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INTRODUCTION 

That all elements which are part or 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 tor the building of cella, differa 

widely for various organisms. Simple non-pathogens can obtain 

all the nitrogenous compounds they require by synthesis from 

ammonia. The increasing complexity of nutrient requiraments 

often associated with increasing pathogenicity, calls for the 

prcwision ot 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 essentiel nutrient for that organism. It occurs not 
~ 

intrequently that the deve~opment of an organism, while not 

strictly dependent upon the availability of sorne 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 ~ancefield Group A beta heruolytic stre1tococci 

are parasitic, highly pathogenic, and among the most complex 

species of heterotrophic· bacterie with respect tot heir nutritional 

requirements. Parasitisra, in general terms according to Fildes, 

(1934) is a result of a loss by organisms, of enzymes necessary 
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to synthesize cell materiel. VJhen this occurs, t.hese same 

organisms are no longer capable of growth in simple synthetio 

media, but require as well, several compounds supplied by the 

activity of other organisme for use as structural units, or 

for metabolio 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 

mi~tures 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 any 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 the,y 

either a source of nitrogen or some particular grouping round 

to play a part in supporting growth, by the addition of a growth 

stimulating complex to an otherwise deficient medium, This 

addendum could then be fractioned until its affect could be 

ettributed 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 physiological mixtures which 

are known to induoe growth. Once any growth st~ulating subst­

ance has been identified, it oan be determined whether it ects 

es a building stone in supplying some necessary grouping in the 
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synthesis of either the bacterical cell par se or one of its 

by-products, or whether it s~ply initiates or accelerates 

some vital prooess. This information is of utmost importance 

when it is desired to oharaoterize any substance elaborated by 

an organism (Bernheimer and Rodbart, 1948). 

From the time pathogenic organisms were isolated in 

medical baoteriology by Loeffler in 1881, with the objeot of 

establishing their relationship to disease, proteine, peptones, 

meat extraots, and the like were used to enrioh the culture 

media without any attention being paid to the specifia growtb 

requiramentsof the organisms in question (Stephenson, 1948). 

The advantages of a obemically-defined synthetio 

medium for bioohamioal. study were appreoiated early in the 

history of baoteriology. With a medium, the ohemioal composit­

ion of whioh is known, there is a muoh greater possibility of 

determining by exact study, the ohemioal nature of the produots 

elaborated as a consequence of baoterial growth. This was an 

impossibility in a medium whioh oontained complex undefined 

organio substances. 
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HISTORICAL REVIEW 

B.y 1918, many synthetic media had been devised, most 

of tham containing severa! inorganic salta, and having glucose 

or glycerol as the source of carbon, and organic ammonium sa1ts, 

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 organisme of the pathogenic class did not 

find proper nutriment in such 

Rettger, 1918). 

simple media (Robinson and 

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 as a source of the unknown growth requirements. It was 

not until all auch substances were identified and available in 

pure form, that the extracts could be eliminated and the nitrogen 

requirements of these organisme be worked out in more exact terme. 

The first study of the nitrogen requirements of 

pathogens was reported in 1911 by Bainbridge, who pointed out 

that certain bacterie required the presence of proteine as such, 

as well as inorganic salts and glucose in the culture medium. 

In agreement with this, was a beliet 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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proteine 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 round 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 hamolytic streptococci for a non­

protein substance, and further pointed out the ability of these 

organisme to utilize a nitrogen source midway in complexity 

between the intact protein and inorganic nitrogen. 

The possible presence in organic complexes ot unknown 

substances, quite apart from nitrogenous materiel, and thought 

to be ot biological importance in nutrition, was also a suggest­

ion ot other early investigators. 

Freedman and Funk in 1922 (b) stated that cases in 

wbich it bad 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 constituants or as adhering impurities. 

Muell er in 1920, reported th at wh ile a peptone tree 

beet heart infusion broth would support an abundant growth ot 

hemolytic streptococc1, short boiling with charcoal ramoved 

this property entirely. The addition of commercial peptone, 

or of a sulphuric aoid hydrolyzate ot certain proteine, 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 (1922 (a)) 

concluded that two clases of organic compounds in addition to 

carbohydrates were required for the growth of Group A streptoeocei; 

the first was supplied by protein degradation products, like 

oasein 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 or each. 'l'he active non prote in materiel in peptones, 

protein-hydrolyzates and meat extracts, was precipitated b) 

means of mercurio sulphate. This precipitate was further 

subdivided into two fuactions, active only when mixed together, 

by treatment with silver sulphate and baryta (Ba(OH) 2). The 

ailver sulphate precipitate contained histidine in addition 

to the active substance. 'l'his fraction escaped precipitation 

by phosphotungstic acid under certain conditions, but was 

readily destroyed by this reagent. The silver sulphate filtr-

ate was not precipitated by phosphotungstic acid, and oontained 

a considerable quantity or a sulphur containing am~no acid. 

Using the same Group A hamolytic streptococcus as 
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did Mue11er, Freedman and Funk (1922 (a)), attampted to shed 

more 1ight on the identity of the substances growth-promoting 

tor 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 hsnolytic 

streptococci. These active substances could be extracted from 

their natura1 sources by shaking with certain atlsorbents, auch 

as ful1er's earth and norite charcoal, and could be recovered 

by extracting the adsorbants with baryta, (Ba(OH2l• The prop­

erties of these substances showed them to be of a vitamin-1ike 

nature; they were s~i1ar to if not identica1 with the vitamin 

D described by Funk and Dubin in 1920. They reported as well, 

the presence in beer heart infusion of another substance which 

was necessary for the growth of hammlytic bacteria, and this 

substance was thought to be associated with hemoglobin. 

Hosoya and Kuroya in 1923, obtained similar resulta. 

They reported that Group A streptococci required something 

accompanying vitamin Bl in an alcoho1ic extract of rice bran. 

According to Hutner (1938), this factor was stable to heat 

and aoid, destroyed by drastic alkali treatment, afisorbed by 

fuller's earth, and precipitated by phosphotungstic acid. 

The relationship between the growth-stimulating 

substances which are aâsorbed to protein, and vitamin D, were 

studied by Freedman and Funk, (1922 (b)). From hydrolyzates 

ot what they ter.med purified casein, and commercial gelatin, 
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they obtained certain substances which showed a marked growth 

stimQlating activity for hemolytic streptococci grown in beef­

heart infQsion previoQsly treated with norite charcoal. 

Hydrolyzed pQrified egg albQillin and lactalbumin showed only 

traces of such activity, whereas similar preparations of 

several ether 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 pQrification. The properties of these 

SQbstances 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 H. 

In this connection Funk and Dubin in 1921, reported 

that both vitamin B and D were removed from autolyzed yeast by 

full er' s earth. 

In 1938 Hane and subbarrow reported that their attempts 

to substituts a relatively simple chemically defined medium for 

the usuel complex mediQill i~ the cultivation of hemolytic strepto­

cocci, indicated the need for essentiel 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 

Thioohrome 

Flavin 

Niootinio aoid 

Betaine 

Gluoosamine 

+ 

( 
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TABLE 1 

Glucose 

Inorganio salta 

Gelatin hydrolyzate 

Tyrosine 

Cystine 

Glutamio aoid 

Tryptophane 

:Methionine 

Valine 

+ 
either ) Aqueous liver extraot 

Ca alooholic precipitate ot liver 

Ur a cil 

Guanylio acid 

Xanthine 

Hypoxanthine 

Niootinamide 

Unidentitied liver fraction 
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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 undeter.mined. 

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

itate 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 siroilarities 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 

am.ount of growth obtained with a purified preparation or 

pantothenic acid was equal to that obtained using the calcium 

alcoholic precipitate of liver extract. 

In 1939 (a), Mcilwain, Fildes, Gladstone, and Knight, 

reported that in the course of analyzing the nutrient requirements 

of a Group A hemolytic streptococcus it was found that growtb 

did not take 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 salta 

Peptone 

Cystine 

Alanine 

Thiamine 

Pimelic Acid 

Nicotinam.ide 

Ribof'lavin 

Uracil 

Cytosine 

Thymine 

Guanine 

+ 

Meat extract ~· either ~ Glutamine 

Good growtb was then obtained in some 16 hours, whereas in 

the culture without meat extract, no growth was visible 

during a period or ~ days. In order to elucidate the active 

principle in meat, these workers chemically fractionated 

f'resh horsemeat, - first extracting it with sodium sulphate, 

and then precipitating it with mercuric acetate in neutra! 

60 per cent alcoholic solution. The mercury-precipitated mat­

eriel was tben 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 materiel 

in the meat extract may have been glutathione was considered, 

in view of the report of rtane and Subbarrow in 1938. However, 

owing to the fact that its properties were dissimiler to those 

of glutethione, and in the absence of demonstrable sulfhydryl 

groups, this idee was abandoned. Since it occasionally happens 

that an increase in the concentration of particular amine acids 

might have a critical affect upon growth, an experiment was 

carried out in which increased amounts of the constituent amino 

acids of glutathione- that is glycine, glutamic acid and 

cystine, were added seperately to an otherwise complete medium. 

Unlike glycine and cystine, a high concentration of synthetic 

glutamic acid was capable of inducing growtb, comparable in 

rapidity and mess 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 in the meat extract. That glutamic acid may have been 

specifically associated with the active substance, in the sense 

that the organism could synthesize this substance itself, in the 

presence of a high concentration of glutanic acid, was a 

possibility whicb 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, amone 

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), Mollwain 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 

bydrolyzed casein, was probably pantothenic acid; and in tact, 

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 Weismann in 1939 demonstrated that acid 

hydrolysis of pantothenic aoid which occurred when impure 

cesein was treated with acid, resulted in a split of the amide 

linkage, 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 Mcllwain (1939 (b)) this could be compared witb the 

limited ability of these seme organisms to utilize glutamic 
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acid in place of glutamine, although they obviously form the amide 

linkages 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 

amine 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. Ir, 

however, this medium was treated with alkali, its ability to 

support growth was destroyed. This ability was 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. 

Glucose 

Inorganic 

Tryptone 

TABLE 3 

After alkali treatment required 

Riboflavin 

Pantothenic acid 

Cozymase (DPN) 

Sodium sulphide 

Reduced iron 

The two latter substances acted as a reducing system. In tact no 

reducing substance was found to be specifie; vitamin C, glutath-

ione, and thioglycollic acid were equally effective. These 

resulta were in harmony with an bypothesis which was put forward 
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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 round in Table 4, 

to study the growth requirements or the Group A streptococci. 

This medium alone was insufficient to support growth. Nor did 

the addition of a sm.all am.ount of arginine to the medium have 

any stimulatory eftect. 

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 amine acids 

listed in •rable 4A, growth was not supported. 
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TABLE 4 

Hydrolyzed casein 

Glucose 

Inorganic salts 

Alanine 

Methionine 

Cysti.''le 

Cysteine 

Glutamine 

Aneurin (Thiamine) 

Nicotinami.de 

Riboflavin 

Pimelic acid 

Uracil 

Thymine 

Guanine 
+ 

either 
~ ~ 

Yeast extract Pure pantothenic acid 

TABLE 4A 

Replaced by 

Aepartic acid 

Valine 

Leucine 

Alanine 

Glutamic acid 

Isoleucine 

Phenylalanine 

Lysine 

Glycine 

Praline 

Hydroxyproline 

Tyrosine 

Arginine 

Histidine 

Hydrolyzed egg albumin 
+ 

either 
IL~ 

Vitamin B
6 

Filtrate from a 

lead-mercury 

precipitate of 

yeast extract. 
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Even upon further addition of hydrolyzed egg album.in, little 

or no growth tollowed. However, when a filtrate from a lead­

mercury precipitate of a hot extract of yeast was added, growth 

occurred. Mcllwain then attempted to isolate and identity the 

substance required for growth of the Group A streptococci 

present in the hot extract of yeast. This substance was found 

to be adsorbed on norite charcoal, and when its properties had 

been investigated a parallelism was :f'ound between this factor 

and vitamin B6 and actually vitamin B6 could replace this yeast 

extract. Shortly a:f'ter this discovery vitamin B6 was described 

as a growth factor for streptococci by Hutchings and Woolley 

(1939). In the presence of vitamin B6 , substances such as 

serine, threonine, betaine, glucosamine, and inositol, appeared 

only to increase growth, they themselves having no e:f'fect in the 

absence of it. Urea, guanidine and creatine were without effect 

in the medium used in this experiment. l'<icllwain (1940), further 

stated that when using a medium which contained an impure prep­

aration auch as hydrolyzed egg album.in or casein hydrolyzate, 

it was not possible to obtain resulta 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, MCilwain 

pointed out several tacts of importance concerning the 
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nutr1t1onal requirements of the Group A streptococc1. 

(l) He stated that the effect of certain substances required 

for growth of the Group A streptococci, such as vitamin B6 

and pantothenic acid, ramained equally important in the pres­

ence of excess of ether growth requirements of the organisme, 

and could be replaced, if at all, by compounds very closely 

related in chamical structure. This was not true of subst­

ances such as glutathione, for exemple, whose effect could 

be reproduced by vitamin c. Still ether compounds such as 

glucosamine, inositol, and certain amino acids, represented 

a type of substance whose individuel effect in a medium was 

only definitely seen in the presence of suboptimal amounts 

of ether factors, in this case vitamin B6• Mcllwain 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 dependance upon a materiel, to 

complete indifference to another. Also, conditions of growth 

could change the effect of a given compound from one class to 

another. For exemple, the requirement of the Group A 

streptococci tor glutamine was round 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

icient to allow growth, glutamic acid which was nor.mally in­

active, appeared to act as a growth factor. 
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(2) The lack of growth of a Group A 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 acids was used, growth may have occurred in the abs­

ence of this same amino acid, - the implication being, that 

such a substance although not essentiel, 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 

acids, 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 deys. ~ncreased 

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-acetate, 

mercapto-succinate, and homocysteine, were found equally 

effective in replacing glutathione, the requirement for which 

obviously being of a non specifie 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 the.y 

obtained a luxuriant growth of a Group A streptococcus, on a 

medium which consisted of inorganic sàlts, glucose, a hydrolyzed 
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gelatin preparation, and the factors listed in Table 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 

002 atmosphere air 

Thioglycollic acid 

Glutathione 

Thiamine 

Nicotinic acid 

Pantothenic acid 

Riboflav1n 

Vitamin B6 

Biot in 

Uracil, while not essentiel, appeared to increase 

growth slightly. ln the complete medium the limiting factor 

seemed 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 resulta of other workers. The necess­

ity for glutamine confirmed the work of Moilwain. In agreement 

with hi.m. as wall, was the finding that glutathione was not 

essentiel, for in this study a relatively high concentration 

of thioglycollic acid in the medium had the same effeot. The 

finding with respect to vitamin B6 , that is, its requirament, 

also seem.ed to contirm the work of Mcllwain. Thiamine was not 

previously reported as being essentiel for the goowth ot Group 

A streptococci. Although impure biotin was used, it see.m.ed 

probable that it was neoessary for growth. Subsequently a 

definite requirement of the Group A streptooocoi for pure 

biotin was reported by Hottle and co-workers (1941). 

It was further suggested by Pappenhei.m.er et al. 

(1940) that another essentiel factor or factors .may have been 

present as i.m.purities in the gelatin or in the glutamine, both 

of which were obtained from naturel sourves. This seemed 

unlikely in view of the luxuriant growth obtained, nevertheless, 

the possibility could not be overlooked. The requirement for 

adenine or related campounds by this strain was of interest. 

If the purine was omitted from the complete medium, no growth 

ooourred within 40 hours. However, addition of adenine per.mitt­

ed growth to ocour. Adenine was replacable by adenosine, or 

adenylio acid, by guanine, guanosine, or guanylio acid, and by 
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xanthine or hypoxanthine. It could not be replaced by urie 

acid or by the pyrimidines such as uracil or cytosine. Another 

interesting fact was that in the presence of 6 per cent 002 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 002 was made in detail. It was 

noted that (1) maximal growth when adenylic acid was present 

occurred within 20 hours, provided the oo2 tension was 4mm. or 

greater; (2) no significant growth occurned even after 40 hours 

incubation in the absence of adenylic acid when the oo2 tension 

was below 2mm; (3) even when the 002 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 oo2 in the absence of a purine. However, in 

the presence of both adenylic acid and b~carbonate, any slight 

growth of the organisme liberated sufficient 002 through action 

of the acid produced, to accelerate growth. This report of the 

accelerating affect of oo2 was in har.mony with those of other 

workers, and indeed Mcilwain grew his cultures in 6 par cent 

002• Whether 002 was necessary for purine synthesis or whether 

the purines play a role in the production of oo2 by the organisms, 

could not be concluded from these experimenta. 

In 1941, Bass, Berkman, and Saunders, studied the 
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nutritional requiremants of the Group A streptococci. These 

workers used the basal medium listed in Table 6. 

TABLE 6 

Hydrolyzed Eastman gelatin 

Cystine 

Methionine 

Tyrosine 

Phenylalanine 

Lysine 

Histidine 

Threonine 

Tryptophane 

Inorganic salts 

Nicotinic acid 

Alanine 

Han in 

Inositol 

Cocarbo:x.ylase 

Ribotlavin 

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. 



TABLE 6A 

Gl utaaine 

Ascorbic acid 

Pantothenic acid 

Vitamin B6 

Coenzyme I 

Ca tala se 

-24-

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 unknown factors necessary for the 

growth of these organisms. 

The need for pantothenic acid, glutamine and vitamin 

B6 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 being tested. 

An alcohol water extract of yeast was round 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 or 

the factors essentiel for the growth of certain hemolytic 

streptococci. They were able to cultivate organisms of 

Lancefield's Groups Band Don 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 salta 

Uydrolyzed casein 

Tryptophane 

Glutamine 

Riboflavin 

Vitamin B6 

Na pantothenate 

Thiamine 

Nicotinic acid 

Biot in 

Inositol 

Choline chloride 

:Pimelic acid 

Na thioglycollate 

Adenine 

Ur a cil 

Aqueous liver extract 

On the other hand organiams belonging to ~ancefield's 

Group A, fail ed to multiply on such a medium without the f urther 

addition of an unidentified growth-promoting substance. The 

tact that a deficiency of a known amino acid was not involved 

was shown by the fa il ure of an increased amount of casein hy­

drolyzate in the medium to stimulate growth. 'l'he unidentified 
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substance used in this experiment, occurred in liver as a 

water soluble, alcohol insoluble, non-dialyzable materia1. 

Its properties differed in many respects from thoee des­

cribed for other unidentified growth-promoting substances. 

Bernheimer and Pappenheimer in 1942, etudied the 

factors required for massive growth of several Group A strep­

tococci. They used the medium of Pappenheimer and Hott1e 

shown in Table 6, and included the following i~portant 

changes. 

1 - An increase in glucose concentrations of from 3 to 4 

percent, i.e. from 2.6 gm. per litre to 3 gm. per 

litre. 

2 • Frequent neutra1ization of the 1actic acid formed. 

In this connection Mueller and Kliee in 1932 

reported that glucose appeare4 to be essential in a medium 

used for the cultivation of hemolytic streptococcie 

Friedman in 1939, ehowed that hemolytic etreptocooci 

formed laotio aoid 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 organisme was made available· The amount of growth 

obtained was roughly proportional to the per cent concentrat­

ion (W/V) of sugar in the medium up to the point where suffic­

ient acid was produced to check the growth of the organisme. 

The presence of a buffer 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 organisBs (Mueller and Klise, 1932). 

The ether changes made by Bernheimer and Pappenheimer 

(1942} were: 

3 A reduction in the total salt concentration to a minimum. 

4 - An increase in the glutamine concentration from 50 - 200 mgm. 

per lit re. 

With these changes, growth equivalent to 250 mgm. 

streptococcal nitrogen per litre was obtained VIi th most Group A 

strains as compared to 20 - 30 mgm. streptococcal nitrogen per 

litre obtained previously. These so 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. Aside from differences in the concentration 

of the substances in the two media, the only materiel actually 

absent from vroolley's medium and 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, 

sinoe it supported a heavy growth of these organisms in an 

otherwise incomplete mediwn. The basal medium which he 

employed consisted of an acid hydrolyza te of casein, glucose 
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and inorganic salts, but it did not support grmvth. Any of 

the other substances listed ·in Table 8, added singly or in 

combination to the basal rüediuru, failed to initiate growth. 

TABLE 8 

Hydrolyzed casein 

Inorganic salts 

Glucose 

Nicotinic acid 

Thiamine 

Riboflavin 

Ascorbic ·acid 

.Alanine 

Thioglycollic acid 

p - Aminobenzoic acid 

Glutamine 

Adenine 

Ur a cil 

However, upon addition of a small amount of tomato juice (filtered, 

sterilized and neut r alized) to the basal medium, growth followed. 

He reported that the active fraction in th e tomato juice was 

sirnilar to the gro~nth-:promoting substance which Woolley round 

in an aqueous liver extract. 

In 1944, S:prince and 1Noolley re:ported 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 distinct from any of the known vitamins. This substance 

was found to be growth promoting for organisms other than the 

Group A streptococci. For exemple, c. diphtheria~,Lactobacillus 

arabinosus, the propionic acid bacterie, and in fact even 

organisme of Lancefield's Group 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 

streptococci. 

Woolley in 1946 (a), cœnmented on the general beliet 

that the nutritional or growth-promoting powers of proteins 

were reflected entirely by their content of the va~Aous 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 due to the presence in them of 

a specifie factor, which appeared to be correlated witb the 

occurrence of strepogenin. This substance had been round as 

an integral part of certain highly purified proteine, 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 aquired considerable evidence which ind­

icated 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 

aotivity. 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 p~tide-like nature of strepogenin, 

the active materiel in the partial hydrolyzate of proteins, 

liver extract, and tomate juice. Although several peptides of 

glutamic acid possessed strepogenin potency, seme speciticity 

of action in relation to structure could be discerned. Thus 

although glycylalanyl-glutamic acid was shown to possess 

true strepogenin activity, the addition of just one more amino 

acid residue to the chain as in glycylalanylleucyl-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 1955, 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 (NH2)• 

Indeed, there aeemed to be little justification, for stating 

that the only requirement for strepogenin activity was a peptide 

containing any one particular amino acid. 

Again in 1955, Woolley and co-workers enhanced the 

existing evidence indicating that the active materiel 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 

casai. Likewise, arginine-vasopressin also possessed considerable 

strepogenin activity. 

The free peptide derivative of oxytocin that is,the 

heptapeptide amide disulphide derivative whose fonnula 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 seme as oxytocin itself. However, 

it showed negligible avian-depresser and oxytocic activities. 

The authors did however, mention that before these resulta 

could be applied to the Group A hemolytic streptococci, further 

studies would have to be done, since it is known that this 

group has a more exacting strepogenin requirement than does 

L. casai. 

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 salta 

Casein hydrolyzate 

Cystine 

Tryptppbane 

Glutam.ine 

Asparagine 

Thioglyoollic acid 

Choline Chloride 

Biotln 

Niootinic acid 

Pyridoxine 

Ca Pantothenate 

Thiamine 

Riboflavin 



Continued Table 9 

Adenine sulphate 

Xanthine 

Uracil 
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If hJ~ever 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 herse serum was subst­

ituted for the rabbit serum. Other strains grew wall whichever 

serum was used. '.1.'hus approximately one third of the Group A 

streptococci required a factor in rabbit serum, which could 

not be supplied by herse serum. 'i.'his factor according to 'ülson 

(1945, b), could be replaced by yeast nucleic acid, and certain 

of its derivatives, such as xanthine, guanine, and hypoxanthine. 

Certain ether derivatives such as adenine and uracil were 

inactive. These nitrogenous bases were considered to serve 

as precursors of nucleic acids. In the organisms in which 

these bases were non-essentiel, vitamins were kno~n to play 

a part in their systhesis.(Snell 1951), Stephenson in 1948, 

reported that these bases were important growth stimulants for 

certain Group A streptococci, but added that they appeared 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 addèd that growth of a Group A strain was 

obtainabl e. 

TABLE 9A 

Glucose 

Inorganic sal ts 

Casein hydrolyzate 

Tryptophane 

Glutamine 

Thioglycollic acid 

Biot in 

Nicotinamide 

Pyridoxine 

Ca pantothenate 

Thiamine 

Folie acid 

They reported too that other strains of Group A 

streptooooci required an unknown growth factor or factors 

for growth. Neither Choline nor sodium linoleate had any 

stimulatory effeot. It should be noted that aocording to Slade 

(1954), no hemolytio streptococoi have been found whioh require 

p-aminobenzoio aoid. Nevertheless, folio acid whioh oontains 

this compound is required by certain members of Group A. It 

is probable that such strains are unable to incorporate 

p-aminobenzoio aoid into the folie aoid molecule (Snell, 1951). 
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S1ade and hnox in 1950, reported the construction of a 

socal1ed defined culture medium which enhanced the for.mation of 

strepto1ysin 0 by a Group A streptococcus. The medium deve1oped 

consisted of the substances listed in Table 10. 

TABLE 10 

Trypsin hydrolyzed casein 

Glucose 

Inorganic sal ts 

Nicotinic acid 

Pyridoxal 

Pyridoxine 

Thiamine 

Riboflavin 

P-Aminobenzoic Acid 

Biot in 

~·olic acid 

Asparagine 

Choline chloride 

Inosito1 

~uanine 

Xanthine 

Uracil 

They reported that the minimal vitamin requirements of 

the type 3 organism used in this study, were supplied by 

nicotinic acid, riboflavin and pantothenate. 'l'here was a 
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marked stimulation of lysin formation, however, in the presence 

of thiamine. .J.'his may have been due to a general improvement 

in the nutritional status of the cella, 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 form­

ation of streptolysin o. 

Todd in 1938, reported the presence of streptolysin 0, 

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 ether hand, reported that 

the formation of streptolysin 0, 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 tact 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 potentiel of a certain level. This 

possibility was supported by the fact that increasing quantities 

of the reducing agent beyond the optimal leval, caused a decrease 

in the amount of lysin formed, although a heavy growth of the 

organisms was obtained. Whether the enzymes required for lysin 

systhesis were elaborated during growth and remained inactive 
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in the absence of a reduoing agent, or whether these enzymes 

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

not deter~ined •. Slade and Knox, further etated that the 

possibility of cystine, glutathione, eulphite or thioglycollate 

eerving as a source of eulfhydryl groups for the protein of 

the lysin, was unlikely in view of the fact that asoorbic aoid 

oould serve equally well in this system. A threefold inorease 

in glucose concentration would not yield the proper potential 

for lysin formation. Cysteine hydroohloride wae the most 

active of all auch agents teeted and was required in a concentr­

~tion below that normally used when it was an eseential amino 

acid for a partioular organism. These resulte euggested that an 

optimum reduoing potential was required for maximum lysin 

production. In this connection, Bernheimer (1949), reported 

that 0.1 per cent cysteine abolished the inhibitory effeot of 

ehaking on the formation of streptolysin S by reeting celle. 

This may be another example of the requirement for reducing 

agents in lyein formation. 

Slade in 1951, reported that when the pancreatic digest 

of casein in the medium listed in Table 10, waa subetituted by 

a mixture of 19 amino aoids,many straine of Group~ atreptooooci 

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 caeein, 

and whose properties indioated the presence of complex peptides. 
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Aoid hydrolyeis of the mixture yielded approximately 10 

dialyzable and ninhydrin positive substances. 

Slade, Knox and S1amp, in 1951, investigated the amino 

aoid requiremente of a Group A etreptoooooue ueing the same 

basal medium as found in Table 10, w.Lth the addition of sodium 

ethyl oxaloaoetate, sodium fumarate, ascorbio aoid and vitamin 

B12• and again eliminating the oaeein hydrolyzate. They found 

the amino acide lieted in Table lOA to be eseential for growth 

under their experimental conditions. They pointed out that the 

amino acide required for growth of this Group A streptoooooue, 

depended oonsiderably upon the leval of biotin, folio aoid and 

vitamin B6 in the medium. 

TABLE lOA 

Arginine 

Cystine 

Glycine 

Histidine 

Ieoleuoine 

Leucine 

Lyeine 

Methionine 

Phenylalanine 

Proline 

Serine 

Threonine 

Tryptophane 

Tyrosine 

Valine 
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The amino acid requirements of this same organism were 

deter.mined also, in the presence of a growth promoting peœtide 

materiel, lprepared from hydrolyzed casein, by dialysis, freezing, 

and lyophil~zation). The presence of this substance in the 

medium did not eliminate the need for any of the essentiel amino 

acids listed above. These results indicated tbat the added 

peptide materiel 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 valine were not made avail­

able in a form which could be utilizijd by the organisllis for 

growth. (These two amino acids are known to be liberated upon 

acid bydrolysis of the peptide preparation). Also it seamed 

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 amœno 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, lg51) 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. ~his activity of glutathione 

indicated that the metabolism of cysteine occurs at least in 
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part by way or the tripeptide or a oommon intermediate, since 

glutathione was unable to replace glycine or glutamic acid. 

Ranes et al ( 1950) and Fruton ( 1950), have suggested that the 

synthesis or cell protein m~ take place with the participat­

ion of glutathione or other gamma glutamyl peptides. The nec­

essity of glutamine for the synthesis of such 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 shawn 

in Tab1e 11, reported that crystalline ovalbumin containing free 

sulfhydryl groups (SH) fulfilled the requiraments for growth of 

several Group A streptococci from amall inocula, in this ether­

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 

Alanine 

Cystine 

Glycine 

Histidine 

Isoleucine 

Leucine 

Lysine 

Methionine 



Continued Table 11 

Proline 

Serine 

Threonine 

Tryptophane 

Tryosine 

Valine 

Disodium Phosphate 

Monopotassium Phosphate 

Magnesium Sulphat e 

Ferrous Sulphate 

Manganese Chloride 

Zinc Sulphate 

Adenine 

Uracil 

Glutamine 

Nicotinic acid 

Pyridoxal 

Pantothenate 

Thiamine 

Riboflavin 
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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 whioh had 

been heated was removed by oxidation. Other purified proteins 

were tested in both the heated and unpeated states; crystalline 

preparations of pepsin, insulin, trypsin, chymotrypsin and ACTH, 

produced no significant growth response in the medium. Grystal1ine 

bovine serum a1bumin produced a 20 per cent response (as compared 

to ovalbumin), in 17 hours, which did not increase upon extended 

incubation. Crystalline vitamin B12 and coenzyme A were inactive. 

Neither was growth obtained in the presence of any of the follow-

ing crude peptides. 

(1) An~ erine 

(2) Carnosine 

( 3) Sa1mine 

( 4) DL-Alany1alanine 

(6) D~Alany1g1ycine 

(6) G1ycy1a1anine 

(7) G1ycy1g1ycine 

(8) Glycylg1ycy1glyoine 

(9) Glycy1-L-Leucine 

(10) G1ycy1-L-Tryptophane 

(11) G1ycyl-L-Tyrosine 

(12) G1ycy1va1ine 

'(13) L-Leuc~l-L-T,yrosine 

(14) DL-Leucy1g1ycine 

(16) DL-Leucy1g1ycylglycine 
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In conclusinnit 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 is 

almost entirely defined. This should greatly facilitate the 

isolation of the biolbgically 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. 



EX:PERIMENT.AL l?ROC EDURE 

AND RE3ULTS 
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Experimental Strain: 

The organism used in this study (strain #35) was 

kindly supplied by Dr. R.W. Reed of the DeparLnent of Bacter­

iology and ~unology of McGill University. It belongs to 

Lancefield' s Group A and is a Griffith' s Type 12 beta bemolytic 

streptococcus, isolated during an outbreak of acute nephritis in 

a rural area of Nova Scotia between October 1951 and January 

1952. 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 tl953) as being highly 

suggestive of the origin of the outbreak. ~ecause of this find­

ing and since optimum yields of the ne!Jhritogenic substance were 

desired, this organism was employed for the present study. 

The strain was received in the lyophilized state and 

was resuspended in 5 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°0. for 24 hours. After this period the surface of the 

blood-agar plate reveal ed a pure culture, the colonies of which 

were in the smooth phase and were surrounded by a zone of 

heillolysis typical of beta-hemolytic streptococci. :tviicroscopic 

exam.ination of the organis.u.;.s grown in "Pneumo-Broth", shoVled 

Gram-positiv e cocci in chains numbering on the average from f ive 

to six organisms. 

A stock culture of this strain was maintained on a 
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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 6°C. 

1. The uomparison of Two Methods Available for ~stimating the 

Relative Number of Organians in a Hacterial Eo~ulation. 

Introduction: 

Since this study involves 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. 'i'wo of these are: 

(A) Plate Count Method which prov ides an approxima tian of the 

number of living organisms in a bacterial culture at any one tim.e. 

(B) Measurement of '.ïhe density of a culture as an estimation of 

the total amount of bacterial g rowth from the time of inoculation. 

Materiels and Methods: 

(A) Plate Count Method: 

From the stock blood-agar plate, 10 ml. of "Pneumo­

Broth" was inoculated wi th the 'rype 12 organism and incubeted 

for six hours et 37°0., after which a microscopie examination 

of the culture was made to verify its purity. To 8 ml. of 

sterile "Pneunro-Broth" 2 ml. of thi s si x hour culture was added. 

At the same time a blood-agar plate was inoculated with 2 drops 

ot this same culture. Both broth and plate were incubated at 
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37°C. tor 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 cal ibrated to deliver 

6.0125 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 lid 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 ether and from the 

centre. The plates were rotated gently to ensure the spreading 

of each drop over approximately one-qgarter of the surface area, 

thus encouraging the appearance of isolated colonies, but at the 

seme time maintaining the boundary between drops. All plates 

were incubated for 24 hours at 37oc., after which the number of 

colonies per drop was counted with the aid of a magnifying glass. 

Resul ts: 

These are presented in Table 13. 
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TABLE 13 

Dilut !:op. Average No. Average No. x Per Cent 
Colonies p er colonies per Cumulative 
Drop Drop Expected Error Dev. 

1 
40';'000 36.2 

1 
80';'000 16.6 17.10 - 2.90 

1 
1607000 12.1 8.66 + 41.0 

1 
3207000 3.1 4.27 -27.0 

1 
640';'000 1.2 2.03 -39.0 

1 
1 12so-;ooo 0.5 1.01 -50.0 

x This figure was derived in the fo1lowing way: 

The difference between the expected and actual number of colonies 

obtained was divided by the expected number of colonies and mult-

ipl ied by lOO. 

For example in the 1: 80,000 dilution the following calculation 

was made. 

17.10-16.6 x 100 
17.10 

-- - 2 • 90 p er c ent • 
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Con cl us ions : 

The Plate Count method of deter.ming the number of live 

bacterie:. 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 actuel 

values fall within a much closer range. However, in the case 

of the higher dilutions. these two values vary over such a wide 

range, that the large "Per Cent Cumulative Errer Deviation" 

which results indicates that this is a somewhat inaccurate 

method of determining the relative number of living organisms 

in a population of the test organism. 

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

electric Colorimeter. (See appendix II Part B) 

Materiels 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°0. 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 30 ml. "Pneumo-Broth" which had previously been 

rendered sterile and free from any solid materiel by passage 

through a number 6 membrane filter pad. tsee appendix II Part C). 

The flask also contained 7 sterile glass beads and was fitted 

with a rubber stopper. It was incubated at 37°0. 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 bacterie and thus resuspend the sediment 

which bad 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 final 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 chem.ically-clean Evelyn absorption tubes 

which bel.onged to one standardized set. j_,hese tubes had been 

standardized with distilled water to an accuracy of plus or minus 

one galvanometer anit. 

After the ~velyn Colorimeter bad been turned on for 

ten minutes, so that "drift" would be minimized, a prel.iminary 

trial was made using a number §.§.Q_Ao( m tilt er and lOml. undiluted 

broth. This filter provided a good range of det'lection over the 

galvanometer scale and was used throughout this study. Before 

each reading was attampted, the tubes containing the bacterial 

samples were thoroughly twirled in order to suspend the bacterie 

evenly. tiefore and after the observations from each sample, the 

galvanometer was adjust ed to lOO per cent transmission of light 

with a control tube containing broth alone. Measurements were 

made with the source of light set at nor.mal operating intensity. 

Triplicata readings were made with each sample, and the amount 

of deflection of light transmission was recorded to the nearest 
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quarter of the galvanometer scala unit. The galvanometer readings 

were expressed in terms of optical density (O.D.=2-log"g" where 

gal vanometer reading is "G") • 

Resul ts: 

The se are report ed in Table 14. 

TUBE cûlture 
NO. Fer Cent 

Conc. 

1 lOO 

2 80 

3 60 

4 40 

5 20 

Conclusions: 

TABLE 14 

Optlcal 
Density 

0.5086 

0.4260 

0.3233 

0.2111 

0.1051 

EXpected 
Optical 
Density 

0.4069 

0.3151 

0.2035 

0.1017 

Fer Cent 
Cumulative 
Error Dev. 

4.6 

5.9 

1.1 

The figures in column "Fer Cent Cumulative ~~ror Deviat­

ion", were derived in the same manner as described in Part (A) of 

this experiment. They represent the following sources of error: 

1 - The human factor error involved with dilution of samples, re­

suspension of organisms and the recording of the resulta. 

2 - The error to be expected when dealing with an organiam which 

grows in chains. 

3 - The error inherent in the gal vanometer itself. 

From the data obtained it seems that severa! 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 
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the expected value, and a combined error of 7.0 per cent between 

any two values. The average error of deviation from the expected 

values for all the resulta measuring the bacterial turbidity1 was 

3.7 per cent. 

Swnmary: 

It thus appears that the relative number of organisme 

in various bacterial populations may be estimated rapidly and 

with a reasonable degree of accuracy by using the Evelyn 

Photoelectric Golorimeter. 
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2. A - Preparation ot a Standard lnoculum. 

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 auch plate on which the inoculum was 

spread thoroughly to ensure the appearance of isolated colonies. 

'l'he plate was incubated at 37°<.;. tor 24 hours. At the end ot this 

period a standard wire loop was used to transter six colonies from 

this plate into a five ml. volume of "Pneumo-Broth", which in turn 

was incuba ted at 37°v. for six hours. .tt'Ollowing incubation, the 

organisms were washed three times in tri pl e-distill ed water to 

ensure their freedom from substances present in the growth medium. 

This pro cess was carried out as follows: 'l'he cella were centrit­

uged at 3,000 H.P.ll.f. for 15 minutes, the supernatant fluid was 

ramoved 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 ot 

centrifugation. '1'his procedure ensured a thorough washing, and 

was repeated three times. ·1·he final 10 ml. suspension was used 

as the source of the inocul um. Throughout this investigation 

0.1 ml. of auch a suspension was used to inoculate the test tubes. 

In all cases the inoculum was checked microscopically 

tor purity of the culture prior to inoculation ot 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 ot 

contaminating colonies. 

2. B - An ~~aluation of the uonstancy of the ~tandard Inochùum. 

Introduction: 

Since this study involved to a considerable extent the 

comparison of the amount of growth obtained in various media at 

different t~es, it was requisite that the inocula remain as 

constant as possible. This experiment was carried out, therefore, 

in order to determine the differences in the number of organisms 

obtained in several suspensions prepared simultaneously according 

to the standard method desoribed previously. 

Materiels and Methods: 

Ten individuel inocula were prepared acoording to the 

previously desoribed method, and eaoh was then transferred to a 

ohamioally-olean absorption tube. using a control tube oonsist­

ing of 10 ml. distilled water, the amount ot transmission was 

reoorded to the nearest quarter of the galvanometer soale unit as 

a per oent, using the Evelyn Colorimeter in the mannar desoribed 

in Experimen t 1. 

Resul ts: 

These are presented in Table 15. 



Suspension No. 

1 (control) 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 
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TABLE 15 

Per Cent Light 
Transmission 

100.00 

85.00 

81.00 

81.25 

81.50 

82.50 

83.75 

81.26 

82.75 

84.00 

83.50 

Mean per cent light tranSD.ission - 82.66 per cent 
Mean per cent deviation - 1.155 per cent 

+ 

Con cl us ions: 

It appears from this experiment that the standard 

method described for the preparation of the inocula, produces 

relatively constant resulta with respect to the number of organisme 

obtained. The resulta of the experimenta to tollow 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 chamically-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 following factors. 

1 - 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. 

3 - The medium 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. 

Materiels and i!l:tethods: 

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) 



-56-

The four above mentioned basal media were devised by 

including in each only those listed substances which were cham­

ically defined, any complex organic materiel being omitted in 

each case. 

The individuel constituants which were common to all 

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

out, so asto maintain the quantitative aspect of the comparison 

as constant as possible. Such substances are noted in Table 16. 

TABLE 16 

~ubstance Concentration in Substance Concentration in 
mg. per lOO.ml. mg. per lOO IPl• 

DL-Alanine 40 L-Tyrosine 40 

J.J-Arginine-HCl 40 DL-Valine 40 

~-Cystine 20 Glutamine 10 

Glycine 40 Adenine Sulphate 1.5 

~-Histidjne 20 Uracil 1.0 

PL-Iso leucine 40 Glucose 1000 

PL-Leucine 40 XThiamine-HCl .1 

iL-Lysine-HCl 40 Xca Pantothenate .1 

DL-Methionine 20 xRiboflavin .1 

PL-Phenylalanine 30 ~icotinic acid .1 

~Proline 20 Mono-potassium Phosphate 54 

PL-Serine 40 Magnesium Sulphate 5 

DL-Th reonine hO Ferrous Sulphate .5 

DL-Tryptophane 40 

x These substances werc added in the liquià state from stock solutions. All 

others were used in dry form. 
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In severa! cases the optical isomer of an amine aaid 

used in this experiment was not that which the author originally 

suggested. However, it was thought impractical to satisfy this 

need in every case since contlicting requirements in this res­

pect have been noted. 

In addition to the ingredients present in all four 

media (Table 16), ether substances were incorporated into them 

in various combinations, according to the requirements listed in 

the reference to each. Table 17, lista these additions. 
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TAB:Œ lf 

Medium I Medium II Medium III :Medium IV Conc. in mg/lOOml. 

L-Glutamic L-Glutmnic 20 

DL-As partie DL-As partie 20 

Asparagine Asparagine Asparagine 80 

Guanine-HCl Guanine-HCl 1 

xanthine Xanthine 2 

JCpyridoxine-HCl .2 

Xpyrido:x.a.li;i~Cl Pyridoxal-HCl Pyridoxal-HCl .2 

17ridoiamine-HC1 .2 

XVitamin Bl2 .0002 

Xsiotin Biot in Biot in .01 

Folie Acid Folie Acid 2 

Inositol 2 

ll'p-Aminobenzoic p-Aminobenzoic .02 
a cid a cid 

Choline Chloride .5 

Ascorbic Acid Ascorbic Acid 10 

Sodium Ethyl - 50 
Oxalacetate 

Sodium Fu.marate 50 

Sodium. Acetate 4000 

Ammonium. Chloride 600 

Dipotassium. 1200 
phosphate 

Disodium Phos- Disodium Phos- Disodium Phos- ,670 
phate ph a te phate 

XUanganese Sul- llanganese Sul- .25 
phate phate 

li.Yanganese llanganese .25 
Chloride Chloride 

Xzinc Sulphate Zinc Sulphate Zinc Sulphate .10 

:XCopper Sul- .01 
phate 

Soclium Bicar- 50 
bona te 

Calcium 2 
Ch1oride 

Xa1utathione .2 

Sodium Ch1o ride 4 
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All substances were added in dry state with the except­

ion or 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 war.med 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 exaloacetate. 

The hydrogen ion concentration of each flask was 

adjusted to approximately pH 7.6 with N NaOH, using the Beckman 

pHMeter (See Appendix II, Part D). 

Each of the basal media was then dispensed in six 

chemically-clean absorption tubes. The three tubes to serve as 

controls always received 10 ml. each, and the three to be 

inoculated 9.9 ml. each. 

All 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 herm or destroy any essent­

iel 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 streptococci require the incorporation of a peptide or 

a peptide containing substance into a medium before they will 

multiply. Up to the present t~e all attempts to cultivate the 

Group A streptococci on a completely syntbetic medium bave been 

unsuccessful. In view of the recent report of Slade and Slamp 

(1955), ovalbumin seemed the most defined form of the growtb­

stimulating supplement requiredby these organisms. Crystalline 

bovine serum albumin Fraction V being available, it too was 

assayed for its growth promoting ability. Altbougb 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 than Number II, this substance might promote an 

increased response of the organisms. 

Accordingly the six tubes of eacb 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 tubes in each set were supplemented as follows: 

Set 1 - Each tube received ovalbumin in a concentration of 0.15 

percent (W/V). 

Set 2 - Each tube received Fraction V in a concentration of 0.15 

percent (W/V). 

Set 3 - Neither tube received supplementation. 

All tubes were steamed at l00°C. for 10 minutes. This 
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procedure was reported by Slade and Slamp (1965) to be essentiel 

for the activation of the ovalbumin and Fraction V. 

The inoculwn of strain #36 was prepared according to 

the standard method except that the final suspension consisted 

of a 6 ml. volume instead of 10 ml. The tube in each set 

containing 9.9 ml. of mediwn 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 mannar 

described previously. 

Resulta: 

The resulta are presented in Table 18. 

Gram-stained preparations from all inoculated tubes 

were made at the termination of incubation. The organisme 

obtained from Media I and IV appeared to be swollen and the 

chains of organisms appeared notably shorter; whereas the 

organisms grown in Media II and III appeared to be normal both 

in diameter and chain length. 
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TABLE 18 

PER CENT LIGHT TRANSMISSION 

AGE OF CULTURE 

Medium Set 18 hours 24 hours 40 hours 
No. No. CONTROL T:EST CONTROL TE3T CONTROL TE3T 

I 1 lOO 99.5 100 100 100 100 

I 2 lOO lOO lOO 99.75 100 100 

I 3 100 100 lOO 9~.6 lOO 100 

II 1 lOO xs9.5 100 x86.5 lOO 1 81.0 

II 2 lOO 98.26 100 98.0 100 98.0 

II 3 . 100 99.0 100 98.6 100 98.26 

III 1 lOO 97.5 lOO 97.0 100 97.0 

III 2 #100 100+ 100 100+ lOO 100 + 

III 3 100 98.76 100 98.5 100 97.5 

IV 1 lOO 98.6 100 98.26 100 98.26 

IV 2 100 ~9.0 100 98.5 lOO 98.6 

IV 3 100 99.5 100 99.6 100 100 

x This tube was contaminated. 

# In the event of contamination of the control tube as was the 

case here, the par cent light transmission of the inoculated tube 

was above 100 on the galvanometer scala. 

Legend to Table 18 

Per Cent Conc. 
Set No. Supplement Of Supplement In 

Medi um W/V 

1 Ovalbum.in 0.16 

2 Fraction v 0.15 

3 nil 
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Discussion: 

From the re sul ts obtained i t a pp ears that Iv!edium II and 

III are similar as they permit the growth of a small number of 

Gram-positive cocci in chains typical cf the 'l'ype 12 streptococci. 

However • .iv: ediurn III did con tain substances wbich had previously 

been reported as essentiel for the growth of the Group A strep­

tococci and which were absent from ~.:edium II. For exemple, 

glutathione was reported by Pappenhe1mer and Hottle (1940), to 

be required by these organisms for growth. These authors do not 

fail to point out that any substance with reducing powers could 

serve the same function as glutathione. Eedium II contained no 

auch substance other than cystine, yet supported growth to the 

seme extent as Medium III. In a medium which is incapable of 

supporting a sizeable growth, the need for a reducing agent is 

not as noticeable, since the cystine in the medium can satisfy 

the sm.all dem.and for such an agent under these conditiohs. How­

ever in a medium capable of AUpporting a laree number of organiSl!.s, 

a reducing agent other than cystine must be present if optimal 

growth is to be real ized. A future exp eriment confirma this 

stater:1 ent. 

Neither ovalbumin nor Fraction V appears to offer any 

notable stimQlus to growth in any of the media tested. The absence 

of growth in Medium II which was s upplem ented wi th ovalbumin cannet 

be readily explained, since as far as possible, the conditions 

amployed in this case were identical to those which Slade and 
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Slamp (1955) reported as capable of promoting a sizeable yield 

of Group A streptococci. However these authors do mention a 

strain of Type 12 streptococcus which they could not grow under 

their experimental conditions. 

Conclusions: 

In vi ew of the foregoing discussion, Medium III was 

adopted for use throughout this study since it appeared to fulfill 

the requireillents expected of a basal medium. 

Before a decision could be reached regarding the growth­

supporting ability of either ovalbimin or Fraction V, each had to 

be further assayed in higher concentrations. 



SEDTION B 

I. THE ABILITY OF VARIOUS ORGANIC COMPLEXE3 TO STIMULATE 

GROWTH OF THE TEST ORGANIS1'1 IN AN OTHERWISE DEFICIENT 

BASAL MEDIUM. PARTS 4-7 AND 10-11. 

II. STERILIZATION OF MEDIA. rART B. 

III. 'rHE EFFECT Ex:ERTED BY TVW CONSTITUmTS OF 'rHE tiAS.AL 

MEDIUM. PART 9. 
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General Introduction: 

A suitable basal medium having been established, itself 

incapable of supporting a luxurious growth of the test organism, 

the next step consisted of evaluating various forms of supplementat-

ion for their relative growth stimulating abilities in this basal 

medium. 

Over the past two decades, various sources of the growth-

stimulating supplement required by the Group A streptococci have 

been employed by several investigators. Smith {1937), reported 

resulta which suggested the extrema importance of peptone in 

supporting growth of these organisme. Mcllwain in 1940 reported 

on the growth-stimulating activity provided by a hot extract ot 

y east. v1ooll ey in 1941 made use of an aqueous 1 i ver extra ct 

called liver fraction "L" for supplementing a basal medium. In 

the latter two instances a preparation of casein hydrolyzate was 

also included in these media. The most recent report is that of 

Slade and 0lamp (1955), who indicated that ovalbumin when suitably 

activated was capable of stimulating growth of several Group A 

streptococci in an otherwise inactive synthetic medium. It there­

tore seemed of utmost importance to determine which of these 

supplements was most active under the conditions of this experiment. 

Further, since nephrotoxin formation although not an inevitable 

accompaniment of streptococcal growth is dependent upon it, it is 
." 

obvious that in a medium in which the organisme are capable of 

elaborating this substance, optimal growth will result in optimal 
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toxin formation. Thus the determination of the optimal concentrat­

ion of any substance promoting growth, is of paramount importance, 

and bence the supplements have been assayed in various concentrat­

ions. 

4. Ovalbumin and Fraction V 

Introduction: 

In the concentration used in the previous experiment, 

neither ovalbumin nor ~action V proved itself to be more than 

slightly active as a growth-stimulant. However, ovalbumin is 

believed to serve two tunctions when used to supplement a médium, 

namely: 

1 - It may play the role of a reducing agent by virtue of its 

content of sulfbydryl groups which are unmasked by beat treatment, 

ultra-violet irradiation, or by sbaking. 

2 - It may tulfill the requirements for growth of the Group A 

streptococci in an inoomplete synthetic basal medium by virtue ot 

its organic structure. 

There ramained, therefore, the possibility that the 

concentration of ovalbumin previously tested was inadequate to 

serve one or both of these functions, and it was considered rea­

sonable to assume tbat an inorease in the concentration of this 

substance in the basal medium might prove beneficial. \Afuether 

Fraction v exerts its stimulatory affect in a mannar identioal 

to ovalbumin has not been reported, however it was felt that it 

too should be reexamined for its growtb-supporting ability in 
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higher concentrations than previously tested. 

Materiels and Methods: 

One-hundred and twenty ml. of .MediWll III was prepared 

according to the procedure described in Section A (3), and was 

dispensed in 6 pairs of absorption tubes, one tube in each pair 

receiving 10 ml. and serving as a control, the ether 9.9 ml. 

All tubes were sterilized in the usual manner. Ovalbumin or 

Fraction v was added to the pairs of tubes in the concentrations 

reported in the legend to Table 19. 

All tubes were steamed at l00°c. for 10 minutes in 

order to activate the supplements, following which the tube 

in each pair containing 9.9 ml. of medium, was inoculated with 

0.1 ml. of a standard inoculum. lncubation of all tubes at 

37°G. tollowed. After 18, 24, and 40 hours incubation the 

amount of growth in the inoculated tubes was measured in the 

Evelyn üolorimeter. 

Resul ts: 

The resul ts are recorded in 'l'able 19. 
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TABLE 19 

PER CENT LIGHT TRANSMISSION 

AGE OF CULTURE 

18 hours 24 hours 40 hours 

PAIR NO. CONTROL TBST CONTROL TEST CONTROL TJŒ!T 

1 100 99.0 100 99.25 100 98.75 

2 100 98.5 lOO 97.75 100 98.25 

3 100 x86.5 100 x80.75 lOO x72.0 

4 lOO 98.5 100 98.25 lOO 98.25 

5 100 99.25 100 98.5 lOO 98.5 

6 lOO x88.75 100 78.25 lOO 69.0 

x These tubes were contaminated. 
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5. Proteose Peptone and Yeast Extract 

Introduction: 

The foregoing experiment having indicated that ovalbumin 

and .t.l'raction \1, the si.mplest forms of supplem.entation so far 

reported tor the Group A streptococci, are inactive under the 

conditions or this experiment, it was decided to assay more complex 

sources of the growth-stimulating factor. 

Proteose peptone and yeast extract were the obvious 

choices since these substances have long been known as being 

efficient in promoting growth of these organisme in an otherwise 

insufticient basal medium. 

Materiels and Methods: 

Medium lii was prepared in a 280 ml. volume according 

to the procedure described previoQsly. lt was dispensed into 14 

pairs or absorption tubes, one tube in each pair receiving 10 ml. 

ot the medium and the other 9.9 ml. Proteose peptone or yeast 

extraot was added to the pairs of tubes in the concentrations 

reported in the legend to Table 20. These concentrations were 

selected for testing in the hope that such a wide range would 

provide an indication as to the particular concentration of each 

substance which would be optimal for growth. 

Since the addition of these substances to each tube 

caused a lowering of the pH of the media, N NaOH was used to 

readjust the pH of each to approximately 7.6, prior to steriliz­

ation in the previously described mannar. 
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The tube in each pair containing 9.9 ml. or medium was 

inoculated with 0.1 ml. or an inoculum prepared according to the 

standard procedure described previously, excepting that the final 

suspension consisted of 6 ml. instead of 10 ml. 

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 Color~eter. 

Resul ts: 

These are presented in Table 20. 

L!G END TO TABLE 20 

Per Cent Conc. 
Of' Supplement 

Pair No. SUJ2J21ement In Medium (WLV~ 

1 Proteose peptone 0.2 

2 " 0.4 

3 " o.8 

4 " 1.0 

6 " 2.0 

6 " 4.0 

7 " 8.0 

8 Yeast extract 0.2 

9 " 0.4 

10 n o.8 

11 " 1.0 

12 " 2.0 

13 " 4.0 

14 " 8.0 
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Table 20 

J?ER CEN'T LIGHT TRAN3MISS ION 

AGE OF CULTURE 

18 hours 24 hours 40 hours 

PAIR NO. CONTROL TEST CONTROL T:EST CONTROL TEST 

1 lOO 92.0 100 86.6 100 86.26 

2 lOO 89.0 100 85.6 lOO 83.0 

3 lOO 86.0 lOO 81.6 lOO 80.25 

4 lOO 80.26 100 73.5 lOO 72.26 

5 lOO 76.0 100 69.0 100 66.6 

6 lOO 59.5 lOO 66.6 lOO 62.0 

7 lOO 73.5 lOO 72.0 100 71.0 

8 lOO 97.6 lOO 96.0 lOO 96.0 

9 lOO 73.6 lOO 71.0 lOO 70.5 

10 lOO 69.0 lOO 67.6 lOO 64.26 

:xll lOO 97.25 lOO 97.0 lOO 97.0 

:xl.2 lOO 96.5 lOO 95.6 lOO 94.0 

:xl3 lOO 92.5 lOO 90.5 lOO 90.0 

xl4 lOO 91.5 lOO 89.6 lOO 87.6 

x The figures in the last tour pairs were obtained by making a 

1:10 dilution of tl:le well shaken cultures and their respective 

controls in distilled water at the various t~e intervals. This 

procedure was necessitated by the fact that these undiluted 

cultures gave readings in the Evelyn Colorimeter which did not 

tall on the galvonometer scala. It must be noted that these 

readings cannet be compared with those of the undiluted cultures, 

but are meaningtul only within the group identically treated. 
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6. Liver Fraction "L" and Casein Hydrolyzate 

Introduction: 

In our search for the most effective growth-promoting 

supplement for the test organism, it was thought that both liver 

fraction "L" and oasein hydrolyzate should be assayed under the 

conditions of this experiment, since various investigators have 

noted the activity of both of these substances in this regard. 

Mat erial s and Methods : 

Medium III was prepared in a 160 ml. volume according 

to the procedure previously described. lt was dispensed in 8 

pairs of absorption tubes one tube in each pair receiving 10 ml. 

and the other 9.9 ml. The supplements were added to the various 

pairs of tubes in the concentrations reported in the legend to 

Table 21. The pH of each tube was then readjusted to approx~­

ately 7.6 on the Beckman pH Meter using N NaOH. All tubes were 

sterilized in the usuel mannar. The tube in each pair containing 

9.9 ml. of medium was inoculated with 0.1 ml. of the standard 

inoculum following which 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 Color~eter. 

Resulta: 

The results are presented in Table 21. 
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TABLE 21 

FER CENT LIGHT TRA..i'JSMISSION 

AGE OF CULTURE 

18 hours 24 hours 40 hours 

PAIR NO. CONTROL TE3T CONTROL TEST CONTROL Tl!ST 

xl lOO 98.26 lOO 96.26 lOO 96.0 

x2 lOO 97.26 100 96.0 100 96.6 

x3 lOO 94.0 100 92.0 100 91.26 

x4 lOO 90.0 lOO 87.6 lOO 87.0 

6 lOO 97.6 lOO 94.0 lOO 91.0 

6 lOO 87.6 100 82.0 100 79.6 

7 lOO 91.0 lOO 89.0 100 88.0 

8 100 98.2 100 96.6 lOO 93.5 

x These resulta represent readings of a 1:10 dilution of the various 

cultures and their controls at the designated times. (See footnote 

to Table 20). 
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Conclusion: 

Crystalline ovalbumin and Fraction V of bovine serum 

.albumin when activated by heat under controlled conditions, 

failed to permit growth of this Group A streptococcus in the 

synthetic basal medium, in all concentrations used. It could 

very well be that these nitrogeneous supplements by virtue of 

their high degree of refinement were unable to provide these 

organisms with the stimulus essentiel for growth. 

Each of the four organic complexes assayed in Parts 

D and 6 of this Section appeared capable of supporting a luxur­

ious growth of the test organism especially when each was used 

in its optimal concentration. 

From the results obtained, it can be postulated that 

both proteose peptone and casein hydrolyzate contain an 

"inhibitory" as well as a stimulatory fraction for the Group A 

streptococci. When the concentration of these supplements in 

the medium is low, the amount of growth obtained is small; with 

increasing concentrations a parallel increase in the amount of 

growth is observed up to the point where the concentration ot 

the "1nh1b1tory" fraction in the peptone or casein is high enough 

to overshadow the effect of a simil arily high concentration of 

the stimulatory fraction. At this point the efficiency of the 

supplement as regards its growth-stimulating ability is reduced. 

The amount of growth obtained with the various concentr­

ations of yeast extract or liver fraction "L", strongly indicates 
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that little if any "inhibitory" substances are present in these 

complexes, since within the limits of this experiment, an 

increasing concentration of either of these substances was 

followed by an increased growth response of the organisms. 
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7. WB" Vitamine: 

Introduction: 

In view of the fact that the yeast extract (tested in 

(5.) of this section), proved efficient in supporting growth of 

the test organism, and since this form of supplementation is 

known to be a rich source of the "B" vit amins, i t was considered 

of importance to determine whether it exerted its stimulatory 

effect by virtue of its high content of these vitamins or whether 

it was due to other growth-promoting substances which it may have 

contained. 

Materiels and Methods: 

Medium III was prepared in a 20 ml. volume and dispensed 

in two absorption tubes, one receiving 9.9 ml. and the other 

10 ml. To each was added a supplement consisting of various 

"B" vitamins in the following amounts: 

Thiamine 

Riboflavin 

Pantothenic acià 

p-Aminobenzoic acid 

Pyridoxine 

Pyridoxal 

Choline Chloride 

Inositol 

!a·L 10 ml. 

3 

3 

3 

1 

2 

2 

1 

1 
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The pH of each tube was readjusted to approximately 7.6 

using N NaOH following which both were sterilized in the usual 

mannar. The tube containing 9.9 ml. medium was inoculated with 

0.1 ml. of the standard inoculum, and then both 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 Color-

imeter. 

Resul ts: 

These are presented in Table 22. 

TABLE 22 

Age or 
culture Control Test 

18 hours lOO 97.5 

24 hours lOO 97.0 

40 hours lOO 97.0 

Conclusions: 

It appears that the supplement of "B" vitamins does not 

otfer any stimulus to growth in the absence of other unidentified 

growth-stimulating molecules present in the yeast extract. It 

can thus be concluded that the latter substance exerts its 

activity almost entirely by virtue of its content of organic 

substances other than the "B" vitamins. 
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8. An Evaluation of the Various Methods Available for Sterilizing 

Media. 

Introduction: 

In order to be of any practical value, a medium must be 

sterilized prior to inoculation. This experiment was carried out 

to deter.mine the most efficient method of sterilizing the basal 

medium when supplemented in various ways. Such a procedure should 

ensure the following: 

1 It should eliminate contaminating organisms. 

2 It should not in any way alter the components of the medium. 

Todd and Hewitt (1932) pointed out that certain substances 

in a medium. used for the growth of Group A streptococci could not 

withstand autoclaving . For exemple, substances such as cysteine 

and g1utamine were found to be altered by this treatment. 

Pappenheimer and Hott1e (1~40) reported the seme to be true for 

calcium pantothenate. 

Three methods most commonly used for sterilizing media 

were thus compared with respect to the above requirements, as well 

as for their individuel affect upon the basal medium which was 

supplemented in different ways. ·rhese methods were: 

1 - Membrane Filtration. 

2 - Autoclaving at 120°C. for 20 minutes. 

3- Steam at l00°c. for one hour on three consecutive deys. 

Materiels and Methods: 

Basal ~:I edium III was prepared and divided into four 

al iquots of 60 ml. ea ch. ;l'he al iquots were supplement ed according 
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to the legends to Tables 23 to 26 and the pH of each adjusted to 

a:p:proximately 7.6 with N NaOH using the rleckman pH met er. Each 

medium was th en further subdi vided in to three :portions, each 

consisting of 20 ml. 

Portion 1 of each medium was passed through a No. 5 filter 

membrane (see Appendix II, c.), and the filtrate col1ected in 

a sterile fiask. 

Portion 2 of each medium was autoclaved at 120°C. for 20 minutes. 

Portion 3 of each medium was steamed at l00°c. for one hour on 

three consecutive days during and after which it was refrigerated 

at 5°C. 

Fol1owing the various treatments each portion was dis­

pensed in duplicata chemically-clean absorption tubes, one receiv­

ing 10 ml. and the other 9. 9 ml. 'l1he tube in ea ch pair con taining 

9.9 ml, of medium was inoculated with 0.1 ml. of the standard 

inoculum, All tubes were incubated at 37°0. After 18, 24, and 

40 hours incubation, the amount of growth in the inoculated tubes 

was measured in the Evelyn Colorimet er. After 18 hours incubation 

a 1oopful from each tube was inoculated onto a b1ood-agar plate 

which was then spread and incubated at 37°C. for 24 hours, At 

the end of this period all :plates were examined, 

Results: 

The amount of growth in the inoculated tubes is recorded 

in Table 23 to 26 respectively. 

Examination of the b·lood-agar plates following incubation 

revealed pure cultures of beta hemolytic streptococci from those 

tubes which had been inoculated. All controls a:p:peared sterile. 
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TABLE 23 

PER C~~ LIGHT TRA1TSMISSION 

AGS OF CULTURE 

18 hours 24 hours 40 hours 
Method of 
sterilization CONTROL TEST CO:NTROL T:HST CONTROL TEST 

Membrane 
Filtration 100 98.6 100 98.0 100 97.0 

Autoclave 
120°C 20 min. 100 93.76 100 91.6 lOO 90.6 

Steam l00°c. 
1 hr. 3 deys lOO 90.26 lOO 89.6 lOO 88.0 

Yeast extract was used in·a concentration of 8.0 per cent (W/V), 

in the above tub es. 

'rABLE 24 

x PER CENT LIGHT TRANSMISSION 

AGE OF CULTURE 

18 hours 24 hours 40 hours 
Method ot 
Sterilization. CONTROL TEST CONTROL TEST CONTROL TEST 

Membrane 
Filtration lOO 98.0 lOO 97.0 100 96.6 

Autoclave 
120°c 20 min. 100 95.6 lOO 91.0 100 90.6 

steam l00°c. 
1 hr. 3 da~s. lOO 94.0 lOO 92.0 lOO 88.26 

Liver fraction "L" was used in a concentration of 8.0 per cent 

(W/V), in the above tubes. 

x These figures represent readings of a 1:10 dilution of the 

cultures and their resp ective controls in distilled water. 

(See footnote to Table 20). 
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TABLE 25 

PER CENT LIGHT TRANSMISSION 

AGE OF CULTURE 

18 bours 24 hours 40 hours 

Sterilization CONTROL TEST CONTROL TEST CONTROL TEST 

Membrane 
Filtration 

Autoclave 
120°c 20 min. 

Steam 1oo0 c. 
1 br. 3 days. 

100 

lOO 

100 

85.75 100 84.25 100 80.0 

46.50 100 43.25 100 42.25 

48.0 lOO 47.5 100 46.0 

Proteose peptone was used in a concentration of 4.0 per cent 

(W/V) in the above tubes. 

TABLE 26 

PER CENT LIGHT TRANSMISSION 

AGE OF CULTURE 

18 hours 24 hours 40 hours 
Method or 
Sterilization. uONTROL TEST CONTROL TEST CONTROL TEST 

Membrane 
Filtration 100 90.6 100 87.0 lOO 86.0 

Autoclave 
12000 20 min. 100 86.6 100 84.0 lOO 81.0 

Steam 100°c. 
1 hr. 3 days. 100 85.0 lOO 82.0 100 80.5 

Casein hydrolyzate was used in a concentra tion of 4.0 per cent 

(W/V) in the above tubes. 
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Conclusions: 

It can be concluded from this experiment that all three 

methods of sterilization were efficient in removing contaminating 

organisms. However, the membrane-filtered medium appeared to be 

inferior with respect to its growth-supporting ability in the case 

of all the supplemented media tested. This could very well have 

been due to the adsorption of one or more nutrients either part­

ially or completely by the membrane, during the course of filtrat­

ion. 'rhe autoclaved .media appeared capable of supporting optimum 

growth of the test organism although the pH of the medium arter 

autoclaving bad dropped to between 7.24 - 7.36. As this is the 

most efficient and simplest method of imparting sterility to any 

.medium, it was adopted for use in all experimenta which followed, 

in preference to the steaming treatment. 

There are three possible explanations for the apparent 

absence of harmful affects observed after autoclaving media 

containing beat-labile substances. 

1 - It may be that during this treatment, the larger organic mole­

cules, which in this case were present in the form of either 

peptone, yeast extract, or liver extract, serve as protection for 

these substances. 

2 - It may be tbat the autoclaving process only affects the beat­

labile substances to a point where they are still utilizable by 

the organisms. 

3 - Another possibility is that the duration of this drastic treat­

.m.ent is not of sufficient length to destroy or alter the total 

amount of any beat-labile substance in the .medium. 



9. An Examination of the Role Played by Certain Reduoing Agents 

Under Aerobic and Anaerobie uonditions 

Introduction: 

It is a well known fact that the Group A streptococoi 

are essentially anaerobie organisms with respect to their enzyme 

constitution and consequently require the presence of a reducing 

agent when cultivated under aerobic conditions. It seemed reas­

onable to assume therefore, that if such substances were acting 

merely in this capacity, the~e organisms should be capable of 

growing equally well under anaerobie conditions in the absence 

of auch agents. 'l'WO substances co.mm.only anployed for their 

reducing action are glutathione and ascorbic acid. The possibility 

that the latter may in seme way act as a vitamin when incorporated 

into a medium and that glutathione may be utilized as a tripeptide 

for growth per se was examined. 

Materiels and ~~ethods: 

One hundred ml. of Medium lii was prepared according to 

the procedure described in Section A, with the omission of glu­

tathione and ascorbic acid. Proteose peptone was added to the 

basal medium in a 4 percent concentration tW/V). The medium 

was dispensed in chemically-clean absorption tubes. The two 

control tubes received 10 ml. of the medium, whereas the remain-

ing eight to be inoculated received the amounts noted in '.L'able 

27. All tubes were autoclaved at 120°c. for 20 minutes in aco­

ordance with (7.) of this Section. 
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One per cent (W/V) solutions of ascorbic acid and 

glutathione respectively were prepared in triple-distilled water. 

Each solution was filtered through a filter membrane, collected 

in a sterile flask, and added aseptically in 0.1 ml. amounts to 

the tubes according to Table 27. 

Since both of the solutions were clear and colorless 

it was felt that a control tube which contained neither of these 

substances could be used without appreciably altering the 

resulta. 'l'he tubes containing less than 10 ml. of medium were 

inoculated with 0.1 ml. of the standard inoculum (See Table 27). 

~bose tubes which were to be incubated anaerobically (See 'l'able 

27), were placed in a Mcintosh and Fildes jar which was then 

provided with an atmosphere of hydrogen. (See Appendix li, E-1 

tor details). .All tubes were incubated at 37°c., for 24 bours. 

At the end of this time the amount of growth in the inoculated 

tubes was measured in the 1velyn Colorimeter • 

.ttesul ts: 

These are presented in Table 27. 



TABLE 2? 

AEROBIC 

TUBE NO 1 2 3 4 5 

BASAL z,ŒDIUM (ml.) 10 9.9 9.8 9.8 9.7 

ASCORBIC ACID (ml. 0 0 .1 0 .1 

GLUTHATHIONE (ml.) 0 0 0 .1 .1 

INOCULUi.i (ml. ) 0 .1 .1 .1 .1 

PER CEI~T LIGHT 
TW!ShUSSIO~! 100 82.0 n.o ?0.0 70.0 
----

ANASRDBIC 

6 ? 8 

10 9.9 9.8 

0 0 .1 

0 0 0 

0 ' .1 0 

lOO 71.5 81.5 
--

9 

9.B 

0 

.1 

.1 

72.5 

10 

9.7 

.1 

.1 

.1 

77 .0 

1 
00 
\ .Jl 
1 
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Discussion: 

Under anaerobie conditions opttmum growth occurred in 

the absence of a reducing agent as well as in the presence of 

gluthathione. It is obvious therefore, that the only role which 

glutathione plays in a medium is that of a reduoing agent. 

Asoorbio aoid on the other band appears to exert an inhibitory 

effeot upon growth under anaerobie conditions. lt seems that 

when glutathione is also present it neutralizes this effeot to 

a certain extent. 'l'here is no obvious explanation for this. 

Under aerobic conditions the growth of the test organism 

in the absence of a reducing agent is poor. The need for suoh an 

agent, however, appears to be a non-specifie one as has been 

previously reported \Mollwain, 19401. The presence of the two 

reducing agents in the culture grown aerobioally provides 

approximately the seme effect as does either of these substances 

al one. 

Thus it appears that the growth-stimulating aotivity 

of both glutathione and asoorbio aoid in any medium, is dependent 

solely upon their ability to act as reduoing agents. 
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10. The Nutritive Effect of the Dialyzable and Non-Dialyzable 

Fractions Respectively of Proteose Peptone, Liver Fraction "L" 

and Yeast Extract. 

Introduction: 

It is evident from (5. and 6.) of this Section that 

both proteose peptone and caeein hydrolyzate contain a fraction 

which ie inhibitory to the growth of the test organiem. The 

presence of an "inhibitory" substance in peptones has been 

demonetrated by several workers. Smith (1937) showed clearly 

that neopeptone (Difco) was separable by dialysis into two 

portions with very diesimiliar properties, and that the "inhibitory" 

factor for Group A streptococci was contained in that portion 

diffusing most easily through cellophane. Avery (1952) reported 

the removal from peptone of "inhibitory" substances for B. subtilis, 

by dialysis. 

The experiment to be disoussed bad many purposes. It 

wae designed to oonfirm the work of Smith and Avery with respect 

to the moleoular aize of the "inhibitory" substance in the peptone 

being used in this etudy, and to determine which fraction of 

peptone provided the greatest stimulation for growth of the test 

organiam. From the demonstrations of the above mentioned inveet­

igatore that the dialyzable fractiun of peptone containe the 

substance inhibitory for growth, it cannot be concluded that the 

fraction whioh does not paee through cellophane poseeeees 

greater growth-stimulating activity than either the undialyzed 
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peptone or the dialyzable portion. It would seem rather to be a 

balance between the stimulatory and inhibitory properties of the 

individuel fractions which determines their growth supporting 

abilities. 

Casein hydrolyzate was not assayed in this mannar, since 

it consista of molecules of such a aize as would pass through 

cellophane and thus the location of the inhibitory substance is 

evident. 

· Since one of the purposes of this study was to devise a 

medium as chemically - defined as possible, that is, one which 

would not only support a luxurious growth of the test organism, 

but which would contain a minimum amount of complex undefined 

substances, the possibility that dialysis of the complexes being 

used in this study might reveal fractions with vastly differing 

abilities to support growth, could not be overlooked. Such 

fractions could ultimately be compared with known growth-stim­

ulating media. Hence even though neither the yeast extract 

nor the liver fraction nL" used in our study seemed to contain 

a growth inhibitory substance, it seemed reasonable to examine 

the two fractions of each which were separable by dialysis, for 

possible differences in their growth-stimulating ability. 

Materiels and Methods: 

Medium III was dispensed into 18 pairs of absorption 

tubes, one tube in each pair receiving 10 ml. and one 9.9 ml. 

of the basal medium. The dialyzable and non-dialyzable fractions 

of the proteose peptone, y east extract and li ver fraction "L". 
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(See Appendix I, c. for details of their preparation) were added 

to the pairs of tubes in the concentrations reported in the legends 

to Tables 28 - 30. 

The pH of each tube was readjusted to approximately 7.6 

prior to sterilization by autoclaving at 120°0. for 20 minutes. 

The tube in each set containing 9.9 ml. of the medium was 

inoculated with 0.1 ml. of the standard inoculum. All tubes 

were incubated at 37°0. After 18, 24, and 40 hours incubation, 

the amount of growth in the inoculated tubes was measured in the 

Evelyn Colorimeter. 

Results: 

The results are reported in Tables 28 - 30 respectively. 
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TABLE 28 

FER C:FNT LIGHT TRANSMISSION 

AGE OF CULTURE 

18 hours 24 hours 40 hours 

PAIR NO. CONTROL TE3T CONTROL TEST CONTROL TE3T 

1 100 50.0 lOO 40.0 100 38.0 

2 100 49.0 lOO 42.5 lOO 40.5 

3 100 60.0 100 56.5 100 55.5 

4 lOO 71.5 lOO 69.0 100 59.0 

5 100 83.5 lOO 78.0 lOO 56.0 

6 100 65.5 100 61.5 100 51.5 

x proteose peptone. 



PAIR NO. 

7 

8 

9 

10 

11 

12 

Pair No. 

7 

8 

9 

10 

11 

12 
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TABLE 29 

PER CENT LIGHT TRANSMISSION 

AGE OF CULTURE 

18 hours 24 hours 40 hours 

CONTROL TEST CONTROL 

lOO 38.5 lOO 

lOO 61.0 lOO 

lOO 54.0 100 

100 92.0 100 

lOO 94.5 lOO 

100 86.5 lOO 

Legend to Table 29 

Su:pJ>lement 

Dialyzable ~.e. 

" 

" 
x Non-Dialyzable y.e. 

" 
" 

TEST CONTROL 

45.5 lOO 

56.5 lOO 

47.5 lOO 

88.5 lOO 

90.25 lOO 

78.5 100 

Per cent Conc. 
Of Supplement 
In Medium (W/V) 

2.0 

4.0 

8.0 

2.0 

4.0 

8.0 

x Yeast extract. 

TEST 

42.0 

54.0 

45.0 

79.5 

82.0 

75.0 



~ffi NO. 

13 

14 

15 

16 

17 

18 

Fair No. 

13 

14 

15 

16 

17 

18 
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TABLE 30 

FER CENT LIGHT TRANSMISSION 

AGE 0 F CULTURE 

18 hours 24 hours 40 hours 

CONTROL TEST COl\TTROL 

lOO 99.6 lOO 

lOO 97.0 100 

lOO 96.5 100 

lOO 98.0 100 

lOO 98.0 lOO 

lOO 99.0 lOO 

Legend to Tabl e 30 

Supplement 

Dialyzab1e x l.r. "L" 

" 
" 

Non-Dia1yzab1e x l.f. "L" 

" 

" 

TEST CONTROL 

98.0 lOO 

94.5 lOO 

92.0 100 

95.5 lOO 

97.5 lOO 

98.0 lOO 

Per Cent Conc. 
Of Supplement 
In Medium (W/V) 

2.0 

4.0 

8.0 

2.0 

4.0 

8.0 

TEST 

96.5 

88.0 

89.5 

94.0 

97.0 

96.5 

x Liver f r action "L". 
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Discussion: 

The resulta obtained using the two fractions of proteose 

peptone indicate that only the dialyzable portion of this substance 

contains the growth - "inhibitory" factor in addition to its 

growth-stimulating ability. The non-dialyzable fraction also 

contains growth-stimulating substances, but a much greater conc­

entration (W/V) of this fraction is required to support an opt­

imal yield of the test organism than of the dialyzable fraction. 

Thus the indication is that the tonner fraction possesses a 

much smaller proportion per given weight of the growth-stimulating 

factor than does the latter. 

It is also apparent from these resulta that the bulk of 

the growth in the tests of pairs 1 - 3 was obtained within the 

first 24 hours of incubation, whereas in the tests of pairs 4 - 6 

most of the growth occurred after the 24th hour of incubation. 

It seems reasonable to assume therefore, that the growth-stimulat­

ing substances in the non-dialyzable fraction of proteose peptone 

were present as part of complex molecules which were inaccessable 

as such, for use as growth factors, and hence it was not until 

smaller fragments - the decomposition products of the larger 

molecules, had become available, that a sizeable yield of organisme 

was obtained. 

In. the case of the yeast extract t he dialyzable fraction 

appeared to be somewhat superior in it s growth-stimulating ability 

in comparison with that portion which was held back by the 
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cellophane during dialysis. Within the limits of the concentrat­

ions used in this study, an "inhibitory" fraction could not be 

detected. Also there was no evidence of an extended lag period 

in the medium containing the non-dialyzable fraction of yeast. 

This may have been due to one of two things. 1 - The organisms 

may have been able to utilize the larger molecules per se. 2 -

Only a minimal amount of decomposition of the complex molecules 

may have been required to make the utilizable materiel available 

for the organisms; in ether words, the groupings which the 

organisms required for growth may have been those on the outer­

most parts of the complex molecules and were therefore fragmented 

bJr the organisms during the firs.t stages of incubation. 

Our results with the two portions of liver fraction "L" 

were somewhat inconsistant with the report of Woolley (1941), He 

mentioned the presence of an "inhibitory" factor in the non­

dialyzable portion of the liver. In our experiment the dialyzable 

fraction did appear to possess a greater ability to stimulate 

growth than did the non-dialyzable fraction, however, there was 

no evidence of an "inhibitory" factor in the latter. 
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11.-A Comparison Between the Amount of Growth Obtained in the 

Variously Supplemented Media With That in "Pneumo-Broth", and 

in Todd-Hewitt Broth, and the Effect of 10 Per Cent co2 on These 

Cultures During the Incubation Period. 

Introduction: 

The purpose of this experiment was to confir.m and extend 

soma of the observations made in the foregoing experimenta, which 

at best were little more than preliminary in that although the 

optimal concentration of each supplement for growth was determined, 

the resulta obtained at different times could not be compared with 

one another due to the large number of variable factors involved 

in each testing. For example, the size of the inoculum although 

constant to a certain extent, was nevertheless subject to variat­

ions. The basal medium employed in each test although of a 

constant composition ranged in age from one to ten deys. The 

pH of the autoclaved media was lower at the time of inoculation 

than that of the media that had not been subjected to this treat­

ment. ':Vhese variations and many others indicated that a true 

comparison between the amounts of growth realized in the presence 

of these different supplements can be obtained only when the 

tests are carried out simultaneously. 

Further if any of the media developed in this study are 

to be of any practical value, they must support growth of the 

test organism to ·am equal or greater extent than that obtained in 

the ruedia used routinely for the growth of the Group A streptococci. 
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Therefore "Pneumo-..ôroth" and Todd-Hewitt broth were included in 

this experiment on a comparative basis. 

Since the presence of 10 per cent C02 in the atmosphere 

bas long bean reported as growth-enhancing for cultures of Groui A 

streptococci, the affect of this factor under the conditions of 

this experiment was considered worthy of investigation. 

~aterials and Methods: 

Mediuo III wasprepared in a 360 ml. volume in the usual 

manner. It was dispensed into 18 pairs of absorption tubes, one 

tube in each pair receiving 10 ml. a~~ the other 9.9 ml. of the 

medium. i'he pairs were grouped into 9 sets consisting of 2 pairs 

each. All tubes were supplemented according to the legend to 

Table 31. The concentrations of the various suppl eraen ts which 

were used in this experiment were those found in the preceding 

experimenta to be optimal for growth. The pH of each tube was 

adj ust ed to approximately 7. 6 on the beckm.an pH Met er using 

N NaOH. All tubes were then sterilized by autoclaving at 120°C. 

for 20 minutes, following which the pH of each tube was adjusted 

once more to 7.6. 1be tube in each pair containing 9.9 ml. of 

medium was inoculated with 0.1 ml. of the s tandard inoculum. One 

pair from each set was placed in a t!cintosh- lPildes jar to which 

10 percent co2 was then added (See Appendix II, E (2)); all tubes 

were incubated at 37°C. After 18, 24 and 40 hours of incubation 

the amount of growth in the inoculated tubes was measured in the 

Evelyn Colorimeter. 

Resul ts: 

These are presented in Table 31. 
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Legend to Table 31 

Pet cent conc. 
Supplement in 

Set No. Supplement Medium (W/V) 

1 Froteose Peptone 4.0 

2 Dialyzable x p.p. 2.0 

3 Non-lJialyzable x p.p. 8.0 

4 Y east Ex tract 8.0 

6 Dia1Yzable f y.e. 2.0 

6 Non- dialy za ble f Y • e. 8.0 

7 Liver Fréi.ction "L" 8.0 

8 Dialyzable if l. f. "L" 4.0 

9 Caséin Hydrolyzate 2.0 

10 "Pneumo-Broth" -
11 Todd-Hewitt Broth 

x Proteose peptone 

f Yeast extract 

# Liver fraction "L" 



TABLE 31 

PER C~IT LIGP.T TRA.?.JSif.[SSIO:N 

A T!.!OSPHERE ATI.~OSPHERE 10 PERCENT CQ2 

t.GE OF CULTURE 
18 hours 21.. hours 40 hours 18 hours 24 hours 40 hours 

Set No. Control Test Control Test Control Test Control Test Control Test Control 

1 1100 56.0 100 52.25 100 50.0 lOO 26.0 100 21.5 100 

2 1100 52.0 100 49.25 lOO 33.?5 100 47.75 100 35.25 100 

3 1100 67.75 100 61.5 100 53.0 100 55.0 100 45.25 100 

x4 100 92.25 100 90.5 100 89.5 100 91.25 100 90.0 100 

5 100 52.0 lOO 45.5 100 44.0 100 38.0 100 27.0 lOO 

6 100 82.75 100 75.5 100 72.0 100 77.25 100 64.0 100 

Xrt lOO 89.25 100 89.0 100 8.B.O 1 100 91.5 100 91.0 100 

X8 lOO 97.0 100 91.5 100 89.0 100 97 .0 100 90.75 100 

9 1100 86.5 100 81.0 100 78.75 100 85.5 100 82.5 100 

10 1100 33.0 100 31.5 100 31.0 100 39.0 100 30.5 lOO 

11 1100 83.1 100 82.5 100 80.0 100 67.5 100 67.0 lOO 

x These figures were obtained usine a 1/10 dilution of the we1l Shaken eultures and their respective 
controls. ( See footnote of Table 20 for details). 

Test 

16.75 

30.5 

41.25 
1 

-.() 

90 . 0 f 

22.5 

61.0 

91.0 

88.25 

76.5 

27.5 

66.0 
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Conclusions: 

It is obvious from the above results that the presence 

of 10 per cent co2 in the atmosphere during incubation has a 

marked stimulatory affect on some of the media examined. This 

is particularly noticeable in the case of Sets 1, 3, and 11. 

In view of the fact that the effect of this factor is not consist­

ently beneficia!, or else not to the same extent in the variously 

supplemented media, there remains the possibility that the 

different response obtained with the various supplements tested 

is due to their different organic content. For example in the 

case of the yeast extract (complete) the high content of nucleic 

acids may have prevented the co2 from exerting any noticeable 

affect. 

The overall optimal growth was obtained in the medium 

containing proteose peptone lcomplete), which had been incubated 

in the presence of 10 per cent co2 ; this yield of organisms 

was even larger than that obtained in either "Pneumo-Broth" 

or Todd-Hewitt broth. 

Media supplemented with the dialyzable fraction of 

either proteose peptone or yeast extract also appeared capable 

of supporting growth to an ~quel or greater extent than either 

of the conventional above-mentioned media. 

Thus media have been devised which are better defined 

chemically than those previously employed and which support 

high yields of the test organism. 
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Since as previously stated, the formation of "nephrotoxin" 

although not an inevitable accompaniment of active streptococcal 

growth is dependent upon it, the culture filtrates from these 

media which supported optimal growth were assayed biologically 

for the presence of this substance. 



SECTION C. 

THE BIOLOGICAL ASSAY OF 

VARIOUS TYPE 12 CULTURE FILTRAT1!S, FOR NEPiffiOTOXIN 
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12. The Etfeot in Rabbits of Intravenous Injections of Various 

Type 12 Culture Filtrates 

Introduction: 

The actuel meohanism whereby the substance or substances 

elaborated by the streptoooooi produoes aoute glomerulonephritis 

is still unknown. 

A ourrent theory that has gained wide aooeptanoe is that 

of Sohwentker and Comploier (1939). They suggest that during the 

primary infection with the streptoooooal organisms, a toxin 

elaborated by these oells causes slight damage to seme of the 

renal tissue, whioh is insuffioient to produce clinioal signs 

ether than albuminurie, which is seen regularly during the course 

of various streptocoooal infections. The kidney oells however, 

contain a specifie haptene group whioh combines with the toxin, 

a protein, the final produot being a complete antigen. This 

antigen acting true to form, stimulates the production of kidney 

antibodies, whioh in turn attack the renal tissue, giving rise 

to the olinioal and pathological pictures associated with acute 

nephritis. Their experimental work using kidney tissue mixed 

with baoterial toxins tended to support this theory. 

A great variety of experimental attem.pts to produoe 

aoute glomerulonephritis comparable to the olinioal and 

pathological pictures in man, have been reported. However, 

it is only recently that encouraging r esults have been obta ined 

by Reed and Matheson (1954). 'tlorking with a nephritogenic 

strain of Type 12 streptocooous, they were able to produce 
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hematuria, albuminuria, and hypertension in rabbits, by intraven­

eous injection of a cell-tree filtrate. Hypertension developed 

in the animale approximately 16 deys following the first injection 

of the filtrate. Kidney lesions were primarily tubular, of the 

type associated with lower nephron nephrosis. Local infection 

with this Type 12 strain produced a similar picture. However 

with ether serological types of Group A streptococci and with 

unrelated bacteria clinical or pathological changes failed to 
1 

appear. 

The experiment to be reported was undertaken in order 

to determine whether the nephrotoxic substance had been elaborated 

and was present in the filtrates of the Type 12 cultures grown 

in the various media described in the foregoing Section. 

Materials and Methode: 

Animal a: 

Twelve rabbits each weighing between 4 and 6 pounds 

were used in this experiment. They were maintained on a diet 

of Purine rabbit chow and were given water freely. 

Culture Filtrates: 

The Culture filtrates were prepared by inoculating 

triplicata 35 ml. volumes of medium III each supplamented 

according to Table 32, with 0.36 ml. of the standard inoculum. 



Fil trate No. 

I 

II 

III 

x proteose peptone 

f yeast extract 
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TABLE 32 

Supplement 

Dialyzable x p.p. 

Dialyzabl e f y. e. 

Proteose Peptone 

Per Cent Conc. of 
Supplement in Med.W/V 

2.0 

2.0 

4.0 

Following 24 hours incubation at 37°c. each culture 

was placed in centrifuge tubes and centrifuged at 3,000 R.P.M. 

tor 16 minutes, The supernatant fluid from each tube was 

passed through a filter membrane (See Appendix II c.). The 

resulting filtrates were tested for sterility by the inoculation 

of 0.6 ml. of each onto a blood-agar plate which was incubated 

for 24 hours and then checked for the presence of beta-hemolytic 

streptococci or for that matter any contaminating colonies. 

The culture filtrates were stored in the refrigerator 

at 6°G., until 30 minutes prier to inoculation. 

Inoculation Scheme and Schedule: 

The twelve animals were divided into four groups of three. 

GROUP I received intraveneous in~ections of sterile Filtrate I 

described in Table 33. 

GROUP II received intraveneous injections of sterile Filtrate II 

described in Table 33. 

GROUP III received intraveneous injections of sterile Filtrate III 

described in Table 33. 
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GROUP IV received no treatment whatsoever. They were used as un­

inoculated controls. 

TABLE 33 

Schedule of Injection of Filtrates 

Day Vol. inj_ected (ml.) 

1 1 

4 1 

7 1 

10 2 

13 2 

16 3 

The following procedure was carried out throught the 

duration of this experiment. 

Collection of Urines: 

Rabbits were placed in metabolism cages avery two to 

five days. un each occasion they remained there unt il a minimum 

of 10 ml. of urine had been collected in the glass bottle below 

the cage. ·J.'his could usually be accomplished overnight. It was 

assumed that such a volume would provide a sufficient concentrat-

ion of any pathological constituants present. 

Urinalysis: 

The urines were shaken and the 10 ml. sample from each 

animal was placed in a conical graduated centrifuge tube and cent­

rifuged for 30 minutes at 3,000 n.P.M. 'l'he supernatant fluid 

and sediment were separated for examination. 
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1- Sediment: The sediment was examined microscopical1y, using 

the high power objective, for the presence of pathological const­

ituants, namely red b1ood ce1ls and casts. 

2 - Supernatant :b'luid: The supernatant f'luid was examined for the 

presence of albumin. An accurate method for determing albumin in 

smal1 quantities was reported by Kingsbury et al. tl926). ;l'he 

method consisted of the following steps: 

1 - Preliminary Test 

(a) To 2 ml. of the clear urine, 5 drops of 20 per cent su1phos­

alicylic acid was added as a pre1iminary test. lf a white 

cloudiness appeared due to precipitation of albumin, a quantit­

ative test was perfor.med. 

2 - guantitative Test 

(a) To 2.5 ml. of clear urine placed in a special comparison tube, 

3 per cent sulphosalicylic acid was added to bring the final volume 

to 10 ml. .'l'he tube was inverted to mix the contents and then 

allowed to stand for 10 minutes. 

(b) The turbidity in the tube was then compared visually with a 

set of seven standards which represented concentrations of albumin 

from 0.01 mg. per cent to 0.1 mg. per cent. A black line on a 

white background facilitated this comparison. 

Measurement of The Arteriel Hlood ~rassure of the Habbits. 

Following the original suggestion of rteed and Kropp 

(1944), a rabbit-holder was used which had been made by shaping 

plaster of paris bandages about a rabbit held in a crouched 
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position. 'l'he bolder was then eut into an upper and lower portion 

and further strengthened by additional layera of plaster of paris 

bandages. A rabbit placed in this container could be maintained 

in a fir.m position, which was at the same time comfortable for him. 

ïhe animals quickly became accustomed to this apparatus end 

offered no opposition to it. ~hus the arteriel blood pressure 

was taken under conditions which provided a minimum of stress 

to the animal. 

The method used in this investigation to measure the 

peripheral arteriel blood pressure of a rabbit has been described 

in detail by geed and tiatheson l1954J. lt is a modification of 

the ear capsule method originally suggested by aeed and Kropp 

(1944J. ..t:t'igure 1 illustrates the apparatus used for this purpose. 
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--------··----------------·--

---

FIGURE 1. 

This apparatus in figure 1 consisted o~ a brass tube 

(A) sealed at the upper end by a transparent glass dise, and at 

the lower one ày an elastic condom rubber membrane, fastened in 

place with several layers of elastic bands which were then 

covered by a 1iquid rubber moulding compound. The brass tube 

was also fitted with a side-arm which connected to a manometer 

and a rubber bulb, by raeans of rubber tubing. 'l'ube A was 

fastened with the glass dise upper most to a stereoscopie 



-108-

microscope (B), which was connected to an adjustable screw clamp 

on a ring stand (C). On the platform of B rested a plexiglass. 

plate (D). fhe lower portion of the ring stand was fitted with 

an adjustable screw 
/ 

clamp which supported an Abbe illuminator. 

This was used in conjunction with a light source to provide optimal 

light intensity at the site of the pressure reading. A magn~tying 

glass ( E) was placed in front of the manometer graduated in 

millimeters, to facilitate reading of the pressure. 

The rabbit was placed in the plaster of paris mold 

described previously. The ear opposite to that receiving the 

injection was placed on D. Tube A was lowered until it barely 

touched the ear. The site at which the measurements were recorded 

was where the central artery branched. 

The exertion of pressure on the bulb (F) when the 

needle-valve lH) was tightened caused the rubber membrane to 

become distended which resulted in the occlusion of the artery 

beneath it. As the pressure in A decreased slowly (lmm. per 

minute), the membrane began returning to its original state, 

thus releasing the pressure on the artery and allowing passage 

of blood through it. At this moment the pressure reading on the 

mercury manometer was recorded. 

Ten consecutive readings were taken for each animal and 

the average was recorded. 



-109-

Resulta: 

Peripheral Arterial Blood Pressure 

The peripheral arteriel blood pressure of each animal was 

recorded over a 26 day period. 

When the Xcontrol values for each animal were compared to 

those recorded during the latter part of treatment and following it, 

it became apparent that no significant rise in the blood pressure 

ot any treated animal had occurred. Even when a slight rise was 

observed in this group, it could be correlated in most instances 

with a concurrent rise in pressure of the untreated animals. 

Urinalysis 

The majority of urines examined at various times during 

the 26 day period were round to be free from pathological constit­

uants and albumin; however the following exceptions were observed. 

Day 7 - One animal being treated with Filtrats III showed a1bumin 

in a concentration of 0.02 per cent. 

Day 16 - One animal being treated with Filtrate II showed albumin 

in a concentration of 0.01 per cent. 

Day 20 - One animal which was receiving no treatment showed albumin 

in a concentration of 0.01 per cent. 

x The control period consisted of days one to five. According to 

Reed (1956), ~he blood pressure at this time is unaffected by the 

initial injections. 
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Conclusions: 

The resulta of this experiment clearly indicate that 

none of the culture filtrateà tested contained the nephritogenic 

substance, or if any of them did, it was in a concentration too 

low to be detected. 

Although the supplemented media by virtue of their 

organic content were capable of supporting optimal growth of the 

test organism, they were in all probability déficient with 

respect to the molecules required for the biosynthesis of 

"nephrotoxin". It may very well be that a combination of the 

various supplements employed in this study will prove efficient 

in both respects. 
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SUMMARY 

1. The Evelyn Colorimeter appeared to be an efficient instrum.e·a.tt 

for measuring the amount of gDowth in various Type 12 populations. 

2. A basal medium was devised which contained the various subst­

ances previously reported as being essentiel for growth of the 

Group A streptococci, as well as a variety of substances which 

are generally regarded as being growth-stimulating for micro­

organisms. This synthetic medium was itself incapable of inducing 

growth of the test organism. 

3. The basal medium when supplemented with either ovalbumin or 

Fraction V of bovine serum albumin failed to induce a satisfactory 

growth response, regardless of the concentration used. 

4. Proteose peptone, yeast extract, liver fraction "L", and 

casein hydrolyzate when used to supplement the basal medium were 

all found to be efficient in stiruulating growth. The optimal 

concentration of each of these substances was determined. 

5. The dialyzable and non-dialyzable fractions of each of the 

above mentioned substances (with the exception of casein hydroly­

zate) were round in some cases to possess different growth­

supporting abilities, while in ether cases there were no striking 

differences observed between these two fractions. 

6. The undialyzed complexes listed above, and the two fractions 

of each separable by dialysis, were tested on a comparative basis 

for their relative growth-supporting abilities. ln seme cases 

a fraction of a complex displayed a growth-stimulating ability 
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equal to or supperior to the undialyzed materiel. In view of the 

fact that both fractions of each complex as well as the original 

undialyzed materiel were growth-stimulating, there is avery indic­

ation that this affect is due not to a single peptide or polypeptide 

but rather to a group of sucb molecules with a particular config­

uration. 

7. The effect of the presence of 10 per cent co2 in the atmosphere 

during the incubation period was found to have a striking stimul­

atory effect on sorne cultures and a lasser effect on ethers depend­

ing upon the form of supplementation present in the medium. 

8. The basal medium supplemented in three different ways was used 

for the preparation of culture filtrates to be assayed biologically 

for the presence of the nephritogenic substance. None of these 

filtrates was found to contain a detectable amount of this mater­

iel. 

9. All of the variously supplemented media were able to withstand 

autoclaving at l20°C. for 20 minutes. 

10. Both gluthathione and ascorbic acid were found to be active 

in the medium exclusively by virtue of the ability of each to act 

as a reducing agent. 
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Appendix I. 

The Preparation of Media and Various Materiels to be 

Utilized in This Study. 

A- 1. Pneumococoal Broth (McGill): 

Finely minced beef heart freed of fat, is added to 

distilled water. Five hundred grams are required for each litre 

of distilled water. The mixture is heated to 76°0., to 80°0. 

for one hour and a half. The mixture is then filtered through 

filter paper pulp under slight suction. 

Add proteose peptone (Difoo) to a concentration of two 

per cent. Adjust the reaction to pH 7.2 using 10 N sodium 

hydroxide and phenol red as an indicator. 

Heat at 120°0. for ten minutes. Cool the mixture and 

then filter through No. 1 \~atman filter paper. Adjust the pH 

to 8.0 with sodium hydroxide. Heat to 120°c. for ten to fifteen 

minutes. The mixture is then filtered again through filter paper 

pulp under slight suction. 

This stock medium is bottled and autoclaved at 120°C. 

for 20 minutes. 

Before the medium is distributed into tubes the follow­

ing sterile ingredients are added under aseptic conditions; 

glucose at 0.1 per cent concentration, K2HPo4 at 0.2 per cent 

concentration, and fresh herse serum at 6.0 per cent concentration. 

2. Blood-Agar Plates: 

Finely minced beef heart, freed of fat, is added to 

distilled water. Five hundred grams of minced heart are required 
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tor each litre of distilled water. The mixture is heated at 75°c. 

to 80°C. for one and a half hours. 'fhe fluid extract is filtered 

through filter paper pulp under slight suction. 

Agar at a concentration of 1.5 per cent is dissolved, by 

autoclaving if necessary, in one-fifth the volume of the meat 

infusion, to which is added proteose peptone and the stock solution 

of salts (made up ot sodium chloride 25 per cent, potassium 

chloride 2 percent, and calcium chloride 1 percent) to make 

one per cent in the final volume. Add the remaining four-fifths 

of the infusion, still at a temperature of 75°C. to 80°C., stir 

well and set aside in the cold overnight to gel. (Murray and 

Ayrton 1 g24). 

The following day the gel is melted at looOc. and the 

reaction adjusted to pH 8.5 with 10 N sodium hydroxide. Heat 

the bulk to 120°C. in the autoclave for 20 minutes to precipitate 

the phosphates; a visible precipitate should be produced. Filter 

through a paper pulp filter under slight suction. Adjust the 

reaction to pH 7.2 with lN hydrochloric acid. 

Check the pH of the bulk after adding a calculated 

amount of reagent; this is very tmportant as the physical character 

of the agar alters the conditions of the neutralization, so that 

more than the calculated amount is usually necessary. Bottle and 

sterilize at 120°C. in the autoclave for 20 minutes. Cool this 

peptone agar medium to about 500c., add defibrinated bovine or 

citrated human blood at a concentration of five per cent. Pour 

plates; incubate overnight. 
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3. Todd Hewitt Broth: 

Finely minced beef beert freed of fat, is added to 

distilled water. une pound is required for each 1060 ml. ot 

distilled water. The mixture is stirred and the fat particles 

skimed off using a sieve. The mixture is placed in an icebox 

overnight. 

The following day the mixture is heated to 86°C. for 

one-half an hour and then filtered through course filter paper 

under slight suction. 

For each litre, 20 gm. of neopeptone are added. ;l'he 

pH is adjusted to 7.0 with N NaOH, and the following ingredients 

added. 

1. NaCl 2.0 gm. 

2. NaHC03 

3. Na2H:Po4 

4. Glucose 

2.0 gm. 

1.0 gm. 

2.0 gm. 

Boil for 15 minutes and filter. 'l'ube and sterilize in 

an autoclave by steaming for one hour on three consecutive deys. 
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Organic Complexes: 

The following Substances Were Used in This Study. 

B- 1. Crystalline üvalbumin- Nutritional Biochemicals uorp. 

2. Bovine Albumin Serum Fraction V - Difco. Control #102Q69 

3. Proteose Peptone-Difco. Control # 427606 

4. Yeast Extract - Difco. control # 424334 

6. Liver Fraction "L" - Nutritional .l:liochemicals Corp. A 

dry concentrate of the alcohol insoluble fraction of 

li ver. 

6. Casein Hydrolyzate - Nutritional Biochemical Corp. A 

hydrochloric acid hydrolyzate, salt-free, and vitamin -

free. 

C - Dialysis: 

The dialyzable and non-dialyzable fractions of the 

latter 4 aforementioned substances were prepared in the follow­

ing way. 

A 15 gram ammple of each was brought into solution with 

250 ml. of triple-distilled water. 

Aliquote consisting of 125 ml. each were placed in a 

cellophane bag which was tied securely at beth ends with string 

to prevent leakage of the fluid at the joints. Each bag was 

dialyzed twice for a 72 hour period against 2.5 litres of triple­

distilled water. It was assumed that dialysis for this duration 

of time would ensure as complete a separation of the two dissim-

iler fractions as was possible. 
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1. Residue: 

The residue in each beg was lyophilized from the deep 

frozen state, and stored at room temperature. 

2. Dialyzate: 

The five litres of dialyzate obtained from each subst­

ance was concentrated in the .Laboratory .Jdash Evaporator, descr­

ibed in detail in Appendix II. The final volume of each complex 

prier to lyophilization from the frozen state was approximately 

260ml. 

D - Treatment of Water: 

On most occasions during the course of this study the 

water which was used was that which has been referred to as 

being triple-distilled. It was obtained in this state by passage 

through a Research Model .Ulco-';.7ay De- Ionizer, supplied by the 

illinois Water Treatment Co. of Rockford Illinois. 

This appar~tus consista of a cartridge unit containing 

a specially dyed rasin, and has an affect on water comparable 

to that produced by triple-distillation. It removes all ionizable 

solids, including Silice and uo2• Its capacity is 450 grains as 

CaC03. Water which has been passed through this cartridge has a 

P~- of s.o but readily absorba co2 and the pH drops to approx­

imately 7.6. 

E - Glassware: 

All pipettes, flasks, and tubes used in this study were 

soaked in nitrous acid for 48 hours, rinsed twice in distilled 

water and twice more in triple-distilled water, drained and dryed 

in a hot air even. 



-VI-

Appendi:x. II 

The Description and Operation of Various Instruaments~ 

Materiels Used in This Study 

A - Freeze Dryer: 

Lyophilization of all substances noted was carried out 

in a Centrifuga! Freeze Dryer, Model 3 P.s. supplied by w. 
Edwards & Co. (London) Ltd. 

B - Evelyn Photoelectric Colorimeter: 

The measurament of all bacterial growths obtained in 

this study was carried out turbidimetrically using the Evelyn 

Photoelectric Colorimeter. This instr~t . was obtained from 

the Rubicon Co. Philadelphia Pa., and was accompanied by a 

Bulletin # 460 and a brochure, "Notes On Operation", which 

provided a complete description of the apparatus. 

The tubes which were used in conjunction with this 

instrum~at were specially aelected absorption tubes measuring 

7" X 7 /8". Prior to use all tubes were washed in liquid soap 

with a cloth covered brush (to avoid scratching) rinsed, and 

then allowed to soak in nitrous acid for 48 hours. After this 

treatment they were rinsed twice in distilled and twice in 

triple-distilled water, drained and dried in a hot air oven. 

Care was taken to avoid soiling or scratching the lower 

portion of these tubes by surrounding this area with parchment 

paper jackets. 

Guaze covered cotton plugs were used for all tubes. 
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C - Filtration Apparatus: 

Filtering procedures carried out in this study involved 

the use of filter membranes which have an extremely uniform 

microstructure and a very amooth surface. They are produced 

from pure cellulose or cellulose derivatives. Those filter 

membranes listed as "Coli" 5 in the catalogue of Schleicher & 

Schuell Co. Keene, N.H. being of medium porosity (0.76 - 0.6 

microns) were the most suitable for this study. The apparatus 

used in conjunction with the filter membrane was a 6 centimeter 

aize Seitz filter. A circle of # 2 Whatman paper was placed 

between the metal sieve and the membrane, and the entire unit was 

autoclaved at 120°C. for 20 minutes. The filtrations were carried 

out using slight suction provided by a water pump. 

D - Beckman pH mater: 

The Beckman pH mater, Laboratory Modal G was used for 

al1 pH determinations, according to the directions 1ocated in the 

lid of the apparatus. 

E - Mclntosh and Fi1des Jar: 

This piace of equipment was used for two pu~oses. 

1. ~or the incubation of cultures under anaerobie conditions. 

2. For the incubation of cultures in an atmosphere containing 

10 per cent co2. 
1. Anaerobiosis: 

The Mcintosh Fil des Jar consista of a steel jar, fitted 

with a lid, the seal between the two being formed with the aid of 
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a thin film ot a beeswax-vaseline mixture. The lid is equippèd 

with two valves, two electric ter.minals, and on the under surface 

an electric light bulb surrounded by a wire net holding asbestos 

impregnated wi thiallidium black. A suction pum.p was used to 

exhaust most of the air in the jar, the vacuum resulting being 

replaced by bydrogen gas. The electric terminals were connected 

and the current switched on for 15 minutes. During this time 

any oxygen still remaining in the sealed jar will be reduced to 

water. At the end of this period the current was switched off 

and hydrogen was again added until atmospheric pressure was 

reached. All valves were then tightened, the jar being ready 

for incubation. 

2. Carbon Dioxide 10 per cent: 

The jar is sealed in the manner described above; how­

ever in this case evacuation is carried out until a vacuum of 

10 mm pressure has been reached. Carbon Dioxide is then added 

through one of the valves, until the vacuum has been abolished. 

Both valves are then opened since the U02 being heavier than 

air sinks to the bottom of the jar. The jar is now ready for 

incubation. 

F - Laborato;y Flash Evaporator: 

1. Description: 

For evaporating the beat-sensitive solutions employed 

in this study the use of elevated temperatures for considerable 

periods of time would have led to undesirabl:S decomposition. 
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Renee the Laboratory Flash Evaporator which operates under reduced 

pressure to lower the temperature of evaporation was used when suoh 

a procedure was required. This is shawn in figure 1. 

c-

Figure 1. 
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The evaporator consista of a 4-litre graduated feed 

tunnel, A, which bas a constant head air inlet tube. This is 

joined with flexible tubing to the bottom of the steam-jacketed 

heating tube, B.A.small rotameter in the feed line allows 

rapid setting of the feed rate. The vapour head of the heating 

tube has an opening for insertion of a therm.ometer, c. This 

head turns at a sharp angle and connecta with the tangent-

ina! inlet of the separator D. Provision was made for pressure 

measurament with a mercury manometer. The bottom outlet of the 

separator connecta with the concentrate cooler, which joins 

the 2-litre concentrate receiver, E. The vapour outlet from 

the separator is connected through the right angle adapter to the 

vapour condenser which is joined in turn to the 3-litre distillate 

receiver, F. A stopcock controlled pressure equalizing line 

connecta the top of the right angle adapter to the top of the 

concentrate receiver, G. The line connecting with the vacuum source 

is attached at the top of the distillate receiver. The ground 

glass semiball joints used to connect the various sections of the 

apparatus, provide a measure of structural flexibility in the unit 

2 • A;p era t ion : 

The system is evacuated and the water and steam series 

are turned on. The stopcock on the constant head air inlet tube 

and the bottom stopcock of A are opened. The flow rate is regulated 

by means of the stopcock at the bottom of B. The desired feed 

rate can be determined by estimation from observation of the 

initial boiling height in the evaporator tube. Ordinarily flow 
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rates are selected to give a concentration of two to three :parts 

of feed to on :part of concentrate. Hain :points of control du.ring 

operation are the tam:peratu.re and pressure at the va:pou.r head, 

and the feed rate. A laboratory water su.ction :pu.mp has su.fficient 

ca:pacity to maintain a satisfactory vacu.u.rn. on the system. 




