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INTRODUCTION

That all elements which are part of living organisms
must be present in their environment, if they shall be in a
position to propogate, is axiomatic. However the form in which
these elements are useful for the building of cells, differs
widely for various organisms. Simple non-pathogens can obtain
all the nitrogenous compounds they require by synthesis from
ammonia., The increasing complexity of nutrient requirements
often associated with increasing pathogenicity, calls for the
prov ision of more complex nutrients (McILWAIN et al, 1939 (a)).

It may be stated that any substance which an organism
cannot synthesize and yet requires for its development, const-
itutes an essential nutrient for that organism. It occurs not
inrrequently‘that the development of an organism, while not
strictly dependent upon the availability of some particular
substance, can be greatly furthered by its presence., This type
of compound has been referred to as a growth-stimulant (Van Niel,
1944).

The Lancefield Group A beta hemolytic strertococci
are parasitic, highly pathogenic, and among the most complex
species of heterotrophic bacteria with respect to t heir nutritional
requirements, DParasitism, in general terms according to Fildes,

(1934) is a result of a loss by organisms, Oof enzymes necessary
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to synthesize cell material. When this occurs, these same
organisms are no longer caepable of growth in simple synthetic
media, but require as well, several comrounds supplied by the
activity of other orgenisms for use as structural units, or
for metabolic processes., It is for this reason that, growth
requirements not being a matter of concern, such organisms
were and still are for the most part, cultivated on empirical
mixtures containing complex organic matter of animal origin,
like peptone, meat extract, serum or egg albumin (Mueller,
1922 (a)).

The determination of the indispensable nutritional
requirements for eany particular micro-organism may be approached
in one of two ways. On the one hand, identification could be
made of one or more components of an undefined medium, be they
either a source of nitrogen or some particular grouping found
to play a part in supporting growth, by the addition of a growth
gstimulating complex to an otherwise deficient medium, This
addendum could then be fractioned until its effect could be
attributed to a definite compound or compounds within the complex.
On the other hand, the problem could be attacked by analyzing
the basic factors supplied by the physiologicel mixtures which
are known to induce growth., Once any growth stimulating subst-
ance has been identified, it can be determined whether it acts

as a buillding stone in supplying some necessary grouping in the
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synthesis of either the bacterical cell per se or one of its
by-products, or whether it simply initiates or accelerates
some vital process. This information is of utmost importance
when it is desired to characterize any substance elaborated by
an organism (Bernheimer and Rodbart, 1948).

From the time pathogenic organisms were isolated in
medical bacteriology by Loeffler in 1881, with the object of
establishing their relationship to disease, proteins, peptones,
meat extracts, and the like were used to enrich the culture
media without any attention being peid to the specific growth
requirementsof the organisms in question (Stephenson, 1948).

The advantages of a chemically-defined synthetic
medium for biochemical. study were appreciated early in the
history of bacteriology. With a medium, the chemical composit-
ion of which is known, there 1s a much greater possibility of
determining by exact study, the chemical nature of the products
elaborated as a consequence of bacterial growth. This was an
impossibility in & medium which contained complex undefined |

organic substances.
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HISTORICAL REVIEW

By 1918, many synthetic media hed been devised, most
of them conteining several inorganic salts, and having glucose
or glycerol as the source of carbon, and organic ammonium salts,
asparagin, or glycocoll as the nitrogen source., Among the most
important of these earlier media were those of Cohn, Frankel
and Uschinsky. The chief difficulty with these, however, was
that the fastidious organisms of the pathogenic class did not
find proper nutriment in such simple media (Robinson and
Rettger, 1918).

Efforts to identify the exact nitrogen requirements
of the Group A streptococci were for a long time interferred
with, by the necessity of meat, liver, or yeast extract in the
media &s a source of the unknown growth requirements, It was
not until all such substances were identified and available in
pure form, that the extracts could be eliminated and the nitrogen
requirements of these organisms be worked out in more exact terms.

The first study of the nitrogen requirements of
pathogens was reported in 1911 by Bainbridge, who pointed out
that certain bacteria required the presence of proteins as such,
s well as inorganic salts and glucose in the culture medium,

In agreement with this, was a belief which Mueller
(1921 ) held for a time; that the growth stimulating substance

for the hemolytic streptococci which he obtained from certain
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proteins was a definite constituent of the protein molecule,
However, after isolating the active substance from a trypsin
digest of casein and after treatment of this substance as one
would purify a protein, he found it to be inactive as a growth
stimulant. The failure of a trypsin digest of purified casein
to support growth while that of impure casein was satisfactory,
confirmed the need of the hemolytic streptococci for a non-
protein substance, and further pointed out the ability of these
organisms to utilize a nitrogen source midway in compl exity
between the intact protein and inorganic nitrogen.

The possible presence in organic complexes of unknown
substances, quite apart from nitrogenous material, and thought
to be of biological importance in nutrition, was also a suggest-
ion of other early investigators.

Freedman and Funk in 1922 (b) stated ﬁhat cases in
which it had been definitely shown that bacterial growth was due
to the presence of protein alone, and not to any impurities
it may have contained were extremely rare., In most instances
it was possible to show that other growth factors were present
as added constituents or as adhering impurities.

Mueller in 1920, reported that while a peptone free
beef heart infusion broth would support an abundant growth of
hemolytic streptococeci, short boiling with charcoal removed
this property entirely. The addition of commercial peptone,

or of a sulphuric acid hydrolyzate of certain proteins, such
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as casein, reactivated the charcoal treated infusion, and
heavy cultures of streptococci were obtained on such a mixt-
ure, while neither alone provided the slightest trace of growth.

From the evidence he obtained, Mueller (1928 (a))
concluded that two clases of organic compounds in addition to
carbohydrates were required for the growth of Group A 8treptococci;
the first was supplied by protein degradation products, like
casein hydrolyzate, the second by extractives of meat, Both
occured together in impure proteins and ordinary meat infusion,
and in all probability each class was made up of several different
factors.

Mueller (1922 (b)) then carried out a separation of these
two classes of substances with the hope of elucidating the compon-
ents of each. The active non protein material in peptones,
protein-hydrolyzates and meat extracts, was precipitated by
hoans of mercuric sulphate. This precipitate was further
subdivided into two fmactions, active only when mixed together,
by treatment with silver sulphate and baryta (Ba(OH)g). The
silver sulphate precipitate contained histidine in addition
to the active substance. 'this fraction escaped precipitation
by phosphotungstic a&cid under certain conditions, but was
readily destroyed by this reagent. The silver sulphate filtr-
ate was not precipitated by phosphotungstic acid, and contained
a considerable quantity of a sulphur containing amino acid.

Using the same Group A hemolytic streptoecoccus as . h
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did Mueller, Freedman and Funk (1922 (a)), attempted to shed
more light on the identity of the substances growth-promoting
for these organisms. They too reported the presence in beef
heart infusion and peptone, of certain non protein substances
which showed a strong growth-stimulating activity for hemolytic
streptococei. These active substances could be extracted from
their natural sources by shaking with certain adsorbents, such
as fuller's earth and norite charcoal, and could be recovered
by extracting the adsorbents with baryta, (Ba(OHp). The prop-
erties of these substances showed them to be of a vitamin-like
nature; they were similar to if not identical with the vitamin
D described by Funk and Dubin in 1920, They reported as well,
the presence in beef heart infusion of another substance which
was necessary for the growth of hemolytic bacteria, and this
substance was thought to be associated with hemoglobin.

Hosoya and Kuroya 1in 1923, obtained similar results.,
They reported that Group A streptococcl required something
accompanying vitamin Bl in an alcoholic extract of rice bran.
According to Hutner (1938), this factor was stable to heat
and acid, destrbyed by drastic alkali treatment, allsorbed by
fuller's earth, and precipitated by phosphotungstic acid,

The relationship between the growth-stimulating
substances which are adsorbed to protein, and vitamin D, were
studied by Freedman and Funk, (1922 (b)). From hydrolyzates

of what they termed purified casein, and commercial gelatin,
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they obtained certain substances which showed a marked growth
stimulating activity for hemolytic streptococci grown in beef-
heart infusion previously treated with norite charcoal.
Hydrolyzed purified egg albumin and lactalbumin showed only
traces of such activity, whereas similar preparations of
several other proteins examined, were inactive. These active
substances were found not to be part of the protein molecule,
and the amount of them present in the protein depended upon
the physical and adsorptive properties of the latter, and the
method and degree of its purification. The properties of these
substances were examined, and all evidence indicated that they
were probably related to if not identical with the water soluble
vitamins -~ at that time collectively called vitamin B.

In this connection Funk and bLubin in 1921, reported
that both vitamin B and D were removed from autolyzed yeast by
fuller's earth.

In 1938 Rane and Subbarrow reported that their attempts
to substitute a relatively simple chemically defined medium for
the usual complex medium in the cultivation of hemolytic strepto-
cocci, indicated the need for essential accessory growth factors,
Whether multiple or of a complex nature they had up until 1938
been unidentified. Preliminary experiments by these workers
demonstrated the presence of these indispensable factors in
liver extract., A medium consisting of the substance listed in
Table 1, was incapable of inducing growth of a Group A strepto-
coccus, but upon addition of a liver extract, growth equivalent

to that obtained in meat infusion broth resulted,




Glutathione
Thiochrome
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Nicotinic aecid
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TABLE 1

Glucosse

Inorganic salts

Gelatin hydrolyzate

Tyrosine
Cystine
Glutamic acid
Tryptophane
Methionine
Valine

_|.
either —>

Ca alcoholic precipitate of liver

Uracil
Guanylic acid
Xanthine
Hypoxanthine
Nicotinamide

Unidentified liver fraction

Aqueous liver extract
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By fractionation, glutathione, thiochrome, nicotinic acid,
betaine, flavin, and glucosamine were isolated from the liver
extract. These substances were, however, active only with an
additional fraction of a liver extract, the complete identity
of which was undetermined.

Subbarrow and Rane in 1939 using the same basal
medium as previously reported, supplemented with the substances
known to be present in liver, and the calcium alcoholic precip-
ltate of a liver extract, reported that the further addition of
an unidentified fraction of liver extract, nicotinic acid amide
in place of nicotinic acid, uracil, guanylic acid, xanthine, and
hypoxanthine, resulted in a significant increase in the amount
of growth of a Group A streptococcus.

Certain similarities between the properties of the
calcium-alcoholic precipitate used above and those of pantothenic
acid described by Williams and co-workers in 1939, suggested
the possibility of their substitution. It was found that the
amount of growth obtained with a purified preparation of
pantothenic acid was equal to that obtained using the calcium
alcoholic precipitate of liver extract.

In 1939 (a), McIlwain, Pildes, Gladstone, and knight,
reported that in the course of analyzing the nutrient requirements
of a Group A hemolytic streptococcus it was found that growth
did not taeke place in the medium consisting of the substances

listed in Table 2, until an extract of meat was added.
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TABLE 2

Glucose

Inorganic salts

Peptone

Cystine

Alanine

Thiamine

Pimelic Acid

Nicotinamide

Riboflavin

Uracil

Cytosine

Thymine

Guanine

+
Meat extract &— elther — Glutemine

Good growth was then obtained in some 16 hours, whereas in
the culture without meat extract, no growth was visible
during a period of 9 days. In order to elucidate the active
principle in meat, these workers chemically fractionated
fresh horsemeat, - first extracting it with sodium sulphate,
and then precipitating it with mercuric acetate in nseutral
60 per cent alcoholic solution. The mercury-precipitated mat-
erial was then dissolved, and reprecipitated with phosphot-

ungstic acid, The final product was an active concentrate of
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meat, capable of supporting growth., That the active material
in the meat extract may have been glutathione was considered,
in view of the report of rnane and Subbarrow in 1938. However,
owing to the fact that its properties were dissimilar to those
of glutathione, and in the absence of demonstrable sulfhydryl
groups, this idea was abandoned. Since it occasionally happens
that an increase in the concentration of particular amino acids
might have a criticael effect upon growth, an experiment was
carried out in which increased amounts of the constituent amino
acids of glutethione - that is glycine, glutemic acid and
cystine, were added separately to an otherwise complete medium.
Unlike glycine and cystine, a high concentration of synthetic
glutamic acid was capeble of inducing growth, comparable in
rapidity and mass with that resulting from the meat extract.
However, qualitative and quantitative differences between the
meat concentrate and synthetic glutamic acid led to the conclus-
ion that glutamic acid could not have been the active subst-
ance 1n the meat extract. That glutamic acid may have been
specifically associated with the active substancs, in the sense
that the organism could synthesize this substance itself, in the
presence of a high concentration of glutemic acid, was a
possibil ity which was investigated, Thus glutamine, being a
derivative of glutamic acid and having properties similar to
those of the active substance, was selected for testing. It

was found that glutamine when added to the inadequate basal
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medium in a low concentration, caused maximum growth of this
Group A streptococcus in as little as 16 hours. Thus glutamine
was required by this organism for growth., However, among
the Group A streptococci the growth response to this substance
was reported, by Snell (1951), to be irregular, and it is there-
fore considered that glutamine is concerned primarily with the
initiation of growth,

In 1939 (b), McIlwain and co-workers also showed that
no growth was evident when the peptone in the medium in Table 2,
was replaced by acid hydrolyzed casein. They indicated that
the necessary substance in the peptone which was absent from
hydrolyzed casein, was probably pantothenic acid; and in fact,
pantothenic acid concentrates in high dilution caused growth
of their Group A streptococcus, in a medium where hydrolyzed
casein replaced the peptone preparation.

Woolley and Waismann in 1939 demonstrated that acid
hydrolysis of pantothenic acid which occurred when impure
caseln was treated with acid, resulted in a split of the amide
linkege, leaving substantially intact the dihydroxyvaleric acid,
The failure of the Group A streptococci to grow in a medium
otherwise complete but containing the by-products of this hy-
drolysis in place of pantothenic acid itself, pointed out the
inability of these organisms to form this amide linkage. Acc-
ording to McIlwain (1939 (b)) this could be compared with the

limited ability of these same organisms to utilize glutamic
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acid in place of glutamine, although they obviously form the amide
linkeges of their own proteins, It should be noted, however,
that the amide linkage in both glutamine and pantothenic acid
is unusual in not being in the alpha position to either an
amino or a carboxylic acid grouping, but in glutamine it is
in the gamma position and in pantothenic acid the beta position.
Woolley and Hutchings, again in 1939, using a medium
which consisted of bactotryptone, liver extract, salts and
glucose, obtained good growth of a Group A streptococcus. If,
however, this medium was treated with alkeli, its ability to
support growth was destroyed. This ability wes not regained
moreover, by addition to the medium of the known alkali - labile
growth factors, - riboflavin, pantothenic acid, and cozymase,
until sodium sulphide and reduced iron had been added. This is

shown in Table 3,

TABLE 3
Glucose _— After alkali treatment required
Inorganic salts Riboflavin
Tryptone Pantothenic acid

Cozymase (DPN)

sodium sulphide

Reduced iron
The two latter substances acted-asareducing system. In fact no
reducing substance was found to be specifiec; vitamin C, glutathe
ione, and thioglycollic acid were equally effective. These

Tesults were in harmony with an hypothesis which was put forward h
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at that time, - that alkali - labile reducing substances were
present in the liver extract as well as tryptone.

McIlwain, in 1940, used the medium found in Table 4,
to study the growth requirements of the Group A streptococci.
This medium alone was insufficient to support growth. Nor did
the addition of a small amount of arginine to the medium have
any stimulatory effect.

However, when a yeast preparation was used as
supplementation, growth followed. As a result of earlier
investigations, pantothenic acid was known to be required by
these organisms, and when added in pure form in place of the
yeast preparation, the medium was complete., If the casein
hydrolyzate was substituted by the mixture of amino acids

listed in Table 4A, growth was not supported.
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TABLE L TASLE 4A
Hydrolyzed casein Replaced by
Glucose Aspartic acid
Inorganic salts Valine
Alanine Leucine
Methionine Alanine
Cystine Glutamic acid
Cysteine Isoleucine
Glutamine Phenylalanine
Aneurin (Thiamine) Lysine
Nicotinamide Glycine
Riboflavin Proline
Pimelic acid Hydroxyproline
Uracil Tyrosine
Thymine Arginine
Guanine Histidine
eiZAer Hydrolyzed egg albumin
T +
Yeast extract Pure pantothenic acid eithgr
Vitamin gi Filtrate from a
lead-mercury

precipitate of

yeast extract,
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Even upon further addition of hydrolyzed egg albumin, little
or no growth followed. However, when a filtrate from a lead-
mercury precipitate of a hot extract of yeast was added, growth
occurred. McIlwain then attempted to 1isolate and identify the
substance required for growth of the Group A streptococel
present in the hot extract of yeast. This substance was found
to bé alsorbed on norite charcoal, and when its properties had
been investigated a parallelism was found between this factor
and vitamin By and actually vitamin B6 could replace this yeast
extract. Shortly after this discovery vitamin By was described
as a growth factor for streptococci by Hutchings and Woolley
(1939)., In the presence of vitemin By, substances such as
serine, threonine, betaine, glucosamine, and inositol, appeared
only to increase growth, they themselves having no effect in the
absence of it. TUrea, guanidine and creatine were without effect
in the medium used in this experiment, ncIlwain (1940), further
stated that when using a medium which contained an impure prep-
aration such as hydrolyzed egg albumin or casein hydrolyzate,
it was not possible to obtain results indicating an all or none
effect as regards the necessity for any one growth-promoting
substance by a particular organism; this is so on account of
the presence of suboptimal quantities of these or similar
substances in the impure preparation being used.

On the basis of his experimental evidence, rncIlwain

pointed out severasl facts of importance concerning the
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nutritional requirements of the Group A streptococci.

(1) He stated that the effect of certain substances required
for growth of the Group A streptococci, such as vitamin Bg
and pantothenic acid, remained equally important in the pres-
ence of excess of other growth requirements of the organisms,
and could be replaced, if at all, by compounds very closely
related in chemical structure. This wes not true of subst-
ances such as glutathione, for example, whose effect could

be reproduced by vitamin C, Still other compounds such as
glucosamine, inositol, and certain amino acids, represented
a type of substance whose individual effect in a medium was
only definitely seen in the presence of suboptimal amounts

of other factors, in this case vitamin Bg. McIlwain admitted
that these different types of growth requirements were not
clearly defined, but were categories somewhat arbitrarily made
in discussing the nutritional requirements of any organism,
which could vary from absolute dependence upon a material, to
complete indifference to another. Also, conditions of growth
could change the effect of a given compound from one class toO
another., For example, the requirement of the Group A
streptococeil for glutamine was found to be much stricter in
the presence of a small inoculum, than in the presence of a
large one, when it was replaceable by glutamic acid; and in
any case, if the media contained traces of glutamine insuff-
ieient to allow growth, glutamic acid which was normally in-

active, appeared to act as a growth factor.
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(2) The lack of growth of a Group 4 streptococcus following
the omission of a single amino acid from a medium, could not
be taken to mean that this was an essential amino acid, stated
McIlwain, since in another such medium where a different group
of amino aclids was used, growth may have occurred in the abs-
ence of this same amino acid, - the implication being, that
such a substance although not essential, was involved in the
metabolism of the organism and was derived by intermediate
metabolism from other amino acids,
(3) It also came to the attention of this worker that in a
case where glutathione was replaced by its constituent amino
aclds, growth did not occur in an otherwise complete medium,
When, however, an increased amount of cystine or cysteine was
present, growth appeared in from two to four days. Lincreased
amounts of glutamic acid or glycine - the other two components
of glutathione, had no effect or a deleterious one. Other
sulfhydryl compounds were then investigated; mercapto-acetats,
mercapto~-succinate, and homocysteine, were found equally
effective in replacing glutathione, the requirement for which
obviously being of & non specific nature and indeed it could
be replaced by either reduced iron and sodium sulphide, or by
vitamin C.

Pappenheimer and Hottle in 1940, reported that they
obtained a luxuriant growth of a Group A streptococcus, on a

medium which consisted of inorganic salts, glucose, a hydrolyzed
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gelatin preparation, and the factors listed in Teble 5. The
requirement of each of these factors for growth, was determined
by the omission of each in turn from an otherwise complete

medium,

TABLE 5
Glucose
Inorganic salts
Hydrolyzed gelatin
Glutamine
Tyrosine
Tryptophane
Uracil
Adenylic acid
COg atmosphere air
Thioglycollic acid
Glutathione
Thiamine
Nicotinic acid
Pantothenic acid
Riboflavin
Vitamin Bg
Biotin
Uracil, while not essential, appeared to increase
growth slightly. 1n the complete medium the limiting factor

gseemed to be glucose., Addition of more glucose, increased
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growth proportionately until sufficient acid was produced to
kill the organisms. The need for pantothenic acid and ribo-
flavin agreed with the results of other workers. The necess~
ity for glutamine confirmed the work of McIlwain, In agreement
with him as well, was the finding that glutathione was not
essential, for in this study a relatively high concentration
of thioglycollic acid in the medium had the same effect. The
finding with respect to vitamin Bg, that ig, its requirement,
also seemed to confirm the work of MecIlwain, Thiamine was not
previously reported as being essential for the gmowth of Group
A gtreptococci, Although impure biotin was used, it seemed
probable that it was necessary for growth. Subsequently a
definite requirement of the Group A streptococci for pure
biotin was reported by Hottle and co-workers (1941).

It was further suggested by Pappenheimer et al.
(1940) that another essential factor or factors may have been
present as impurities in the gelatin or in the glutamine, both
of which were obtained from natural sourves. This seemed
unlikely in view of the luxuriant growth obtained, nevertheless,
the possibility could not be overlooked. The requirement for
adenine or related compounds by this strain was of interest.
If the purine was omitted from the complete medium, no growth
occurred within 40 hours, However, addition of adenine permitt-
ed growth to occur. Adenine was replacable by adenosine, or

adenylic acid, by guanine, guanosine, or guanylic acid, and by




-28-

Xanthine or hypoxanthine, It could not be replaced by uric
acid or by the pyrimidines such as uracil or cytosine. Another
interesting fact was that in the presence of b per cent COg in
the atmosphere above the culture, growth was greatly accelerated,
and the surprising observation was made that even when purine
was absent under these conditions, growth occurred., Further
examination of the effect of COp was made in detail. It was
noted that (1) maximal growth when adenylic acid was present
occurred within 20 hours, provided the COp tension was 4mm or
greater; (2) no significant growth occurred even after 40 hours
incubation in ths absence of adenylic acid when the COp tension
was below 2mm; (3) even when the COp tension was high, a small
but consistent increase in growth was apparent at the 40th hour
if adenylic acid had been included in the medium. Another
observation in this connection, was that the bicarbonate ion
could not replace COp in the absence of a purine., However, in
the presence of both adenylic acid and bicarbonate, any slight
growth of the organisms liberated sufficient COg through action
of the acid produced, to accelerate growth, This report of the
accelerating effect of COp was in harmony with those of other
workers, and indeed McIlwain grew his cultures in 5 per cent
COg. Vhether COp was necessary for purine synthesis or whether
the purines play a role in the production of COp by the organisms,
could not be concluded from these experiments.

In 1941, Bass, Berkman, and Saunders, studied the
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nutritional requirements of the Group A streptococcl. These

workers used the basal medium listed in Table 6,

TABLE 6
Hydrolyzed Eastman gelatin
Cystine
Methionine
Tyrosine
Phenylalenine
Lysine
Histidine
Threonine
Tryptophanse
Inorganic salts
Nicotinic acid
Alanine
Hemin
Inositol
Cocarboxylase
Riboflavin
However, growth did not occur in this basal medium.
Nor was growth supported when one or all of the substances

listed in Table 6A were added to the basal medium.
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TABLE 6A

Glutamine

Ascorbic acid

Pantothenic acid

Vitamin Bg

Coenzyme I

Catalase

Although all the known water soluble vitamins were included in
this medium, in view of the lack of growth, it was apparent that
there remained one or more umnknown factors necessary for the
growth of these organisms,

The need for pantothenic acid, glutamine and vitamin
Bg was, however, not excluded by these workers, inasmuch as
these substances may have been present in trace amounts in the
basal medium or in the fractions which were belng tested.

An alcohol water extract of yeast was found to be the
best source of the factor required for growth of the organisms
used in this study. Extracts of liver and spleen were also
active in this respect. (Substances in Table 6A were not in-
cluded when these extracts were added).

In 1941, Woolley and Hutchings reported a study of
the factors essential for the growth of certain hemolytic
streptococeci, They were able to cultivate organisms of
Lancefield's Groups B and D on a medium which contained an

acid hydrolyzate of casein, glucose, and inorganic salts, as
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well as those substances found to be of nutrient value for
other organisms, These are listed in Table 7,
TABLE 7
Glucose
Inorganic salts
Hydrolyzed casein
Tryptophane
Glutamine
Riboflavin
Vitamin BG
Na pantothenate
Thiamine
Nicotinic acid
Biotin
Inositol
Choline chloride
Pimelic acid
Na thioglycollate
Adenine
Uracil
Aqueous liver extract
On the other hand organisms belonging to Lancefield's
Group A, failed to multiply on such a medium without the further
addition of an unidentified growth-promoting substance., The
fact that a deficiency of a known amino acid was not involved
was shown by the failure of an increased amount of casein hy-

drolyzate in the medium to stimulate growth. +1he unidentified
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gsubstance used in this experiment, occurred in liver as a
water soluble, alcohol insoluble, non-dialyzable material.
Ita properties differed in many respects from those des-
oribed for other unidentified growth-promoting substances.

Bernheimer and Pappenheimer in 1942, studied the
factors required for massive growth of several Group & strep-
tococci. They used the medium of Pappenheimer and Hottle
shown in Table 5, and included the following important
changes.

1l « An increase in glucose concentrations of from 3 to 4
per cent, i.e. from 2.6 gm. per litre to 3 gm. per
litre.

2 = Frequent neutralization of the lactic acid formed.

In this connection Mueller and Kllse in 1932
reported that glucose appeared to be essential in a medium
used for the cultivation of hemolytic streptococci.

Friedman in 1939, showed that hemolytic streptococeci
formed lactic acid almost quantitatively from glucose.

It seemed obvious that by a splitting of this sub-
stance to lactic acid, the energy required for the growth
of these organisms was made available. The amount of growth
obtained was roughly proportional to the per cent councentrat-
ion (W/V) of sugar in the medium up to the point where suffice
ient acid was produced to check the growth of the organisms.

The presence of a tuffer in the medium, alone did not permit
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massive growth. However, the occasional addition of sterile
sodium hydroxide solution to the medium during growth, kept
the pH at from 7.2 to 7.8 and resulted in a considerably
greater yield of organisms (Mueller and kKlise, 1932),

The other changes made by Bernheimer and Pappenheimer

(1942) were:

3 - A reduction in the total salt concentration to a minimum,

4 -~ An increase 1in the glutamine concentration from 50 - 200 mgm,
per litres.

With these changes, growth equivalent tc 250 mgm.
streptococcal nitrogen per litre was obtained with most Group A
strains as compared to 20 - 30 mgm. streptococcal nitrogen per
litre obtained previously. These 8o called improvements, however,
had an opposite effect on three of the Group A strains tested;
they failed to grow. Two of these grew on Woolley's medium
shown in Table 7., Agide from differences in the concentration
of the substances in the two media, the only material actually
absent from Woolley's medium end present in this one, was
sodium bicarbonate., The failure of these strains to grow
was unexplainable,

In 1942, Grossowicz described the properties of what
appeared to be a new growth factor for Group A streptococci,
since it supported a heavy growth of these organisms in an
otherwise incomplete medium, The bagal medium which he

employed consisted of an acid hydrolyzate of casein, glucose
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and inorganic salts, but it did not supvort growth., Any of
the other substances listed in Table 8, added singly or in

combination to the basal medium, failed to initiate growth,

TABLE 8
Hydrolyzed casein
Inorganic selts
Glucose
Nicotinic acid
Thiamine
Riboflavin
Ascorbic acid
Alanine
Thioglycollic acid
p - Aminobenzoic acid
Glutemine
Adenine
Uracil
However, upon addition of a small amount of tomato juice (filtered,
sterilized and neutralized) to the basal medium, growth followed,
He reported that the active fraction in the tomato juice was
similar to the growth-promoting substance which Woolley found
in an aqueous liver extract,
In 1944, Sprince and Woolley reported that the new

growth factor for GroupA streptococci, discovered by Woolley in
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1941, and whose existence was confirmed by Grosswicz in 1942,
was digtinet from any of the known vitemins, This substance
was found to be growth promoting for organisms other than the

Group A streptococci. For example, C., diphtheriag,lLactobacillus

arabinosus, the propiomic acid bacteria, and in fact even

organisms of Lancefield’'s Groub D were found to have a much
shorter lag period if this substance was incorporated into the
culture medium. The occurrence of this growth factor in part-
ially hydrolyzed casein puzzled these workers, in view of the
fact that unhydrolyzed or fully hydrolyzed casein was inactive,
Strepogenin was the descriptive name given to this active
substance and the term is used to denote a growth factor whose
presence is required for the multiplication of the Group A
streptococei.

Woolley in 1946 (a), commented on the general belief
that the nutritional or growth-promoting powers of proteins
were reflected entirely by their content of the various amino
acids. The fact that casein caused more rapid growth in an
experimental animal than did a mixture of amino acids, had
been explained by the hypothesis that the nutritional super-
iority of some proteins was dus to the presence in them of
a specific factor, which appeared to be correlated with the
occurrence of strepogenin. This substance had been found as
an integral part of certain highly purified proteins, from

which it was liberated by tryptic digestion, Indeed, proteins
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proved to be by far the richest sources of the growth factor.
This active agent was destroyed by hydrolysis with strong acid
or alkali, After studying the various properties of this
substance, this investigator concluded that strepogenin was a
peptide or peptide-like substance. Woolley later in 1946 (b),
stated that he had aguired considerable evidence which ind-
lcated that strepogenin was a peptide of glutamic acid. For

Lactobacillus casei, derivatives of glutamic acid such as

glutamine and glutathione also had activity. Serylglycyl-
glutamic acid was synthesized and tested for strepogenin
activity. This tripeptide displayed only partial activity
of strepogenin for L., casei, and it is possible that it is a
fragment or relative of strepogenin.

Woolley in 1948 enhanced the evidence which existed
concerning the peptide or peptide-like nature of strepogenin,
the active material in the partial hydrolyzeate of proteins,
liver extract, and tomato juice. Although several peptides of
glutamic acid possessed strepogenin potency, some specificity
of action in relation to structure could be discerned. Thus
although glycylelanyl-glutamic acid was shown to possess
true strepogenin‘activity, the addition of just one more amino
acid residue to the chain as in glyecylalenylleucyl-glutamic
acid, rendered the compound inactive., Thus the structure of
the glutamic acid peptide was of importance in determining its

strepogenin activity.
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In 1956, Woolley et al. altered his previous statement
concerning the structure of the substances which displayed
strepogenin activity. That some specificity of structure was
involved before a peptide exhibits high strepogenin activity,
could not be overlooked. From the activity of many glutamic
acid containing peptides, it may have been argued that for
strepogenin activity, only a glutamic acid peptide would be
required, Such an argument would have been negated however, by
the inactivity of the glutamic acid peptide-isoleucyl glutaminyl-~
asparagine, Similarily a case could have been made for cysteine-
containing peptides, which would likewise have been defeated by
the inactivity of the disulphate of CySH-Pro-Leuc-Glyc (NHg).
Indeed, there seemed to be little justification, for stating
that the only requirement for strepogenin activity was a peptide
containing any one particular amino acid.

Again in 19065, Woolley and co-workers enhanced the
existing evidence indicating that the active material in a
partial hydrolyzate of protein, like casein hydrolyzate, was
a peptide or a group of related peptides, Synthetic oxytocin

was found to display high strepogenin activity for Lactobacillus

casel., Likewise, arginine-vasopressin also possessed considerable
strepogenin activity.

The free peptide derivative of oxytocin that is, the
heptapeptide amide disulphide derivative whose formula is the
disulphide of L-isoleucyl - L - Glutaminyl - L - asparaginyl -

L - cysteinyl - L - prolyl - L - leucyl - glycinamide had a
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strepogenin potency much the same as oxytocin itself, However,
it gshowed negligible avian-depresser and oxytocic activities.
The authors did however, mention that before these results
could be applied to the Group A hemolytic streptococei, further
studies would have to be done, since it is known that this
group has a more exacting strepogenin requirement than does
L, casei.
Wilson, in 1945 (a), using the medium listed in Table
9, in which casein hydrolyzate was the only undefinable subst-
ance, found that Group A streptococci failed to grow,
TABLE 9.
Glucose
Inorganic salts
Casein hydrolyzate
Cystine
Tryptophane
Glutamine
Asparagine
Thioglycollic acid
Choline Chlorids
Biotin
Nicotinic acid
Pyridoxine
Ca Pantothenate
Thiamine

Riboflavin
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continued Table 9

Adenine sulphate
Xanthine
Uracil

If Lhowvever 10 per cent rabbit serum was added to the
medium as a supplement, the organisms multiplied. Moreover,
certain strains of Group A streptococci which grew well in
this medium, failed to grow at all when horse serum was subst-
ituted for the rabbit serum, Other strains grew well whichever
serum was used, rhus approximately one third of the Group A
streptococci required a factor in rebbit serum, which could
not be supplied by horse serum. ‘i‘his-factor according to “Wilson
(1945, b), could be replaced by yeast nucleic acid, and certain
of its derivatives, such as xanthine, guanine, and hypoxanthine,
Certain other derivatives such as adenine and uracil were
inactive., These nitrogsnous bases were considered to serve
as precursors of nucleic acids., In the organisms in which
these bases were non-essential, vitamins were known to pley
a part in their systhesis.(Snell 1951), Stephenson in 1948,
reported that these bases were important growth stimulants for
certain Group A streptococei, but added that they appeered to
replace one another in the case of this group of organisms.

Ivanovics and Euler reported in 1950, that in a medium
containing glucose, inorganic salts and a casein hydrolyzate,

growth was obtained of a Group B streptococcus,
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However, it was not until the other substances listed
in Table 9A were added that growth of a Group A strain was
obtainable.

TABLE 9A

Glucose

Inorganic salts
Caseiﬁ hydrolyzate
Tryptophane
Glutamine
Thioglycollic acid
Biotin
Nicotinamide
Pyridoxine

Ca pantothenate
Thiemine

Folic acid

They reported too that other strains of Group A
streptococci required an unknown growth factor or factors
for growth, Neither ¢holine nor sodium linoleate had any
stimulatory effect, It should be noted that according to Slade
(19564), no hemolytic streptococci have been found which require
p-aminobenzoic acid. Nevertheless, folic acid which contains
this compound is required by certain members of croup A. It
is probable that such strains are unable to incorporate

p-aminobenzoic acid into the folic acid molecule (Snell, 19561).
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Slade and rnox in 1950, reported the construction of a
gocalled defined culture medium which enhanced the formation of
streptolysin 0 by a Group A streptococcus, The medium developed
consisted of the substances listed in Table 10,

TABLE 10

Trypsin hydrolyzed casein
Glucose

Inorganic selts
Nicotinic acid
Pyridoxal
Pyridoxine

Thiemine

Riboflavin
P-Aminobenzoic Acid
Biotin

rolic acid
Asparagine

Choline chloride
Inositol

tuanine

Xanthine

Uracil

They reported that the minimel vitamin requirements of
the type 3 organism used in this study, were supplied by

nicotinic acid, riboflavin and pantothenate., 'I'here was a
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marked stimulation of lysin formation, however, in the presence
of thiamine. <1his may have been due to a genseral improvement

in the nutritional status of the cells, which resulted in a
quantitative increase per cell of the enzymes required for

lysin systhesis. Thus the presence of thiamine may have resulted
in the production of cells that were more efficient in the forme
ation of streptolysin O,

Todd in 1938, reported the presence of streptolysim O,
in broth filtrates of Group A streptococci, This lysin was
elaborated by the cells in the absence of a reducing agent, but
its presence was evident only upon the addition of such a subst-
ance.

Slade and Knox (1950), on the other hand, reported that
the formation of streptolysin O, was dependent upon the presence
of an added reducing agent in the medium at the start, whereas
optimum growth occurred in the presence or absence of such a
compound. The fact that growth of this Type 3 strain occurred
without concomitant production of the hemolysin indicated
according to these workers, that the enzymatic systhesis of the
lysin required a reducing potential of a certain level, This
possibility was supported by the fact that increasing gquantities
of the reducing agent beyond the optimal level, caused a decrease
in the amount of lysin formed, although a heavy growth of the
organisms was obtained. Whether the enzymes required for lysin

gysthesis were elaborated during growth and remained inactive




in the absence of a reducing agent, or whether these enzymes

did not arise at all in the absence of a reducing agent, was

not determined. .5lade and Knox, further stated that the
poseibility of eystine, glutathione, sulphite or thioglycollate
serving as a source of sulfhydryl groupes for the protein of

the lysin, was unlikely in view of the fact that ascorbic acid
could serve equally well in this system. A threefold increase
in glucose concentration would not yield the proper potential
for lysin formation. Cysteine hydrochloride was the most

active of all such agents tested and was required in & concentr-
gtion below that normally used when it was an essential amino
acid for a particular organism. These results suggested that an
optimum reducing potential was required for maximum lysin
production. In this connection, Bernheimer (1949), reported
that 0.1 per cent cysteine abolished the inhibitory effect of
shaking on the formation of streptolysin S by resting cells.
This may be another example of the requirement for reducing
agents in lysin formation.

Slade in 19561, reported that when the pancreatic digest
of casein in the medium listed in Table 10, was substituted by
& mixture of 19 amino acids,many strains of Group 84 streptococeci
grew only after an extensive lag period. The lag period could
be eliminated by the addition of a nondialyzable preparation

obtained from the pancreatic digest of vitamin-free casein,

and whose properties indicated the presence of complex peptides.




Acid hydrolysis of the mixture yielded approximately 10
dialyzable and ninhydrin positive substances.

Slade, Knox and Slamp, in 1961, investigated the amino
acid requirements of a Group 4 streptococcus using the same
basal medium as found in Table 10, with the addition of sodium
ethyl oxaloacetate, sodium fumarate, ascorbic acid and vitamin
B1g, and again eliminating the casein hydrolyzate. They found
the amino acids listed in Table 104 to be essential for growth
under their experimental conditiouns. They pointed out that the
amino acids required for growth of this Group 4 streptococcus,
depended considerably upon the level of biotin, folic acid and
vitamin Bg in the mediume
TABLE 104
Arginine
Cystine
Glyocine
Histidine
Isoleucine
Leucine
Lysine
Methionine
Phenylalanine
Proline
Serine
Threonine
Tryptophane
Tyrosine |

Valine
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The amino acid requirements of this same organism were
determined also, in the presence of a growth promoting peptide
material, (prepared from hydrolyzed casein, by dialysis, freezing,
and lyophilization). The presence of this substance in the
medium did not eliminate the nesd for any of the essential amino
acids listed above, These results indicated that the added
peptide material did not serve as a source of free amino acids.
However, the possibility of enzymatic hydrolysis of the peptides
cannot be disregarded. If such a process did occur in the
present experiments, isoleucine and val ine were not made avail-
able in a form which could be utilizéd by the organiswms for
growth., (These two amino acids are known to be liberated upon
acid hydrolysis of the peptide preparation)., Also it seemed
doubtful whether complete hydrolysis of the small amount of
this substance present in a relatively large amount of medium,
would liberate a sufficient quantity of any one amdéno acid to
produce the response in growth which was obtained. Thus it

appeared likely that the peptides contained in the preparation
were utilized directly for growth.

The interest of these same workers (Slade, Knox, and
Slamp, 1961) in glutathione, led to an investigation to determine
whether this peptide would replace any of the amino acids required
for growth., It was found that only cystine or cysteine could
be replaced by glutathione, ‘rhis activity of glutathione

indicated that the metabolism of cysteine occurs at least in
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part by way of the tripeptide or a common intermediate, since
glutathione was unable to replace glycine or glutamic acid.
Hanes et al (1950) and Fruton (1950), have suggested that the
synthesis of cell protein may take place with the participat-
ion of glutathione or other gamma glutamyl peptides., The nec-
essity of glutamine for the synthesis of gsuch glutamyl peptides
represented a reaction by which glutamine could be utilized by
Group A streptococci. McIlwain, in 1946, pointed out that
during glycolysis, the latter organisms quantitatively converted
glutamine to glutamic acid and ammonia,

Slade and Slamp, in 1955, using the basal medium shown
in Tebke 11, reported that crystalline ovalbumin containing free
sulfhydryl groups (SH) fulfilled the requirements for growth of
several Group A streptococci from small inocula, in this other-
wise incomplete basal medium., The effect of strepogenin was
nil for the first 18 hours, after which growth began and ter-
minated at about the 24th hour,

TABLE 11
Glucose
Alahine
Cystine
Glycine
Histidine
Isoleucine
Leucinse
Lysine

Methionine
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Continued Table 11

Proline
Serine
Threonine
Tryptophane
Tryosine
Valine
Disodium Phosphate
Monopotassium Phosphate
Magnesium Sulphate
Ferrous Sulphate
Manganese Chloride
Zinc Sulphate
Adenine
Uracil
Glutamine
Nicotinic acid
Pyridoxal
Pantothenate
Thiemine
Riboflavin
They further showed that the presence of carbon 14,
labelled ovalbumin in the synthetic medium resulted in a dist-
ribution of the isotope between the streptococcal cells and
the culture fluid. The ovalbumin had to be treated previously

either by shaking, irradiation, or heat in order to denature
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the protein and thus unmask the sulfhydryl groups.Untreated
ovalbumin was inactive, and the activity of that which had

been heated was removed by oxidation., Other purified proteins
were tested in both the heated and unheated states; crystalline
preparations of pepsin, insulin, tfypsin, chymotrypsin and ACTH,
produced no significant growth response in the medium, Crystalline
bovine serum albumin produced a 20 per cent response (as compared
to ovalbumin), in 17 hours, which did not increase upon extended
incubation. Crystalline vitamin Bjg and coenzyme A were inactive.
Neither was growth obtained in the presence of any of the follow-
ing crude peptides.

(1) Anserine

(2) Carnosine

(3) Salmine

(4) DL-Alanylalanine

(6) DL-Alanylglycine

(6) Glycylalanine

(7) Glycylglycine

(8) Glyecylglyeylglycine

(9) Glycyl-L-Leucine

(10) Glycyl-L-Tryptophane

(11) Glycyl-L-Tyrosine

(12) Glycylvaline

(13) L-Leucyl-L-Tyrosine

(14) DL-Leucylglycine

(1L6) DL-Leucylglycylglycine
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In conclusimnit can be stated that by applying the
knowledge which has accumulated from the nutritional studies
of the lancefield Group A streptococci, it is now possible to
culture these organisms on a medium whose composition 1is
almost entirely defined., This should greatly facilitate the
isolation of the biolobgically active nephrotoxin in the culture
filtrates of certain Group A streptococci, in a state approach-
ing purity, and in sufficient yield to permit chemical studies.,
However, the mere fact that a toxigenic bacterial species can
grow under a particular set of conditions, gives no assurance
that it will produce toxin under the same set of circumstances.
In fact, there does not seem to be any way of predicting
whether the formation of a particular toxin will occur automat-

ically as a consequence of growth.
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Experimental Strain:

The organism used in this study (strain #35) was
kindly supplied by Dr. R.W. Reed of the Department of Bacter-
iology and immunology of McGill University. It belongs to
Lancefield's Group A and is a Griffith's Type 12 beta hemolytic
streptococcus, isolated during an outbreak of acute nephritis in
a rural area of Nova Scotia between October 1951 and January
19562, The extremely high carrier rate of this single Griffith's
Type amongst a group of children showing 33 per cent incidence of
acute nephritis, was considered by Reed (1953) as being highly
suggestive of the origin of the outbreask, because of this find-
ing and since optimum yieldsof the nephritogenic substance were
desired, this organism was employed for the present study.

The strain was received in the lyophilized state and
was resuspended in b ml. of sterile "Pneumo-Broth"™ (see Appendix
I Part A (1) from which a second tube containing 10 ml, of this
broth and a blood-agar plate were inoculated; these were incubated
at 37°C., for 24 hours. After this period the surface of the
blood-agar plate revesaled a pure culture, the colonies of which
were in the smooth phase and wers surrounded by a zone of
hemolysis typical of beta-hemolytic streptococeci. Mieroscopic
examination of the organisms grown in "Pneumo-Broth", showed
Gram-positive cocci in chains numbering on the average from five
to sixX organisms,

A stock culture of this strain was maintained on sa
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blood-agar plate. Once a week it was subcultured onto a fresh
blood-plate and following 24 hours incubation was stored in the
refrigerator at 5°C.

1. The Comparison of Two Methods Available for ikstimating the

Relative Number of Organiams in a Hacterial Population,

Introduction:

Since this study invelves the comparison of various
media with respect to their growth supporting abilities a
method of estimating the number of organisms obtained in such
media was required,

Several methods of estimating the number of organisms
in any bacterial population exist. ‘'iwo of these are:
(A) Plate Count Method which provides an approximation of the
number of living organisms in a bacterial culture at any one time.
(B) Measurement of “%he density of a culture as an estimation of
the total amount of bacterial growth from the time of inoculetion.

Materials and methods:

(A) Plate Count Method:

From the stock blood-agar plate, 10 ml. of "Pneumo-
Broth" was inoculated with the Type 12 organism and incubated
for six hours at 37°C,, after which a microscopic examination
of the cul ture was made to verify its purity. To 8 ml. of
sterile "Pneumo-Broth" 2 ml. of this six hour culture was added.
At the same time a blood-agar plate was inoculated with 2 drops

of this same culture. Bobh broth and plate were incubated at
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37°C., for 18 hours. At the end of this time the plate was examined
for contaminating colonies. Three sterile glass beads were added
to the broth culture which was then shaken for one minute in
order to disrupt the clumps of organisms and thus render the sus-
pension homogeneous. Halving dilutions ranging from 1: 40,000 to
1: 1,280,000 of the shaken contents of the tube were made in 10 ml,
volumes in "Pheumo-Broth". These particular dilutions were
employed on the basis of a preliminary testing which indicated
that such a dilution range would provide the number of organisms
most easily counted on a blood-agar plate.

Sterile dropping pipettes calibrated to deliver
0.01256 ml. per drop were used, one per dilution. Eaeh of the
six blood-agar plates which had previously been incubated at
37°c., for three hours, with the 1id removed slightly in order
to remove excess moisture, was inoculated with four drops from
one of the six dilutions prepared as above. The drops were
spaced on the plates equidistant from each other and from the
centre. The plates were rotated gently to ensure the spreading
of each drop over approximately one-qugarter of the surface ares,
thus encouraging the appearance of isolated colonies, but at the
seme time meintaining the boundary between drops. All plates
were incubated for 24 hours at 37°C., after which the number of
colonies per drop was counted with the aid of a magnifying glass.
Results:

These are presented in Table 13.
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TABLE 13
Dilution Average No, Average No. X Per Cent
Colonises per Colonies per Cumulative
Drop Drop Expected Error Dev,
1
40,000 35.2 - -
1
80,000 16.6 17.10 - 2,90
1
160,000 1z2.1 8.5b +41.0
1
320,000 3.1 4,27 -27.0
1
640,000 1.2 2.03 «39.0
1
1,280,000 0.5 1,01 -50.0

X This figure was derived in the following way:

The difference between the expected and actual number of colonies
obtained was divided by the expected number of colonies and mult-
iplied by 100.

For example in the 1: 80,000 dilutibn the following calculation
was made.

17.10-16.6 x 100 = +2,90 per cent.
17.10
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Conclusions:

The Plate Count method of determing the number of live
bacteria.. in a Type 12 population was proven to be statistically
inaccurate., When dealing with the lower dilutions, and thus
with a larger number of organisms, the theoretical and actual
values fall within a much closer range. However, &n the case
of the higher dilutions, these two values vary over such a wide
range, that the large "Per Cent Cumulative Error Deviation™
which results indicates that this is a somewhat inaccurate
method of determining the relative number of liviang organisms
in a population of the test organism.

(B) - Density of a popuwlation as measured in the Evelyn Photo-

electric Colorimeter., (See appendix II Part B)

Materials and Methods:

From the stock blood-agar plate, 10 ml. of "Pneumo-
Broth" was inoculated with the Type 12 organism and incubated for
six hours at 37°C, At the end of this time the growth was exam-
ined microscopically for purity of the culture. Two ml, of this
actively growing six hour culture was then placed in a flask
containing 40 ml., "Pneumo-Broth" which had previously been
rendered sterile and free from any solid material by passage
through a number 5 membrane filter pad, Y¥See appendix II Part C).
The flask also contained 7 sterile glass beads and was fitted
with a rubber stopper. It was incubated at 37°C, for 18 hours.,

A blood-agar plate was also inoculated with a drop of the six
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hour culture and following incubation for 24 hours at 37°C., it
was examined for contaminating colonies. After 18 hours incubat-
ion the tightly stoppered flask was shaken for one minute in order
to break up the chains of bacteria and thus resuspend the sediment
which had accumulated at the bottom of the flask during incubation.
The shaken contents of the flask were then diluted with membrane-
filtered "Pneumo-Broth™ to provide finsl dilutions of 80, 60, 40
and 20 per cent of the bacterial culture. Ten ml, quantities of
the undiluted bacterial culture and the above mentioned dilutions
were placed in separate chemically-clean Evelyn absorption tubes
which belonged to one standardizesd set. <These tubes had been
standardized with distilled water to an accuracy of plus or minus
one galvanometer snit.

After the Hvelyn Colorimeter had been turned on for
ten minutes, so that "drift" would be minimized, a preliminary
trial was made using a number 660wm filter and 10ml. undiluted
broth, This filter provided a good range of deflection over the
galvanometer scale and was used throughout this study. Before
each reading was attempted, the tubes containing the bacterial
samples were thoroughly twirled in order to suspend the bacteria
evenly. Before &and after the observations from each sample, the
galvanometer was adjusted to 100 per cent transmission of 1light
with a control tube containing broth alone. Measurements were
made with the source of light set at normal operating intensity.
Triplicate readings were made with each sample, and the amount

of deflection of light trensmission was recorded to the nearest
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quarter of the galvanometer scale unit, The galvanometer readings
were expressed in terms of optical density (0.,D.=2-log"g" where

galvanometer reading is "G").

Results:
These are reported in Table 14.
TABLE 14

TUBE  culture Optical Expected Per Cent
NO. Per Cent Density Optical Cumulative

Conc, Density Error Dev,
1 100 0.5086 - -
2 80 0.4260 0.4069 4.6
3 60 0.3233 0.3151 5.9
4 40 0.2111 0.20356 1.1
5 20 0.1081 0.1017 3¢3
Conclusions:

The figures in column "Per Cent Cumulative srror bDeviat-
ion", were derived in the same manner as described in Part (A) of
this experiment. They represent the following sources of error:
1l - The human factor error involved with dilution of samples, Tre-
suspension of organisms and the recording of the results.

2 - The error to be expected when dealing with an orgenism which
grows in chains,
3 - The error inherent in the galvanometer itself.

From the data obtained it seems that several of these

errors may cancel each other in a test such as this.

The greatest error obtained was that of 5.9 per cent from




-51-

the expected value, and a comblned error of 7.0 per cent between
any two values. The average error of deviation from the expected
values for all the results measuring the bacterisl turbidity, was
3.7 per cent.
Summary :

It thus appears that the relative number of organisms
in various bacterial populations may be estimated rapidly and
with a reasonable degree of accuracy by using the Evelyn

Photoelectric Colorimeter.,
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2, A - Preparation of a Standard inoculum.

A standard method was adopted for the preparation of
all inocula used in this study. Its accuracy has been evaluated
in an experiment which will be described later.

A single colony from the stock blood-agar plate was
used to inoculate another such plate on which the inoculum was
spread thoroughly to ensure the appearance of isolated colonies.
the plate was incubated at 37°C., for 24 hours., At the end of this
period a standard wire loop was used to transfer six colonies from
this plate into a five ml. volume of "Pneumo-Broth", which in turn
was incubeted at 37° . for six hours. rollowing incubation, the
organisms were washed three times in triple-distilled water to
ensure their freedom from substances present in the growth medium.
This process was carried out as follows: '‘[he cells were centrif-
uged at 3,000 H.P.M, for 15 minutes, the supernatant fluid was
removed and replaced by 10 ml. triple~-distilled water along with
three sterile glass beads. The contents of the tube were shaken
in order to dislodge the sediment which appeared as a result of
centrifugation., ‘this procedure ensured a thorough washing, and
was repeated three times, <the finel 10 ml., suspension was used
as the source of the inoculum. rhroughout this investigation
0.1 ml, of such a suspension was used to inoculate the test tubes.

In all cases the inoculum was checked microscopically
for purity of the culture prior to inoculation of the test media,

and at the time of their inoculation, a blood-agar plate was
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spread with a drop of the suspension and incubated at 37°C. At
the end of 24 hours, the plate was examined for the presence of
contaminating colonies.

2, B - An mvaluation of the uonstancy of the Standard Inoachlum.

Introduction:

Since this study involved to a considerable extent the
comparison of the amount of growth obtained in various media at
different times, it was requisite that the inocula remain as
constant as possible, This experiment was carried odt, therefore,
in order to determine the differences in the number of organisms
obtained in several suspensions prepared simultaneously according
to the standard method described previously.

Materials and Methods:

Ten individual inocula were prepared according to the
previously described method, and each was then transferred to a
cheﬁically-clean absorption tube., using a control tube consist-
ing of 10 ml, distilled water, the amount of transmission was
recorded to the nearest quarter of the galvanometer scale unitras
a per cent, using the Evelyn Colorimeter in the manner described
in Experiment 1.

Results:

These are presented in Table 1b.




-54-
TABLE 15

Suspension No. Per Cent Light
Transmission

(control) 100.00
86 .00
81 .00
8l1.25

1

2

3

4

b 81.50

6 82,560

7 83.75

8 8l.2b

9 82,756
10 84.00

11 83,00

Mean per cent light transmission - 82.65 per cent
Mean per cent deviation : 1,165 per cent

Conclus ions:

It appears from this experiment that the standard
method described for the preparation of the inocula, produces
relatively constant results with respect to the number of organisms
obtained. The results of the experiments to follow can therefore

be regarded to some extent on a comparative basis,
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3., - A Comparison Between Variously Supplemented Basal Media

With Respect to Their Growth Supporting Abilities for the

Test Organism ..

Introduction:

Since one purpose of this study was to devise a medium
as chemically-defined as would support a luxuriant growth of the
experimental strain, the first step in this endeavour consisted
of the development of a suitable basal medium,

The choice of a basal medium is governed generally by
the foliowing factors.

l - The medium provided it has been adequately supplemented,
should be able to support growth of the test organism within

a reasonable interval following inoculation,

2 - The medium should allow the development of organisms whose
morophology is typical for the strain.

S - The mediwn should be one that can be easily prepared,

The following were used as sources of basal media and
were tested on a comparative basis with respect to the above
requirements.

Materials and methods:

Medium I after Slade, knox and Slamp (1951)

Medium II after Slade and Slamp (1955)

Medium III after Pappenheimer and Hottle (1940)
Medium IV after Difco-Amino Acid Assay Medium (1953)
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The four above mentioned basal media wers devised by

including in each only those listed substances which were chem-

ically defined, any complex organic material being omitted in

each case,

The individual constituents which were common to all

four of these media were used in the same concentration through-

out, so as to maintain the quantitative aspect of the comparison

as constant as possible,.

TABLE 16

Such substances are noted in Table 1l6.

P

Substance Concentration in  Substance Concentration in
mg. per 100 ml. mg, per 100 ml.
DL-Alanine 40  L-Tyrosine 40
[L-Arginine-HC1 40 DL-Valine LO
F—Cys tine 20 Glutamine 10
Glycine L0 Adenine Sulphate 1.5
L-Histidine 20 Uracil 1.0
L-Isoleucine L0 Glucose 1000
L-Leucine 40 XThiamine-HC1 1
ELLysine-HCl 40 *Ca Pantothenate .1
DL-lfethionine 20 *Riboflavin .1
DL-Phenylalanine 30 MWicotinic acid o1
L~-Proline 20 Mono-potassium Phosphate 54
[DL-Serine L0 Magnesium Sulphate 5
DL-Threonine 40 Ferrous Sulphate 5
DL~-Tryptophane 40
—————

% These substances werc added in the liguid state from stock solutions. All

others were used in dry form.
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In several cases the optical isomer of an amino acid
used in this experiment was not that which the author originally
suggested. Hdwever. it was thought impractical to satisfy this
need in every case since conflicting requirements in this res-
pect have been noted,

In addition to the ingredients present in all four
media (Table 16), other substances were incorporated into them
in various combinations, according to the requirements listed in

the reference to each, Table 17, lists these additions.




TABLE 1
Medium I Medium II Medium III Medium IV Conc. in mg/100ml.
L-Glutamic L~Glutamic 20
DL~Aspartic ~ DL-Agpart.ic 20
Asparagine Asparagine Asparagine , 80
Guanine-HC1 Guanine-HCl 1
ianthine | Xanthine _ 2
XPyridoxine-HC1 ' : o2
XpyridoxaldfiCl Pyridoxal-HCL Pyridoxal-HC1 02
*pyridoxamine-HC1 .2
itamin By, .0002
*Biotin | Biotin Biotin .01
Folic Acid Folic Acid 2
Inositol ‘ 2
Xp-Aminobenzoic  p-Aminobenzoic 02
acid ‘ acid
Choline Chloride _« | .5
Ascorbic Acid Ascorbic Acid 10
Sodium Ethyl - ' 50
Oxalacetate ‘
Sodium Fumarate ( | ' | 50
Sodium Acetate 4000
Ammonium Chloride 600
Dipotassium 1200
phosphate
Disodium Phos- Disodium Phos- Disodium Phos- . 670
phate phate phate '
Xanganese Sul~ Manganese Sul- 25
phate phate
XManganese Manganese | 25
Chloride Chloride
*zinc Sulphate Zinc Sulphate Zinc Sulphate | " .10
*Copper Sul- | | W01
phate
Sodium Bicar- ' 50
bonate :
Calcium ( 2
Chloride

XGlutsthione _ o2

Sodium Chloride IN
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All substances were added in dry state with the except-
ion of those noted by X, These were added in liquid form from
stock solutions. A sufficient volume of triple distilled water
was added to the four flasks so that the final volume in each was
100 ml, The flasks were warmed gently and shaken until all subst-
ances had dissolved; Medium Number II remained cloudy throughout
the experimental period, probably due to the insolubility of the
sodium fumarate and sodium exaloacetats.

The hydrogen ion concentration of each flask was
adjusted to epproximately pH 7.6 with N NaOH, using the Beckman
pH Meter (See Appendix II, Part D).

Bach of the basal media was then dispensed in six
chemically-clean absorption tubes, The three tubes to serve as
controls always received 10 ml., sach, and the three to be
inoculated 9,9 ml. each.

A1l tubes were steamed at 100°C. for one hour on three
consecutive days, in between and following which they were refrig-
erated at 5°C., in the dark. This treatment is in general use for
sterilizing broth which is to be used for supporting an abundant
growth of the Group A streptococci. It appears therefore, that
the foregoing procedure does little to harm or destroy any essent-
ial component of the medium; it was thus adopted for preliminary
use in this study until such time that a growth-stimulating
medium was established, whence the various methods of rendering

it sterile were evaluated.
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It is a generally accepted fact that the Lancefield
Group A streptococcl require the incorporation of a peptide or
a peptide containing substance into a medium before they will
mul tiply. Up to the present time all attempts to cultivate the
Group A streptococcl on a completely synthetic medium have been
unsuccessful. In view of the recent report of Slade and Slamp
(1955), ovalbumin seemed the most defined form of the growth-
stimulating supplement requiredby these organisms. Crystalline
bovine serum slbumin Fraction V being available, it too was
assayed for its growth promoting ability. Although these same
authors reported that this substance produced only 20 per cent
of the response obtained with ovalbumin, in the presence'of
their basal medium, it was hoped that in the presence of basal
medium other then Number II, this substance might promote an
increased response of the organisms,

Accordingly the six tubes of each basal medium were
divided into three sets of two tubes each; one tube in each set
to be inoculated, and one to be used as an uninoculated control.
The tuhes in each set were supplemenﬁed as follows:

Set 1 - Each tube received ovelbumin in a concentration of 0.1l5
per cent (W/V).

Set 2 - Hach tube received Fraction V in a concentration of 0.15
per cent (W/V).

Set 3 - Neither tube received supplementation,

All tubes were steamed at 100°C. for 10 minutes, This




procedure was reported by Slade and Slamp (1955) to be essential
for the activation of the ovalbumin and Fraction V.

The inoculum of strain #35 was prepared according to
the standard method except that the final suspension consisted
of a 5 ml, volume instead of 10 ml, The tube in each set
containing 9,9 ml, of medium received .1 ml, of this suspension.

All tubes were incubated at 37°C, After 18, 24, and
40 hours incubation, the amount of growth in the inoculated
tubes was measured in the Evelyn Colorimeter in the manner
described previously.

Results:

The results are presented in Table 18.

Gram-stained preparations from all inoculated tubes
were made at the termination of incubation. The organisms
obtained from Media I and IV appeared to be swollen and the
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