml, granule extract to the desired concentra-
tion, and GC broth in sterile borosilicate glass tubes
(13 by 100 mm) were incubated with shaking at 36°C.
Assay volumes varied with the number of data points
required. Control mixtures contained PBS instead of
extract. Bacterial viability was determined by spread-
ing appropriate dilutions (made in GC broth without
supplements) on GC agar plates which were incubated
for 24 h at 36°C in -6% CO2 in air. For all points,
viability is defined as the ability of gonococci to form
colonies on GC agar under the above described con-

ditions and is calculated as: percent viability = (test
viability/initial (zero time) viability) x 100.

Macromolecular synthetic capability was measured
by following incorporation of radiolabeled precursors

into trichloroacetic acid-precipitable material. To
study nucleic acid synthesis, [5-3H]uridine, [6-3H]-
uridine (6 mM, 1.67 pCi/,umol), [6-3H]uracil (2 mM, 10
pCi/,umol), or deoxy[G-3H]adenosine (5 mM, 10 pCi/
pmol) was used. Protein synthesis was followed by

incorporation of 3H-amino acid mix or L-[4,5-3H]leu-
cine (2 mM, 10 ,Ci/,umol). Radiolabels were obtained
from Amersham Corp., Arlington Heights, Ill. At the
times indicated below, 100 pl of assay mixture was
removed (in triplicate) and placed in 2 ml of ice-cold
10% (wt/vol) trichloroacetic acid in borosilicate glass
tubes (13 by 100 mm) and blended in a Vortex mixer
and kept on ice for 1 h. The trichloroacetic acid
solutions were then filtered through 25-mm cellulose
filters (0.45-Im pore size; Amicon Corp., Lexington,
Mass.). The tubes and filters were rinsed with 10 ml of
5% (wt/vol) ice-cold trichloroacetic acid and 4 ml of
ice-cold 95% ethanol. Filters were dried with an in-
frared lamp, placed in 4 ml of Formula 963 scintillation
fluid (New England Nuclear Corp., Boston, Mass.) in
minivials (West Chem Products, San Diego, Calif.)
and counted in a Tracor Analytic Liquid Scintillation
System, model G892. Only counts of triplicate samples
that had channel ratios within 5% of each other were
used in the results. Controls were performed by placing
complete incubation mixtures on ice or at 60°C for the
duration of the experiment. The method of Schmidt
and Tannhauser was used to determine whether ra-
diolabeled nucleotides were incorporated into deoxy-
ribonucleic acid or ribonucleic acid (16).

Permeability. Sensitivity of gonococci to various
antibiotics was used to detect possible outer mem-
brane permeability changes caused by granule extract.
These antibiotics were added to the reaction mixtures
described above, and gonococcal viability and incor-
poration were measured. In addition, the uptake of
[3H]actinomycin D (ActD; 0.5 lCi/ml, 0.2 nM) during
a 10-min pulse in the absence or presence of extract
was used as an indication of permeability. [3H]ActD
was added to the reaction mixture described above,
and at the indicated times, 100-p1 samples were re-
moved and filtered on 25-mm, cellulose filters (0.45-
,um pore size), and the filters were rinsed with 5 ml of
room-temperature PBS, dried, and counted as de-
scribed above.

Reagents. All reagents, unless otherwise indicated,
were of the highest quality commercially available.

RESULTS
Bactericidal system. The bactericidal sys-

tem described in this publication is similar to
one described previously (13); however, a higher
concentration of gonococci was used (2 x 108
cells per ml instead of 6 x 103 cells per ml) so
that incorporation of radiolabeled precursors
into macromolecules could be accurately mea-
sured. Due to the higher numbers of gonococci
used, a higher concentration of granule extract
was needed to kill 95 to 99% of the gonococci
within 1 h (750 ,ug/ml as opposed to 300 ,g/ml)
(Fig. 1, lower curve). Gonococci incubated in
control mixtures (containing a volume of PBS
equivalent to the granule extract added to the
test mixtures) doubled their number of colony-
forming units every 50 to 60 min. Loss of viability
in the presence of extract is defined as a loss of
ability to form colonies on agar. Extracts from
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FIG. 1. Effect of granule extract on viability and
ability to incorporate labeledprecursors into macro-
molecules. Gonococci were incubated at 37°C in the
presence of increasing concentrations ofgranule ex-

tract. At 1 h, gonococcal viability and incorporation
of a 10-min pulse of [3H]uridine into trichloroacetic
acid-precipitable material were assessed.

seven different donors were used for the experi-
ments described in this publication, with no

significant variations observed in their effects.
Results expressed in the figures are representa-
tive experiments. All experiments were repeated
at least three times on different days.
Effects of granule extract on macromo-

lecular synthesis. Incorporation of radiola-
beled nucleotides or amino acids by 2 x 10i
gonococci per ml into trichloroacetic acid-pre-
cipitable material was followed over time in the
presence or absence of 750 ,ug of extract per ml.
Incorporation by gonococci of [6-3H]uracil, [4,5-
3H]leucine, [2,8-3H]adenosine, [5-3H]uridine, or

3H-labeled mixed amino acids into trichloro-
acetic acid-precipitable material was inhibited
by extract. The appropriate labeled precursor
was added to a suspension of gonococci, and at
0, 30, 60, 90, and 120 min, samples were removed
and precipitated with trichloroacetic acid. Incor-
poration by gonococci of labeled precursors con-
tinued for 60 min at 50 to 70% of the control
rate. However, no incorporation was seen after
60 min.
For further characterization of the kinetics of

the observed inhibition of macromolecular syn-
thesis by granule extract, gonococci were incu-
bated at zero time with extract, and samples
were then pulsed with radiolabeled precursors

for 10 min at zero time and at 15-min inter-
vals. Results are expressed as percentage of zero
time controls: (trichloroacetic acid-precipitable
counts per minute at test time/trichloroacetic
acid-precipitable counts per minute at zero time)
x 100. Control (zero time) trichloroacetic acid
precipitates averaged between 1,200 and 2,500
cpm depending on the labeled precursor. Both
nucleic acid and protein synthesis, as indicated
by incorporation of [5-3H]uridine and [4,5-
3H]leucine, respectively, into trichloroacetic acid
precipitates, appeared to remain -100% func-
tional after a -80% loss of gonococcal viability
(Fig. 2). As viability continued to decrease below
20% (i.e., after about 60 min) due to the action
of granule extract, macromolecular synthesis de-
creased sharply, until at 120 min viability was
<0.1%, and incorporation of radiolabel was
<10%.

In dose-response experiments, in which gono-
cocci were incubated with granule extract for 60
min and then pulsed with [5-3H]uridine or [4,5-
3H]leucine for 10 min, incorporation of label into
trichloroacetic acid precipitates steadily de-
creased in the presence of 0 to 100 ,ug/ml of
granule extract but was then little affected by
concentrations between 100 and 1,000 ,tg/ml
(Fig. 1, top curve).
To measure whether [5-3H]uridine was enter-

ing deoxyribonucleic acid or ribonucleic acid,
trichloroacetic acid precipitates from control
gonococci that had been pulsed with label for 10
min were subjected to further acid and base
treatment. Eighteen percent of the trichloro-
acetic acid-precipitable material remained insol-
uble to acid treatment (pH 1.5, 1000C, 30 min),
whereas no label remained insoluble when
treated with alkali (pH 12,370C, 20 h), indicating
that approximately 18% of [5-3H]uridine was
being incorporated into large molecules of ribo-
nucleic acid. None ofthe [5-3H]uridine was being
incorporated into large molecules of deoxyribo-
nucleic acid. The approximately 80% of [5-
3H]uridine label that was solubilized by both
acid and base was assumed to be in small oligo-
nucleotides. The above experiment was also per-
formed with [6-3H]uridine and gave similar re-
sults, with 35% of the label remaining acid insol-
uble and no label remaining alkali insoluble.

Since the amount of label incorporated into
trichloroacetic acid precipitates by granule ex-
tract-treated gonococci, at times up to 45 min,
was actually greater than incorporation by the
same numbers of untreated, control gonococci,
the possibility of increased transport or perme-
ability and thus increased intracellular pools was
investigated. Extract-treated or control gono-
cocci were pulsed at 30 min for 10 min with [5-
3H]uridine and pelleted by centrifugation, the

I
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FIG. 2. Effect of granule extract on viability and on nucleic acid and protein synthesis. Gonococci and

granule extract were added at time zero. At the indicated times, viability and incorporation ofa 10-minpulse
of[3H]uridine or [3H]leucine into trichloroacetic acid-precipitable material were measured.

pellet was resuspended, and cells were counted.
In a representative experiment, extract-treated
and control gonococci had 1.6 x 105 and 2.0 x
105 cpm associated with them, respectively.
These similar total cell-associated counts sug-
gested similar intracellular accumulation of ra-
diolabeled uridine by control and extract-treated
gonococci.
Effects of ions on killing by extract. The

ions K+, Na+, Ca2+, Mg2+, C1-, S042, and P043
were tested for their effects on the bactericidal
activity observed in our system, since the activ-
ity of some cationic bactericidal proteins is in-
hibited or reversed by various types and concen-
trations of ions. Of the above ions tested at
concentrations up to 0.1 M, only Mg2+ inhibited
extract bactericidal activity. None of the ions
stimulated killing. Magnesium had an optimum
inhibitory concentration of 40 mM, with high
concentrations of Mg2e being lethal for gono-
cocci (Fig. 3). Next, experiments were performed
to see whether Mg2e needed to be present ini-
tially in order to inhibit extract bactericidal ac-
tivity, or whether Mg2e could be added at times
after the addition of extract. Individual tubes
were set up, each containing gonococci and gran-
ule extract at zero time. Magnesium was added
to a final concentration of 40 mM at 2-min

w /
-J

S50 /

extract

0 25 50
Mg++ (mM)

FIG. 3. Effect ofMg2+ on granule extract bacteri-
cidal activity. Gonococci were incubated with in-
creasing concentrations of Mg2+ with or without
granule extract. At 60 min, viability was assessed.
Stars represent gonococci incubated with extract in
the absence ofMg2+.

intervals, and the gonococci were incubated until
60 min and plated for viability. Magnesium in-
hibited killing by extract only when added
within the first 2 to 5 min (data not shown). It
did not inhibit or reverse killing that had already
been initiated or completed.

VOL. 33, 1981
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In similar experiments, gonococci were incu-
bated in GC broth with or without the addition
of 40 mM Mg2e for 10 min, centrifuged (8,000 x
g, 5 min), and resuspended in the normal bac-
tericidal mixture containing granule extract, and
viability was assessed over time. Gonococci
preincubated with Mg2" were killed by extract
to the same degree as control gonococci not
preincubated with Mg2e.
Adherence of bactericidal components to

gonococci. The results of the above experiment
suggested a number of alternatives, one being
that Mg2" was eluting a bactericidal component
from the gonococcal surface. Therefore, experi-
ments were done to see whether extract constit-
uents were adhering to the gonococci. Gonococci
(6 x 103 colony-forming units per ml) were in-
cubated with 500 [tg of extract per ml at 37°C,
and at 0, 10, 20, 30, and 60 min samples were

removed and centrifuged (8,000 x g, 3 min). The
pelleted gonococci were then suspended in GC
broth without extract and incubated with shak-
ing at 37°C, and gonococcal viability was as-

sessed at 0, 30, and 60 min (Fig. 4). The data
show that gonococci continued to die in the
absence of granule extract. The kinetics of gon-

ococcal death after only a few seconds in contact
with extract (i.e., 0 min) is slower than death
after exposure to extract for 10 or 20 min, which
can be seen by the increasing initial slopes (given

100

(0 7)0'

80-

2)10

w 60-

(13)20
e40-

20

0 20 40 60 80
TIME (minute)

FIG. 4. Gonococcal viability after removal ofgran-
ule extract. Gonococci were incubated with extract,
and at 0 (0), 10 (O), 20 (A), 30 (x), and 60 (0) min
samples of the suspension were centrifuged. The pel-
leted gonococci were resuspended without extract,
and viability was assessed at 0, 30, and 60 min. The
solid lines connect data points at 0, 30, and 60 min
after removal of extract at the various times. The
dotted line connects the data points of all the various
times at 0 min, i.e., immediately after removal of
extract and resuspension of the gonococci. Numbers
within parentheses are initial slopes ofthe solid lines.

in parentheses) of the solid lines in Fig. 4. In
experiments where less extract (e.g., 300 yIg/ml)
was used in the initial incubation, results similar
to those seen in Fig. 4 were obtained, except that
less killing was observed (data not shown).
These results indicated that there was a bacte-
ricidal component(s) sticking to the gonococci
or that an irreversible lethal event(s) had oc-

curred (or both). In addition, they supported the
above data with Mg2", indicating that initiation
of lethal events occurs very rapidly.

If a bactericidal component(s) were sticking
to gonococci, then that component(s) should be
depleted from incubation supernatants. The
bactericidal activity of supernatants from incu-
bation mixtures, originally containing 600 ,ug of
extract per ml (now containing "used" extract),
was decreased by 95 to 99% (Table 1) when it
was reused in our bactericidal system, indicating
loss of bactericidal component(s). Supernatants
from control 1-h incubations (containing "used"
GC broth with no extract) did not affect gono-
coccal viability, nor did these control superna-

tants inhibit or enhance the action of fresh ex-

tract when used in bactericidal assays.

Indications of extract-induced mem-

brane permeability changes. To study al-
tered outer membrane permeability, we ob-
served for increased sensitivity of gonococci to
various antimicrobial agents. ActD (200 ng/ml),
erythromycin (500 ng/ml), chloramphenicol
(100 ng/ml), and acridine orange (50 .tg/ml) were
tested in our bactericidal or incorporation assays

in the absence or presence of extract. The sub-
inhibitory concentrations of antimicrobial
agents used were determined by dose-response
experiments with our bactericidal system (data
not shown). When the concentrations of the
antibiotics listed above were doubled, they all

showed degrees of bactericidal activity.

TABLE 1. Effect of used granule extract (GE) on
gonococcal viabilitya

% Viability

Time (min) Expt 1 Expt 2

-GE +GE -GE +GE

ob 100 100 100 100

60 205 2 185 0.1
oic 100 100 100 100

60' 286 40 231 8

aFigures are from two representative experiments done on

separate days.
bAt 0 min, experimental reaction mixtures contained 600

tg/ml of fresh GE.
'At 0 min, the supernatant (6,000 x g, 5 min) from the first

60-min incubation (with or without granule extract) was used
to resuspend a fresh inoculum of gonococci. Viability was
measured 60 min later.

INFECT. IMMUN.
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In the following experiments, gonococci were

incubated with 750,ug of extract per ml for 30
min, and viability was determined. Gonococci
were then pulse-labeled with [5-3H]uridine or
3H-labeled mixed amino acids in the presence of
antibiotic for 10 min, and viability and incorpo-
ration were determined. Neither chlorampheni-
col nor acridine orange exhibited increased bac-
tericidal activity in the presence of extract.
ActD, at a subinhibitory concentration, caused
both increased bactericidal activity and in-
creased inhibition of protein and nucleic acid
synthesis in the presence of lethal concentra-
tions of extract (Table 2). Erythromycin also
caused increased bactericidal activity in the
presence of extract, with results similar to those
shown for ActD. Reciprocal experiments in
which gonococci were preincubated with subin-
hibitory concentrations ofActD or erythromycin
and then exposed to extract and labeled precur-
sors gave almost identical results.

If extract-treated gonococci are indeed more

permeable to these antibiotics, then more should
be associated with gonococci in the presence of
extract than in its absence. To see whether this
was the case, gonococci were preincubated with
or without extract for 30 min, at which time
[3H]ActD was added. At various time intervals,
samples were removed, filtered, rinsed, and
counted. Extract-treated gonococci took up sub-
stantially more [3H]ActD than did untreated
controls in 10 min (Fig. 5). Uptake of ActD by
gonococci treated with 0.1% Triton X-100 is
shown as a positive control.
Although direct measurements have not yet

been made, the effects of granule extract on
osmotic stability of gonococci seem to be mini-
mal. Bactericidal assays done in the presence of
0.15 M NaCl or 8.6% (0.25 M) sucrose yield the
same data as assays done in their absence, indi-
cating that these stabilizing agents do not pre-

vent killing (data not shown). In addition, lysis
of gonococci by extract was not observed, as
measured spectrophometrically (Table 3). Ac-
tually, the optical density of gonococcal suspen-
sions increased during incubation with extract,
possibly due to swelling of the gonococci, or the
interaction of extract components with incuba-
tion reagents, causing cloudiness.

DISCUSSION
In the experiments described in this publica-

tion we used nonpiliated, transparent N. gonor-
rhoeae as a probe to investigate the mechanisms
of bactericidal activity of human neutrophil
granule contents. Nonpiliated gonococci were
used since we have shown previously that both
piliated and nonpiliated gonococci are killed sim-
ilarly by granule extract in regard to time, con-
centration, pH, and extract heat lability (13). In
addition, both types are killed to a similar degree
by the myeloperoxidase-Cl-H202 system (13).
In this regard, our in vitro bactericidal system
probably measures oxygen-independent bacte-
ricidal components for a number of reasons (13).
It is unlikely that an oxygen-dependent system
is involved since no H202 can be measured in the
reaction mixtures (unpublished results), gono-
cocci are strongly catalase positive, exogenous
catalase does not abrogate killing, and the bac-
teriological growth medium (GC broth) used in
the bactericidal assays inhibits the myeloperox-
idase-Cl-H202 bactericidal system (13).

If, then, the observed killing by granule ex-
tracts is oxygen independent, are the character-
istics of the bactericidal activity that we observe
similar to the killing characteristics of the re-

cently described human neutrophil cationic bac-
tericidal proteins (6, 8, 22)? Indeed, is the bac-
tericidal activity due solely to the cationic pro-
teins? In our system, the gonococci are appar-
ently not killed solely by the CCP described by

TABLE 2. Effect ofActD and granule extract on protein and ribonucleic acid synthesis and gonococcal
viabilitya

Expt 1 Expt 2

Prepn % Leucine % Viable at 30 % Viable at 40 % Ui int % Viable at 40
incorpora- min (pre- mm(poet- Coprtob Mi eAt) min (post-

tionb ActD)D ActD) corporation mi (pre-ActD) ActD)

PBS 100 165.0 ± 9.2 141.0 ± 3.5 100 153.0 ± 10.3 131.0 ± 9.0
PBS plus ActD 96.0 ± 3.0 180.0 i 21.0 90.5 ± 0.5 142.0 ± 31.0

GE 47.0 ± 6.0 26.8 ± 6.8 4.5 ± 1.5 49.5 ± 16.5 16.8 ± 2.4 2.44 ± 0.35
GE plus ActD 14.0 ± 2.0 0.26 ± 0.01 0 0.12 ± 0.03

aResults are expressed as the percentage of the mean ± the standard error of the mean. ActD, ActD at 200
ng/ml; GE, granule extract at 750 ug/ml.

bAt 30 min, gonococci were pulsed for 10 min with L-[4,5-3H]leucine or [5-H]uridine, and radioactivity was
measured in trichloroacetic acid precipitates.

'Viability at 30 or 40 min was compared with viability at zero time, which was considered 100%.

VOL. 33, 1981



432 BUCK AND REST

6

2(.)

0

2

--A- .-,
...

< triton x-oo

extract

control
------- -------

TIME (mi)

FIG. 5. Uptake of [3H]ActD by g
treated-gonococci. Gonococci, granui
[3H]ActD were incubated together, ar
was measured at the indicated times.
experiments.

Odeberg and Olsson (8, 9) for a n
sons. (i) The bactericidal activity o
active against, although not limi
positive bacteria. The granule extrn
tions used in this manuscript and
one (13) appear to contain insuffi(
ofCCP to be responsible for the ob
(ii) The bactericidal activity of CC
by the concentration of NaCl (0.]
in our assay mixtures. (iii) Inhibiti
macromolecular synthesis in Es&
parallels loss of E. coli viability, M
macromolecular synthetic capab
cocci caused by granule extract ocm
45 min, at which time a 10-folb
gonococcal viability has occurred.
tericidal activity of CCP is activat
at 1000C for 10 min, whereas the E
activity of granule extract is slig
by the same conditions (13). Fract
against PBS, pH 7.4) containing (
by passing granule extract throug
G-100 column by the method of
Olsson (8, 11), were not bacter
transparent or opaque gonococci a
centrations as high as 300 ,ug/ml
preparation).

It appears that granule extrac
activity is more likely due to pri
the B/PI protein described by W
22). The most striking similarity
killing mechanisms of the two (g
and B/PI) is the ability to inhibit
tiplication (i.e., to inhibit colony-fc
without inhibiting deoxyribonucl
nucleic acid, or protein synthesi

increase in macromolecular synthesis by extract-
treated gonococci (Fig. 2) was not expected. A

v \ reasonable explanation of the data is that the
gonococci continue to increase their mass, but
are unable to reproduce, i.e., form colonies. After
45 to 60 min, in spite of their increased mass,

the gonococci lose all synthetic capabilities.
Work is in progress using enzymatic, physical,
and morphological criteria to measure this ex-

pected increase in mass. In addition, the gono-
cocci were not lysed by incubation in isotonic
medium with granule extract for 60 min, which
correlates with the response of E. coli to B/PI.

-*~~-~--*Interestingly, E. coli treated with B/PI retain
their ability to be induced for ,B-galactosidase
activity. Since we are not aware of such an easily
inducible enzyme system in gonococci, this type

rranule extract of experiment is not feasible at the present time.
le extract, and The bactericidal activity of granule extracts
rzdActD uptake might also be due to any one, or to a combina-
Average of two tion, of a number of other proteins from human

neutrophils, none of which have as yet been as

umber of rea-
extensively characterized as the cationic pro-

fCOP is more
teins (CCP and B/PI) described above. Mo-

xted to, grame drzakowski et al. found numerous bactericidal
ted to, gram- fractions from chromatographically fractionated
aincaprevious granule contents and went on to more com-
ien amous pletely describe a fraction (valley AB from a

cient amounts Sephadex G-100 column) that contained a po-

Tisedkibitegd tent bactericidal cationic protein with an appar-
P5 M) present ent molecular weight of approximately 36,500 (6,
ion by CCP of 7) Gram-negative bacteria, possessing lipopoly-
hio cOPacofi sacchande with the Ra chemotype, appeared to
cherechla osli have similar sensitivities to Modrzakowski's val-
thereas loss of ley AB protein and Weiss's B/PI. The gonococci

ilrty in gono- used in this report apparently have the Ra chem-
curs only after

d decrease in otype lipopolysaccharide (12, 24) and appear to
(iv) The bac- react to partially purified B/PI protein with the

ted by heating
same sensitivity as Ra mutants of E. coli (man-

gonococcicidal uscript in preparation).
Discrepancies exist, however, between the

htly inhibited characteristics of our bactericidal system and
uons tulaaLyzea
.CP, obtained
h a Sephadex
Odeberg and

icidal against
at protein con-

manuscript in

-t bactericidal
Dteins such as
reiss et al. (21,
Z between the
,ranule extract
bacterial mul-
irming ability)
leic acid, ribo-
is. The initial

TABLE 3. Effect ofgranule extract on absorbance of
gonococcal suspensionsa

Absorbance

Time
(mm) PBS control Triton X-100 tract (750 xg/(0.1%) trcI(5)~gml)
0 0.000 (100)b 0.000 (100) 0.375 (100)
30 0.146 (174) -0.174 (0.44) 0.476 (16.1)
60 0.340 (242) -0.179 (0.05) 0.580 (0.02)
a At 0 min, the spectrophotometer was zeroed at

550 nm to the PBS control containing gonococci and
was used as the blank for the other assays. At indicated
times the absorbance and viability were determined.

b Numbers within parentheses indicate percent vi-
ability compared to zero time controls.
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those described by others for human neutrophil
granule contents. The question arises whether
the individual bactericidal proteins described by
various investigators may work in concert with
or antagonistically toward each other. Odeberg
and Olsson have shown such interactions with
human neutrophil elastase or chymotrypsin and
the myeloperoxidase-Cl-H202 bactericidal sys-
tem (10) and have suggested the presence of a
protease inhibitor within neutrophils. Thorne et
al. showed that the gram-negative Acinetobacter
199A was rendered sensitive to lysozyme by
preincubation with human lysosomal protein-
ases, including cathepsin G and elastase (20).
Work continues in our laboratory on the in-

teraction of the many lysosomal constituents
and their role in bactericidal activity.
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