1B. The uncertainties in these ratios are
substantial, perhaps around 25 percent.
The plasma characteristics implied by
our [OII] measurements are thus entirely
consistent with those derived from [SII]
observations. We are not yet prepared to
report an absolute brightness for the
[OIl] emission, but estimate that it is
comparable in strength to the [SII] 6716
and 6731 A lines, probably less than 100
rayleighs.

The source of the oxygen around Jupi-
ter is at present ambiguous. Although Io
is clearly the source of much of the
heavy ion plasma in the inner Jovian
magnetosphere (5), a potential nearby
source of large amounts of oxygen is wa-
ter-covered Europa (/2). Lanzerotti et
al. (I13) have discussed the sputtering of
water by energetic charged particles
from Europa and the outer Galilean sat-
ellites, and Pilcher (/4) has discussed the
mechanisms by which water might be re-
moved from the surface of Io. Wu et al.
(15) have noted that ultraviolet emission
detected around Europa from the Pio-
neer 10 spacecraft may indicate the pres-
ence of clouds of atomic oxygen and hy-
drogen. However, there are no grounds
to'rule out Io as an oxygen source as
well. We are therefore left with an ambi-
guity that we hope to resolve by means
of spacecraft data and further ground-
based observations.

Note added in proof: The presence of
OIl around Jupiter was confirmed by
the Voyager 1 plasma experiment (/6),
although far-ultraviolet emissions char-
acteristic of this ion were not seen from
the spacecraft (/7). The apparent pres-
ence of large quantities of SO, on Io (I8)
indicate that Io is an important source of
magnetospheric oxygen.

C. B. PILCHER
J. S. MORGAN
Institute for Astronomy,
University of Hawaii, Honolulu 96822
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Host Defense Against Neisseria meningitidis

Requires a Complement-Dependent Bactericidal Activity

Abstract. Some individuals, with severe or recurrent infection with Neisseria spe-
cies, have been identified as lacking a component in the terminal attack sequence of
complement (complement components 5 to 9). The relevance of the terminal attack
sequence to various phases of host defense was tested with the use of the C-11 strain
of meningococci and human serum genetically deficient in complement component 8
(C8-D). The C8-D serum was comparable to normal serum in supporting ingestion
and intracellular killing by leukocytes but was not bactericidal in the fluid phase
unless reconstituted with C8. Thus, serum complement-dependent bactericidal ac-
tivity may be especially critical for the host’s defense against invasive Neisseria spe-

cies.

The classic in vitro and epidemiologi-
cal studies of Goldschneider ef al. (1) es-
tablished that antibody was essential for
immunity to Neisseria meningitidis. Al-
though a complement-dependent bacteri-
cidal reaction was used to conveniently
measure antibody to meningococci, a
requisite role for the complement system
in the host defense against Neisseria was
never established. Recently, unusually
severe, chronic, or recurrent infections
with Neisseria species have been record-
ed in association with deficiencies in
components of the terminal complement
sequence, notably C5 (2), C6 3), C7 @),
and C8 (5). These human deficiencies of
components C5 to C8 provided the first
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Fig. 1. Effect of opsonizing meningococci
with specific antibody (Ab) and either normal
(C) or C8-deficient serum (C8-D) as a com-
plement source. The percentage of polymor-
phonuclear leukocytes (PMN’s) having in-
gested one or more bacteria is plotted on the
ordinate.
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evidence that the terminal attack se-
quence of complement might be critical
for the host’s defense against pathogenic
Neisseria. Our studies were designed to
determine the mechanism by which the
terminal complement sequence mediates
activity against Neisseria: phagocytic in-
gestion, intracellular killing, or fluid
phase bactericidal activity.

Group C (C-11) meningococci grown
to log phase in Miiller-Hinton broth, hu-
man peripheral blood leukocytes isolated
from dextran-sedimented blood, the im-
munoglobulin G fraction of human anti-
serum to group C, and both normal and
C8-deficient (C8-D) human serum were
utilized in these studies. The normal
serum was selected to be without detect-
able bactericidal antibody but to have an
intact complement system. In order to
evaluate the capacity of C8-D serum to
support ingestion, meningococci in the
log phase of growth (5§ x 107 cells) were
opsonized in a 0.2-ml reaction mixture
containing normal or C8-D serum diluted
1:5in RPMI 1640 (Microbiological Asso-
ciates) supplemented with 0.4 percent
bovine serum albumin and 5 mM MgCl,,
with or without the addition of 78 ug of
the antibody fraction. After incubation at
37°C for 30 minutes, 2.5 X 107 leuko-
cytes were added to each reaction mix-
ture. The tubes were further incubated in
an atmosphere of 5 percent CO, and 95
percent air for 60 minutes on a gyro-
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shaker. The cells were collected by cen-
trifugation, washed, and smeared on
slides, which were then stained with 1
percent methylene blue and randomly
coded. One hundred polymorphonuclear
leukocytes (PMN’s) from duplicate reac-
tion mixtures were counted under code,
and the number of PMN’s that had in-
gested one or more bacteria was deter-
mined. In terms of supporting opsoniza-
tion, there was no significant difference
between the C8-D and normal serum
(Fig. 1). Although C3b is the critical
complement ligand for promoting phago-
cytic ingestion, it was not known wheth-
er the intramembranous insertion of the
terminal complement attack sequence in-
to the membrane of Neisseria might fa-
cilitate ingestion. Our results do not sug-
gest this.

Next, the necessity of the terminal at-
tack sequence for intraphagocyte killing
was examined. Reaction mixtures of 4.0
ml containing diluted (1:4) normal or C8-
D serum, 0.4 mg of antibody fraction,
and 4 X 10° bacteria were incubated for
30 minutes at 37°C on a gyroshaker in an
atmosphere of 5 percent CO, and 95 per-
cent air. After samples were removed for
assay of viable bacteria at the end of the
opsonization phase, leukocytes (2.5 X
107) were added to the reaction mixtures
and the incubation continued. After 60
minutes, the reaction mixtures were cen-
trifuged, the supernatants sampled for
viable bacteria, and the pelleted cells
cultured for quantitation of bacteria ad-
herent to the leukocytes. The remaining
cells were lysed with water and then cul-
tured to quantitate viable intracellular
bacteria. A control reaction tube con-
taining only buffer, heated serum, and
bacteria showed that the number of vi-
able bacteria remained constant over the
course of the experiment. All the bac-
teria that interacted with normal serum
were killed before the leuckocytes were
added. In the case of C8-D serum, there
was no killing during opsonization, but
60 minutes after the additon of leuko-
cytes 1.6 log,, bacteria were killed. Less
than 1 percent of surviving bacteria were
within or adherent to the leukocytes. Al-
though a direct comparison of intracellu-
lar killing of C8-D- and normal serum-
opsonized meningococci cannot be made
since normal serum is bactericidal in the
absence of phagocytes, phagocytic kill-
ing of 1.6 log,, is of a similar magnitude
reported for gonococci (6) and pneumo-
cocci (7) in comparable assays with nor-
mal serum. Our data support the con-
clusion that the terminal complement se-
quence is not necessary for the intra-
cellular killing of meningococci.

The final experiment was done to es-
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Fig. 2. Reconstitution of C8-deficient serum
in the bactericidal assay by the addition of
functionally purified C8. Percentage of the ini-
tial bacterial inoculum Kkilled is plotted on the
ordinate; the units of C8 added are plotted on
the abscissa.

tablish whether killing of the meningo-
coccus in the absence of phagocytes de-
pends on an intact terminal complement
sequence. From 0 to 25 units of function-
ally purified C8 (Cordis) were added to
0.2-ml reaction mixtures containing di-
luted (1:8) C8-D serum, 4 ug of antibody
fraction, and 2 X 10® bacteria. After a
30-minute incubation period at 37°C, the
mixtures were diluted and portions were
plated for colony counting. Bactericidal
activity did not occur in C8-D serum
(Fig. 2), but could be restored in a dose-
related manner by the addition of exoge-
nous C8.

Many (2-5), though not all (8), patients
with deficiencies in terminal complement
have shown a susceptibility to Neisseria
infections, suggesting that the terminal
complement components may have a
role in the host’s defense against these
pathogens. Previous studies showed that
opsonization by C8-D serum allowed for
normal ingestion of yeast and normal in-
tracellular Kkilling of Staphylococcus
aureus (5). However, a unique capacity
of the terminal complement components
is the self-assembly of a macromolecular
complex that can insert itself into sus-
ceptible lipid membrane (9). Since nei-
ther yeast nor S. aureus have such lipid
membrane exposed, it was critical to
study the ingestion and killing of an
agent with an exposed susceptible mem-
brane. Although most Gram-negative
bacteria would fit this criterion, a Neis-

seria species was studied because of the
unique association of these pathogens
with deficiencies in terminal comple-
ment. It seemed possible that a lesion
in the bacteria’s lipid membrane might
affect phagocytic ingestion, perhaps by
allowing more C3b fixation or by chang-
ing the net charge of the membrane; but
ingestion of meningococci was normal in
C8-D serum. Similarly, the terminal
complement lesion might affect the intra-
cellular fate of the ingested bacteria.
Other workers have found that com-
plement can enhance the intracellular
killing of S. aureus (10), although the
role of the terminal complement com-
ponents in this process could not be as-
sessed. Our data show that the effect of
complement on the intracellular fate of
Neisseria does not depend on the termi-
nal complement sequence, and, there-
fore, the membrane lesion must not be
critical for killing inside the phagocyte.
With the reservation inherent in extrapo-
lating from a laboratory strain of men-
ingococci to the wild-type strains, our
data suggest that the only role of the ter-
minal complement components in the
host’s defense against meningococci is to
provide for extraphagocytic bactericidal
activity.
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