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In a survey of negatively stained preparations of' the prototype strains of'
Neisseria meningitidis, pili were detected on three strains. However, these pili
were detected on fewer than 5%( of' cells in populations of' these three strains.
Those individual cells with pili were seldom observed to contain more than two or
three pili per cell. In contrast, nearly all cells of' the nonprototype group B strain
ATCC 13090 had numerous pili on their surfaces. When viewed in frozen-etched
replicas, a f'ew pili were observed lying on the cell surface of' this latter strain. An
annular structure was also found in frozen-etched replicas. This structure
usually consisted of a series of concentric rings that were always found on the flat
side of these bean-shaped cells. It is concluded that such structures represent a
differentiated portion of the cell wall, which is involved in cross-wall formation
during synthesis of the cell septum in dividing cells.

The surf'ace morphology and surf'ace-
associated structures of various neisseriae have
been the subject of' several recent investigations
(5, 9, 12, 14). The neisseriae in thin section
exhibit a typical gram-negative cell envelope
morphology (1, 3, 11), i.e., two trilaminar mem-
brane-like layers separated by a periplasmic
zone containing an electron-dense peptidogly-
can layer. Surface pili have been reported on the
gonococcus (5, 12) and three species of nonpath-
ogenic neisseriae (14). Jephcott et al. (5) men-
tioned in a presentation of data on the pili of the
gonococcus that similar fibrilar structures have
been observed on meningococci, although evi-
dence for such structures was not presented. It
has been suggested that the presence of' pili on
the gonococci may be associated with virulence
in this organism (12). This proposal is based on
the finding that cells from gonococcal colony
types one and two were found to be piliated and
virulent, whereas those from colony types three
and four were neither piliated nor virulent (5, 6,
12). DeVoe and Gilchrist (2) recently reported
an additional structural feature on the me-
ningococcal cell wall. A detailed analysis on
three prototype strains of meningococcus re-
vealed that relatively large quantities of endo-
toxin were released into the medium in the f'orm
of' cell wall blebs that originated at the outer
trilaminar layer of' the cell. Such blebs were
formed and released only during the active
stage of' growth, whereas these structures were
absent on stationary phase cells. The relation-
ship of' such a mechanism for endotoxin release
to meningococcal pathogenicity is unknown;

however, proposals from several sources (4, 7, 8)
suggest a prominent role for endotoxin in the
pathology of meningococcal disease.

In this report, we present an ultrastructural
study on both pili of' the meningococcus and a
newly discovered structural feature associated
with the flat side of' the bean-shaped meningo-
coccus.

MATERIALS AND METHODS

Organisms. Neisseria meningitidis strains 791 (se-
rogroup A), SD1C (serogroup B), M-60 (serogroup D),
X Slaterus (serogroup X), Y Slaterus (serogroup Y), Z
Slaterus (serogroup Z), 29E (serogroup 29E), and
W-135 (serogroup W-135) were obtained from the
Neisseria Repository. Naval Medical Research Unit
No. 1, School of Public Health, University of' Califor-
nia, Berkeley. Group B strain ATCC 13090 (serogroup
B) was obtained f'rom the American Type Culture
Collection.
Maintenance of stock cultures. Stock cultures

were maintained on Mueller-Hinton agar slants at
-80 C. The procedures described by Vedros (Neis-
seria Repository Bulletin, U.S. Naval Research Unit
No. 1, School of Public Health, University of Califor-
nia, Berkeley) were f'ollowed for routine examination
for strain purity.

Cell growth. Cells from thawed slants were used as
the inoculum for Mueller-Hinton agar (Difco) plates
which were incubated (24 h) in a candle jar (37 C) at
1007. humidity. Cells f'rom the 24-h cultures were used
as the inoculum for 10 ml of' Mueller-Hinton broth,
which was incubated (37 C) with agitation (100 rpm)
until cultures were in the mid-log phase of growth. A
0.05-ml portion of' this culture was used to inoculate
10 ml of fresh Mueller-Hinton broth. The f'inal culture
was incubated as above to the mid-log stage of growth
(in most strains approximately 3 h).
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Negative staining. Specimens for negative stain-
ing were deposited onto Formvar-coated carbon-
stabilized copper grids and stained with 0.01% phos-
photungstate (pH 7.5).
Frmze etching. This work was carried out by a

procedure described previously (13).
Electron microscopy. All electron micrographs

were obtained by use of an AEI-EM6B.

RESULTS
During studies on several strains of meningo-

cocci, we routinely observed cell-free pili in
negatively stained preparations of supernatant
fluids (Fig. 1) of three prototype strains (group
B strain SD1C, group X, and group Y). Close
examination of the individual cells from these
cultures revealed that approximately 5% of the
cell population possessed pili attached to the
cell surface; however, the individual piliated
cells only rarely exhibited more than five pili
per cell, usually only one or two. The morphol-
ogy of the pili themselves was identical in all
stains; however, in the preparation of the group
Y strain, small bundles of intertwined pili were
often observed (Fig. 2). These bundles of pili
were similar in many respects to those observed
in the gonococcus (9).
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In contrast to the paucity of pili found in the
prototype strains, numerous pili were evident
on the surface of over 90% of cells of the group B
strain ATCC 13090 (Fig. 3). As in the prototype
strains, cell-free pili were also found in the
culture supernatant fluids of actively growing
cells.

In the case of the gonococcus (6, 10), piliated
cells are associated with a distinct colonial
morphology. Pili were not observed on all me-
ningococcal cells in either the cultures of the
piliated ATCC 13090 strain or those of the pil-
iated prototype strains. An attempt was made
to separate the piliated cells from nonpiliated
forms, on the basis of colonial morphology, in a
manner similar to that employed with gonococ-
cus. Colonial morphologies in all instances were
consistently identical. Moreover, negatively
stained preparations of cells from selected colo-
nies of the various strains revealed that the
proportion of piliated cells in the population
was similar to that described above for broth
cultures. Therefore, the low frequency of pili in
the cell populations of the prototype strains
appeared to be characteristic for these cells
under the conditions for growth used here.
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FIG. 1. Cell-free pili (P) in negative stain from a broth culture of N. meningitidis group X prototype strain
x66,000.

FIG. 2. Negative stain preparation of intertwined pili (P) from N. meningitidis group Y. x 75,000.
FIG. 3. Negative stain preparation of N. meningitidis group B ATCC 13090. P, Pili; B, bleb-like evagination

of outer cell-wall layer. x60,000.
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Multiple pili on over 90% of cells in the ATCC
13090 strain appeared to be the exception
among the number of meningococcal laboratory
strains observed to date.
Swanson (9) concluded from freeze-fracture

studies on the gonococcus that the extension of
most pili out and away from the cell surface in
negatively stained preparations was probably
an artifact produced by the staining process
itself. Abundant pili were observed wrapped
around the cell surface in his frozen-etched
replicas. In contrast, our frozen-etched replicas
of meningococcal strain ATCC 13090 (Fig. 4 and
5) revealed very few pili on the cell surface,
suggesting that they were removed during the
cleavage stage of specimen preparation. It is,
therefore, reasonable to conclude that in the
case of this single meningococcal strain the
extended pili observed in negatively stained
preparations were representative of the state of
pili in the culture.
An additional feature noted in our frozen-

etched replicas was the distinct morphology
associated with the flat side of these bean-
shaped cells (Fig. 5 to 8). This side of the cell
exhibited a distinct annulus-like structure. As
the orientation of these structures appeared to
be random with respect to the plane of cleav-
age, it seems improbable that they were ar-
tifacts produced by either the cleavage process
or the subsequent etching of the specimen.
These annular structures were oriented such
that much of the structures was revealed above
the frozen milieu (Fig. 5 to 8). Dividing cells are
shown in Fig. 6 and 8. In these cells, the
remnants of the annular structure was faintly
visible on the cell surface. In all dividing cells on
which these structures were observed, the struc-
tures were in a plane perpendicular to the line
of septum formation. A small concave fragment
is shown in Fig. 7 that appears to be the rem-
nant of the cell wall from a sister cell removed
during cleavage. The fact that this attached
fragment is seen near the center of the annular
structure is further evidence that these concen-
tric rings are associated with that part of the
wall involved in cell division. As these distinct
structural features are associated with the flat
side of the cell walls, which are in juxtaposition
during cell division, it is reasonable to consider
such structures may constitute a division scar.

DISCUSSION
The importance of meningococcal surface

structural components to meningococcal dis-
ease is unknown. However, a role for the endo-
toxin from the cell surface of this organism in
the pathology of meningococcal disease was
postulated by early workers in this field (7), and

more recently by others (4, 8). DeVoe and
Gilchrist (2) recently reported a mechanism
whereby rapidly growing meningococci released
substantial amounts of endotoxin-containing
cell wall without cell lysis. During the active
stage of growth, the outer cell wall of these
organisms evaginated to form multiple blebs,
which were subsequently released into the me-
dium. These surface blebs were also found in
abundance on cells of prototype meningococcal
strains as well as on the surface of cells from
primary throat cultures of known meningococ-
cal carries (DeVoe and Gilchrist, unpublished
data).

Surface pili have been reported on the gono-
coccus (5, 12), meningococcus (5), and three
nonpathogenic neisseriae (14). There appears to
be a direct correlation in the gonococcus be-
tween virulence and the presence of such pili (5,
6, 12). Although pili are numerous on the
surface of the piliated gonococci (5, 12), in our
experience with laboratory strains of meningo-
cocci generally only a small proportion of cells
in cultures exhibited pili. In a survey, we found
only three prototype strains that possessed
detectable pili; however, the proportion of the
population of these three strains with surface-
attached pili was relatively small, in the range
of 5%. In contrast, over 90% of the cells in the
populations of the group B strain ATCC 13090
were piliated when grown under identical labo-
ratory conditions to those used for the prototype
strains. In a survey of over 30 laboratory strains,
we have found only the group B strain ATCC
13090 to be heavily piliated (DeVoe and Gil-
christ, unpublished data). Close examination of
negatively stained preparations from mnost
strains revealed that generally a very low num-
ber of cells in the population possessed these
structures, and then one can detect only one or
two pili per cell. The presence of abundant pili
on the group B ATCC 13090 strain, therefore,
appears to be the exception among laboratory
strains of meningococci.
An explanation for the general paucity of pili

in meningococcal cultures was recently uncov-
ered when fresh throat cultures from known
carriers of meningococci were analyzed (DeVoe
and Gilchrist, manuscript in preparation). All
cells from primary cultures of these carriers
were piliated; however, serial subculture of the
same strains resulted in the loss of pili from
these cells. Therefore, it seems likely that, at
least in the carrier state, meningococci do
possess pili, but during the conversion of these
cells to laboratory strains such structures are
lost.
The annular structures reported here on the

surface of meningococci in frozen-etched repli-
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FIG. 4-8. Frozen-etched replica of cell surface of N. meningitidis group B (ATCC 13090). P, Pili; A, annular
structure on flat side of cells; CM, cytoplasmic membrane; CW, cell wall; CWa, cell wall surface of cell shown in
plane of cleavage; CWb, cell wall fragment of sister cell which was itself removed during cleavage.

cas were always found in association with the
flat side of the bean-shaped diplococcal cells.
This differentiated area of the cell wall is no

doubt produced during the synthesis of cross-

wall formation during cell division. When ob-
served on the surface of a dividing cell, these
annular structures were found to be in a plane
perpendicular to the line of new septum forma-
tion. We are presently investigating this area of
the wall in greater detail.
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