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Colonial morphology and piliation were studied on twelve strains from various
serogroups of Neisseria meningitidis. Six different colony types (Ml to M6) were

identified. Most strains elaborated only an Ml colonial type, which is similar to
gonococcus T4. Several combinations of piliation and colonial morphology were

observed: (i) colonial variation in which neither parent nor variant were piliated;
(ii) colonial variation involving piliated and nonpiliated cells; (iii) dissociation of
piliated from nonpiliated cells with no colonial change; and (iv) colonial variation
in which both variants were piliated but with distinctly different pili. Results of
this study demonstrate that correlations between piliation and colony morphology
within N. meningitidis are exceptions rather than the rule.

Of the four major colonial types (T1 to T4) of
the gonococcus, two (T1 and T2) consist of viru-
lent (7, 8), piliated (6, 11) cells, whereas the two
other colonial types (T3 and T4) are neither
virulent nor piliated. These correlations suggest
that pili are a virulence factor in the gonococcus,
although recent results have cast some doubt on
this hypothesis (9), and, of lesser importance,
that pili could be a determining factor in colonial
morphology, as well. The correlation between
distinct colonial morphologies and the presence
of pili on the surface of the gonococcus has
provided an extremely useful laboratory tool for
segregating and maintaining pure cultures of
piliated gonococcal lines.
The finding of a group B meningococcus

(M2092) that remained piliated under a variety
of growth conditions (3) led us to survey both
laboratory stock cultures of meningococci and
primary cultures from the nasopharynx of 30
known asymptomatic carriers and from the ce-
rebrospinal fluid of 30 patients with acute dis-
ease (4). Although stock cultures of laboratory
strains generally produced populations in which
1 to 5% of the cells exhibited one to two pili per
cell, no laboratory strain was found at that time
in which a large proportion of cells in a colony
were fully piliated, such as we had previously
observed with strain M2092 (3). Our initial find-
ings from primary cultures of carriers or the
cerebrospinal fluid of patients led us to the ten-
tative conclusion that the meningococci were
piliated in nature. In this survey, cells from
primary cultures from patients were analyzed by
electron microscopy, and, without exception,
>80% of cells from all colonies were piliated;

however, subculture of these cells on the same
medium resulted in a complete loss of detectable
pili in some strains or a reduction of the propor-
tion of piliated cells in a population to 1 to 5% in
other strains. Unfortunately, this loss of pili from
cells was not accompanied by a change in the
colonial morphology, as one could expect with
the gonococcus (6, 11).

Further studies on laboratory strains of men-
ingococci have uncovered exceptions to our find-
ings with fresh isolates. McGee et al. (10) re-
ported two meningococcal strains that remained
fully piliated after repeated subculturing. Using
yet another piliated strain (M2092), D. Brener
et al. (la) found two colony types that were
morphologically identical, except for colony size.
The larger of the two colony types consisted of
cells with long, thick (4.5-nm diameter) pili,
whereas the cells from the smaller colony had
short, thin (2.0-nm diameter) pili. In view of the
apparent lack of correlation between meningo-
coccal colony morphology and piliation, espe-
cially among laboratory strains, we have ex-
tended our studies in an attempt to define this
area.

MATERIALS AND METHODS
Organisms. Neisseria meningitidis prototype

strains A (791), B (SDIC), D(M-60), X (Slaterus), Y
(Slaterus), Z (Slaterus), W-135, and 29E were obtained
from the Neisseria Repository, NAMRU, University
of California, Berkeley. N. meningitidis B (M2092)
was obtained from the American Type Culture Collec-
tion (ATCC 13090). N. meningitidis group A strains
SP3428, SP3424, and SP3453 were cultured from ce-
rebrospinal fluid of patients in Sao Paulo, Brazil.

Cell growth and maintenance of cultures.
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Stock cultures of all strains were lyophilized except for
Sao Paulo (SP) strains, which were serially cultured
three times and stored on Mueller-Hinton agar (Difco
Laboratories, Detroit, Mich.) slants at -70°C. Work-
ing cultures of all strains were maintained on Mueller-
Hinton agar (-70°C). Cultures of both parent and
variant strains were checked routinely for purity (ox-
idase, Gram stain, sugar reactions, and serogroup)
during these experiments by procedures described by
N. Vedros (Neisseria Repository Bulletin, NAMRU,
School of Public Health, University of California,
Berkeley). Cells were grown both on plates of Mueller-
Hinton agar and on GC medium (Difco) plus 2%
IsoVitaleX (Baltimore Biological Laboratory, Cock-
eysville, Md.). Colonies were analyzed by means of a

dissection light microscope at intervals ranging from
16 to 48 h of growth (37°C, candle jar, 100% humidity).
Photographs of colonies were taken with a high-inten-
sity side-arm illuminator focused to produce maximum
intensity through a frosted glass stage.

Electron microscopy. Negatively stained prepa-
rations were prepared as previously described (2),
except 0.05% phosphotungstate (pH 7.5) was used.
Electron micrographs were taken on an AEI EM6B
electron microscope.

RESULTS

The predominant colonial type (Table 1)
among the meningococci tested was that desig-
nated M1 (Fig. 1 and 2). Moreover, the Ml
colonial morphology, although previously not
designated as such, is the one we had routinely
observed in primary cultures of meningococci
from either carriers or patients with acute dis-
ease (4).
One group B strain (SDIC), the prototype

strain, dissociated into three colonial variants
(Ml, M3, and M5) (Fig. 1 and 2). Two of the
colonial types (Ml and M3), although dramati-
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cally different in morphology after 36 h (Fig.
3C), were virtually indistinguishable after 18 h
(not shown) and barely distinguishable, even

with the aid of a dissection microscope, after 24
h of growth (Fig. 3A). Although these colonial
variations among the meningococci are of inter-
est in themselves, more important is the finding
that >95% of cells from the rough colonial var-

iant (M3) of SDIC were heavily piliated (Fig.
4B), whereas cells from the smooth colony (Ml)
did not have pili (Fig. 4A). The pili elaborated
by the SDIC M3 colonial variant were the long,
large-diameter (4.5 nm) pili described previously
for other meningococci (la, 3, 10) and not the
short, small-diameter (2.0 rm) pili found to pre-
dominate (la) on the M2 colonial variant of
M2092 (Table 1). The cells of the third colonial
variant (M5) of SDIC (Table 1), like the Ml
variant, did not have pili.
The Ml and M3 variants of strain SDIC were

repeatedly subcultured, and each time the re-

sults were similar. After numerous transfers, the
smooth colony type (Ml), made up of nonpi-
liated cells, consistently remained smooth,
whereas subculture of the rough variant (M3)
always yielded approximately 90% rough M3
colonies, consisting of piliated cells, and 10%
smooth Ml type, consisting of cells without pili.
The rough (M3) type dissociated into smooth
(Ml) as shown in Fig. 5. Such variants frequently
appeared on colony edges, especially after 16 to
18 h of growth. A piliated group A organism,
strain SP3428 (Table 1), elaborated only one

colonial type (M4); however, a random check of
thirty colonies revealed one in which >95% of
cells were heavily piliated (4.5-nm diameter).
Both piliated and nonpiliated variants of this

TABLE 1. Colonial morphologies of various strains of N. meningitidisa
Source Serogroup Strain Colony typeb

Neisseria Repository A (prototype) 791 Ml
Neisseria Repository B (prototype) SDIC Ml, (M3), M5
Neisseria Repository D (prototype) M-60 Ml
Neisseria Repository X (prototype) X (Slaterus) Ml
Neisseria Repository Y (prototype) Y (Slaterus) Ml
Neisseria Repository Z (prototype) Z (Slaterus) Ml
Neisseria Repository 29-E (prototype) 29-E Ml
Neisseria Repository W-135 (prototype) W-135 Ml
ATCC 13090 B M2092 (Ml), (M2)c
Sao Paulo, Brazil A SP3453 Ml
Sao Paulo, Brazil A SP3428 M4, (M4)d
Sao Paulo, Brazil A SP3424 M6

All cells were grown separately both on GC-IsoVitaleX and on Mueller-Hinton media. Colonies of any given
strain were the same on both media.

b Parentheses indicate colonies consisting of piliated cells. In all variants, >95% of cells viewed in the electron
microscope had more than 10 detectable pili per cell. A minimum of 50 cells was analyzed for each colony.
Colony types were determined after 28 to 30 h of growth.

'Information extracted from Brener et al. (la).
d SP3428 dissociated into one variant with pili and one without. Both variants had identical colonial

morphologies (M4).



MENINGOCOCCAL PILI AND COLONIAL MORPHOLOGY

Ml M2

M4

M6

Ti
FIG. 1. Various colonial morphologies of N. meningitidis after 30 h ofgrowth. x40.
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FIG. 2. Cross-sectional diagrams derived from the

shadow patterns in micrographs of the various colo-
nial forms of N. meningitidis (after 30 h of growth).
The relative sizes are in proportion to the colonies
shown in Fig. 1.

strain were subcultured on GC-IsoVitaleX and
on Mueller-Hinton agar medium. The colonial
morphologies of both strains were indistinguish-
able on either medium, i.e., both variants pro-
duced only an M4 colonial morphology. The
three group A strains (SP) (Table 1) were taken
on the same day from the cerebrospinal fluid of
three patients (I. W. DeVoe and J. E. Gilchrist,
unpublished data). We have cultured these
strains in the laboratory three times since their
isolation but have maintained them in the frozen
state (-70°C) for over 3 years. Therefore, they
must be considered laboratory strains, as are all
other strains used in this study.
The two media upon which the cells were

grown had no apparent effect either on colonial
morphology or on the piliation of cells during
this study. Colonial morphology was, however,
affected by time of growth. A period of 28 to 30
h was sufficient, and required in some isolates,
to distinguish between colonial variants.

In summary, we have presented examples
here, as well as previously (la), for the following
combinations of pili and colonial morphology:
(i) colonial variation involving no piliation, e.g.,
SDIC Ml and M5; (ii) colonial variation involv-
ing piliated and nonpiliated cells, e.g., SDIC M3
and Ml; (iii) dissociation of piliated to nonpi-
liated cells without a change in colony type in
strain SP3428; and (iv) colonial variation in
which both variants were piliated, each elabo-
rating a distinctly different pilus type in strain
M2092 (la).

DISCUSSION
Dissociation in bacterial species is a frequently

observed phenomenon in which morphological
or physiological variants appear spontaneously
in pure cultures (1). We have presented evidence
for dissociation manifested by changes in colo-
nial morphology and/or piliation in meningo-
cocci. The characteristic of the gonococci to
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A

FIG. 3. Development of two colonial variants, a smooth (Ml) and a rough (M3) type, of group B N.
meningitidis SDIC. (A) 24 h; (B) 30 h; (C) 36 h. x56.
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B

FIG. 4. Negatively stained cells (30-h culture) from variant colonies of group B N. meningitidis strain
SDIC. (A) Nonpiliated cell from the smooth Ml colonial type; (B) piliated cell from the rough M3 colonial
type. Arrows point to pili. Bar = 0.1 pm.
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those of the gonococcus, but their findings
among the meningococci failed to show similar
correlations between colony morphologies and
piliation. Of the four meningococci studied by
McGee et al. (10), all had raised, convex colonies
indistinguishable from the Ml type that we de-
scribe here or the T4 type of the gonococcus (7).
From the evidence presented here and elsewhere
(la, 3, 4, 10), it seems evident that the correla-
tions between piliation and colonial morphology
observed in the gonococcus do not hold for lab-
oratory strains of meningococci. There are, no
doubt, other combinations ofcolony morphology
and piliation among meningococci that we have
not observed.

ACKNOWLEDGMENTS
We thank Helga Yuen for her excellent technical assistance.
We acknowledge the support of both the National Research

A Council of Canada and the Medical Research Council of
Canada.

I' pC

4.

FIG. 5. Multiple dissociations to smooth Ml var-
iants within a single rough M3 colonial variant ofN.
meningitidis SDIC. Arrows point to areas where Ml
variants are developing. (A) 24 h; (B) 28 h; (C) 32 h.
X56.

dissociate into four colonial variants (7, 8) and
the correlation of two of these variants with
virulence in humans and piliation (6, 7, 10) has
placed great importance on the colonial mor-
phologies of this organism. Moreover, a fifth
colonial variant of the gonococcus, with an ex-
tremely rough colonial morphology and contain-
ing piliated cells, has recently been reported (5).
McGee et al. (10) have compared the colonial

variants of several nonpathogenic neisseriae and
meningococci to the colonial forms of the gono-
coccus. They found some colonial forms roughly
similar to, and some indistinguishable from,
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