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This investigation describes the surveillance of the colonial stability of the
pathogenic type 1 from the gonococcal strain F, to the nonvirulent types 3 and 4
in different liquid media. The maintenance of the colony types was monitored by
the parameters of colonial morphology and deoxyribonucleic acid-mediated
transformation. During growth in a complex medium, Mueller-Hinton broth,
only 46.7% of the gonococcal population remained as type 1 after 12 h. The
greatest change in the type 1 colony-forming units correlated with the decline in
viable count. The conversion process could not be prevented by the continual
maintenance of the gonococcus in logarithmic growth. The frequency of
transformation from PRO~ (proline) to PRO* was proportional to this decrease
in type 1 colony-forming units. In contrast to Mueller-Hinton medium, the
chemically defined minimal medium Gonococcal Genetic Medium (GGM) was
capable of maintaining approximately 90% of the gonococcal population in the
type 1 colonial form after 16 h of growth, despite a decrease in the viable count.
Although the percentage of type 1 appeared to remain constant in GGM, the
apparent transformation frequency increased approximately 24-fold from 0 to 12
h of growth. GGM appears to stimulate or maintain competence, as evidenced by
an eightfold increase in transformation when cells are exposed to deoxyribonu-

cleic acid in GGM as compared to Mueller-Hinton.

In 1963 Kellogg and co-workers (14) classified
the gonococcus into four major types (T,, T,
Ts, and T,) based on colonial morphology
characteristics. It was observed that types 1 and
2 produced disease in human volunteers when
inoculated intra-urethrally, whereas this did
not occur with types 3 and 4 (13, 14). Further-
more, gonococci freshly isolated from clinical
material most often have type 1 or 2 colonial
morphology. However, upon repeated, nonselec-
tive transfers thege gonococci will give rise to a
population of predominantly colonial types 3
and 4. Further studies established that types 1
and 2 and the laboratory-adapted colony types
differ not only in colonial morphology and
pathogenicity but also in autoagglutinability
(13, 14), ability to irreversibly bind naked
deoxyribonucleic acid (DNA) by genetic trans-
formation (18), possession of pili (11, 20), resist-
ance to phagocytosis (21), sensitivity to the
bactericidal action of antiserum plus comple-
ment (22), infectivity for the chicken embryo
(3), and attachment to human sperm (9). A
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major hindrance in studying the pathobiology of
the gonococcus is the rapid conversion of the
virulent forms (types 1 and 2) to the nonvirulent
laboratory-adapted types 3 and 4. Stabilization
of types 1 and 2 would greatly aid studies on the
mechanism of pathogenesis of the gonococcus.
In this study we investigated the stability of
colony type 1 of strain F4; in a defined liquid
and biphasic minimal medium, termed Gono-
coccal Genetic Medium (GGM), that has been
previously described by La Scolea and Young
(15) and a complex liquid growth medium,
Mueller-Hinton (MH), with specific supple-
ments (16). The maintenance of the colony
types was monitored by two parameters: (i)
colony morphology and (ii) DNA-mediated
transformation. It was noted that in the defined
liquid minimal medium (GGM) type 1 colonies
were highly stable through a complete growth
cycle, whereas this was not the case in the
complex medium, MH. Furthermore, GGM
appears to be a highly satisfactory medium for
DNA-mediated transformation. This communi-
cation will also present some additional obser-
vations on the stability of gonococcal colonial
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types in liquid culture and DNA transformation
with Neisseria gonorrhoeae.

MATERIALS AND METHODS

Bacterial strains. In this investigation two gono-
coccal laboratory strains were used, RD5 and F,, type
1, which were kindly provided by D. S. Kellogg
(Center for Disease Control, Atlanta, Ga.) and F. J.
Tyeryar (Naval Medical Research Institute, Be-
thesda, Md.). The isolation of these strains was
accomplished by three successive single-colony selec-
tions. The gonococcal colony types were determined
by the procedure outlined by Kellogg et al. (13, 14).
All the strains were confirmed as N. gonorrhoeae by
colonial morphology (13, 14), Gram stain, oxidase
reaction, and fermentation of glucose but not maltose,
lactose, or sucrose. The genotype designations, pheno-
types, and origin of these two strains has been
previously described (15).

Maintenance of bacterial strains. Strains were
stored at —76 C in Trypticase soy broth containing
15% (vol/vol) glycerol, with satisfactory maintenance
of viability and stability of specific colonial types. For
use, the cultures were thawed at room temperature
and inoculated onto the appropriate media.

Media. The defined liquid and solid minimal
medium routinely used in this investigation was
complete GGM (15). The biphasic medium contained
liquid and solid GGM (15). The complex liquid
growth medium was MH broth (BBL; 16) supple-
mented with 0.5% (vol/vol) glucose, 0.2% (vol/vol)
yeast extract, 1.0% (vol/vol) isovitalex, and 5 ug of
CaCl, per ml. All dilutions were made in a minimal
salts solution which was composed of two solutions
each at a final concentration of 7.5% (vol/vol) (15).
Minimal salts I contained (in grams per liter of
distilled, demineralized water): KCl, 4; NaCl, 70;
Na,C.H;0,.2H,0, 15; MgCl,-6H,0, 6; NH,CIl, 4;
Na,S0,, 10; K,SO,, 12; and NaC,H;0,-3H,0, 20.
The second minimal salts solution contained (in
grams per liter of distilled, demineralized water):
K,HPO,, 140; and KH,PO,, 60. Saline was not
utilized for dilutions in this investigation because of
its detrimental affect on the gonococci, as noted by
Hunter and McVeigh (8). The solid medium routinely
used for all the colony morphology determinations, as
described by Kellogg et al. (13, 14), was GC medium
base (Difco) supplemented with isovitalex to a final
concentration of 1% (vol/vol).

Growth experiments in liquid media. Gonococcal
colonial types were inoculated from frozen stock onto
GC base supplemented with 1% (vol/vol) isovitalex
(GCI). After 20 h at 37 C in 8 to 10% CO,, a single
colony of the desired colonial type was selected and
inoculated onto GCI plates. After 20 h at 37 C a heavy
suspension of the cells grown on GCI (approximately
10® cells/ml) was prepared in either liquid GGM or
MH medium that was preincubated overnight at 37 C
in an atmosphere of 8 to 10% CO,. A sample of this
inoculum was transferred to an acid-washed nephe-
lometer flask (250 ml) containing 34 ml of complete
GGM or MH medium that had also been preincu-
bated overnight at 37C in 8 to 10% CO,. The
nephelometer flask used for the GGM biphasic me-
dium contained 34 ml of complete GGM and a 30-ml
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layer of the solid phase of this same medium. Usually
the inoculum was diluted 1:35 to obtain an initial
turbidity of 6 to 9 Klett units (Klett Summerson
spectrophotometer, filter no. 54). Samples were re-
moved at various time intervals for the determination
of colony types, DNA-mediated transformation, and
colony-forming units (CFU) per milliliter. Cultures
were incubated at 37 C in a New Brunswick G76
waterbath at 120 rpm in air. With the preincubation
of the media in a CO, atmosphere, no further CO, was
required for growth. These growth experiments were
repeated a minimum of two times, with the monitor-
ing of cell morphology by phase microscopy. It is
important to note that there is a tendence of type 1
gonococci to autoagglutinate or clump. Therefore, the
quantitation of colony morphology and frequency of
transformation are subject to this artifact.

Phenotypic determinations. The phenotypes of
the gonococcal strains used in this investigation were
determined by streaking on agar composed of the
complete GGM minus the individual amino acids
(15).

Colony morphology determinations. At specific
time intervals, samples were removed and diluted in a
minimal salts solution (see above) that had been
prewarmed to 37 C in 8 to 10% CO,. The dilute
suspensions were vortexed for 15 s to reduce clumps.
The dilutions were plated on GC medium base plates
supplemented with 1% isovitalex. After 20 to 24 h at
37C in 8 to 10% CO,, the colonial types were
determined by the procedure of Kellogg et al. (13, 14).
The percent of each colonial type was calculated by
counting the number of a specific colony type or plate
divided by the total gonococcal colonies per plate (x
100). The total colonies per plate were also used for
the viable count (CFU per milliliter).

DNA-mediated transformation. DNA was pre-
pared from gonococcal strain RD5 using the procedure
of Yasbin and Young (23). A sample of cells from each
of the growth media was removed at various times
during growth and assayed for DNA transformation
by a minor modification of the method developed by
Sparling (18). Essentially, each sample was diluted
1:10 to 1:15 in the homologous medium that had been
prewarmed to 37 C in 8 to 10% CO, (approximately
107 CFU/ml) and vortexed for 30 s to reduce clumps; a
0.85-ml sample was removed and added to a screw-
cap tube containing CaCl, (final concentration, 2
mM), and 0.1 ml of DNA (final concentration 5.6
ug/ml) isolated from strain RD5. After incubation
at 37 C for 30 min in 8 to 10% CO, without shaking,
deoxyribonuclease (50 pug/ml) containing
MgCl,-6H,0 (2 mM) was added, and incubation was
continued for an additional 15 min. The cells were
subsequently washed by centrifugation for 10 min at
10,000 x g in a Sorvall RC2B centrifuge in minimal
salts solution to remove the excess nutrients, and the
transformants were determined by spreading samples
on GGM minus proline (15). The viable count was
determined on GCI plates.

RESULTS

Stability of T,. A major hindrance in study-
ing several avenues of experimentation with N.
gonorrhoeae is the rapid conversion of the
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pathogenic colonial types 1 and 2 to the nonvir-
ulent, laboratory-adapted types 3 and 4 (13, 14).
Therefore, the first objective of this investiga-
tion was to monitor the colonial stability of T,
from the gonococcal strain F,; in three different
types of media: liquid GGM, biphasic GGM,
and MH medium. Two parameters were uti-
lized in monitoring the stability of T, in the
strain Fo;. The first parameter was colonial
morphology. As a result of the characteristic
autoagglutinability of type 1, this is not a
strictly quantitative technique (13, 14). To give
greater significance to our calculations substan-
tially high numbers of colonies were screened
(Tables 1-5). Since gonococcal colony types 1
and 2 have the ability to undergo DNA-
mediated transformation in contrast to types 3
and 4 (18), the second parameter employed to
monitor T, stability was the ability of the cells
to be transformed.

As indicated by the increase in optical den-
sity and viable count (Fig. 1A and B; Tables
1-3), the media employed in this study were
able to support growth of gonococcal strain F,,,
type 1. As expected, the more rapid growth rate
was obtained in the complex medium, MH,
than in the defined minimal medium (GGM;
Fig. 1A and B; Tables 1-3). After 12 h of growth
in GGM, 88.3% of the gonococcal population
was still T, colonial morphology (Table 1).
Thus, there was only a 7.7% decrease from the
initial T, inoculum. The T, stability in liquid
GGM was also reflected in the frequency of
DNA-mediated transformation (Table 1). Al-
though the percentage of type 1 appeared to
remain constant, the frequency of transforma-
tion increased approximately 24-fold from 0 to
12 h (Table 1).

It was observed that the stability of T, from
gonococcal strain Fo; appeared to be lower in
biphasic GGM (Table 2). After 12 h of incuba-
tion in the biphasic medium, the culture con-
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Fic. 1. (A) Growth of N. gonorrhoeae strain Fe,
type 1 in liquid GGM, MH, and biphasic GGM (see
Materials and Methods). (B) CFU of gonococcal
strain Fes type 1 per ml in liquid GGM, MH, and
biphasic GGM.
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TaBLE 1. Colony morphology and DNA-mediated
transformation frequencies of N. gonorrhoeae strain

Fo; (T)) in liquid GGM®
Total
Time of CFU/ml colonies T t?:ii
incuba- (x 107 examined (%l) formation
tion (h) for % colony %)
morphology %

0 3.0 3,183 96 0.16

4 4.06 4,451 91.8 0.14

8 10.1 4,091 91.6 1.2

12 60.0 1,863 88.3 3.8

°The medium used in these experiments was
complete liquid GGM (15). The procedure for the
inoculation and growth of Fs; (T,) in GGM is given in
Materials and Methods. Determinations of viable
count, percent colonial morphology, and DNA-
mediated transformation were as described in Mate-
rials and Methods. These experiments were repeated
a minimum of two times.

TaBLE 2. Colony morphology determinations and
DNA-mediated transformation frequencies of N.
gonorrhoeae strain Fe, (T,) in GGM biphasic

medium®
Total
Time of CFU/ml colonies T t?:::-
incuba- (x 107 examined ( %') formation
tion (h) for % colony %)
morphology (
0 3.0 3,183 96 0.13
4 6.4 6,159 929 0.15
8 39.0 3,617 79.6 0.35
12 100.0 1,381 78.4 0.37

2In these experiments GGM biphasic medium (15)
was utilized for the preparation, inoculation, and
growth of the gonococcus. The CFU, colonial mor-
phology, and DNA transformation determinations
were performed as described in Materials and
Methods. Experiments were repeated a minimum of
two times.

tained 78.4% T,, representing a 17.6% decrease
from the initial inoculum (Table 2). The trans-
formation frequency in GGM biphasic medium
increased from 0 to 12 h of growth; however, the
increment was only threefold as compared to
the dramatic increase of 24-fold in GGM liquid
(Tables 1 and 2). This difference in the incre-
ment of the transformation frequency in GGM
liquid and biphasic may be influenced by the
relative autoagglutinability of the T, gonococ-
cus in both media.

Unlike complete GGM, the stability of T,
varied markedly in MH medium (Table 3).
According to the parameter of colonial morphol-
ogy, the frequency of T, colonies declined 14.5%
in the first 8 h of growth (Table 3). However, at
the specific time in which there was a decline in
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TaBLe 3. Colonial morphology and DNA-mediated
transformation of gonococcal strain Fe, (T,) in MH
liquid medium?®

Time of Total DNA
;meo CFU/ml colonles T, trans-
incuba- examined X
. (x 107 . (%) formation
tion (h) for % colony ()
morphology
0 1.2 3,271 95 0.02
4 12.0 5,170 80.6 0.24
8 44.0 3,106 80.5 0.29
12 3.7 1,770 46.7 0.17

2 The preparation, inoculation, and growth of the
gonococcal strain Fq; (T,) in this medium were
performed as described in Materials and Methods.
Determinations of viable count, percent colonial mor-
phology, and DNA transformation are also described
in the test. These experiments were repeated a mini-
mum of two times.

the viable count the incidence of T, decreased
dramatically from 80.5 to 46.7% (Table 3). The
frequency of DNA transformation correlated
with this decrease in gonococcal T, colony
morphology (Table 3). Furthermore, there was
an eightfold decrease in the initial frequency of
transformation when cells from a standard inoc-
ulum were exposed to DNA in MH as compared
to GGM (Tables 1 and 3). It was also noted that
in MH there was a 15-fold increase in the
frequency of DNA-mediated transformation
from the initial inoculum to 8 h of growth
(Table 3). However, the increase in the fre-
quency of transformation occurred earlier in
MH than in GGM liquid or biphasic media
(Tables 1-3). Therefore, after 12 h of growth in
MH medium, 46.7% of the gonococcal popula-
tion consisted of T, in contrast to 88.3 and
78.4% in liquid GGM and biphasic media,
respectively.

Relationship of autolysis to change in col-
ony morphology. To determine whether the
rapid decrease in the percent of T, CFU in MH
medium was related to autolysis in the station-
ary phase of growth, the culture was maintained
in the logarithmic phase by transferring a
standard inoculum when the culture reached 45
to 60 Klett units (Fig. 2). The gonococcal
population was maintained for 18 h in exponen-
tial growth (Table 4; Fig. 2). The results in
Table 4 indicate that the conversion process
from T, to T,; and T, is not prevented by the
continual maintenance of the gonococcus in
logarithmic growth. Thus, after three successive
subcultures in MH medium, the percentage of
T\ in the gonococcal population decreased from
91.6 to 33.1%.

Because it was possible that autolysis or cell
death could also occur in liquid GGM and
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produce a reduction of T, CFU, Fe, T, were
grown for 16 h in GGM (Fig. 3; Table 5). In
contrast to MH medium, the percentage of T,
remained constant despite the decline in viable
count in GGM (Tables 3 and 5). Consequently,
after 16 h of growth in GGM, 92.5% of the
gonococcal population are still T,, even though
there was a marked decrease in CFU. These
results suggest that GGM may provide an
environment that maintains or promotes the
stability of strain Fe; T, as opposed to MH
medium.

DISCUSSION

The results described in this investigation
demonstrate that strain Fg,, composed predom-
inantly of colonial tvpe 1, behaves differently in
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Fic. 2. Maintenance of logarithmic growth by sub-

culturing for gonococcal strain F,, type 1, in liquid
MH medium.

TaBLe 4. Colonial morphology of N. gonorrhoeae
strain Fe; (T)) during repeated subculture in MH

medium?®
Total
Time of B colonies

Subculture | incuba- (fFLI{)’m)l examined (I‘)

tion (h) x for % colony !

morphology

1 0 14 2,749 91.6
4 4.3 1,299 85.4
2 0 0.43 1,299 85.4
4 6.1 1,823 67.0
3 0 0.61 1,823 67.0
4 7.9 2,379 33.1

2 These experiments were repeated a minimum of
two times.
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Fic. 3. Growth of N. gonorrhoeae strain Fe; type 1
in liquid GGM.

TaBLE 5. Colonial morphology of N. gonorrhoeae
strain Fe, (T,) grown for 16 h in liquid GGM medium®

Total
Time of colonies

incubation ((:FUI{)T)] examined ('1;/‘)

(h) . for % colony ‘

morphology

0 2.0 3,611 98.6
4 2.5 404 95.5
6 4.0 725 95.5
12 11.0 2,291 91.9
16 4.5 2,244 92.5

2 These experiments were repeated a minimum of
two times.

various media. According to the parameters of
colonial morphology and DNA-mediated trans-
formation, it was noted that 88.3% of the
gonococcal population gave rise to T, CFU after
12 h of growth in liquid GGM. Even when
autolysis occurred after 16 h of growth. the
culture remained predominantly T, (92.5%).
However, only 46.7% of the gonococcal popula-
tion remained as T, after growth for a compara-
ble time in MH medium. The greatest change in
the T, CFU correlated with the decline in viable
count. The frequency of DNA-mediated trans-
formation agreed with this dramatic decrease of
T, CFU. Analysis of the data obtained by
Jephcott (10) revealed a similar correlation in
the decrease in T, with viable count. It was
further observed that the conversion process
from T, to T; and T, was not prevented by the
continual maintenance of the gonococcus in
logarithmic growth by subculturing in MH
medium. Therefore, the type 1 colonial mor-
phology of strain F,. was highly stable in liquid
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GGM, whereas this was not the case in MH
broth. Experiments are in progress to determine
whether the stability of T, in liquid GGM is
strain specific or a common property of gonococ-
cal strains. A medium such as GGM, which has
the ability to maintain approximately 90% of
the gonococcal population of Fe; in the T,
colonial form after 16 h of growth, presents a
variety of advantages in studying the pathobi-
ology of the gonococcus. Furthermore, as a
result of the maintenance of very high percent-
ages of T, CFU for Fe;, GGM may have the
potential advantage of increasing the yields of
gonococcal pili.

Traits transformed by DNA in the Neisseria
genospecies include synthesis of specific capsu-
lar polysaccharide (1), antibiotic resistance (4,
5, 18), and nutritional requirements (6, 12).
However, until recently only transformation of
antibiotic resistance has been demonstrated for
the gonococcus (18). With the development of a
defined. minimal media, it has been possible to
transform a nutritional requirement for N. go-
norrhoeae, as recently noted by Catlin, using a
complete chemically defined medium for auxo-
typing (6). Furthermore, based on the results
obtained in this study GGM appears to stimu-
late or maintain competence. For instance,
there was an eightfold decrease in transforma-
tion when cells were exposed to DNA in MH as
compared to GGM. This observation can be
explained by either or both of two possibilities.
(i) GGM offers N. gonorrhoeae a favorable
environment for DNA-mediated transforma-
tion, or (ii) there is an ingredient in MH which
acts in an inhibitory fashion to transformation.
Experiments are in progress to distinguish be-
tween these possibilities.

Although the percent of Fg, T, in liquid GGM
appeared to remain constant, the transforma-
tion frequency increased approximately 24-fold
from 0 to 12 h of growth. This occurred to a
lesser extent in GGM biphasic and MH media.
In MH medium the increase in DNA-mediated
transformation appeared earlier than in the
other media. At present, it is difficult to deter-
mine whether there is a marked increase in the
real frequency of transformation at a unique
phase of the growth cycle as in other transform-
able bacteria (2, 7, 17, 19, 24). Cell clumping
could cause a decrease in the apparent CFU,
resulting in an apparent increase in the percent
of transformants.
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