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ABSTRACT

To establish the validity of the Kellogg typing sys
tem , isolates of Neisseria gonorrhoeas were subcultured from 
randomly picked colonies and from selected, t-1 or t-2 colo
nies. Results show that there are consistently reproducible 
colonial characteristics which can be maintained in vitro by 
selective subculture and which are not dependent on small 
variations in p02.

N. gonorrhoeas was found to grow readily in broth 
culture and evidence is presented which indicates that a 
NaHCO^ supplement can be substituted for the traditional 
incubation in an increased pGOg atmosphere. In addition, re
sults show that NaHCO^ supplement to broth culture can main
tain the colonial morphology associated with that strain 
with great fidelity.

The addition of DNA extracted from type-stable t-2 
strains of JL gonorrhoeas grown on solid media was found to 
have no significant effect on the maintenance of t-2 colo
nial types during growth in broth.



CHAPTER 1

INTRODUCTION

Reported cases of gonorrhea have increased greatly 
in the United States over the past decade. In 1965 the cen
ter for Disease Control counted about 325>000 cases in the 
U .S. (.1). while in 1975 there were over 1,000,000 new cases 
reported (2). The cause of the increase is not known, but 
some of the factors which make control of the continuing 
epidemic difficult can be identified. For instance, since 
no reliable serological test for gonorrhea exists (3 > 
diagnosis is from typical growth and biochemical reactions 
of isolates, procedures which require up to 96 hours of in
cubation time in some cases. Because of the fastidiousness 
of the organism and the difficulties of specimen transport 
satisfactory culture results are frequently not obtained.(5).. 
An additional problem is the identification and treatment of 
the carriers who are the sources of infection and reinfection. 
Aside from socio-economic factors involved in distributing 
health care and information, epidemiology is complicated by 
recent findings that suggest that at least 15-20$ of male 
consorts of females with active gonorrhea are healthy carri
ers (6). or that perhaps up to 68$ of sexually active males 
who give positive cultures for Nj_ gonorrhoeas may be

1 :



asymptomatic, yet they remain positive for extended periods 
(7). Of course, asymptomatic, female carriers have been re
cognized for many years (8),

Awareness of these carrier states has led to as 
many as 9,000,000 screening tests by culture in the U. S. 
in a recent 12 month period (9). but some investigators feel 
the culture screen approach to control has not been effec
tive, perhaps because of the low rate (55-60$) of isolation 
in initial culture of active cases (10). Alternatives at 
present include suggestions for control by prophylaxis (11), 
by simultaneous mass treatment (12), or periodic treatment, 
without culture, of high risk individuals and their known 
consorts (13)• Aside from any risks and problems involved 
in these suggested solutions, the issue is further clouded 
by recognition that in the U . S. domestic strains of N . 
gonorrhoeas are probably developing increased resistance to 
Penicillin G , the current drug of choice in treatment of 
gonorrhea (14), while at the same time it is likely that 
south-east Asian strains of gonorrhoeas known to be high
ly antibiotic-resistant may have been introduced to the U.S. 
by returning servicement after duty in Vietnam and Thailand 
(15). Recently isolated penicillinase-producing strains of 
N . gonorrhoeas may have come from both sources (16, 17)'.

Immunization against gonorrhea has been attempted 
by many workers. Lambkin, in 1927» used a vaccine prepared



from cytoplasmic bodies of N . gonorrhoeas after growth in a 
protein rich medium (18). Sen used a "detoxicated" vaccine 
to immunize rabbits in 1929 (19), and efforts of a similar 
nature have continued up to the present (20). In the past 
these efforts have met with little success, however, in the 
last few years increasing knowledge of the pathogen and the 
infectious process of gonorrhea have at last opened up some 
new avenues for exploration and perhaps explained some of 
the failures of the past.

Much of the work in recent years has been dependent 
on the discovery by Kellogg and co-workers at the Venereal 
Disease Research Laboratory, that gonorrhoeae forms dis
tinct colony types when grown on enriched media (21).
These studies have shown that stable colony types could be 
maintained for many subcultures and that the particular 
types which they named as t-1 and t-2 retained virulence, 
while the colonies of the types which they named t-3 and t-4 
were non-virulent (22). The importance of the finding was 
readily apparent since it was shown that cultures of N . 
gonorrhoeae freshly isolated from active cases of gonorrhea 
would show mostly t-1 and t-2 types, while laboratory 
strains subcultured many times showed mainly t-3 and t-4 
colony types. Plainly, the careful selection of virulent 
colony types could be of great importance in the success or 
failure of any experiment which involved the pathogenesis or
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immune response in gonorrhea, or in any experiment attempt
ing to unravel the problems of the carrier state.

Kellogg and his co-workers pointed out that the 
types could be expected to vary depending on the "technique 
of observation, clonal age, surface characteristics of the 
medium, and composition of the medium (23)". Subsequent 
studies in other laboratories were at first contradictory in 
their evaluations of Kellogg's scheme for colony typing and 
it has since been suggested that five colonial types might 
be identified instead of fourv (22) or four major; types, but 
with the t-4 group split into sub-groups (24), or only two 
basic groups, large and small, with the large group identi
fied as,the non-virulent type and the small group as the 
virulent type.,- (25) • Other work pointed out the additional 
problems in typing, such as the fact that antibiotic supple
mented media, including the Thayer-Martin medium commonly 
used for the isolation of N. gonorrhoeas, caused colony 
types to vary so markedly that "even experienced investiga
tors would be unable to type colonies accurately ( 26) . 
Criticism of the Kellogg scheme has extended even to the 
point of questioning the existence of the colonial types as 
a real phenomenon. Farnham, for instance, wrote in 1973 
that his results "demonstrated isolate morphology to be a 
function of pOg• Subdivision of gonococcal morphology into 
4 or 5 colony types based on subtle differences in isolate 
appearance is thus unjustified...(27)."
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With the uncertainty in regard to validity of colo

nial types, and the difficulties involved in achieving con
sistent, reproducible typing in in vitro culture . Farnham* s 
conclusion that "morphological variants observed may be lab
oratory artifacts" may well be justified in many cases. The 
recent literature is full of contradictory accounts of many 
aspects of cell physiology or morphology which have tried to 
establish the identity or distinguish between characteris
tics of various colonial types. Perry and co-workers (29) 
found_distinct differences between the lipopolysaccharide 
portions of virulent and non-virulent strains, .while Stead 
and co-workers ('30): were unable to detect any significant 
differences between lipopolysaccharide portions of various 
types of colonies. In the work of Tramont and co-workers 
no difference was found in serum bactericidal activity in 
rabbits inoculated with various colony types ( 31)., while 
Arko found in a similar study that rabbits were immunizable 
with t-1 colonies, but not with t-3 colonies (32).
Punsalang found t-1 colony organisms about as susceptible to 
phagocytosis as bacteria from t-3 colonies (33).» while Gibbs 
saw the virulent types as more resistent to phagocytosis, 
contrasted with non-virulent types which he interpreted as 
rapidly ingested by phagocytes ( 3§;J • Swanson sees t-4 as 
two types, one of which is more susceptible to phagocytosis 
while the other seems to be relatively less phagocytosis



susceptible than t-2 (26) .. Dilworth interprets the data to 
show that virulent and non-virulent types are associated with 
phagocytes with about equal frequency, but that t-3 types are 
ingested by phagocytes, while t-1 are merely bound to the 
surface of the phagocytes (,3:5) .

Clearly, if these results have a message to convey, 
it is that precision in the typing, of the colonies is of the 
utmost importance in trying to distinguish between the viru
lent and non-virulent gonococci during studies of this sort. 
Without a consistent identification of the colonial types 
and an understanding of the factors that may cause the types 
to be misinterpreted, confusing and contradictory results 
may be expected to occur. Methodology which can maintain 
the colony types stable and identifiable, ahd minimize any 
shift which may occur from one type to another can be of 
great value and practical importance, and it is toward this 
end-that much of the work described here is aimed. Experi
ments described below were intended to re-confirm the valid
ity of colonial typing, to extend the colonial typing scheme 
to liquid culture, and to evaluate the stability of the var
ious types in liquid culture. Also, we wished to evaluate 
the possible causes of type variation as influenced by 
direct genetic causes.



CHAPTER 2

MATERIALS AND METHODS 

Cultures
Isolates of Neisseria gonorrhoeae were obtained 

from the Pima County Health Department through the help of 
Mr. Robert Cross, and from the, Arizona Health Sciences.Cen
ter through the help of Dr. Kenneth Ryan. Primary cultures 
were made on Thayer-Martin medium and isolated oxidase posi 
tive colonies were' subcultured.to plates of GC medium base 
(Difco Laboratories, Detroit, Mich.) supplemented with hemo 
globin and IsoVitalex-(BBL, Baltimore, Md.) , or to plate
of GCMB plus IsoVitalex without the hemoglobin. After 18-24 
hours incubation at 35°C in 10$ COg typing of the colonies 
was done by the method of Kellogg (23). Subcultures of the 
t-1 and t-2 colonies were made repeatedly for several sub
cultures. while the isolate was confirmed as gonorrhoeas 
by the use of CTA sugar fermentations, N_̂  gonorrhoeas 
strains being identified by their ability to produce acid 
only from'dextrose ( 36 , 37)» For at least the first seven 
or eight subcultures, culturing was at less than 24 hour 
intervals, with subsequent cultures at 24-36 hour intervals



Colony Typing 
In accordance with a protocol of Kellogg (22), 

colonies on transparent medium were viewed using a 15X 
Reichert dissecting microscope with illumination from two 
15W high intensity lamps arranged to give diffuse light from 
beneath the colonies and from the side of the plate at an 
angle of 15° (23).

The identification of colonies is based on the 
appearance when illuminated as described above, with the 
elevation, color, edge and structure of the colony being im
portant in determining the type. Typing was done on cul
tures less than 24 hours old, and in most cases on cultures 
of less than 20 hours incubation.

Quantifying N . gonorrhoeae 
When it was necessary to quantify the bacteria, as 

before seeding plates, suspensions were adjusted to a stan
dard density using a Spectronic-70 Bausch and Lomb spectro
photometer. In numerous trials, a suspension of organisms 
in phosphate-buffered saline (PBS) giving a per cent trans
mittance of 50%T at 522nm was found to give 2.1-3:2x10^ 
colony-forming units/milliliter of suspension. Clumping of 
bacteria is a recurring problem with quantifying Neisseria 
by photometric means. To avoid,this problem, all samples 
were mixed briefly on a vortex mixer before being measured 
for $T. In addition, it was necessary to attempt to
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emulsify the picked colonies in a small drop of PBS on the 
inside of the PBS tube before attempting to mix the bacteria 
into the whole volume of PBS used for the suspension. In 
making heavy suspensions it was necessary to add many colo
nies and centrifuge briefly at low speed to remove the 
largest clumps before quantifying the suspension. None of 
these procedures was found to have an adverse effect on the 
number of colony-forming units (CPU) found,. Attempts to 
eliminate clumping by adding Tween-80 to bacteria grown in 
liquid culture resulted in very greatly reduced numbers com
pared to the numbers grown from control cultures. Cultures 
were grown for enumeration on plates of.GCMB incubated for 
18-24 hours at 35°C in an atmosphere of 10$ Oxygen, 10$ Car
bon dioxide, 80$ Nitrogen as discussed below.

Controlled Atmosphere 
In maintenance of cultures, candle-extinction jars 

were occasionally used for providing increased CO^ tension, 
but in growth of cultures preparatory to an experiment and 
during each experiment involving plated cultures, the plates 
were incubated in controlled atmospheres from a suction- 
flush gas .device with a vacuum pump and tanks of compressed 
gases. In producing the controlled atmosphere measured 
volumes of gases were mixed in a large jar after displace
ment of a glycerol/water mixture, then allowed to flow into 
a previously Nitrogen-flushed vacuum jar. Unless otherwise
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noted, the gas mixture used consisted of 10fo CC>2, 10fo 0^, 
and 80$ N from this device.

Media Preparation •
Media was prepared according to the manufacturer's 

instructions. In addition, liquid media was prepared by the 
method of Farnham (28), by the suspension of dried medium in 
cool, distilled water and filtering through a Buchner funnel 
to remove of the agar. The filtered broth was enriched
with IsoVitalex and other supplements as described below. 
This method: was used for the preparation of GCMB broth, 
Columbia Blood Agar Base broth, and Mueller-Hinton broth.

Bicarbonate was added directly to the medium after 
sterilization or by adding varying amounts of a 0 •. 15M solu
tion of Na^HCO^ directly to the screw-capped tubes, immedi
ately before the dispensing of broth into the tubes. The 
bottles were tightly capped and stored at 4°C until used.,

Collection of DNA for Transformation'Studies 
Transformation of gonorrhoeae required the use of 

DMA collected from 24 hour cultures by means of the Mar'mur 
extraction, slightly modified from the original description 
(37? 38,pp. 333 and 371). Cells from stabilized strains of 
gonococcus were harvested into 25$ Sodium lauryl sulfate and 
placed at 45°C for 20 minutes. Perchlorate was added to a 
final concentration of 1M and the whole mixed with a 24:1 
solution of chloroform/amyl alcohol to give a suspension
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which, when centrifuged, formed layered phases with the DNA 
in the aqueous phase. Addition of ethanol with gentle mix
ing allowed the precipitation of DNA which Could be removed 
by collecting the strands on a glass stirring rod. After re
peated treatments the DNA was stored in sterile citrate/sa
line at 4°C. Yield from this procedure can be expected to 
be about Img per gram of cells lysed, and, according to
Marmur,(37) the fragments will be fairly large, with sizes

6ranging up to 6x10 Daltons and a high transforming ability.
The strain C organism used, as a donor had been, 

stored at -70°C for three weeks and then grown through ap
proximately thirty sub-cultures, producing greater than 90fo 
t-2 colonies in at least the last five sub-cultures previous 
to the first extraction. The strain F organism was isolated 
from clinical material only two weeks prior to the first ex
traction of DNA from its colonies. For at least 3 sub-cul
tures prior to the first extraction strain F had greater 
than 90fo t-2 colonies.

Suspensions of 1x10  ̂cfu/ml of t-2 colonies of 
strain C received either DNA extracted from t-2 colonies of 
strain C or DNA extracted from t-2 colonies of strain F .
DNA was added to the culture within 15 minutes after the ini
tial inoculation of organisms. Cultures were incubated in 
tightly sealed tubes for 6, 12, 18 and 24 hours to determine 
changes in the colony types and numbers of cfu/ml. The
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amount of DNA added to each tube was not measured precisely,

TObut was the amount extracted from approximately 5x10 or
ganisms.



CHAPTER 3

EXPERIMENTAL RESULTS

•Four sets of data are given here. First, data are 
given for experiments in which the result of selective or 
non-selective subculture on the proportion and stability of 
various colony types of Neisseria gonorrhoeae strains is 
examined. Second, the data are given from experiments re-- 
lating the presence or absence of colonial types to the 
atmosphere in which the organism is incubated. Third, the. 
results of attempts to maintain type stability in liquid 
culture are detailed. Fourth, the results, of an attempt at 
transformation of the organism- are. presented.

Proportion and Stability 
. Tables I and 2 show the results of studies in which 

selected t-1 colonies of .five strains of fL gonorrhoeas were 
subcultured at 18 hour intervals for eight subcultures.
After eight subcultures, the strains were subcultured in 
parallel culture either selectively or randomly for an addi
tional eight subcultures. After 0, 4, 8, 12 and 16 sub- 
cultures the colonies of each Kellogg type among 100 
colonies picked at random from the isolated colonies of each 
strain were enumerated. Results show that with selective

13
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Table 1. Percentagea of colonies of N_. gonorrhoeae of 
each Kellogg type after zero, four, or eightsubcultures.o

Subculture 
Colony type

0
1 2 3 4

4
1 2 3 4

8
1 2 3 4

Strain A 3 28 45 24 32 38 34 4 33 39 21 7
Strain B 8 29 40 23 30 51 17 2 34 46 19 1
Strain C 11 50 26 13 29 59 11 1 26 51 19 4
Strain D 2 37 52 9 9 30 51 10 12 69 17 2
Strain E 17 58 25 0 16 65 15 15 19 70 10 1

a Percentage of 100 randomly chosen isolated colonies

^ Incubated 18-20 hours between subcultures of randomly 
chosen isolated colonies. •
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Table 2. Percentage8- of colonies of R. gonorrhoeae of 
each Kellogg type after k or 8 selective0 or 
non-selective0 subcultures,

Subculture 
Colony type

4
1 2  3 4

8
1 2 3 4

Strain A(t-1)selective 37 41 18 4 40 41 19 0
A non-selective 30 38 24 8 31 30 34 5
B selective 31 39 19 11 32 41 25 2
' B non-selective 2? 40 22 11 25 28 30 17
G( selective 30 47 21 2 34 47 19 0
C non-selective 27 43 20 10 25 36 23 16
D selective 22 68 7 3 31 64 5 0
D non-selective 10 50 27 13 3 44 40 13
E selective 27 60 13 0 30 63 7 0
E non-selective 10 50 21 19 0 45 36 19

a Percentage of 100 randomly chosen isolated colonies.
*b Subculture of selected t-1 colonies at 18 hour intervals. 

c Subculture of randomly chosen colonies at 18 hour intervals.
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subculture four of five strains had very great increases in 
the proportion of t-1 type colonies identified after four 
selective subcultures. Four strains had additional in
creases during the next four subcultures. In addition to 
the t-1 increases, the proportion of t-2 types also showed 
great increases in four of five strains.

Table 3 shows in a condensed form the results from
Tables 1 and 2. During the first eight subcultures the 
proportion of virulent (t-1 and t-2) colony types steadily 
increases.or stays at a high level while-the..subcultures are 
made selectively from colonies of these types. As with 
Table 2, Table 3 also documents the fact that with subcul
ture of randomly chosen colonies the proportion of t-1 and 
t-2 colonies tends to decline within a few subcultures to 
levels close to those found in unselected strains, as at
the start of the experiment. The probability is high (p is
less than .01) that the changes in colony type reflect a 
real, predictable property of the cultures.

According to the original description of the cri
teria for colony typing (22), the virulent colony types 
(t-1 and t-2) are characterized by a diameter measuring less 
than 0.5mm at 18 hours, while the non-virulent types (t-3 
and t-4) are 1.0mm in diameter. The measurement of colonial 
diameters provided an additional gauge for the evaluation 
of changes in the bacterial population, as is shown in
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Table 3• Percentage of virulent (t-1 and t-2) • colony.
types of N_. gonprrhoeae after subculture.

Subculture 0 4 8 12(4) 16(8)

Strain A selective8- , 
(non-selective) 31 62 72 71(68)

81
(61)

B 'selective 
(non-selective) 37 81 80 70(68) 73

(53)
C selective 
(non-selective)

61 88 77 77(70)
81
(61)

D selective 
(non-selective) 39 39 81, 90

(60) 95
(47)

E selective 
(non-selective) 75 81 89 89(60) 93

(45)

a Subculture of selected 18-hour t-1 Colonies.

^ Eight subcultures of selected 18-hour t-1 colonies 
followed by subculture of randomly chosen isolated 
colonies.
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Table 4. Table 4 shows the results of culturing five strains 
of N_j_ gonorrhoeas for. 30 subcultures. Changes in colony size 
after selective subculture are recorded, from measurements 
made of 10 randomly selected colonies of each strain after 
18-20 hours of growth. Means and standard deviations of the 
measured sizes are compared with the percentage of colonies 
of each strain which were identified as t-1 or t-2 types.
As may be seen in the table, the size of the colonies cor
relates well with the proportion of the colonies found to 
be of the virulent types, and is consistent with the concept 
of a shift toward a single selected type.



Table 4. Diameters of colonies of iL gonorrhoeas after selective sub- 
culture8, compared with percentage of virulent'3 types.

Subculture
Strain Ac .?4(.28) ,65(.18) ,62(.19) ,57(-16) ,55(.10) .56(.11)
Strain B .?1(.31) .6l(.20) .6o(.19) •55(.17) •53(.13) .5K .11)
Strain C ,6?(.24) .65(.20) . 55( !>16) .55(.10) •53(.05) •53(.08)
Strain D .72( .23) .68(.1?) •55(•08) •54(.07) .54(.07) .54(.07)
Strain E ,6l(.1?) . 54(, ,16) .55(.14) •52(.13) .511.09) •55(.10)

Strain Ad 50$ 80$ 95$
Strain B 60$ 65$ 100$
Strain C ?0$ 80$ 95$
Strain D 50$ 70$ 95$
Strain E 45$ 90$ 100$

a Subculture of selected 18 hour t-1 colonies,
^ t-1 or t-2 Kellogg types.
0 Mean diameter and standard deviation (in parentheses) in mm, for 

10 randomly selected colonies shown in upper array.
^ Percentage of measured colonies identified as virulent shown 

in lower array.

Hxo
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Effect of Atmosphere on Colonial Types 

Since Farnham, and even Kellogg- ( 22) . himself had 
found the colony types of N_. gonorrhoeas to vary with chang
es in gas content of the.incubation atmosphere, tests were 
run to determine the effect of various atmospheres on colo
nial typing. Results of some tests are shown in Table 5, 
which lists CFU/ml found in suspensions of each of five 
strains of gonococcus when plated in triplicate and then in
cubated under different atmospheres. Table 6. shows the 
results of the typing counts made on ten randomly chosen 
isolated colonies on triplicate plates of each of three
strains incubated under three different atmospheres.

t .Results shown in Table 5 show no significant advan
tage for any of the three atmo spheres in terms of its •.-ability 
to promote growth of a gonococcal 'strain. No strain grew 
significantly better in one atmosphere than another (p is 
greater than 0.1). In Table no significant difference is 
shown between the number of colonies of each type counted 
for any of the strains after four subcultures in any of the 
atmospheres. Data here indicates that small changes in pOg 
do not affect colony typing significantly, if the changes 
are within the limits which might be expected using 
accepted culture techniques.



Table 5 - Comparison of colony-forming units per 
milliliter (cfu/ml) found after incu
bation in three different atmospheres.

Strain A S ' c D E

Candle
Jar

?.5x108 2.7X109 6.6x108 2.3x109 6.OxlO8

10^0 2 
io^co2 6.0x108 3.6xl09 5.9x108 "2.9x109 6.0x108
80%N
15^0 2

6.9x108 4.9x109 k .OxlO8io^co2 — — 3.3x109
75^N



Table 6. Percentage of gonorrhoeae colonies of each Kellogg type after four
random 18 hour subcultures and incubation in three different atmospheres.

Strain A C E
Colony Types 1 2 3 4 1 2 3 4 1 2 3 4

Candle Jar 1 5 4 0 3 5 1 0 2 0 4 0 3 0 1 0 3 0 4 5 2 5
10/o02/l0foC0 2/80foN 7 4 5 3 8 1 0 1 0 4 0 4 o 1 0 3 0 4 2 . 2 5 3
157*02/l0foC02/75/°N 1 5 4 0 3 5 1 0 1 2 3 8 4 5 o 5 3 2 4 0 2 7 1

Nrv>



23Growth in Liquid Culture 
• Table 7 :shows the results- of an experiment in 

which the technique of Jephcott (39) for growth of N. gonor- 
rhoeae in a biphasic medium was reproduced, with the substi
tution of GCMB broth and'agar for media, supplemented'by 
IsoVitalex. The table shows that while the CPU/ml increased 
by a factor of more than lOOx, the proportion of colonies 
grown from the culture shifted rapidly from a preponderance 
of t-2 types to a mixture of types with t-3 types the most 
numerous.

Tables 8 and/9 show effects on growth of the addi
tion of various concentrations of NaHCO^ to the broth medium, 
with the proportion of each set of six tubes which gave an 
increase in CPU/ml of more than 100x ‘in the 24 hour period 
of incubation. Values for NaHCO^ concentrations which 
seemed to be effective ranged from .0075M to 0.15M, although 
higher or lower concentrations gave satisfactory growth in 
many cases. Table 10 presents the data for an experiment in 
which the proportion of t-2 colony types were enumerated at 
various stages during incubation. The decrease in t-2 types 
is rapid, but not so rapid as with the Jephcott-type medium, 
in addition, the change in types is quite uniform among the 
replicates incubated with .01M NaHCO^ broth.



Table 7■ Mean changes in cfu/ral and percentage of 
N . gonorrhoea colony types over 24 hours 
in a biphasica medium.

Incubation
Time

cfu/ml Colonial types %

1 2 . 3 4

0 hrs 1x10 7 - 90 • 6 4

12 1.1x108 1 4? 47 1

18 2.5x108 0 33 63 3

24 1.2x109 0 24. 66 . 10

a GCMB broth plus IsoVitalex, with GCMB plus 
IsoVitalex, incubated under lO^COg with
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Table 8. . Effect of NaJTC0~ concentrations from .001-5M to 

.45M on growth ^of gonorrhoeae in broth.

NaHCOj , Concentration .0015M .015M .15M .4-5M

Mueller-Hinton broth . o/5a 5/6 2/6 . 0/6
Columbia Blood broth 0/6 3/5 2/6 0/6
GCMB plus IsoVitalex 0/ 6 6/ 6 2/6 0/6

broth

a Fraction of tubes increasing from 10  ̂to 10^ cfu/ml in 
24- hoiors.

Table 9, • Effect of NaHCO concentrations from 0075M to .015M on growth of N ., gonorrhoeae in broth.

NaHCO0 concentrationj
.0075M '.009M .010M .OHM .015M

GCMB plus IsoVitalex 
broth 4-/6a 4-/6 4/6 3/6 3/6

a Fraction of tubes increasing from 10^ to 10^ cfu/ml in 
24- hours.
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Table 10. Change in proportion of colony types isolated from 
' a broth culture of _N_. gonorrhoeae over 24 hours.

Time Start 6 hrs 12 hr s 18 hrs 24 hrs

Replicate
1 . 18 16 13 13 12
2 1? a

3 -- 16 15 14 ' 13
4 — 14 15 14 13
5; • --, 15 14 14 12
6 ----- 17 14 15 14
7 ----- 17 15 14 11
8 —  -P . 17 15 a

9 2> 16 14 12 11
10 - - 16 14 12 11
mean # 17.5 16.0 14.3 ' 13.5 12.1
mean % 00 00 72% 6 Wo 61%

s Contaminated,
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.. Transformation Attempts 

Table 11 shows'the result of an experiment in which 
an attempt was made to measure the transformation of cells 
of rL gonorrhoeas t-2 types in broth culture using DNA ex
tracted from two strains of N_. gonorrhoeas and added to 
broth cultures of a stable t-2 strain immediately after in
oculation of the culture, In this table replicate strain C 
cultures are listed according to whether they received STM 
from strain C organisms or from strain F organisms. As the 
table shows, in neither case was there any difference.recog
nizable as significant between the culture with DNA added 
and the control culture which grew without the addition of 
extracted DNA* No significant difference was seen between 
the proportion of colony types seen in any test culture as 
compared to the control culture at any point during the 24 
hour incubation period.
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Table 11. Effect of DNA from stable t-2 strains on 

colonial typing: of N. gonorrhoeas after 
growth in broth.

Replicate Hours of incubation time

0 hrs 6 hrs 12 hrs- 18 hrs 24 hr s
Control A 19 16 15 13 11
Control B

"I S
18
b

17 16 . 13 11
vl
G2 —. — 18 . 16 13 11
C3 —' — ■ 19 16 13 12 -
C4 — 19 16 13 12
C5 — — 17 15 12 11

o\ Q - 17 15 13 10
F? — —. • 17 13 13 11
F8 — — 16 15 11 10
F9 — — 15 13 11 9
F10 — — 17 14 12 10

Mean C «*> 18.25 15-75 12.75 11.5Mean $ 93f* 79$ 64$ 58$
Mean F *> ■» 16.4 14.0 12.0 10.0
M ean tfo 82$ 70$ 60$ 50$
Mean Control 16.5 15.5 13.0 11.0
Mean fo 83$ 78$ 65$ 55%

Replicates C-, —  C ̂ were strain C. cultures which received 
DNA extracted from t-2 stable subcultures of strain C .

° Contaminated.
c Replicates were strain C cultures which received

DNA from t-2 stable subcultures of strain F.



CHAPTER 4

"DISCUSSION
Only a brief account can be given of each aspect 

of the work described here mainly because of the many very 
different approaches and the widely varying findings which 
attach to so much related research.

Proportion and Stability
If the Kellogg typing system is a real phenomenon 

arid not merely a laboratory artifact, then it should be 
possible to selectively subculture the colonies thought to 
be of one colony type and find, as a result that that colo
nial type begins to predominate in the subsequent cultures. 
If the cultures are made randomly, then according to Kellogg 
the t-1 and t-2 colonies should disappear over a period of a 
few subcultures, leaving a population of t-3 and t-4 colony 
types. Results in these studies (Tables 1 and 3) indicate
that this is the case.

;Typing of colonies is a fairly subtle skill, which 
is much hindered by factors which are easy to overlook. The 
predicted appearance of the colonial types is subject to 
influence by media which is too wet, too dry, too acid.or 
alkaline, not properly enriched, contains toxic substances,

29
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or antibiotics, etc. Misassignment of colonies during a 
count, or the use of a colony of"the wrong type in a project 
meant to distinguish "between types, can cause misinformation 
to "be greatly multiplied. It is likely that errors of this 
sort are responsible for many of the contradictory reports 
on various aspects of Neisserial bacteriology now in print. 
The typing tool can be used in a simplified form, given 
proper controls, by the use of colonial size as a determin
ing factor for confirming the uniformity of a culture.
Colony size can be closely associated with the uniformity of 
the types (Table 4) and has the advantage of being much less 
time consuming, and requiring less skill on the part of the 
observer.

Effect of Atmosphere on Growth 
Farnham's view that the colonial types seen by 

Kellogg could be an artifact due to changing pOg is not 
borne out by these studies. Data here indicates that changes 
in pOg which approximate the changes which might be expected 
in culturing by accepted methods, would not result in signif
icant changes in colonial typing, nor cause wide fluctuations 
in numbers of bacteria found for a variable count within a 
strain exposed to varying conditions in parallel culture. 
Although Neisseria gonorrhoeae is generally regarded as 
being COg dependent (#6 ) some strains were found during the 
course of the experiments which could grow without COg
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enrichment. Other strains were found which required a uni
form high concentration of CO2 to initiate growth at each 
subculture. No strains were found which were inhibited by- 
percentages of CO^ up to 15fo' Absolute optimum of growth 
and recovery might be encouraged by COg enrichment which 
approaches this level, without endangering the accuracy of 
colonial typing for the organisms grown. Candle jars, with 
COg levels between 3^10$ (4, 36) and COg incubators which 
often maintain levels at only 4-6% COg may be providing only 
a marginal amount of COg for some strains, especially for 
the t-1 and t-2 organisms. There is inconclusive evidence 
(22) that virulent types are more dependent on COg enrich
ment than the non-virulent types. Marginal COg enrichment 
could cause a rapid and confusing shift in identified colony 
types in a strain that was COg dependent to an unusually 
high degree, although none of the strains tested here showed 
such a variation.

Growth in Liquid .Culture,
As Jephcott (39 p.369) points out;

Microbiological research frequently necessi
tates the production of large quantities of bacterial 
cells. These can most readily be obtained by liquid 
culture techniques. Such techniques also lend them
selves well to vaccine production and isotope label
ling procedures.. If these methods are to be applied 
usefully to the gonococcus, then the colony type 
variations occurring in such systems "must be known.
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By his studies with biphasic media (39) Jephcott 

made it possible to grow iL, gonorrhoeae in broth with a 
fairly consistent and predictable change in the colony type 
of colonies grown from the liquid culture. Although other 
researchers have not been able to duplicate Jephcott's 
results (4-0), attempts are continuing in other laboratories 
to solve the problems of maintenance of types in liquid cul
ture (40, 4-1) . Results in the present, paper (Table 10) are 
of about the same level,of success as has been achieved by 
other workers in recent trials, with the additional success 
of combining both increase in numbers of organisms and rela
tive stability. The use of NaHCO^ as a replacement for C02 
enrichment has much simplified the further studies that are 
currently underway (42), and the use of a relatively inex
pensive and easy to prepare medium is of practical value 
when compared to the complicated media previously used (41). 
Despite these advances, however, many practical problems, 
such as the need to re-evaluate the amount of NaHCO^ added 
as supplement with each major change in the free air space 
of the culture container, remain to be elucidated. Talley 
and Baugh (41), among others, are currently investigating 
this sort of practical problem.

Transformation Effects
In 1966 Sparling (43) suggested that the t-1 and 

t-2 organisms in gonorrhoeae cultures had the ability to



irreversibly bind DNA by genetic transformation while t-3 
and t-4 type, organisms could not. Although recent studies 
contradict this view (44), it has been known for many years 
that some members of the genus Neisseria spontaneously re
lease DNA with extracellular products (45) and Neisseria, 
particularly tL meningitidis, have often been used, for trans
formation experiments (46, 4 7). Attempts have been made to 
use transformation to assay the- proportion of t-2 colony 
type organisms in a culture, but no attempt other than the 
one here (Table 11) has described the .effect of t-2 DNA on . 
growth in broth culture of t-2 types.

Results included in this study indicate that there
was no significant effect on the growth of the culture as a 
- , ' 

result of the introduction of the extracted DNA. In fact
there is no evidence that the t-2 types were transformed, 
due to the fact that no marker is available at present in t-2 
stable strains. Unless the study can be repeated using a 
control to show that the recipient cells are competent arid 
enough replicates can, be done to identify whether there is a 
change in competence through the period of growth of the cul
ture, little more can be. said than the fact that there were 
no significant effects recorded given the conditions exist
ing. It is possible that a useful genetic marker will be 
found and perhaps the penicillinase producing strains consti
tute such a marker, if they could be safely managed. In the



meanwhile, the control of colonial type changes and the 
reasons for the changes are mysteries, and no recent work 
has made more than a small step toward explaining the mys
teries away.
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