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SUMMARY



SUMMARY

Growth of gonococci in vitro was studied during an attempt to

find a typing scheme for epidemiological purposes. Many strains
were found to be capable of remaining viable for several weeks in a
liquid medium formulated particularly to prolong survival in
laboratory cultures. Gonococcal strains were found to survive even
longer when they were kept in liquid culture media at 30°C which is
known to be their minimal growth temperature.

The faeasibility of using gonococcal bacteriocins (the gonocins) in
typing gonococci was investigated, and was found to be impracticable,
because some inhibitory short-chain fatty acids were observed to
interfere with, and to dominate, the inhibitory activity of gonocins.

These fatty acids were found by gas-=liquid chromatographic analysis
mainly to be acetic acid and isovaleric acid. When these two acids
were added to uninoculated media in concentrations equivalent to
what was produced during the metabolic activity of gonococci, some

gonococcal strains were inhibited on that media.

The colicins of Shigella sonnei were found to be possible substitutes

for gonocins. Ten Colicin Type strains inhibited gonococci
selectively. Thus it was possible to divide ninety two strains into

groups on the bagis of their sensitivity to the colicins., Certain

limitations made it difficult to evaluate this typing scheme fully.
Yet some indication was given that it could be & useful tool
for epidemiological studies. In spite of the high stability of
colicinogeny of Shigella sonnei strains, some inhib‘itory by-products
might accumulate in the medium when the Colicin Type strains were

incubated for four days. In this way the inhibitory activity of

colicins against gonococci might increase. But by gas-liquid



chromatographlic analysis it was found that the by-products, namely
acetic and propionic acids, which were produced after incubating
the Colicin Type strains for one day were not adequate to cause
misinterpretation of the activity of colicins. These by-products
however, might accumulate after prolonged incubation and reach
an inhibitory concentration which interfered with the colicin
activity. It was demonstrated that Colicin Type strains used in

the typing scheme should be incubated for not .longer than one day.
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INTRODUCTION

Neisseria gonorrhoeag, the causative organism of gonorrhoea, was
the first member of the genus Neisseria to be described, It was
given its name in 1885 by Trevisan in recognition of the fact that
it had been originally observed by Dr., Albert Neisser in 1879 in
the genital discharges of patients with the disease (Wilson & Miles,
1966; Bergey, 1974).

The disease was known to man long before the discovery of its
cause, Venereal urethral discharge was first described by the
Chinese Emperor Huang Ti as early as 2600 B.C. (Rein, 1977)

The only natural host for N. gonorrhoeseis man (Wilson & Miles,

1966; Bergey, 19T4; Cruickshank et al., 1975a; Rein, 1977). All
attempts to induce the infection experimentally in animals had failed
till it was discovered, comparatively recently, that it was possible
to infect chimpanzees with the organism (Cruickshank et al., 19753)1:

Lack of susceptible laboratory animals made it difficult to
ascertain the basic facts about the gonococcus (N. gonorrhoeae ).
Kellogg et al., (1963, 1968) observed variation in the colonial
morphology of gonococci which relatgd to their virulence when
inoculated into male volunteems. The disease could also be
induced in man by injecting pure cultures of gonococcl or

gonorrhoeal pus into the urethra; symptoms appeared within 1 - 3 days

(Wilson & Miles, 1966).

Apart from experimentally acquired gonorrhoea, direct sexual
exposure to a person infected with the disease is the only mode cf
transmission, because the main portal by which the organism enters

and leaves the body is the urogenital tract, and "the coccus is so



exceptionally susceptible to killing by the conditions of the
extracorporeal environment, e.g. drying, cold, exposure to air,
absence of nutrients, that it can only very rarely survive!" indirect
transmission (Cruickshank et al., 19758,)0 Moreover, epidemio-
logical evidence has shown that an uninfected person does not
invariably develop gonorrhoea after a single exposure to infection
(Holmes et al., 1970). Many authors have reported that resistance
to gonorrhoea might be a result of bacterial interaction (Volk &
Kraus, 1973; Kraus & Ellison, 1974; Shtible, 1976). The
possibility of acquiring gonococcal infection by non-venereal
contact has been considered (Doyle, 1972). The survival of
gonococcl outside the body was reported to be at most 24h  when

urethral discharge from male patients was placed on a Petri dish at

room temperature (Elmors & Larsson, 1972). There is, however,
evidence to suggest that gonococci may survive rapid transfer of
exudate on the fingers to the conjuctiva-er on t damp towels as in
gonococcal vaginitis, but this can happen only occasionally.

(Cruickshank et al., 19752).

1.1 Epidemiology

Epidemiological studies show a remarkable increase in the
incidence of gonorrhoea during the past 25 years in most countries

of the world (Cruickshank et al., 1975a; Kallings & Moberg, 1977;

Rein, 1977).  In Britain, a peak incidence jmmediately after the
Second World War declined to a relatively low level during the early
1950%s, probably as a result of effective chemotherapy. Since
then the annual returns from venereal disease clinics in England

and Wales have shown a steady increase in incidence (Cruickshank

et al., 1975a). In the USA and many other countries the numbers
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of reported cases of gonorrhoea have increased dramatically during
the period 1960 - 1976 (Kallings & Moberg, 1977; Rein, 1977)o
In some other countries, however, the incidence of the disease was
more or less stable, In Scotland and Norway, for example, the
annual number of cases of gonorrhoea reported to the WHO* (World
Health Org-anisation) has decreased in the period 1973 - 1975, and
probably since then. In Sweden there was a remarkable and
continuous decline in the incidence of the disease (Eallings &
Moberg, 1977).

One possible reason for the decreased incidence of gonorrhoea
is improvement in the treatment and management of the disease
(Kallings & Moberg, 197'[). On the other hand, increased

resistance of the organism to antibiotics has tended to have the

opposite effect. There are also factors related to the host,
These are mainly promiscuity, increased population mobility,
recidivism (Rein, 1977), and the spread of infection by
agymptomatic carriers, which poses a special problem (Kallings &

Moberg, 1977). Another factor which also contributes to the
increased incidence of gonorrhoea is difficulty in diagnosing the

diseagse. There are several critical aspects of laboratory

diagnosis each of which has an influence on the accuracy of the

final result (Kellogg, 1977), namely the collection and transport
of specimens, the detection and isolation of gomococci, and

confirmatory tests on the strains isolated. Without efficient
procedures and media for the maintenance, culture, and
jdentification of the organisms, there can be no certainty of
diagnosis (Kellog, 19’{7). In the first place, gonococci are

fagtidious organisms and the conditions they require for growth are

¥ WHO figures for the U.K. from 1976 onwards nol avallable.




very exacting although these are likely to be due more to their

susceptibility to inhibitory substances in vitro than to their

nutritional needs (Cruickshank et al., 1975a) Antagonistic
substances produced by other micro-organisms have also been reported
to inhibit the growth of Neisseria gonorrhoeae. Hipp et al. (1974)
reported that Candida albicans produced an inhibitor to the growth
of gonococci when both were present in the same specimen, and they
suggested that failure to culture N. gonorrhoeae from a suspected
case of gonorrhoea in a female should be considered as a possible
false negative if the patient was known to have candidal vaginitis.
Shtible (1976) observed many bacterial species té cause inhibition
of gonococcal growth and suggested that it was essential to use
media that are known to be efficient in maintaining and protecting
the gonococci.

In general, failure to diagnose gonorrhoea adversely affects
the control of the disease, Hinman (1977) stated that (in the
USA) a relatively stable incidence of gonorrhoea in males, with an
increase in the incidence in females in recent years would suggest
" that the prevalence of infection may be remaining more or less
constant, with the increase in reported cases representing a
result of discovery of previously undiagnosed cases". Many of the
control programmes have relied heavily on the use of antibiotics,

or have stressed the importance of contact tracing and other

epidemiological studies. In fact, both treatment and contact

tracing, as well as diagnosis, are important in the control of the

disease (Catterall, 1977)n

Control of gonorrhoea, like that of many other communicable

.diseases, is not possible without active follow-up of the
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epidemiological process, i.e. identifying the source of infection,
and tracing the transmission and spread of the pathogen (Meitert &
Meitert, 1978).

1.2 Growth requirements and survival of gonococci
N. gonorrhoeae is the most difficult member of the genus

Neisseria to cultivate (Wilson & Miles, 1966). Gonococci grow
better on the surface of a so0lid medium than in an equivalent liquid
medium (Cowan, 1975). "They are not always easy to maintaln in
cultures; even though they are subcultured regularly every 2 - 3 days,
the organisms not infrequently die out, and strains are lost."
(Wilson & Miles, 1966), The addition of blood, serum, ascitic or
hydrocele fluids to solid media greatly enhances their growth
(Wilson & Miles, 1966).,  Most strains require 3 - 10% carbon
dioxide for growth, especially on solid media, and this can be
achieved by incubation either in a carbon dioxide incubator or in

s candle jar which supplies 3 -~ 4% 002. The latter was reported
to provide the optimum requirement of CO2 since it permitted the
gonococcal cultures to mature within 24h, whereas in a carbon
dioxide incubator which contained 10% CO, the cultures did not
reach maturity before 48h, (James - Holmquest et al., 1973; Jones &

Talley, 1977).  Catlin (1973) reported that 55 out of T4
gonococcall strains grew in air on a defined medium, but their
growth improved when incubated with additional 002. A significant

reduction in the total number of organisms as well as in colonial
gize resulted when incubation in carbon dioxide was delayed for 2h or
a little longer (Chapel et al., 1976). However, many strains lost

their requirement for CO, after several subcultures (Platt, 1976).



Gonococci are aerobic and little, if any, growth occurs under
strictly anaercbic conditions (Wilson & Miles, 1966; Bergey, 1957).

But this statement was challenged by Williams & Wende (1972).

James-Holmquest et al. (1973), who made a comparison between
different atmospheric conditions for gonococcal growth, found that
all 65 strains which were incubated anaerobically failed to grow
on any of three suitable media. Morse et al. (1974, 1977), in an

extensive radiorespirometric study, confirmed the inability of

gonococci to grow anaerobically,

In general, gonococcal growth in liquid media is very poor,
and appears in the form of a slight turbidity and a finely
granular deposit, which hardly disintegrates on shaking (Wilson &

Miles', 1966); Barlier studies of the nutritional requirements of

gonococci enabled the workers to cultivate both stock and freshly
isolated strains in vitro. Mueller & Hinton (1941) made a
significant step forward in this field, when they showed that an
essentia.lly* prO'i:ein-free medium of casein hydrolysate, meat
infusion, starch and agar gave excellent growth of gonococci.

Their medium (Mueller Hinton Medium) is commercially available

in solid and liquid form and is widely used in laboratories nowadays,

Later studies revealed that within the species N. gonorrhoeae
there were strains of diverse nutritional requirements (Ca.tlin,l973) .
This is the phenomenon on which auxotyping was based (Carifo &
Catlin, 1973). Essentially, there are common constituents of

culture media which can be utilised by the vast majority of

gonococcal strains, e.g. peptones, glucose, serum, starch, sodium

chloride and sodium bicarbonate. The constituents which support

the growth of only some strains are not necessarily antagonistic to



the growth of others. For example, glutathione is only required
on primary isolation by about 20% of strains (Bergey, 1974) and
there is no evidence that it is inhibitory, in the recommended
concentrations, to any other strains, Apé.r't from antibacterial
agents, like antibiotics and bacteriocins, some other chemicals
which are usually used in bacteriological media were reported to
inhibit the growth of gonococci. Ley & Mueller (1946) isolated
from agar an inhibitor for the growth of many gonococcal strains;
the inhibition was probably due to long-chain unsaturated fatty
acids present in the agar. They suggested that the inhibitoxry
action could be neutralized by starch as the fatty acids were
adsorbed by the linear component of starch., Since then starch
has been used in all media formulated for the cultivation of
gonococci, Gould et al. (1944) reported that when glucose and
phosphate components were mixed in a medium and autoclaved at
121 ° for 30 minutes the medium inhibited gonococcal growth.
This was probably due to inactivation of 'bhe cystine present in
peptone by deg:a:dation products of glucose (Wilson & Miles, 1966):.
"Peptone is a chemically indefinite term used to describe the
water-soluble products obtained after hydrolysis of (different)

proteins" (Oxoid Manual, 1976). A wide range of peptones are
commercially a.vaila.b;l.e. Their use in bacteriological media depends
mainly on the particular requirements for amino-acids and peptides
by different bacteria. Amino—-acids are utilized as a source of
energy (0xoid M@, 1976). Peptone in a concentration of 1-3%

was reported to favour the growth of Neisseria species (Wilson &

Miles, 1966).  Gonococcal growth was best "when amino-acids were

- used as a source of nitrogen for the biosynthesis of other amino-acids,



proteins, or other nitrogen compounds." (Morse et al., 1977),

Cystine was reported to be a common requirement for all
gonococcal gtrains (Catlin, 1978). Gould et al. (1944) found that
0.,05% cystine stimulated the growth of gonococci, but inhibited the
growth of those strains which were dependent on glutathione, A
need for glutathione, however, is acquired only by some old
laboratory strains (Gould et al., 1944; Bergey, 1974).

Glucose in a concentration of 0.2% increased the gonococcal
colony size (Wilson & Miles, 1966). Increasing the concentration
of glucose in the growth media stimulated the synthesis of glucose-
6-phosphate dehydrogenase and 6-phosphogluconate dehydrogenase

(Holten, 1974a, 1974b).

Serum supports a -luxuriant growth of gonococci when used in a
concentration of about 10% in liquid media (Amies & Garabedian, 1967).
It is usually added to the autoclaved media as a sterile supplement.
A supplemental nutrient mixture which contained, among other
constituents, a solution of lysed red blood cells and horse plasma

was suggested for use in a medium for the isolation of both

N. gonorrhoeae and Mycoplasma (Faur et al., 1973, 1974). Horse
serum was used in a medium for the growth of gonococci (Gladston &
Fildes, 1940). When the medium is to be used for fermentation
tests, human or rabbit serum (10%) is suitable, but not horse, sheep
or ox serum because these contain maltase which may cause a false
positive maltose fermentation reat.:tion (Wilson & Miles, 1966) .

Serum, and blood, may contain antibiotics (Cru.icksha.nk et al,, l975b)

and therefore should be screened before use in gonococcal culture

media.

As a substitute for gaseous carbon dioxide, sodium



‘bicarbonate can be used, especially in liquid and semi-solid media
(Talley & Baugh, 1975). It was used in chemically-defined liquid
media by many previous authors (Ka.nny et al., 1967; La Scolea &
Young, 197:‘.'1,)9 but not without additional gaseous 002.-., Recently
the role of the bicarbonate anion in gonococcal media has been
studieci, and I\TaHCO3 has been recommended as a possible substitute
for gaseous CO, (Jones & Talley, 1977). Earl et al. (1976) had
previously suggested that it might be utilised even better than the
latter,

The problem of the poor yield of gonococci in liquid media
seemed to have been resolved, at least partially, when 2
concentrated culture of gonococei in an agar-liquid (biphasic)
medium was obtained (Gerhardt & Heden, 1960). The count was
stated to be as high as 5 X 109 cells per ml, and the turbidity
was similar to that normally seen in cultures of staphylcocci,

A dense culture of gonococci in a liquid medium was also achieved
when the pH value was controlled in a continuous culture (Brookes
& Sikyta,1967). An efficient liquid medium was formulated by
Hafiz & McEntegart (1976) and was successfully used for the
primary isolation of gonococci as well as for stock cultures, for

which it was particularly useful, as it prolonged the survival of
gonococcl for several weeks., This medium has recently been
suggested for penicillin-sensitivity tests of gonococcl because

of its high efficiency in supporting the growth of very small
inocula e.g. fewer than 10 cells per 10ml of medium (Eaves,1978).

A major problem in laboratory studies of gonococci usually is
difficulty in preserving gonococcal cultures for any length of time.

A procedure for solving this problem suggested by Ward & Watt (1971)
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was "snap" freezing the cultures in liquid nitrogen which
resulted in a 100% recovery of the cells after thawing; moreover
the colony types, T1-T4 (Kellogg et al., 1963, 1968), remained
stable,

Alternatively strains can be preserved at 3600 in a sloppy
agar broth containing 5% hydrocele fluid; subcultures are required
at monthly intervals (Wilkinson, 1977). But the original colony
types m'ay not remain stable during subculture by this method, and
hydrocele fluid is not always available on demand, Hafiz &
McEntegart (1976) reported that the survival period of gonococci
is much longer in liquid than on solid media. In the medium which
they prepared they found that about 75% of strains survived for 2
weeks, and about 30% for 3 weeks. Four out of 106 strains
gsurvived for up to 56 days. This is the longest reported period,
gso far, for the survival of gonococci in a liquid medium at 36°Cn
Further studies on the colony type stability of gonococci in this
medium revealed that 80-100% of strains of colony type T1 remained
stable for longer than 3 weeks (Hafiz et al., 1977).

The optimum temperature for the growth of gonococci was
stated to be 3700 (Wilson & Miles, 1966) or 35—3600 (Bexrgey, 1974;
Cruickshank et al., 1975a, 1975b).  No growth at all occurs below
30°C (Wilson & Miles, 1966; Bergey, 1974; Cruickshank et al.,1975b),
or at a temperature over 38.5°C (Bergey, 1974).

The optimum pH value is 7.4 + 0.2 (Wilson & Miles, 1966;

Cruickshank et al., 1975a; Catlin, 1978).

1.3 Variation in colonial morphology of gonococci
Kellogg et al. (1963, 1968) made detailed studies of the

variations in colonial morphology of gonococcal isolates and theixr
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association with virulence., Four characteristic colonial types
(T1-T4) were recognised, T1 and T2 were isolated from patients
with acute gonorrhoea, whereas T3 and T4 arose on subcultures of
T1 and T2, On Difco G.C. medium base plus supplement B the
colonial types could be characterized after 20-24h incubation at
36°C as follows: T1 and T2 colonies were O.5mm diameter, dark
gold, translucent and amorphous, T1 had an entiwre edge whereas
T2 was defined or crenateds T3 and T4 were both entire colonies

of 1mm diameter, but T3 was light brown, translucent and granular,

whereas T4 was colourless, transparent and amorphous (Kellogg et al.,1963)

Jephcott & Reyn (1971) and Reyn et al. (1971), in an extemsive
study, confirmed the 4 colony types described previously, and
recognized a new type, which they named type 5. The new type was
first isolated in old laborgtow strains, Its colonies were very
shiny like those of type 2, but as large as those of tType 3, and
granulated with a dark brown colour and an irregular edge.
Sparling & Yobs (1967) confirmed the association of T1 and T2 with
acute gonococcal infections. Thus, on subculture, the virulent
T1 and T2 types change into the non-virulent types T3 and T4 (and
T5). Ward ot al. (1970) were able to show that virulent strains
of gonococci possessed a protective factor responsible for <their
resistance to killing by natural antibodies. This factor was lost
after even ome subculture ( Watt et al., 1972).

Jephcott (1972) stated that cultures which were inoculated
with T1 or T2 gave rise to T3 or T4, whereas the reverse did not

occur. Hafiz et al. (1977) in the same laboratory studied the
stability of colony types in Hafiz & McEntegart Medium (1976) and
found that T1 colonies could be derived from T5, and that T4

represented a final form of the organism till it died out. But in
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the presence of ferric citrate, T1 colonies rapidly arose and
predominated.,

A method was suggested to simplify the differentiation
between different colony types (Juni & Heym, 1977) by means of
which the observation that T1 mutated to T4 and T2 to T3 was
confirmed., In an attempt at clarifying the features of gonococcal
colony types, coloured photographs of the five types (T1-T5) were

displayed (Browr & Kraus, 1974).

1.4 Methods of typing gonococci

As already mentioned, control of any communicable disease 1is
not possible without tracing the transmission and spread of the
pathogen. It is therefore essential that an active typing method
is applied. The typing methods applied today are mainly:
biochemical typing, serotyping, phage typing, bacteriocin typing
and resistotyping (i.e. typing by means of antibiograms and the
identification of R factors), These methods are applied either
separately or together when more detailed levels of differentiation
are required (Meitert & Meitert, 1978).

The typing of N. gonorrhoeae seems to present a particularly
difficult problem. Most of the methods applied to the typing of

pathogenic bacteria have been tried on gomococei (Geizer, 1977),

the three main systems used being: serological typing, auxotyping,

and bacteriocin typing.

Serological studies of gonococci started as early as the
beginning of this century. The objectives were chiefly to find
markers for epidemiological studies, and to develop methods for

 laboratory diagnosis (Danielsson & Maeland, 1978). Many methods

are applied currently in serological diagnosis of gonococcal
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infections (White & Kellogg, 1965; Rodas & Ronald, 1974;
Kellogg, 1977; Danielsson et al., 1977; Danielsson & Maeland,1978),
"either by demonstrating anti-gonococcal antibodies in serum by,
for example, complement fixation, haemagglutination, flocculation,
precipitation, radio-immune assays etc., Or by demonstrating the
gonococcal organisms with the use of immunofluorescence and co-
agglutination techniques, However despite the increasing use of
these methods the occurrence of false positives in most tests
remains a major problem", (Danielsson etd., 1977) .

Serological typing, on the other hand, does not seem to be
feasible. The antigenic structure of gonococci is complicated.
"Recognized groups or international types do not exist", (Bergey,
1974). All attempts during the last 70 years to establish an
acceptable pattern of gonococcal serotypes have failed, But some
of the new immunologieal techniques and cell biology studies of
the organism might open up more fruitful approaches (Danielsson &
Maeland, 1978).

Auxotyping, a system for differentiating gonococci based on
their growth responses on chemically defined media, has been
suggested by Carifo & Catlin (1973) and Catlin (1973). A set of
11 chemically defined media was used to subdivide 74 strains of
gonococei into 13 auxotypes depending on their varying nutritional

requirements as reflected in growth or absence of growth on the

defined media, The same workers alsp studied 251 more strains to
improve and eva':I.uate the system and these strains were divided into
o0 auxotypes (Carifo & Catlin, 1973). The system has recently

been expanded to distinguish 35 auxotypes by testing isolates on 13

media, viz one complete chemically-defined medium and its 12
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modifications (Ca.tl:i'_r.l, 1977, 1978). As there were 13 different
media for each test, contamination presented a problem,
Standardizing the incubation of all cultures is essential as there

are genetic and physiological variations among gonococcal responses

to environmental conditions (Catlin, 1973, 1978).

1.5 3Bacteriocins of gonococci: Comments on theixr
application in typing

Bacteriocinsg are "antibiotics" produced by certain strains of
bacteria which inhibit some other strains, usually of the éa.me or
related species (Reeves, 1972)., The various groups of
bacteriocins have been named after the major genus or species

producing them, e.g. colicins after Escherichia coli,

staphylococcins after the genus Staphylococcus, meningocins after

N. meningitidis and gonocins after N. gonorrhoeae.

Bacteriocinogeny and sensitivity to bacteriocins have been
suggested by many authors as "epidemiological markers" for typing
strains of various bacteria, e.g. Proteus (Al-Jumaily, 1975a,1975b,
sSenior, 1977), and Pseudomonas aeruginosa (Gillies & Govan, 1966;
Tagg & Mushin, 1973), and there are bacteriocinogenic strains of
almost every genus of bacteria (Nomura, 1967; Reeves, 1972; Tagg
et al., 1976).

The production of bac.teriocim by strains of Neisseria
meningitidis is well recognised (Kingsbury, 1966; Counts et al.,
1971), Attempts have been made to type N. gonorrhoeae by using
their bacteriocins (Flynn & McEntegart, 1972; Luger, 1975), but
these attempts were evidently not convincing, Other authors
mentioned that Flymn & McEntegart (1972) had not, in fact,

demonstrated the production of bacteriocins (gonocins) but other,
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non-specific, inhibitory substances. They based their comments
on the characterization of the inhibitory substances (Walstad et al.,
1974; Knapp et al., 1975; Lawton et al., 1976).

It 1s a known fact that bacteriocinogenic cells are not usually
susceptible to the lethal or biochemical action of their own
bacteriocins (Nomura, 1967). This must be so because otherwise it
would not be possible to obtain a culture of a bacteriocinogenic
strain, Nevertheless Kyan et al. (1955) and Goodwin et al. (1972)
did report the production of a bacteriocin by cells that were
sensitive to it., This, however, must be a very rare phenomenon.

Published reports of gonocin typing of gonococci describe the
use of a group of indicator strains that exhibited variable patterms

of inhibition by the gonocins produced by the tested strains,

In other words, the typing procedure was based on the .
bacteriocinogeny of the tested strains as demonstrated solely by
their effect on a standard group of sensitive strains, which means
that the reaction of the producer strains to their own inhibitory
substances was not checked,

Of the 100 strains tested by Flymn & McEntegart (1972) 75 were

Producers. Luger (1975) tested 150 strains of which 135 (90%)
were producers, On the other hand, Lawton et al. (1976) reported
that only 17 out the 2123 strains they tested (i.e. less than 1%)

were gonocinogenic.

The nature of the inhibitory substance was not investigated by
Flymn & McEntegart (1972) or Iuger (1975). Walstad et al.(1974)
reported that separation of total gonococcal lipids by silica gel
chromatography revealed inhibitory activity by both the free fatty

acids and the phospholipid fraction.
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In spite of the suggestion that gonocinogenic strains do exist
(Lawton et al., 1976) gonocin typing of gonococci is still not
practicable for the following reasons:

i. No one has yet managed to increase the yield of gonocins

from producer strains by any of the usual methods of inducing

bacteriocins like for example ultraviolet light or mitomycin C
(Lawton et al., 1976). Thus, extraction of gonocin is very
difficult and therefore typing can only be accomplished by using
live cultures of gonocinogenic strains.

ii, Again, because living gonocin-producing cultures are used,
long preservation of frequently-used cultures is required and this
is difficult when working with such fastidious organisms,
Furthermore, there is a risk of instability of the gonocinogenic
factor during continuous subculturing.

iii. Lawton et al. (1976) suggested that the use of gonocins
in typing gonococci was complicated by a number of factors. They
obgsexrved that susceptibility to gonocin depended on colony type,
and that all of 15 T isolates were susceptible to all of the 12

gonocins used. The 12 gonocin producer strains were in turn

divided into 2 groups (A & B) according to their inhibitory activity,

with the result that all of 60 T4 isolates tested were divided into
4 types; susceptible to both group A and group B, susceptible only

to group A, susceptible only to group B, and resistant to both

group A and group B. The conclusion is that all gonococcal strains

belong to one or other of these four groups, a feature which
severely limits the usefulness of gonocin typing in epidemiological

studies.
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1.6 Inhibition of gonococci by other bacteria
Many authors previously 'repor'l:ed the inhibition of gonococci by
antibacterial substances, mainly bacteriocins and bacteriocin-like
substances, produced by a variety of bacterial species (Hsu &
Wiseman, 1967; Geizer, 1968; Volk & Kraus, 1973; Shtible, 1976).

Among these species was Staphylococcus aureus which produced

staphylococcin as reported by Hswu & Wiseman (1967) and Shtible (1976)
and confirmed by Moriss et al. (1978). Species of other genera
such as Vibrio cholerae and NAG vibrios, Micrococcus, Aeromonss

hydrophila, Escherichia coli, and Pseudononas aeruginosa were all

found to produce antibacterial substances that inhibited gonococci

(Geizer, 1968). Shtible (1976) reported that bacteriocins from

the following bacterial species (listed in order of frequency)
inhibited gonococcal growth: N. meningitidis, Staphylococcus

epidermidis, Corynebacterium species, Staphylococcus aureus,
Streptococcus pyogenes, and N. subflava., Morse et al, (1976) in

a detailed study, found that pyocins from Ps. aert;.@' osa inhibited
gonococci, Sidbery & Sadoff (1977) not only confirmed the
inhibition of gonococci by pyocins, but suggested pyocin
sensitivity of gonococci as a feasible epidemiological tool for
typing them., They stated that by using 23 pyocin preparations,
106 strains of iﬂl. gonorrhoeae clearly showed 30 different
sensitivity patterns. Very recently the sensitivity of gonococci
to pyocins was investigated further (Blackwell et al., 1979).

The results showed that 94.5% of the gonococcal isolates were
inhibited selectively by 11 pa.rtiélly purified R-type pyocins, and
it was suggested that "there was a relationship between the pyocin

. receptor sites in the lipopolysaccharide of Ps. aeruginosa and
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:1_. gonoxrrhoeae",
As already mentioned, Hipp et al. (1974) reported the

inhibition of gonococcal growth also by a lethal factor produced
by Candida albicans, and tests of other strains under different
conditions have confirmed this finding (unpublished observations,
quoted by Catlin, 1978). Using five reference strains of
C.albicans selected for potent inhibition activity, and also
inhibitory Candjda strains which were isolated together with
gonococci from a given specimen, 27 strains of gonococci were
divided into three groups on the basis of their sensitivity to the
inhibitors (Hipp et al., 1975).

Apart from the species B, coli, none of the members of the

family Enterobacteriaceae has been studied, so far, for the effect
of their bacteriocins on N., gonorrhoeae, although there is

evidence that the latter is suscéptible to bacteriocins of Gram-

negative rods.

1.7 Colicins of Shigella sonnei
Over the past 15 years epidemiological studies have shown

that Sonne dysentery has become the most prevalent form of bacillarxy
dysentery in the U.K. and the U.S.A. (Morris & Wells, 1974).

Before the work of Abbott & Shamnon (1958), typing of Sh. sonnei
strains was almost impossible, They could not be typed by methods
used for typing other species in the family Enterobacteriaceae,
Serological typing was inapplicable because all strains of

She. sonnei, unlike the other species in the genus, are serologically
homogeneocus (Gillies, 1964, 1978; Morris & Wells, 1974;

Cruickshank et al., 1975b).  Biochemical typing was of very

1limited use as it subdivided the isolates into only two groups,
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according to their ability, or inability, to ferment xylose
(Abbott & Shannon, 1958; Gillies, 1964). Finally, bacteriophage
typing is of little practical walue, because of type instability
(Abbott & Shannon, 1958; Gillies, 1964; Meitert & Meitert, 1978).

Abbott & Shannon (1958) suggested a method for typing epidemic
strains of Sh. sonnei using colicin production as a marker.
Over 2100 strains were typed in England (Abbott & Graham, 1961;
Barrow & Ellis, 1962) using the colicin typing method., Further
modifications of the technique of Abbott & Shannon (1958) were
suggested by Gillies (1964) who typed more than 5000 strains by the
modified method., Evaluation of the method was performed by Morris
& Wells (1974) who suggested that known colicin type strains should
be used as caontrols for the typing procedure, Gillies (1978)
stated that "the most significant bacteriocin typing technique of

species within the Enterobacteriaceae concerns Sh, sonnei; this

serologically homogeneoﬁs species is now the most common cause of
bacillary dysentery in many parts of the world, both temperate and
tropical, and this high prevalence umloubtedly attracted worldwide
interest in the method of typing introduced by Abbott & Shannon
(1958) and subsequently modified by Gillies (1964)". Authors who
recommended the use of standardized media for colicin typing to
protect colicin activity from the effect of minimal changes in the
media stated that colic:i.n_ogeny and sensitivity to colicins were
found to be remarkably stable in Sh., sonnei strains which had been
either freeze-dried or stored in Dorset medium at 400 (Abbott &
Graham, 1961).

The colicins of Sh. sonneili can be extracted and purified

- (Hinsdill & Goebel,1966; Matsugushi, 1975). The colicin
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preparations can be sterilized by a variety of agents commonly used
in the sterilization of liquid cultures, e.g. ultraviolet light,
chloroform, etc. (Senior et al., 1970). Purification can be
achieved only partially, but the stability of many bacteriocins was

shown to decrease with increasing purity (Mayr-Harting et al.,1972).

Sterilization of a crude colicin might also inactivate it (Senior
et al., 1970). Purified colicins, however, can be used instead of
colicin-producer cultures in testing the sensitivity of other
strains, in which case the inhibition of the tested strains will
only be due to colicin activity, as all other probable inhibitors

are washed off,

1.8 Inhibition of gonococci by fatty acids
Many authors reported sensitivity of gonococci to free fatty

acids of different chain-length (Ley & Mueller, 1946; Miller et al.,
1977). When Walstad et al. (1974) studied the inhibition of
gonococci by their own by-products, they found that phospholipids
and free fatty acids had an inhibitory effect on gonococci. The
major phospholipid, namely phosphatidylethanolamine, had no
inhibitory activity of its own. Long-chain fatty acids, as well
a8 a minor phospholipid (monoa.cyl phosphatidylethanolamine) s, Which

resulted from the degradation of the major phospholipid, were quite

inhibitory,

1.9 Gas-liguid chromatography
Chromatography is a method of chemical analysis used to

separate substances in a mixture on the basis of their absorption
properties. Gas-liquid chromatography (GLC) is a system by means
of which subatances which can be volatilized are simultaneously

‘separated, Molecules of substances to be analyzed will instantly

partition between a moving gas phase and a stationary liquid phase
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absorbed on to an inert supporting material (Downes, 1963), The
latter is uniformly packed in a columm which is maintained at a
desired temperature in an oven, Samples injected into the column
are evaporated by heat and carried by a stream of inert (carrier)
gas which passes at a controlled flow rate along the column where
the components of the sample are distributed between the two (gas
and liquid) phases., Components which leave the colum pass from
its far end through a detection system which notes the arrival of
a component, converts it into an electric signal and feeds it to a
recording device, usually a chart-recorder (Druckez. 1976)=
Because of the differences in the affinity of the liquid phase for
the various components, they move through the colummn at proportional
rates and emerge with separate portions of the effluent of inert
carrier gas (Downes, 1963).

" The technique can now be used to examine bacterial fatty
acids, sugars, amino-acids, purine and pyrimidine bases. By scaling
up the analytical technique, preparative GLC is practicable,

GLC offers the chemical microbiologist two advantages
(i) extremely low concentrations for detection of most substances
and (ii) rapid analysis." (Drucker, 1976). GLC-chemotaxonomy is
an advanced system in bacterial taxonomy. Production of fatty acids
during metabolic activities in vitro is of a particular value as a
taxonomic tool (Carlsson, 1973). Volatile fatty acids can be
extracted from cultures with ether, and non-volatile acids with
chloroform after being methylated (Carlsson, 197 3)0

GLC is not only useful in the separation of compounds from a

mixture, but it is also an efficient method of identification and

quantitative determination of individual components (Mitruka,1975).



Fatty acids found both in whole culture extracts and as
fermentation products of several species of Neisseria were
identified by GLC (Brooks et al. 1971, 1972). Analysis of acids
which interfere with bacteriocins or mimic their activity can be

performed by GLC,

22 .
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2. MATERTALS AND METHODS
201 Organisms
el N. gonorrhoeae
N. gonorrhoeae strains isolated from patients with active

infections were obtained from The City Laboratory. The isolates
had been identified and maintained on Columbia Blood Agar (Oxoid)
at 37°C for 1-4 days. They were numbered in special serial

numbers (appendix ).

2ele2 _S_]En gonnei

Sh. sonnei indicator strains (I.S.) and colicin type (C.T.)

strains were also obtained from The City Laboratory but they were
maintained as lyophilized cultures. Initially they wexre the
complete intermational set of both the 1.S. and C.T.strains,namely
I.5. 1-15 and €.T. 14,1B, and 2-13%, The numbexr of strains in

each set was reduced to 'l'.en, as follows:-

1 1B
2 2
A 5A
5 4
6 5
1 6
8 8
9 9
13 11

-t
N
-l
\N



24.

2e2 Checking of cultures for purity
The purity of cultures was frequently checked by subculturing
on solid media and by Gram staining. On some occasions the oxidase

test was performed on the cultures.

203 Cul ture media and growth conditions

2.3.1 Media uﬁeg
The gonococcal strains were subcultured for different

experimental purposes in the laboratory either (a) on solid media
enriched with defibrinated horse blood (Oxoid) or (b) in liquid

media sometimes enriched with serum (horse or rabbit).

e Solid media
(i) Columbia blood

The most frequently used solid medium for maintenance and/or
viability tests was Columbia blood agar (CBA) (Oxoid). It had the

following formula (Oxoid Manual, 1976).

Special pep‘bone €0000000000000000000008 0 238
Starch ececeeec0000000000000000ee0scocecen 18

Sodium chlorideccceesecesccsccossssscceean 58

A-ga-rN001 0000000080000 0000000060000000000 108

Distilled water eseececccosccecssecccsees 1 litre
pH 7.2 (approx.)

When the base medium had cooled to about 55°C, 7 - 10% defibrinated
horse blood (0Oxoid) was added to it,

(1i)  GoCo Medium

This pedium (also known as Thayer-Martin medium) was used for

detection of gonocin production., It consists of GC agar base plus

GC supplement (Oxoid) to which 2% (w/v) autoclaved haemoglobin
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solution was added. Their formulae (Oxoid Mannual , 1976) were as

follows:

GC_agar base

Special pep'tone ©ec00c0eeces0sccescsccsece J1DOE

Corn 8tarch eescececesscescccecsconsccne 18
Sodium chloride eceeccccecescccccescecse HE
Dipotassium hydrogen phosphate scecceeco 48&
Potassium dihydrogen phosphate cecoeosco 18

Ag'ar N091 000000000 000000000000000000O 0 108

Distilled water sccoeseesceccecocsecnscsnceol litre
pH 7.2 (approx)
The sterile supplement was available in vials containing the
following ingredients.
Yeast fractions seecceceesecosscccscese o8
GlucoS8@ ¢ce000e000e0000000000eeesc0ceco QoD
Sodium bicarbonate eceeccsececcceccsece 0.075g
The contents of two vials were added to one litre of base medium
with haemoglobin.
(iii) Brain heart infusion blood agar
For colicin sensitivity tests of both gonococcal strains and

Bhigella indicator strains Brain heart infusion blood agar (0Oxoid)

|

was used chiefly. It was prepared by adding approximately 10%
defibrinated horse bloogl (Oxoid) aseptically to Brain heart
infusion agar (Oxoid) which had been autoclaved and cooled to about
5500. The formula of the base medium was as follows (Oxoid
Manual, 1976):

Calf brain infusion 80lidS8eeccccccoce 12.5&

Beef heart infusion 801id8 e¢cvoccc0cc0o 58

Proteose pep‘l:one 000000000000000000 00 108
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Sodium chloride ec¢ecoceceecocsso 58‘
GlUCOSE cee00000ec0ecsecescss 25

Disodium phospha'be e0ecesceocse 2-58‘

A@I No.1 0000000000000 0080 0 108‘

Distilled water ceeeecesseoo 1 litre
pH 7.4 (approx)
b Liquid m.edia
(i) Enriched medium for Neisseria ( EMN )

All the gonococcal strains were subcultured in a liquid

medium referred to as (EMN) which was formulated especially to
prolong the survival of most of the gonococci. Basically it was

a double strength Tryptone soya broth (Oxoid) to which serum, starch
and bicarbonate were added. The ingredients were as follows:

Tryp'tone 0000000000000 @0O0COS 34-8
SOya pep‘bone ©00000000000080 68

Dipotassium hydrogen
PhOBPhate 00000000 00CS 58

Sodium chloride eeecccsccecsce 108

Sodium bicarbonate eceececee 04:18

Dex'i;rose 0000000080888 000 00 5€

Soluble starch ceeccoccececce 18

Distilled water ececocecceccocee 1 litre

pH 7.2 (approx.)

Horse or rabbit serum (10%) was added after autoclaving. The
medium was usually prepared in screw capped bottles of Tml capacity.

(ii) Mueller Hinton broth (MHB ptone 8oya broth (TSB

and BEugonbroth QEB }

These three liquid media were used in some experiments,

particularly to make a comparison between gonococcal growth and



survival in EMN and in other media. They had the following

formulae (Oxoid Manual, 1976, BBL Manual, 1971).

c"

(1)

For Total Viable Count ('I'VC) tests peptone water and phosphate

buffer saline (Dulbecco solution A ) were used as diluents,

MHAB §0xoid}

Beef, infusion from cccccococooccase 300g
Casein hydrolysate cececcoceeccocce 17.58
Starch eeecocceeceecceccscccoseeso 1,58
Distilled water cececcccccccccccs 1 litre
PE  T.4 (approx.)
TSB_(Oxo0id)
Tryptone seceesceeccsecscescscces 178
S0ya PEPTONE e¢seco000000000000sesen 28
Dipotassium hydrogen phosphate ... 2.5¢
Sodium chloride ceecceceececcccscs pls
DextrosSe cccecesceesscsscceccecces 2.58
Distilled water eceecccccccescescs 1 litxe
pE 7.3 (approx.)
KB (BEBL
Trypticase peptone ceeccecccccccece 158
Phytone peptone eseecsscececcecccos 08
Sodium chloride ececcecccccsccecos 48
L-Cystine oeeeccescccceccoscsecscss O.78
GlUCOBE csececececvcscscscssnsccso 5¢5€
Distilled waler ecocessscccccccces 1 litre

pH 7 (approx.)

Buffers and solutions for certain purposes

Diluting Solutions
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Because a significant reduction in TVC was observed when the
phosphate saline was used, diluting procedure was performed with
peptone water in the majority of tests. The two solutions were

prepared as follows:

Phosphate buffer saline (D'ulbecco solution A)

Sodium chloXide ceeoccssessscecoccocss 8¢g

Potassium chloride eecccsccccceesceo 0.28

Disodium hydrogen phosphate eececees 1.15¢g

Potassium dihydrogen phosphate ceeoo 0.28

Distilled water cceeoceescecoeseccsce 1 litre
pH To3

The solution was distributed into small screw capped bottles

containing 9ml each and autoclaved for 10 minutes at 110°%c.,

Peptone water

Special peptone (0x0id) cececccocoes 10g

Sodium chloride secceccesscecececcss 58

Digtilled water eseececcccoccecccccce 1 litre
pH 7.2 (approx.)

The solution was distributed and autoclaved as for the phosphate

saline.

(ii) Solution for preserving gonococci in liquid pitrogen

Living gonococcal cells in 0.,5ml broth culture were inoculated
in 1% Proteose or Special peptone (Oxoid) containing 8% glycerol

as a protective agent.
(1iii) Medium for maintaining Shigella sonnei

All I.S. and C.T. strains were stored in duplicates in Nutrient
broth No.2 (Oxoid) at 4°C after being incubated for 1 day at 3700.

One culture of the duplicate was used for the various colicin tests
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and the other was used for subculturing stock cultures at about
6 weekly intervals. The nutrient broth had the following formula
(Oxo0id Manual, 1976).
'Lab Lemco® POWAET cevececocceseceoee 10g

Peptone-in-o---ioiitnlnil-nu-nﬁnnin-- 106

SOdium Chloride N EN N EN NN NNNNNENENFTEEER 58

Distilled water 0000000000000 0000C0GCOCES l litre

pH 7.5 (approx.)

2e3e2 Conditions of 4{ncubation

ae Carbon dioxide supplement
Using McIntosh & Fildes! anaerobic jars, gonococcal strains

cultured on solid media were incubated in candle-extinction jars
containing 3-4% CO2 (Ferguson,l945; James-Holmquest et al., 1973).

Broth cultures were incubated in a water bath or in an
incubator at any desired temperature without added 002.

b. Incubation temperature

Unless otherwise stated, all gonococcal cultures were
incubated at 3700 as the optimal temperature for growth (Wilson &
Miles, 1966), Plates, broths and diluting fluids were all kept
at 3700 for at least one hour prior to inoculation with gonococci,

Equipment such as anaerobic jars was similarly pre-warmed.

2e5¢5 EBffect of various concentrations of sodium chloride

and potassium phosphate on growth of gonococci.
The Enriched Medium for Neisseria (EMN) was prepared with the

modifications in sodium chloride and dipotassium phosphate
content shown in Table 2.1. The gonococcal strains were
inoculated with aliquot inocula each in one set of EMN and its

modifications, Viability tests were made after 1, 2, 3, 7, 14, 21 days
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by subculturing one loopful from each broth culture on CBA plates
(Oxoid) which were incubated in a candle extinction jar at 3700.

Results were obtained after 24hr,

Modifications NaCl (gz/1 KHPO, (&/1)
EMN-O o* 0
EMN-1 3 2.5
EMN-2 3 D
EMN-3 3 T
EMN-4 5 2,5
EMN-5 2 p
EMN-6 5 [
EMN-T 10 | 2.5
- 10 5
EMN-8 10 7

¥ NaCl present in peptones is not included

Table 2,1: The concentrations of sodium chloride and potassium

phosphate in EMN and its modifica'bionéo

The maximum concentrations of NaCl tolerated by gonococci was
studied in EB (BBL) and EMN . The total concentrations of NaCl
in the two media is shown in Table 2.2,

Both media were distributed in 10ml amounts into 15ml screw
capped bottles. Two gonococcal strains were inoculated with

aliquot inocula each in duplicates of the 12 media set.,



Medium

Added NaCl (g/1 Ori.
EB-0 0 4e3 4¢3
EB-1 5 4¢3 903
A-O* 0 103 10.3
EB-2 10 403 14.3
A-1 5 10,3 15,3
EB=3 15 4.3 19.3
A=2 10 10.3 20,3
EB-4 20 4o3 2443
A-3 15 10.3 25,3
EB-5 25 443 29,3
A-4 20 10,3 30,3
A~5 25 10,3 3303

37.

* (A) in this experiment represents EMN

Table 2.2, Total concentrations of NaCl in EB and EMN prepared

with additional NaCl.

Viability tests were made by subculturing one loopful from each broth

culture on CBA (Oxoid) after 1 and 2 days.

2. 3.4  Methods of presexrving gopococci

8o mseﬁatidri 'px' Ward & Watt®s Method

Ward & Watt's Method (1971) could only be applied with
modifications. The procedure, after modification, was simply to add
O.5ml of a 2-day o0ld gonococcal broth culture containing about
5 X 105 cells to 1.5ml pep:l;.one-glycerol solution. The latter was

p'repared and autoclaved in 30ml polypropylene bottles, The solution
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after being inoculated with the cells was snap frosen by dipping
the polypropylene bottles into liquid nitrogen for 55 seconds.

They were then stored at -20°C. After one week they were
transferred to a water bath at 3700 for thawing. O.5ml of the
thawed broth culture was spread on the surface of a CBA plate which
was then incubated at 3700 for one day. All the growing colonies

were counted, the count thus being one quarter of the total

surviving cells.,

A total of 25 cultures of gonococci were preserved by this method

either by using Proteose or Special peptone (0Oxoid) as shown below:

Peptone used No, of gonococcal strains
Proteose (Oxoid) T
Special (0Oxoid) 18

b. Prolonzing the survival of gonococci in culture media

In this study two methods of prolonging the survival of

gonococcal cultures were used:

(i) By maintaining gonococci in EMN
All gonococcal strains which had been maintained on CBA were

subcultured to EMN in firmly screwed bottles. A number of strains

inoculated in EMN were kept at 37°C and were checked weekly for

continued viability. A total of 165 strains were divided into 6

batches; all the strains in a batch were inoculated simultaneously.
As most gonococcal cultures were required for 1 - 2 weeks, EMN

provided satisfactory maintenance for about 75% of strains (Table 3.1).

(ii)'. By incubating gonococci at their minimum growth

temperature (30°¢
As mentioned in the previous chapter the minimum growth

temperature for gonococci is 30°C (W:Llson & Miles, 1966; Bergey, 1974).
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Incubating gonococci at 3000 was found to prolong their survival.
This was shown practically in the following experiments.
bxperiment No,1 Survival of gonococci in liquid media at 30 and
37°C.

Six gonococcal strains were inoculated in 4 replicates into
three liquid media: MHB (Oxoid), EB (BBL), and TSB (Oxoid)., The
three media were prepared in small screw capped bottles which were
firmly screwed after inoculation. Cultures were divided equally
into two groups; one group was incubated at 37 °C and the other was
incubated for 24hr at 37°C then transferred to 30°C. All cultures
were tested for viability after 3%, 7, 10, 15, 20, 25, and 35 days
by subculturing one loopful on CBA (Oxoid).

Experiment No.,2 ©Survival of gonococci in EMN at 3000 as

compared with their survival at 3700.

Duplicates of EMN prepared as usual were inoculated with 22
strains, and incubated at 30 and 37°C as in experiment no.1.
A viability test was made by subculturing one loopful from each
culture on CBA (Oxoid) after 5, 10, 15, 20, 25, 30, 35, 40, 45, 60
and 70 days.

Experiment No,3 Total Viable Count of gonococci at 30 and 3000.

A Total Viable Count (TVC) test was made for 2 gonococcal strains

in EMN, Thirty millilitres of EMN were prepared in a 50ml conical
flask plugged with cotton wool and covered with aluminium foil,

Bach of the two strains was inoculated in aliquots in 2 flasks which
were immediately incubated after inoculation as follows: one flask
at 37°C and the other at 37°C for one day then transferred to 30°C.

A TVC test was made for all the cultures at the time of inoculation

| (To) ard after 1, 2, 3, 4, 5, 8, 16 and 35 days,. The test was
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performed each time by transferring 0.5ml from the culture with a
graduated pipette to a screw capped bottle containing 4.5ml of special
peptone water, The latter was shaken gently 20 times before 0.5ml
was withdrawn from it and transferred to a new bottle containing 4.5ml
peptone water, and so on to the desired number of diluent. When the
diluent was to be count tested, 0,55ml was withdrawn, 0.05ml was
inoculated on :l;he surface of a CBA plate and the rest was transferred
to the next diluting bottle, All these steps were performed rapidly
8o that the gonococci were left for no longer than 20 seconds in a
diluting bottle before being inoculated on CBA, After completing the
diluting series the inocula were spread on the surface of the medium
and the plates were incubated immediately in a candle .ja.r at 3700,
Results were obtained after 24hr.
Experiment No.,4 Comparison between survival of gonococci in EMN and
EB at different temperatures.

Six gonococcal strains heavily seeded on CBA plates were used
for inoculation. Each strain was inoculated in 7 screw capped bottles
of EMN and 7 others of EB, The resulting 84 cultures were divided

into 7 identical groups; each group was incubated at a different

temperature as follows:

Group No., Incubation temperature
1 “ 37°C
2 30°C
3 299
4 28°¢
p 37°% (for 1 day) then 30°C
6 " " v 29%
T . " " 28%

Viability tests were performed after 7 and 14 days by subculturing on CBA
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Precise "Kellogg typing" of the strains was not attempted but,
onlthe criterion of the colony size which could be seen with the
unaided eye, it was possible o classify them broadly into two
types, A and B. Type A, like EILl and T2, formed pinhead-sized
colonies, while the colbnies of Type B were larger in size

resembling those of T3, T4 and '1‘5.

2 4 Detection of gonocin production and self inhibition

of gonococci
The method described by Abbott & Shamnon (1958) for the

detection of colicins was, at the start of the study, applied to
the detection of gonocin production, but this was soon abandoned
and the method of Kekessy & Piguet (1970) used instead.

The method is based on the fact that as diffusion of
bacteriocins is "tridimensional" in solid media, they are
detectable on the reverse side of the agar. The procedure was as
follows: the producer strains were diametrically streaked on the
surface of the solid medium, After incubation, the agar was
detached from the circumference of the Petri dish with a sterile
spatula., The Petri d:.sh was then inverted and tapped gently on a

sheet of cork, so that the agar fell into the l1lid of the Petri dish.

The indicator strains were then streaked at a right angle to the
diametric streaking of the producer strain but on the "new" surface
of the medium (Kekessy & Piguet, 1970). The new surface of the
medium (which was previously at the bottom of the dish) was very
smooth, and therefore detection of inhibition of the indicator

strains was easier than it was by Abbott & Shannonts method.
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Inhibition of the indicator strains was detected by thinning
or complete disappearance of growth at the qentra.l region of
streaking which was referred to as the zone of inhibition, Thus
the indicator strain which was sensitive to the inhibitor of the
producer strain appeared, after incubation, as a line of growth
interrupted by a central gap, whereas a resistant indicator strain
grew in a continuous line. Three or four indicator strains were
streaked on each plate.,

FPifty gonococcal strains were tested for gonocin production
on GC agar plus supplement (Oxoid) using the Kekessy & Piguet method.,
Each strain was tested against itself and 5 - 7 other strains,

Six of the producers were tested against themselves and six others

by the same method on CBA (Oxoid).

2¢ 5 Colicins of Shigella sonnei -

2¢ He 1 Inhibition of gonococci by colicing
Using the method of Kekessy & Piguet, 92 strains of gonococci

were tested for their sensitivity to 10 colicin types of Shigella
sommei. The C.T. strains were chosen at random. The medium used

was Brain heart infusion blood agar (0xoid). The incubation period
of the C.T, strains was not allowed to exceed 24hr at 37°C.
Gonocofzci, on the other hand were incubated for 24hr or, when
necessary, 48hr a.t 37°C in a candle Jar,

2e¢ Ho 2 Stability of colicino in colicin strains

Ten indicator strains of Sh. sonnei were used to check the
colicinogeny of the 10 C,T, strains at intervals of approximately
. 6 weeks. The 10 I.S. were chosen in such a way that for each C.T.

strain there were some resistant and some susceptible indicator strains,
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2e5¢3 Effect of extra incubation of colicin type strains

on the inhibition of gonococci and indicator strains
It was noted that the inhibition pattern of some gonococcal

strains as well as some .indica.tor strains altered when the C.T.
strains were incubated for more than 3 days at 3700.

A comparison was made between the patterms of inhibition of
all indicator strains and 17 gonococcal strains when the C.T. strains

were incubated for 1 day and when they were incubated for 4 days,
at 37°C.,

20954 Extraction and sterilization of colicins

The colicinsg of C,T. 2, 34 and 9 were extracted from the cells
to test the sengsitivity of I.S. and gonococci to the extracted
colicins, The method used for extraction was the one suggested
by Hinsdill & Goebel (1966) which was briefly as follows:

The Co.T., strain was grown in 15 litres of Nutrient broth No,.2
(Oxoid) distributed into 5 conical flasks (of 5 litre capacity).
After incubation for 48h at 37°C, the cultures were killed by
adding phenol to a final concentration of 0.5% after which they
were left at 4°C fer 6h, They were then "spun" in a
refrigerated centrifuge (MSE Mistral 4L) at 3800 rpm and 4°C for
40 min, The sediment "consisting primarily of whole cells" was
resuspended in a small amount of distilled water and lyophilized
in - a Vacuum Freeze Drying Unit, Model 30 P. 2 T.S. (Edwards High
Vacuum), The dried cells were extracted twice with 0.85% NaCl
at 65°C for 10 min, "a step which removed appreciable quantities
of nucleic acids, and, but little, colicin", The wet cells were

then suspended in distilled water and left for 30min at 65°C.

- After centrifugation,the supermatant was collected and concentrated
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in a rotary vacuum evaporator. The solution was then
lyophilized again, The crude colicin was dissolved in distilled
water and sterilized either by filtration or by chloroform added

to a final concentration of 5% w/v for Smin (Seniotet al., 1970).

2e¢5He5 Test of the activity of crude colicins

The extracted colicins were tested for their activity on the
10 I.S. and some gonococcal strains which had been tested by the
Kekessy & Piguet method. Colicin activity was tested by
spreading 0.2ml1 of the sterile colicin diametrically on the
surface of . blood agar. It was then kept at 37°C for 1 - 2h to
dry., The strains which ‘we:r.'e to be tested were streaked across
the colicin zone., Sensitive strains were inhibited at the colicin

zone and grew only at its two edges while resistant one$ grew across the

colicin zone,

2.6 Gas=linuid chromeatography (GLC)

2.6.1 Gas-liquid chromatographiec copditions
Detection of the volatile and non-volatile fatty acids was

performed on a Pye Unicam 104 series Chromatograph equipped with

a flame ionization detector (FID) and a 5ft coil glass column
packed with diatomite C that had been treated with phosphbric acld
and impregnated with 10% polyethylene glycol. The instrument was
operated at 12500 using oxygen-free nitrogen as the carrier gas at
a flow rate of 100 ml/min, hydrogen at 55 ml/min and compressed air

at 450 ml/min, The attenuator was adjusted at 1 x 102. A chart

recorder (Kipp & Zonon, model BD8, Holland) was used; its speed
was set at 5 mm/min with an input signal of 1 mV. A 1 pl aliquot

sample for analysis was injected on to the columm by a 1 };_1

'syringe (Hamilton, Model 7001- N ),
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2, 6. 2  Chemicals and media

The reagents used in preparing the standard solution and media
extractions for the analysis are listed in Table 2.3,

Media which were used to demonstrate gonocin production and
colicin sensitivity were G.C. medium and Brain heart infusion blood
agar (0Oxoid) respectively. The main objective of GLC analysis in
this study was to trace the fatty acids which might be produced in
quantities inhibitory to gonococcal strains first during the
detection of gonocin production, as the fatty acids mimic bacteriocin
activity, and then during colicin sensitivity testing of gonococci
as the acids possibly interfere with colicin activity.

Therefore, G.C. medium was extracted and prepared for GLC analysis
after it had been utilised by gonococci, and Brain heart infusion
blood agar was extracted after the C.T, strains had grown on it for

1, 2, 3 and 4 days.

Table 2,3 Chemicals used for GLC analysis

Reagent Supplier
Acetic Acid BDH, Poole, England
Propionic acid " " "

Isobutyric acid " " 1
Butyric acid " " "
Isovaleric acid L " "
Valeric acid " " n
Isocaproic acid " " "

Caproic acid " " 1

Heptanoic acid " " "
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Lactic acid Sigma, London
Oxalic acid BDH, Poole, England
Methyl malonic acid Sigma, London
Malonic acid BDH, Poole, England
Fumaric acid " " "

Ssuccinic acid L " 1"
Ma.leic acid " " "
Glutaric acid " " "
Malic acid " " "
Boron trifluoride methanol

BF., 14%

b
Magnesium sulphate " " 1

Diethyl ether | " I "

Chloroform 4 L "

»

2, 6o 3 Procedure for preparation of standard solutions

and specimens
e Volatile acid standaxrd

To 100ml distilled water the following reagents were added
(The amounts repreéent approximately 1 meq of the acids, depending

on their purity).

Reagent * Amount
Acetic acid 0,057 ml
Propionic acid 0,075 ml
Isobutyric acid 0,092 ml
Butyric acid | 0.091 ml
Isovaleric acid 0,127 ml
Valeric acid 0.125 ml

Isocaproic acid 0,126 ml
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Caproic acid 0.126 ml

Heptanoic acid 0.126 ml

To prepare the volatile acid standard solution (as an external
standard) for injection on the GLC, a 4ml sample was acidified
with 50% H280 4 and treated as for culture extraction (see section
d below,)

b Non-volatile acid standard No.1

To 100ml of distilled water the following reagents were added

(The amounts represent approximately 1 meq of acids, depending on

their puri'l:y).

Reagent Amount

Lactic acid 0,084 ml
Oxalic acid 0.060 g
Methyl malonic acid 0,060 g
Malonic acid 0.050 g
Fuamaric acid 0.06 g
Succinic acid 0.060 g

To prepare the non-volatile acid standard solution No.1 (as

an external standard) for injection on the GIC, a sample of 1ml was

acidified with 50% H,S0 4! methylated with BF,-methanol and treated

b
as for the culture extraction (aee Section 4 'below).

Co Non-volatile acid standard No,2

As some peaks appeared beyond the peak of succinic acid, which
was the last in the series of acids in solution No,1, the
following acids were prepared and treated in exactly the same way

as for solution No.1. The amounts were added to 100ml distilled

water.
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Reagent Amount
Maleic acid 0.060 g
Malic acid 0,067 g
Glutaric acid 0,066 g
d. Procedure

The steps of preparation for GLC analysis are shown in Fig. 2.1,
Heavy growths of gonococci and C,T. strains on G.C. medium and
Brain heart infusion blood agar (Oxoid) respectively, were killed
by exposure to chloroform vapour, and the growth was removed with
a razor blade. A sample of the medium underneath the growth was
melted in a water-bath at 9600, and S5ml of that sample acidified with
0.6ml of H,SO 4 solution (50% w/v). As this adjusted the pH to 2.0

thus ensuring that the agar did not re-solidify, the fatty acids

could be extracted.

1. Preparation for GLC analysis of volatile acids
Four ml of the acidified sample were extracted with an equal

volume of diethylether as follows: the sample was pipetted into a
small bottle, 4ml ether were added and shaken for 10 seconds.

It was then centrifuged briefly to break the ether-medium emulsion,
The ether layer (supernatant) was pipetted off with a Pggteur
pipette into a new bottle where it was dried by adding a suitable
anount of MgSO 4 which'removed dissolved water from the ether,

The bottle was allowed to stand for about 5min to ensure the

settlement of all the salt particles. The ether was once again
transferred with a Pasteur pipette to another bottle ready for
injection on to the GLC columm.,

External standard solution containing measured amounts of

volatile fatty acids, prepared (as in Section a) in order to allow
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F“ig:. 201 Preparations for GLC analysis

Bacterial culture (plates)

J;,Chloroform vapour to kill the organisms

Growth removed

&

Medium melted at 96°C

5 ml medium ‘1

o

_0.&1]1H§04( 5% )

o T

4ml (For volatile acid 1ml (For non-volatile acid
analysis ) analysis )
+ +
Am]l diethyl ether 1ml BFB-metha.nol
Shaken for 10 seconds l overnight at 22°¢
Centrifugation O.5ml chloroform added
supernatant Shaken for 10 seconds
+
Powdered - MgSO 1 p1 of chloroform (bottom layer)
<+ injected on to GLO

1 pl ether (upper layer)
injected on to GLC

¥ Sufficient to ensure complete dehydration of the sample
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calibration of peaks due to bacterial metabolism, was extracted

in the same wWay o

ii. Preparations for GLC analysis of non-volatile acids
1ml of the original acidified medium was placed in a small

bottle and an equal volume of BFB—metha.nol added and the mixture

was left overnight at room temperature to allow methylation

(derivitization) of the non-volatile acids. Alternatively, it

could be heated in a boiling water bath for Smin, Half its

volume of chloroform was then added and mixed by shaking for 10 Secsg

and the chloroform layer (bottom) was transferred with a Pasteur

pipette to another bottle, Oné pl was injected on to the columm,
External standardization for the non-volatile acids was made

by preparing a solution containing measured amounts of the acids

and treating it in the same way.,

2¢604 Separation of the peaks of propionic and
"dsobutyric acids

#"The extent of separation of two peaks is eSrpreBSed by the
resolution" (Mitruka, 1975). Because the resolution of the GLC
colum was sub-optimal, there was less than 2mm difference between
“the "retention volumes" of propionic and isobutyric acids. The
difference was measurable when the two acids were injected separately
on to the colum. But when they were injected together, a complete
overlapping of their peaks occurred, As some of the culture extract
samples produced a peak at the propionic-isobutyric peak, that peak
had to be identified by a more efficient colum, i.e. with a higher

separation factor, This can be achieved either by repacking the
colum, by using a longer colummn, or by using a different stationary

phase (Drucker, 1976). The two latter factors were available on
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a;nother GLC unit on which some of the culture extract samples were
analysed. The conditions of the new GLC were as follows:

Tt was & Perkin Elmer GLC Unit, Model 33, provided with a coiled
glass column (0,.3cm internal diameter by 2m length).

The latter was packed with Chromosorb G 80/100 mesh acid washed,
treated with dimethyldichlorosilane (AW-DMCS), and coated with 5%
free fatty acid phase (FFAP). The instrument was operated
isothermally at 14000,. Nitrogen flow rate was 20ml/min. The
recorder was operated with an input signal of 1mV, and a chart speed

of Smm/min. The electrometer attenuation was 4 x 10.

2., 6. 5 Qualitative analysis of chromatograms

There is a specific interval for every compound, under constant
GLC conditions, between the time of injection and the time at which

that compound leaves the GLC column. This interval is known as
the retention time (R.T.). Compounds can thus.be identified by
their R.T. values,

The R,T. of each acid is represented in the chromatogram by the
distance between the solvent front ( o}.- time of injection) and the
maximum of the peak of that acid., It was possible, thereiore to
identify peaks in chromatograms of samples by comparing their R.T.
with those of peaks of known acids in the standard solutioms.

The peak of each acid in the standard solution was, in turn,
identified either by preparing the acid alone in a standard solution,
or by enlarging its peak. The latter can be achieved by doubling the
amount of the acid during the preparation of the complete standard

aolution and comparing the chromatogram with one in which that

particular acid was prepared in its ordinary amount.

¢



2. 6. 6 Quantitative analysis of chromatograms

The area under a peak obtained for a component is directly
related to its amount. Many methods can be applied to measure peak

areas; some of them are listed below (Mitru.ka, 1975).

8. Automated integrakion

b. Multiplying the peak height by its width at half height
Co - Cutting out the peak and weighing the paper

d. Triangulation, i.e. by drawing a triangle from

two tangents through the inflection point of the peak
and the base line.
The area of the triangle is then calculated.
One of the most commonly used methods, when the GIC is not
provided with an integrating device, is calculation of the peak
height x peak width at half height. This method was used in

quantitation of the chromatograms in this study.

2. T Inhibition of gonococci by fat acids

The fatty acids which were present in appreciable amounts in
the samples of utilized media, as revealed by the GIC analysis, but
were absent in the samples of blank media, have beeﬁ tested for their
inhibitory activity to gonococci. The acids were sterilized by
filtration and added to sets of G.C. medium and Brain heart infusion
agar (Oxoid) in amounts equivalent to their highest concentrations
a8 they appeared in the analysed samples.  The media were poured
in plates and inoculated with a few gonococcal strains to see
wﬁether those amounts of acids produced during metabolism were

inhibitory or not.
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S RESULTS

3, 1 Growth of gonococci in culture media

3¢ 1¢ 1 Growth and survival of gonococci in EMN and its

modifications at 5200
A total of 165 strains of gonococci were inoculated in

Enriched Medium for Neisseria (EMN) and kept in an incubator at

3700 without added 002. The strains were divided into batches and
examined for viability at weekly intervals. The numbers of
surviving strains over the test period are listed separately for each
batch in Table 3.1. The overall percentage survival figures are

presented in graphical form in Fig. 3.1.

Fig. 3.1. Percentage survival of gonococcal strains (judged by

growth on subcultureZ over a number of weeks in EMN

joc]

Percentage 75/
surviving

504

257

Time (weeks)

It can be seen that there is a fairly rapid fall in
percentage surviving to a figure of 50% within the first 3 weeks,

and to 30% in a further 2 weeks. This rate of survival ie

substantial when the organism concerned is N. gonorrhoeae.
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In many other liquid media, as will be seen later, gonococcal strains
can hardly survive for 3 weeks. Hafiz & McEntegart (1976), in a
medium formulated by them, showed that after 2 weeks the percentage
surviving was 73.58., This was almost the same as that showed here
in EMN,  The proportion of survivors dropped down more rapidly
thereafter (31.13% in 3 weeks, 15.09% in 5 weeks, 3.7T% in T weeks
and (% in 8 weeks).

All these figures are lower than those obtained for EMN.

Yet, at the time of publication, the figures obtained by them were
considered as the longest survival periods for gonococci in a liquid
medium,

It was possible that a fall in pH value might be one of the
main reasons for the reduction in numbers of surviving gonococci and
therefore pH values were monitored at various time intervals.
Comparative figures were obtained for eugonbroth (BBL) and the

results are given in Table 3.2,

Table 3. 2 Changes in pH values for EMN and EB (BBL) inoculated

~_with ococci
Time PE_in BN pH in EB
Before inoculation 7.2 T

Dayﬂ 3 7-2* ‘-6
af ter 5 7.4 6.1
incubation 35 6.5 X

*: Average fE:r 2 cultures x: Average for 2 cultures
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v’

It can be seen that the pH value in EMN dropped quite slowly in
comparison with that for EB, The indication is that EMN is a well
buffered medium, and this probably contributes to the favourable

survival rate.

5. 1. 2 Effect of various concentrations of sodium chloride and

potassium phosphate on growth and survival of gonococci
The effect of various concentrations of NaCl and KZHZPO 4 on

growth and survival of gonococci was studied. Three strains of
gonococcl were inoculated each into one set of EMN and 9 modifications,
namely EMN-O, EMN-1 ,., EMN-8, Cultures were kept at 37°C and
checked for viability after 1, 2, 3, 7, 14 and 21 days. Table 3. 3
shows the results of viability tests for the 30 cultures. The
medivm which was lacking phosphate salt (EMN-0) provided the

shortest survival period for the organisms. DJuring this short period
(in the first 3 days) the growth rate was at its maximum in contrast
with phosphate-containing media. The media which contained the
highest phosphate concentration provided the longest survival period
but the slowest growth rate for the organisms. The inference may

be that potassium phosphate adversely affects growth rafe but favours
survival rate.

Sodium chloride did not seem to have an influence on the
survival of gonococci. This can beseen in Fig. 3.3. During the
first 14 days the highest concentration of NaCl (1%) gave the lowest
figures (number of cultures that grew on subculture), the lowest
concentration (03%) gave higher figures, and the medium
concentration gave the highest figures. Fig. 3.2 shows that the

effect of sodium chloride was probably on growth yield of the organism.
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Table 3.3 Effect of various concentrations of NaCl and KQEO A

on growth and survival of gonococei in FMN and its modifications

=
5
:

EMN-O EMN-1 EMN-2 EMN-3 EMN-4 EMN-5 EMN-6 EMN-7 EMN EMN-8

Cl % 0% 0.2 0,3 _0,3 _0.5 0,5 0.5 i1 1
o O 0.25 0.5 0.7 0.25 0,5 0.7 0.25 0.5 0.7

Strain No.

D ‘I'.'Lme in days
=
0

++ ++ + A+ ++ + + + +

o ++ ++ ++ =+ =+ + +

3 =+ At e +H o 4

- 14 - -+ i+ ++ A C +

21 I - - 4+ i i o ++ C i +++

1 + ++ + ++ ++ + + o+

2 + +H+ ++ -+ ‘++ ++ + 4+

N 3 ++ +H+ -+ ++ + ++ +
Q\)

= 7 - i+ C ++ + -+ C 4+ 4+

14 - + C + ++ - - C =+ 4+

04 | - - C + + - ++ C +—=+ -+

1 + HoH+ H H A+ 4+

2 4=+ +++ ++  ++ +++ ++ + o+

3 +++ +++ + ++  ++ +H=H+ -t A =+

o 7 + +H+ ++ H+ - -+

2 14 - + ++ +=+ 4+ + = - -

04 - + - - - - + - -+ ++

+++: Heavy growth +: Growth +: Scanty growth +: Few colonies

-: No growth C: Contaminated culture *: NaCl present in peptone
is not included



Table 3. 4 Effect of various concentrations of NaCl on

gonococcal growth in EMN and EB !BBIQ

Medium

A-4

A=5

Conc. of NaCl

_(wfy)

0.43 %
0.93 %
1.03 %
1.43 %
1.53 %
1.9%%

2,03 %
2.43 %

2.53 %
2.93 %

3.03 %
3.53 %

Strain No.N28
1 day 2 days 1 day

++ +++ -+
+ ++ -+
-+ =+ ++
-~ - 4+
C C +++
- - ++
- - +
-~ - +
—— - +
- - <+
- - +

h2.

Strain No. N33

2 days

AT A A A

|+

t+

* : (A) in this experiment represents EMN

+++ : Heavy growth

++ ¢ Growth

+ ¢ Scanty growth

1|+

Q
*

No growth

¢+ Few colonies

Contaminated culture
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burirg the first 3 days the growth yield increased with the decrease
of the salt concentration. The inference from the two figures
might be that the concentration of 0.5% represents an optimum
because it gave the highest growth yield after 7 days and the highest
number of surviving cultures for the period between 7 - 14 days.

The maximum concentration of NaCl tolerated by gonococci was
studied in EB medium (BBL) and EMN. Twelve modifications of the
2 media were prepared containing varying concentrations of NaCl,
Aliquot inocula were prepared for each of two strains and inoculated
into the appropriate medium. Cultures were checked for viability
after 1 and 2 days by subculturing on CBA (0xoid). The viability
test after twodays confirmed whether the growth on first subculture
represented progressing in growth or simply ability of the organism

to survive. Table 3.4 shows that 3,03% NaCl is the maximum
concentration of Na&Cl which can be tolerated by gonococei. In the emge
2.53 - 2.9%% it seems that very little, if any growth occurs.

In medium EB4 and A4 the observed decrease in growth yield of strain
N33 on subculture after 2 days might indicate that the cells did not

grow but survived.

3. 1. 3 Preservation of gonococci
a. Preserving by Ward & Watt's method

The method of Ward & Watt (1971) was tried with modifications.
A total of 25 strains were preserved in peptone water containing

8% glycerol, using Proteose or Special peptones (Oxoid) ;



Table 3. 5 Survival of gonococcal strains preserved by

Ward & Watt!s method

Peptone No. of strains No.of surviving Total viable
used preserved strains count (cfu/ml
Proteose '
(Oxoid) [ ° 14
22
Special
?Oxoid) 18 1 6

The cultures were 'snap! frozen in liquid nitrogen then kept at
-20°C for one week. After thawing, 0.5ml of each culture was
spread on CBA (Oxoid) and incubated at 37°C for 24hr. Poor
results were obtained (Table 3. 5 ). The dramatic reduction in
the number of surviving strains and in cfu/ml in the 3 surviving
cultures necessitated thinking of other alternatives for this

procedure.

b. Prolonging the survival of gonococci in

liguid culture media
(1)

It has already been shown in Table 3.1 that a high percentage

By maintainin ococci in EMN

of gonococcal strains survived in EMN for longer periods than
usually observed in other available media. One of the cultures in
batch No.4 (Table 3.1 ) survived for 100 days. Fig. 3.4 shows the

48hr growth on a CBA subculture which had been inoculated with 0.05ml

of an 85 day o0ld EMN culture. Colonies are off-white in colour.

This is an artifact due to reflected light from the flash. Their

actual feature is shiny with greyish to light brown colour.
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Fig. 3. 4 A 48hr growth of 0.05ml subcultured from an

85 day old EMN culture.

(ii) By incubating gonococci at their minimum growth
temperature 0°¢

During this study it was found that, in practice, incubating

gonococci at 30°C in liquid media had the benefit of prolonging the

survival of the cells. The following experiments support this

obgervation.

Experiment No.1 Survival of gonococei in liquid media at 30°C

The survival of gonococci was studied at 30°C in Mueller
- Hinton broth (Oxoid), Eugonbroth (BBL), and Tryptone soya broth (Oxoid)

by inoculating 6 strains of gonococci each in the three media.
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Table 3. 6 A comparison between gonococcal survival at 30 and

27°C in MEB (Oxo0id)

Strain No. Tem‘pgra.'l:u_re __lil_ne_imLs.__—__
(¢ 3 1 10 15 20 25 35

30 ++  ++ ++ ++ ++ + -
N 15a

3T +=+ -+ ++ + - - -

20 ++  ++ ++ ++ ++ + -
N 15b

37 +H+ ++ ++ - - -

30 + ++ ++ ++ ++ -
N 20a

bY +—=+  ++ ++ ++ - - -

20 ++ C
N 20b

b Y| +—=+  ++ ++ ++ - - -

30 +  ++ ++ ++ ++ + +
N 22a |

37 + - - - - - -

30 ++ -+ ++ ++ ++ ++ +
N 22b

37 - o+ - = = = -

30 + ++ ++ ++ + +
N 24a | -

37 $ - - = == -

50 + + + + + + +
N 24b - - -

5T + + + - - - -

30 +r - = = = - -
N 28a -

37 £ - = = = = -

30 - - - = = = =
N 28b

30 + -~ - —~ - - -
N 29a

3T + - - - - - -

30 + - - - - - -
N 29b

37 r - - = = - -

++: Heavy growth +: Growth +: Scanty growth -: No growth
C: Contamination (a or b) after the strain numbers represent duplicates



Table 3, 7 A comparison between gonococcal survival at 3000

and 37°C in EB (BBL),

Strain Temp Srature

No. ("c) 5 1 10 15 20 25 55

30 G = ; 4+t ++ 4t + -
N 15a

3T +~+ 7 C

50 +~+  ++ ++ +  ++ - -
N 150

27 ++ 4+ +-+ + + - -

50 +=+ -+ ++ =+ A+ - -
N 20a

37 ~+ 4+ ++ - - - -

30 ++ ++ +~ + -
N 20b

3T + x +r - - - -

30 + + + - - - -
N 22a

3T + - = = = - -

30 o - - ==
N 22b

3T - - - = = - -

30 + + o - - - -
N 24a

5T + f - - - - -

30 R R
N 24b -

37 + - - - - - -

20 + 4 =+ =+ 4+ + -
N 28g - -

3T + - - - - = =

30 + -+ ++ +—=+ -+ + -
N 28b " -

37 =+ + - - - ~

30 + ++ ++ +~ =+ - -
N 29a

3T L T N

30 + =+ + A+ - -

- N 2%
57 t - - - - - -

++3 Heavy growth +¢ Growth +: Scanty growth -: No growth

C: Contamination (a or b) after the strain numbers represent
7¢ Doubtful result - duplicates
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Table 5. 8 A comparison between gonococcal survival at 3000

and 37°C in TSB (Oxoid)

Strain Tempgrature Time in days
C

No. (¢ ) 2. L 19 15 20 25 35

30 ++ A A ++ ++ +
N 15a

3 + C

30 +H =+ ++ ++ +
N 15b

bY | =+ A+ A+ - - —~

30 ++ ++ ++ ++ + ++ -
N 20a

37 =+ A+ + - - -
- 30 =+ = +~+ 4+ -
N 20b

31 H o=+ o+ - - -

30 =+ = A 4t 4 - -
N 221

3T + o+ - - - - -

30 -+ =+ A+ ++ - -
N 22b

5T + - - = = = -

30 + + - - -
N 24a

3T ++ =+ =+ o+ - - -

30 + =+ - - - -
N 24b

b + =+ .+ - - -

30 + - - = = - -
N 28a -

o7 + + + - - - -

30 + C
N 28b

37 + + + - - - -

50 + =+ = 4+ ++ ++ =t
N 29a

21 =+ =+ - - - _

50 = 4+ +=+ - -
N 29b
. 27 +H o+ - - -
++: Heavy growth +: Growth +: Scanty growth -: No growth

(a or b) after the strain numbers represent
duplications.

C: Contamination
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Each strain was inoculated in 4 replicates of each medium. The
four replicates were incubated at 3700 for 24hr after which two of
them were transferred %o 3000. The viability of all the cultures
was checked after 3, 7, 10, 15, 20, 25 and 35 days by transferring
a loopful of subculture to a CBA (Oxoid) plate and reporting the
intensity of growth., Table 3. 6, 3.7, and 3.8 show results in MHB,
EB and TSB respectively. Excluding cultures designated as
contaminated (C), 75% of cultures in all three media survived at
30°C much longer than did their duplicates at 37°C. Only 9.3%
survived longexr at the latter temperature. .

It should be pointed out that the procedure of this
experiment is at a satisfactory standard of accuracy only because
the inoculation for viability testing was standardized by using the
gsame wire loop for all cultures. Because the subculture is
performed from the original cultures and no diluting series is
required three advantages follow, namely (a) contamination is

less frequent, (b) the time needed for the procedure is much less,

and (c) less equipment ies needed.

Experiment No.2 Survival of gonococei in EMN at §0°C as
compared with their survival at 37°C.

The efficiency of EMN in prolonging the survival of gonococci
was increased, as ;lith other liquid media, when the gonococcal
cultures were incubated at 37°C for 24hr only, then transferred to
30°C. A comparison was made between the survival of cultures at
37°C and the survival of identical cultures (cultures of the same

strains containing equal numbers of cells) at 30°C.
Table 3. 9 shows that the survival of 22 strains of gonococci at

| 3000 was longer than it was at 3700.



Table 3.9 A comparison between the gonococcal growth at 3000

Strain
No.

N 15

N 20

N 22

N 24

N 28

N 29

N 4

N 7

N9

N10

N19

N13

and 37°C_in EMN (after growth for 1day at 37°C
Temperature Time in days
__* 5 30 15 20 25 30 35 40 45 &0 10
20 =+ o+ A
37 H =+ =+ =+ 4+ o+
20 ++H H H H H H + - - -
37 H H = . = e e - -
30 + =+ H At A+ e -
37 H +H+ H H+ = = - =
20 H =+ =+ + + + 4+ 4+ + -
37 H =+ =+ =+ + + = -
30 =+ ++ =+ +H+ ++ +H+ C
2T e i e i o A o T R T S Y S,
20 =+ +H H A H H H H + H+ +
27 =+ 4+ A+ A+ =+ H + + + + 4
30 + + 4+ 4+ = = = = = - -
2T + + + = = . e e = - -
50 + + ++ A A H A+ - -
37 H H+ H+ H+ + + - -
30 ++H H - = - - - = - -
357 ++= £ - - = = = = = -
320 A+ A+ - - -
37 =+ = A b e - .
50 + + + 4+ + 4 = = e -
3T + + + 4+ C
30 L R
37 t+ t - - - - - - - -

contd.
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Table 3.9 contd.

Strain Temperature ____ lime in days ‘
No. * 5.10 15 20 25 30 35 40 45 60 10

30 nli o e o o S L S = - -
N14

LY + + + + C

30 =+ =+ o+ o+ + - - - - - -
N16

A e e

30 e
N17

57 + + + + - - - - - - -

' 20 +~ =+ =+ + + + + -
N19

27 + 4+ + + + - - -, -

%0 —+ A+ A+ A+ A+ =+ + + +
N23

37 =+ +H ++ + - - - -

20 + o+ o+ + - - - -
N25 |

37 —=+ +—H+ +H =+ + + + - - -

z0 + ++ =+ + + - -
N26

37 +—=+ + + + - - - - -

20 4 A -+ 4+ + - . - -
N27

3T =+ ++ o+ + - - - - = -

20 ++ +H+ o+ - - - - = = =
N30

37 + ++ C

30 + - = = ~ - - - - - -
N31

37 + + + = - - - - - - -
++: Heavy growth +: Growth

+: Scanty growth -: No growth C: Contamination

¥: Temperature is in degrees centigrade



Fig. 5.5

A 24hr growth (on CBA plates) of 1 loopful subcultured
from EMN cultures of 2 gonococcal strains which had been

incubated at 30°C for 35 days.
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Figure 3. 5 shows a 24hr growth on CBA incubated in EMN at 30°C for
55 days. Comparisons are made in graphical form in Figures 3.6,
3.7 and 3.8 between the survival of gonococci in EMN with that in
MEB (Ox0id), EB (BBL), and TSB (Oxoid) at 37 and 30°C. The
information has been abstracted from Tables 3.6, 3.7 and %.8 as
well as Table 3.9.

The combination of medium and temperature which are best for
prolonging survival are ( in decreasing oxrder of efficiency)

1. EMN at 3000, 2. EMN at 3700, 2. the compared medium (MEB, EB or

TSB) at 3000 and 4. the compared medium at 3"{00.

Experiment No.3 Total viable count (TVC) of gonococeci in EMN

O

at 30°C and 37°C
Standard volumes of EMN broth cultures of 2 gonococcal strains

(nos. N60 and N63) were inoculated in duplicate into EMN, contained
in 50ml conical flasks, and incubated at 37°C. After 1 day one
culture of each duplicate was transferred to 30°C. TVC's were
performed at the time of inoculation (TO) as well as after 1, 2, 3,
4, 5, 8, 16 and 35 days. Table 3. 10 shows the results of the
counts., It ca.:n be seen that at 37°C the numbers of cells increased
more rapidly and that there was a higher growth yield than at 30°C
throughout the first 8 days. After 16 days.counts at 37°C
progressively decreased while counts at 30°C remained more or less
steady or even increased. After 35 days the number of cells at
3700 wasg very much reduced and approached zero, whereas at 30°C the
reduction in the number of cells was much slower. The inference

is that the cells, growing more slowly at 3000 than at their

optimum temperature (3700), utilige the medium more sparingly.
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" Thus, not only are nutrients conserved but the accumilation of
toxic metabolic waste-products is also retarded, the effect of both

these processes being to prolong the survival of the organisms.

Experiment No.4 Comparison between survival of gonococci in

EB !BBL! and EMN at various temperatures

The survival of 6 strains of gonococci in both EMN and
Fugonbroth (BBL) at temperatures 30, 29 and 28°C as well as 37°C
wag compared. The effect of incubation at 3700 for 24hr prior
to incubation at 30, 29 or 2890 was also investigated. All the
cultures were checked for viability after 1 and 2 weeks.

Table 3. 11 shows details of the results,

There were 12 cultures at each temperature and each culture was
checked twice for viability so that survival at each of the 7
various temperatures of incubation could be compared through 168
viability tests. From the results given in Table 3.11 the
following observations can be made.

1. At all temperatures of incubation, except at 37/ 29°C, the
pumber of cultures surviving in EMN was higher than in EB ( at
37/2900 the survival rate was the same in both media.). This again
shows that EMN favours the survival of gonococci more than EB
medium,

2. Five cultures survived for 2 weeks at each of the

temperatures 37, 30 and 28°C. Of these survivors the number of
cultures showing a heavy growth were 1, 4 and 5 respectively.

Again this shows that gonococci survive longer at 30°C than at
3‘700 and that they might survive even longer a'I:- 28°C.,

3,  Six cultures survived for 2 weeks at 37/30°C, 4 of them
showing a heavy growth and none of the remaining cultures was

contaminated. Six other cultures survived, in one or other of the
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Table 5.11 Comparison between survival of gonococeci at various

temperatures in kB QBBLE and EMN
+* 5% 2%
Temperature: _37°C  _30°%C _29%¢ _28% 37-30°% 37-29°Cc 37-28°C
Medium: FB EMN EB EMN FBEMN FB EMN FB EMN EB EMN EB EMN

Strain
No. Time
wk + + + + € C =+ + ++ C C - =
N 201
2wk + + - +=+ C C - ++ - 4+ C C - -
wk = - = +H + +H = + = H H - -
N 211
2wk - - - 4+ = A = = = = - -
wk 4+ 4+ <+ 4+ C 4+ = 4+ +=+ ++ = ++ - -+
N 215
ewk = -  ++ - C C - A+ A -+ - -  ++
wk - + + ++ ++ C - ++ - ++ C C - ++
N 216
2wk - + + - C C - ++ = ++ C C - -
1Wk + 4+ - et ? 4+ : - - + + C i C
N 222
2WK = = = = = £ = = = = 4+ € = C
1wk ++ ++ 4+ 4+ = A+ o+ 4+ -
N 224
2wk ++ + - At - + 4+ 4 o+ A - e
++: Heavy growth +: Growth +: Scanty growth
=-: No growth C: Contamination

¥: Incubation at 3'7°C for 1 day.
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two media, for 2 weeks at 37/2900, > of them showing a heavy growth,
although 5 of the rest of cultures were contaminated and survival
could not be tested. Evidently incubation at 3700 for 1 day prior
to incubation at 30°C, or a little below, provides optimum
conditions for the survival of gonococci in a suitable liquid medium.
4. Gonococci can survive at 28°C for 2 weeks or more in liquid

media. It still needs more investigation to confirm whether or

not growth occurs at a temperature below 3000.

Fig. 3.9 24hr growth, on CBA (Oxoid), of 1 loopful taken from EB
culture (above) and EMN culture (below). Both cultures

had been incubated at 27°C for 1 day.
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One strain (No. N211) was inoculated in EB (BBL) and EMN and
incubated immediately in a water bath at 27°C + 0.5°C. The two
cultures were daily tested for viability. The strain survived for
4 days in EMN and 2 days in EB., Fig. 3.9 shows a 24hr growth of
one loopful subcultured on CBA (Oxoid) from the 2 cultures after

1 day at 2700; the growth from the EMN culture is clearly heavier
than that from EB culture. One possible explanation is that there
may be some factor present in EMN which slows down the rapid loss

of gonococci seen in EB medium.

2, 2 Production of inhibitory substances by gonococci

Using the method of Kekessy & Piguet (1970) for the
detection of bacteriocing, 50 strains of gonococci were tested for
their ability to produce gonocins. Each was tested against itself
ags well as 5 - 7-other indicator strains. The results are given

in Table 3.12.

Table 3.12 The effect of inhibitory substances produced by

gonococci using gonococcal strains as indicators

Strain Producer Number of other indicator strains tested
tested tested °
as a against Partially

producer itself

a8 an Susceptible resistant Resistant Total
éindicatorz "l'z ‘-—! : !-2 |

N133 0 O T T
N134 + 4 0 b [
N135 + .7 0 0 7
N136 + 5 2 0 5
2 N137 + 0 1 5 6
N138 - 0 0 7 T

contd..



contd.

mm

Producer
tested
against
producer itself

Strain
tested

as a

Partially

Number of other indicator strainsg tested
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contd...

ag an Susceptible resistant Resistant Total
Eindicator) (+) (+) (=)
N139 - 0 2 5 T
N140 - 0 0 5 5
N141 - 0 0 T 1
N142 - 0 0 T [
N144 - 0 0 T I
N145 + 4 1 2 T
N146 + 6 0 0 6
N147 + 0 2 4 6
N148 - 0 0 7 T
N149 + 0 1 6 T
N150 - 0 2 y, T
N151 + 6 1 0 [
N152 + 4 1 O D
N153 - 0 0 6 6
N154 + 4 1 L 6
N155 o+ 4 0 3 T
N156 + 1 4 0 y
N157 + 6 1 0 T
N158 + 6 0 0 6
N159 + 5 L 0 6
N160 + 4 1 O 5
N162 - 0 O D 2
N163 - 0 O 2 >
. N166 - 0 0 p v,
N167 + 2 0 3 p,
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contd.
i;::elg iig‘;ger Number of other indicator strains tested
as against
producer  itself Partially

| as an Susceptible resistant Resistant Total

gindicator) (+§ (+) (-)

U
N168 + 5 0 0 5
N169 + 5 0 0 y,
N170 + A 1 1 6
N174 + 0 0 6 6
N172 ~ 0 0 6 6
N173 + b 1 b T
N174 + 3 2 " 6
N176 - 0 0 5 5
N177 * 4 2 0 6
N180 + 2 3 1 7
N181 + 3 2 2 T
N182 + 3 2 0 >
N183 + 3 1 3 7

‘ N184 - 0 0 6 5
N185 + 4 1 2 1
N187 + 5 2 0 7
N190 - 0 0 T T
N191 - 0 0 6 6
N192 - 0 0 5 5

-

+ ¢ Susceptible + ¢ Partially regigstant - : Resistant
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It can be seen that 32 strains (64%) produced inhibitory substances
to which some or all of the tested strains were susceptibile. But,
unlike bacteriocin-producing bacteria, most of the producer strains
were themselves suscgptible to their own inhibitors. Furthermore,
one producer (N171), which was susceptible to its own inhibitor,
had no effect on 7 other strains against which it was tested.

Only 2 strains (N1 39 and N1 50) which produced inhibitors to
other strains were resistant to their inhibitors. The inhibitors
produced by these two strains could be true bacteriocins but, even
if they were, they wou.ld be only of limited value for typing
purposes because
1. They would have to be extracted to make sure that no other
inhibitors in‘l:e:ffered with their action.

2, Only 2 out of 7 strains were inhibited by each of these two
producers - and even they were only partially inhibited; the rest
were resistant.

32, The inhibitor was not produced by either of the two strains

when tested on CBA (Oxoid) (Table 3.13).

Table 3.13 Test of production of inhibitory substances by

gonococei on CBA (Oxoid) |

Producer Indicator strain
strain Producer
against
itself N140 N16 3 N1 64 N1 65 N166 N1 6:[
N137 iy - - - - _ )
| *
N139 - - - - - - -
%* |
- % %*

contd...
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contd.
Producer Indicator strain
gstrain Producer
against -
itgelf N140 N16§ N1 64 N‘l6§ N16 N1 61
* ¥* *
N159 - - - - - - -
N168 - - - S - - -

- ¢ No inhibition * : Complete or partial inhibition occurred
on GC medium

An attempt was made to ascertain whether strains which had been
found to produce inhibitors when growing on GC medium (Oxoid) also
produced them on CBA (Oxo0id). Table 3.13 shows that no such
inhibitory substances were produced by any of six strains tested.
Perhaps the medium lacks some essential ingredient, probably
glucose, without which inhibitors cannot be produced.

From the observations made thus far a gonococcal typing
scheme based on gonocin inhibition patterns did not seem practicable.

To investigate the nature of the iﬁhibi‘l:ory substances, it was
necessary to screen for the presence of other possible inhibitors,
mainly fa.'lf'lz'y acids. Gas-liquid chromatography made it possible

to resolve this matter. (See Section 3.4.3).

2e 5 Colicins of Sh. sonnei

%3.%.1 Inhibition of gonococci by colicins
As alrecady mentioned in the review of the literature, bacteriocins

have been successfully applied to the typing of bacteria. Yet the
work so far described shows that gonocins are not satisfactory for

'this purpose. But gonococcli are susceptible to a wide rarnpe of

-

bacteriocins. Therefore it was considered worthwhile attempting to
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find some other suitable class of bacteriocins that could be used
for typing these organisms.

The following requirements govern the choice of bacteriocins
for this purpose:-

1. The bacteriocins should inhibit gonococcal strains selectively.

2. It should be possible to choose a set of bacteriocin producer
straing in such a way that gonococcal strains could be
sub-divided according to their sensitivity to the bacteriocins.

3. The bacteriocins should be produced by strains which are (a)
easily maintained in the laboratory, (b) strong enough to |
survive frequent subculture, and (c) highly stable in their
productive ability.

4. The producer strains should preferably belong to a set already
used in bacteriocin typing.

Colicin Type (C.T.) strains of Sh. gonnei seemed to meet the
lagt two of these requirements. Whether they met the first two
remained to be demonstrated.

Ninety two-strains of gonococol were tested for their
gensitivity to 10 C.T. strains using the Kekessy & Piguet method.
Table 3.14 shows details of the patterms of inhibition of each
gtrain by the 10 C.T. strains. Strains which show inhibition or

'partia.l inhibition are designated as (+) or (i) respectively.

Those which show no inhibition are designated as (-).

It was thus possible, by means of colicin-typing, to classify
the gonococcal strains into 32 fairly well-defined groups.
These groups, however, could not be correlated with colonial

morphology; there is an observed reason for this.



19.

Table 3.14 Patterns of inhibition of gonococcal (G.CJ) strains
by Colicin Type (C.T.) strains of Sh. sonnei

G.C zfétfex/ °.T. Btrain Inhibition
strain Source 1B 2 3A £ 6 8 9 11 1 pattern
N1 XY/Psy. - + + + + + - o+ - A
N20 XY/Abn., + + + = + + - = - B
N22 XY/L/BC - + - + + - - + 4 C
N29 XY/L/SE + + - - + $ = - - D
N30 XY/L/SH + + + - + + = - - B
N34 XY/L/BC + + = ~ + -+ + - E
N35 ?/? + 4+ + o+ 4+ 4+ + + -+ F
N36 ?/? - + + =+ + + + = 4 G
N37 XY/L/SE + + = + + + + - - + H
N39 ?/? i I
N40 XY/L/BC + + = + = + + + = + J
N42 XY/L/BC + + 4+ - + + + - - % K
N43  XY/? + + + -+ + + - - - B
N44 XY/L/SH + + + + = + + = + % L
NA6 XY¥/Ayr - + + + + + + - + = A
NAS XY/? + + + 4+ =+ + =~ + o+ L
N49 XY/L/BC + - + + + = + + + + M
NS0 XX/ - 4+ = =+t = = =+ N
N52 XY/L/BC - + + - + + + + - 4 G
N53 XY/L/BC + + + + = + + - = + K
N58 ?/? + 0+ + + o+ o+ 44 P
Ni34 XY/L/SE = + = + + + = = + + o
W35 XX/L/SE + = = = + - = = = = Q
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contd.
G.C. Tt.Sex C.T. strain
atrain U Inhibition
Source 1B 2 34 4 5 6 8 9 11 13  pattern
N136 XX/Psy. + + + = + - 4 - - R
N138 XY/L/SH + + + + + + + o+ + P
N139 XY/L/BC + - - - + - - - - Q
N141 ?/? + =+ o+ o+ + = = 4+ S
N142 XY/ILWI + - - - + - - - - Q
N144 XX/L/BC + + + + - + - - + K
N146 XY/Fik. + - + + - - + - - T
N147 XY/L/BC + + - + + -+ = o+ U
N148 ?/7 + + 4+ = + + - =+ K
N149 XX/L/SH + + + + + + + o+ + P
N150 XX/L/SE + - + + - -+ = - i
N151 XX/L/BC + + = + + - + - + U
N153 XY/L/SH + + - + + - 4 - + U
N155 XY/L/BC + + = - = + +. - - '
N156 XY/Nel. - + - + + + - - - W
N157 7?0+ + - o+ 4 -+ = 4 U
N159 XY/L/BC + + - - + -+ o+ - E
N160 XY/? + + = - 4 - + 4 - E
Ni164 XY/L/BC + = + +  + + - - 4 S
N166 XX/BEdin. + + - + + -+ = % 1§
N169 ?/? - + = - 4+ - - = 4 N
N170 XY/ - 4+ - + + - + + 4 X
N173  XY/? - = = - 4 - + o+ + Y
N174 ?/7 + o+ - o+ - o+ - 4 I
N175 ?/? + + = - + -+ At - )0
N176 XY/L/BC + + - - - + o+ = - v

contd..



contd.

G.C. gtésex/ C.T. strain y e

atrain ~°"° Inhibition
Source 1B 2 3A 4 5 6 8 9 11 13 pattern

N179a XX/U.K. e T T

N179b XX/U.K. - + - - + + - = = 4

N181 XY/L/SH - + - - + 4 = = = 4

N190 ?/? +  + = = -+ o+ o+ o+ o+

N191 XY/L/BC + + + o+ + + o+ +

N194 XX/Edin. + + = 4 T

|+
+
2 2 94 W ON 2 2

N195 XY/L/BC + - + 4+ + = 4+ + + 4+

N196 XY/L/BC + - + 4 + =  + + + o+

N198 XY/Hns. - 4+ = 4+ 4+ = NP + - = A
N199 XY/L/BC + +  + 4 + o+ o+ o+ + 4+ P
N197 XY/L/BC + +  + 4+ + + 4+ o+ + - 7,9
N201 ?/7 + - - - - - + + -+ A
N202 ?/? . e e e e e e = e - T
N203 ?/? +  + =+ o+ o+ o+ = = 4 H
N205  XY/? L T N U

N200 XY/1/BC + NP + + + - + - + o+ 2.4

N207 XY/L/SH + + + N + 4+ NPT+ - + F
NT

N206 XY/L/SH + o+ o+ + + + + - 4+ F
N208 ?/%? + + + o+ + + + + + - 7,0
N209 XX /Pay. + + o+ o+ + + o+ o+ + o+ P
N210 XY/L/BC + o+ o+ o+ o+ o+ o+ o+ o+ - 72
N211 XY/L/BC ' + + + + + + + + + + P
N212 XY/L/BC + o+ o+ o+ o+ + o+ o+ o+ o+ P
.N213 XY/L/BC + =+ o+ o+ o+ o+ = - g S
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contd.

Pt.Sex/ C.T. atrain
G.C, G.C. Inhibition
strain Source 1B ZA 4 5 6 8 9 13  pattemn
N214 XY/L/BC + + o+ + + - + Z4
N215 XX/L/BC  + + o+ 4 + 4+ + P
N216 XY/1./BC + + - + + 4+ + Z5
N217 XY/? + + o+ 4 + + + P
N218 ?/? + oo+ 4 + - + 76
N219 XY/L/BC + + + + + - + . Z6
N220 XY/L/BC + + o+ + NT + + P
N221 XY/L/BC - - - - - - - T
N222 XY/L/BC - - - - - - - T
N223 XX/L/BC + NT + + + + + P
N224 XX/L/BC  + + o+ - + - + K
N236 XY/Lon. - +  + + + + + 27
N241 XX/ + + 4+ o+ + + - 7,2
N242 ?/? + + + o+ + + - 72
N243 XY/? + + 4+ + + + + F
N244 XY/L/SE  + + + o+ + + + F
N245 ?/? + +  + + + + + P
N246 ?/7 + + + + + + + P
N228 XX/L/BC  + + o+ - + - + K

+: Inhibition; +: Partial inhibition; -: No inhibition;

' N.T.: Not tested; XY: Male; XX: Females 7: Unknown source;:

Psy: Paisley (Scotland); Abn. :Aberdeen (Scotland); Flk:Falkirk

(Scotland); Necl.: Newcastle (England); Edin:Edinburgh (Scotland);

contd. .



contd.

Hns: Honduras; Lon. London; L/BC, L/SH, or-L/WI: Strain isolated
from a case who had been infected locally and was attending Black
Street Clinic, Southern General Hogpital or Western Infirmary

(all in Glasgow) respectively.

8%,
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For the purpose of this work, as already explained, Kellogg's five

types (T1 - TS5) were reduced to two, namely Type A, comprising T4
and T2, and Type B, to which T3, T4 and T5 were assigned. But at
the very first subcult'ufre, which was invariably performed at the
Glasgow City Laboratory (where the strains were isolated), almost
all the Type A strains were converted to Type B; it was

extremely rare for them to remain unchanged on subculture. Few
strains, therefore, were obtained as Type A. Of these few two
(N221 and N222 ) are in Group I, which also includes two Type B
strains. Another Type A strain (N142 ) is in Group Q which agein
includes two other strains of Type B. It seems clear that the
pattern of inhibition of a strain by colicins bears no

relationship to its colonial type.

As the vast majority of the strains tested were isolated from
Ipatients reported to have acquired their infections locally, and
very few cases had been infected elsewhere, evaluation of the
usefulness of this typing scheme in contact tracing was limited.

By consideration of the c¢linic or hospital attended by the
patients from whom the strains were isolated, it was possible to
subdivide the locally acquired infections, broadly, into three
groups, namely the cases attending three different clinics in
Glasgow, respectively, the Black Street Clinic (BC), the Southemrn
General Hospital (SH) and the Western Infirmary (WI). Despite
the limited number of sources of infections there is an indication
that the cases in one group could be in some way connected and,
conversely, that they could be differentiated from cases in other
groups.

Examples which give the indication of possible relatedness between
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gsource of infections and patterm of the isolated strain are the
following. Group F contains 6 strains, three of which were
locally acquired infections and the strains were isolated from
patients attending the Southern General Hospital. Group K includes
6 strains; five were from patients attending the Black Street Clinic.
in Gr_oup P which includes 13 strains, seven were isolated from
patients attending the Black Street Clinic and 3 from Southern
Hospital patients. Two strains (N1 66 and N194 ) which were the only
strains reported to be from Edinburgh are both grouped together in
Group U, Groups V and 24 each includes two strains isolated from
local infections of patients attending the Black Street Clinic.
Only one strain (N156 ) was reported to be from Newcastle and it
is included singly in Gr_oup (W). So are strains number N198 and
N236,; both are singly included in their groups (Z1 and 27 ) and
they were single isolates from Honduras and London respectively.

No evidence suggests that there is any relation between sex of the
patient and group of gonococcal strain.

Fig. 3. 10 illustrates some of the results given in Table 3.14.

I+t shows the pattern ¢f inhibition of C.T.6 and C.T.9 on the same
three strains of gonococci used as indicators. Strain N212 is
completely inhibited (+) by C.T.6 while N213 is only partially
inhibited (+) and N214 shows no inhibition (-). When the same

three strains are tested against C.T.9,N212 is again completely

inhibited but the other two show no inhibition at all.

Fig. 3. 11 shows the black diametrical band which resulted from the
growth of C.T.1B. Three strains of gonococci N209, N210 and N211 are
all completely inhibited. The reflection of the flashlight in the

surface of the medium reveals the lines left by the wire loop in the



Fig. 3.10. Pattern of inhibition by C.T. strains 6 and 9 on
-_thrée strains of gonococci streaked at right angles. The dark
vertical area was left by C.T. strain after growth on the reverse
gside of the medium. The results are graded as + , + , and - on

C.T.6 respectively and + , = and - on C.T.9 (Ta.ble 5.14 )

86.
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Fig. 3.11. Inhibition pattern of three gonococcal strains,
N209, N210 and N211 ( in downward sequence) caused by C.T. 1B
which had grown on the other side of the medium (in the dark

vertical diametric area).

Fig. 3.12 Inhibition (at higher ma@ification) caused by previous
growth of a C.T, strain (streaked vertically on the other side of

the medium)on a gonococcal strain (streaked horizontally)
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central zones during streaking thus rendering very obvious the

oomplete inhibition of growth in those areas. Fig. 3.12,
photographed at higher magnification shows the black diametrical
band due to the growth of a C.T. strain on the reverse surface of
the medium and the growth of a gonococcal strain streaked at right
angles to it. The growth of the latter has been completely
inhibited in the zone overlying the previous growth ( the very few
colonies viable in this zone are not considered significant).

It can also be seen that the gonococcal strain has been inhibited
at the middle but not near the edges of the dark band.

C.T. strains growing on brain heart infusion blood agar always
left these black bands around and underneath their growth. On
further investigation it was shown that a similar blackening of this
medium can be produced by pouring a few drops of dilute organic acids
(acetic or lactic ) or 20% sulphuric acid - but not 40% caustic

potash - on its surface.

From these observations it was deduced that (a) acids produced
by C.T. strains as a result of their metabolic activities caused the
blackening of the medium, and (b) gonococcal strains were not
inhibited by the acids in the zone of former growth of the C.T.
strain - otherwise the inhibition would have extended to the full

width of the band.

It was therefore inferred that the inhibition was =a

spet:ific effect of the colicin.

3, 3. 2 Stability of colicin production

All ten C.T. strains of Sh. sonnel used in the typing of

gonococci were checked regularly for their stability in producing

‘colicing. This was done by observing the patterns of inhibition



89.

by the C.T. strains, of 10 indicator strains (I.S.) of Sh. somnei

on Brain heart infusion blood agar (Oxoid). 'I;able 3.15 shows the

inhibition patterns of the 10 indicator strains which for this

investigation were tested 1in duplicate.

Table 3.15 The pattern of inhibition by colicin type (C.T.) strains

on indicator strains (I.S.) of Sh. somnei
C,T
I.s. 1B _2 3A 4 5 6 8 9 1 13
1 +/+ =/- +/+ +/+ +/+ /- +/+ +/+ <=[- +/-
2 +/+ +/+ +/+ +/+ +/+ +/+ =/- +/+ =/+ +/+
P R A A R S A
Y Ay A e Sy S A P A R A
6 +/+ == [+ == [+ +/+ == +[+ =+ +/+
T +/+ =[= [+ =[= +/+ +/+ =[- ++ ++ ++
S ) A A Y S My N A
9 +/+ +/+ <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>