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(1). The amino acid, carbohydrate, nutrilite and mineral 
requirements of TrIcppyton interdigitale bave been studied. 

(2). Th1 organism cannot grow on a synthetic media 
unless It Is supplied with certain amino acids. No single 
acid seems to be absolutely indòspensable, though leucine 
appears to be nearly so. Aspartic acid ( or asparagin) and 
alpha amino beta hydroxy n. butyric acid (Rose) are very 
helpful while proline, valine, lysine, phenyl alanine, and 
arginine are less essential. A varied assortment of acids 
is superior to any group of three or four. However, glysine, 
cystine, histidine, tryptophane, tyrosine, glutamic acid, 
methionine, alanine, hydroxyproline and serine appear to be 
without any specific effect. Tryptophane and tyrosine arie 

synthesized by the growing mold and presumably certain other 
amino acids as well. 

(3). Of the cozwnoner sugars tested this organism can use 
all with the exception of lactose. Marìnose gives the best 
growth. 

(4). Given an adequate assortment of amino acids, mineral 
salts and a suitable carbohydrate this organism will not 
grow unJess It Is supplied at least one of the following 
"growtÌ pronioting'substances: pantothenic acid, Inositol, 
crystaLine vitamin i' or a ]actoflavin preparation. Growth 
Is greatly stimulated by the addition of all four although 
satisfactory growth will result with only one. This organism 
synthesizes nutrilites as it grows. 

(5). The Inorganic ions which seem to be essential for 
growth are potassium, ammonium, zinc, magnesium, iron, copper, 
manganese, calciui, phosphate, suløhate, while chloride in 

minute quantities seems to be ben&"IcIal. Growth can be main- 
tained over a longer period of time by the use of an abund- 
ance of phosphate as a buffering agent. 
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TU NUTRITIONAL RJQUIREMENP OF 

TRIUHOPHYTOi 

Introduction 

since the 3lassic work 0±' abouraud (3) a great 

mass of literature has appeared dei1ing with the cultiv- 

ation and identification o the pathogenic fungi. There 

has, however, been little work dealing with the nutrition- 

al needs of these organisms. Our present work was under- 

taken for the purpose of obtaining inform&tion of this 

kind. 

4lthough there is no obvious connection between 

the work that follows and ny clinical applictiori, we 

have worked upon the premise that the pathology for which 

these organisms are responsible cannot be completely 

conquered until the organisms involved are more perfectly 

understood. The synthesis of toxio substnoee by these 

organisms while living in the body of the host is prob- 

ably an iniportant factor in disease production but the 

specificity of these organisms for certain types of 

tissue is indicative of the great i.portnce of their 

nu.tritinal requirements. 

To the clinician this sort of work may seem round 

about and obscure. Yet work on fungicides has yielded 
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but little progress in the treatment of the fungous 

diseases. ,,ith a better understtnding ot' the facts 

involved in the growth of the dermatophytes we on hope 

for more objectifieu and more intelligent work on the 

destruction of fungi in situ. 

But aside from the possible clinical importance 

this work presents a value from the purely scientifio 

viewpoint. Nutritional studies have been made for years 

employing various orgìnisms and various techniques. In 

recent years mammals and green plants have received the 

majority of attention; the mammals because of the obvious 

connection with man's own diet and the green plants be- 

cause of their greet agricultural importance. The orig- 

thai work by Pasteur on the nutrition of yeast ws, no 

doubt, the thepiration for many of the earlier studies 

with the lower plants. Yeast, molds, bacteria, and green 

plEnts have been studied from this standpoint yet few 

lower organisms have been studied thoroughly. The lit- 

erature reveals no integrated study of a single member 

of the fungi. 

However, this criticism must be given to a great 

deal of the nutritionLl work on lower pl.'nts: Individual 

investigators have been especially interested in certain 

phases of the nutrition of the organism in question; they 

have oonsidered these phases very thoroughly and carefully 
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but have seriously neglecteú the considerttion of other 

parts of the work. The result is tht our knowledge of 

the Penicillia .nd spergillia for example, is made up 

of the work of many 1abortories and many workers and con- 

solidated by sorne reviewer of the litertture. uoh work 

cannot be exa3t. iiifferent conditions of experiment, die- 

ferent strains of the organism, different points of view 

of the investigtors -- all these factors complicate the 

situation and in3rease the possibility 0±' error in the 

finual result. 
In view of this valid criticism we have attempted to 

make a complete study of the nutritional rejuirernents of 

a single organism, using the same strain, the same tech- 

nique, and the same conditions throughout the entire in- 

ve st igat ion. 

'1e have selected a member of the pthogen10 molds for 
investigation because the literature is devoid of any 

thorough nutritional studies from a 3hemicl standpoint 

on organisms of this type. This is especially true in the 

case of the growth stimulation substances. All nutrition- 

al studies of the pathogenic fungi have been of a very 
inexact nature: that is, the media used have been far 

from "synthetic'1, hLving made use of materials such as 

peptories, infusions, extracts, etc. Trichophyton inter- 

digitale was selected as the first organism to be ir 

vestigated because it is the mold most frequently met 



with in the dermatophytosis ooiionly called "athlete's 

foot". The organism is, therefore, of considerable 

clinical importance. It is a desirable organism to wort 

with because it cultures readily, presents & character- 

itio growth in a relatively short time, and shows growth 

differences more clearly than other pathogenic molde. 

The organisa grows well on liquid media in snow white 

colonies of a disk like nature; the differences in size 

of these olonies re easily observed. 

Ye have divided the nutrition of Trichophyton inter- 

digitale into four parts: amino acid rejuirements, oarbo- 

hydrate re4uirements, mineral re.4uirements, and the effect 

of nutrilites. These four divisions tre logloal and 

cover the entire field of plant nutrition. Lipoids have 

been omitted because of the inbility of plants to utilize 

fats while growing on aqueous media. 

v'e must realize that nutritional requirements are 

more or less specific; that is, the reuiremente of the 

orgniem with which we are here concerned are probably 

different from those of many or all other molds, possibly 

different from members of the same genus. Different 

strains of the same organism may have decidedly different 

requirements. This fact is striking in the case of 

accharomces cerevisiae. (9) However, a omplete survey 

of the requirements of this organism shoulii give valuable 
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clues as to the general needs of reùted organisms and 

simplify the work of determining their requirements. The 

experience and technique developed in dealing with this 

organism should enable us to proceed much more rapidly 

on similar work with other fungi. Our ultimate object- 

ive is to present a concise nd accurate survey of the 

nutritional requirements of the pathogenic fungi. 



The 1xperirnenta1 1ethod 

In i11 tests de1ing with Trichophyton interdigitale 
the following technique has been employed l'or culturing 

and recording the effects of various agents. 

ll cultures are grown in thin-walled erlenmeyer 

flashs of 120 ml. capacity which have been thoroughly 

oleane by soakin in hot chromic - sulphuric acid cleaning 

solution. The various nutrient solutions are measured into 

the flasks, the volume rnde up to 12 rnls. with distilled 

water, and a plug of autoolaved cotton stuffed into the 

mouth of each flask. The flasks thus prepared re then 

sterilized for lo minutes in an rno1d stewn sterilizer. 
Llore drastic sterilization is not employed because of the 

destructive effect of autoclaving and prolonged heating 

upon vitamin B1 in particular and the other nutrilitee used 

to a lesser degree. This procedure has proven itself to be 

e'fective as contaminations aro rtre. 4fter sterilization 

the flasks are allowed to cool to room temperature before 

seeding with the organism s the spores of Trichophyton 

interdigitale are killed at 56°C. in 10 minutes. Lower 

temperatures than the thermal death point ereatly decrease 

the vitality of the organism and necessitate a longer period 

of growth before the mold can be seen with the naked eye. 

The seeding is made by adding a loopful of mycelia 

taken fron a mature non-pleornorphic culture o TrichopJtOfl 
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interdigitale grovm on a s1nt of abouraud's dextrose 

agar (1 peptone, 4» dextrose, 2, agar). This is shtken 

vigorously with 10 mis, of sterile water. The resulting 
suspension is viewed under the high power of a microscope 

in a counting cell. If the number of spores in the total 
ruled field (.0009 ml) is greater thui 30 the euspension 

is diluted 200 times; if under 30 it is diluted 100 

times. No attempt is made to obtain a suspension with an 

accurately known number of spores per ml. but rather to 

obtain a suspension sufficiently dilute to give under ten 

colonies of mold from a .1 ml. seeding as a larger number 

of colonies makes ratings difficult to give. To each of 

the sterilized culture flasks is added .1 ml. of the spore 

suspension corresponding to approximately 30 spores oer 

culture. It is at this point that the greatest care must 

be taken to prevent contamination. The seeded flasks tire 

placed in a closed room where temperature changes are at 
a minimum. e have observeu better and more rapid growth 

when the cultures are not grown in a 37--° incubator. The 

optimum temperature range is 20° - 300 0. 

In the determination of nutritional requirements it 
is necessary to have sorne method of measuring growth in- 

creases. 4bsolute standards of growth and develoonient are 

out of the question due to the many factors which would 

have to be taken into consideration. The method selected 
is one of comparative growth ratings. The method used in 



recording the growth results is a modification of the 

method of ii1liams and dann (6). As soon as growth is 

evident to the unaided eye the cultures &re carefully 

examined nd compared. The best culture in regards to 

growth is set aside and used as a standard with which ali 

other cultures in a given test are compared. This standard 

culture is given the arbitrary rating of 10. The next best 

culture is given a rating in comparison with the standard. 

If the difference is small the next flask in value is given 

the rating of 9.5; if the growth is only half as much the 

rating is 5; if there is no growth at all the rating is 0. 

fter a bit of experience in judging the growths the corn- 

paricons can be made rapidly and with considerable accur- 

acy. The use of dilute seedings gives a small amount of 

mold in each flask and makes the ratings more accurate and 

easier to give. 

4lthough the method is based upon perbonal judgment 

it possesses several distinct advantages in that it permits 

a follow-up cheek on all cultures throughout the entire 

growth period. Rutings are first given a soon as growth 

appears and every two or three days thereaftr. By this 

method it is possible to make readings at early dates when 

the mass of the dried mold oiild only be weighed with great 

inconvenience on microbalances. .rying to constant weight 

would be necessary if the mold was to be weighd. This 



would kill the mold and render any future readingE on 

the same culture impossible. The time consumed in a 

method of drying and weighing would be enormous hen 

teste are run with forty or fifty cultures. 

although readings are made over a period of almost a 

month it is believed that the first two or three readings 

are the most important, especially when we are dealing with 

the effe3te of "growth stimulants". For example, a casein 

digest with mineral salts and sugar will give a growth in 

15 days whiub is 3omprable with growth on 1abouraud'e 

liquid media (abouraudts media ïjth agar omitted) of the 

same growth period but the growth on abouraud's media 

will be much greater up to the thirteenth dy or so. In 

fact the growth on the casein digest jill not appear for 

at least 10 days while growth will be evident on abourid's 

media in 7 days. The same is true in the case of an amino 

acid mixture. In the cElse of the nutrilites we know that 

this oranism curi produce substances stimulative to its own 

growth when it is growing on a synthetic media. There is 

also evidence in support of the fact that it oufl also alter 

amino acids and even synthesize those acids necessLry for 

its own nutrition. It has been observed in all tests where 

the various media differ by the number of amino acids or 

nutrilites present thìt if the growth period is long enough, 
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usually over 20 days, there is a distinct tendency for all 

cultures to reach a level of growth which is equal for all 

cultures in the test. There is, however, a wide varition 

in the growths at the time of the first readings. 

The stock cultures from which the seedings re mRde 

are trEnsferred every month nd ¿ire allowed to grow for 

about two weeks before being used in seedings. The cultures, 

whether on agar slants or on liquid media, grow best at a 

pE of 5.5. A quinhydrone electrode is used in making the 

pii determinations and H3O4 and NaOH are used in making the 

adjustments. There is aiwLys a production of base by this 

organism as it grows as evidenced by the fact that after 

20 days of growth the pH will rise as high as 8. This is 

a onsiderable rise wien we remember that peptorie and 

amino acids are effective buffering agents. 

The basal media to which the various amino acids, 

sugr, and nutrilites are added is slight modification 

of the media which has been use in this laboratory for 

many years in connection with reseroh on yeast and yeast 

growth stimulation. It contains the following substances 

and amounts per liter of solution: 
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uorose 96 grams ZI .1 Eg 

(1m4)2o4 6 ThC13 .1 

KH2PO4 8 ZnO4 u 

Jìsparagin 3 " LinOl2 i 

0a012.2H20 .2 " E3B03 i 

LIgO4.H2O .5 " CuO4 .1 

FeCi3 .1 LIg. 

This media is made up with distilled water and is kept 

sterile at all times. It remains clear Lfter repeated 

sterilization. The materials used in making this media 

are of the highest reagent Durity. Undoubtedly minute 

traces of other ioñs are present as impurities but we are 

certain thtt the purity of this synthetic media is such 

that any other substances present exist in such small quan- 

titiee that they can exert no appreciable physiological 

effect. 

In all work exuept that dealing with the effects of 

nutrilites the following are included in the media: 

Inositol (iastîiian) 5 mgs/liter 

Crystalline vitamin B micrograms/liter 

Pantothenic acid concentrate 66 micrograms/liter 

Lactoflavin preparation 200 micrograms/liter 

The Pantothenic acid concentrate contains the calcium 

salt of the active subst.'ince. ithough the concentrate is 
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not "chemiot11y pure" pantothenic acid, we are certain of 

its physiologic1 purity; the extremely minute quantity 

used minimizes any error due to i;ipurities. 

The lactoflavin preparation, although it is a crude 

preparition, is at least highly concentrated rriateriul. It 

Was made by the following pro3edure, substantially that 

of iuhn (1). Ihey from which the casein and lactalbumin 

had been removed was brought to a pH of 1. with HC1 and 

stirred up with Fuller's Jarth. The absorbent was filtered 

off, washed, and eluted with a mixture of water, pyridine, 

and methanol. The resulting solution was evaporated to 

dryness, triturated with methanol and water, filtered and 

the clear yellow solution evaporated to dryness. ftr 

shaking up with dry ether the yellow solid was dried in 

vacuum. The weight from 3 liters of whey was 0.21 grams. 

This is a groat dei1 more solid material then uhn and 

his coworkers obtained from a si:ilar volume of whey. 

although this preparation seems to stimulate the growth of 

Trihophyton interdigitale in much the scme way as the pure 

lactoflavin obtEined from Dr. Kuhn, vie are sure that it 

contains an additional substance, or substtncee, which has 

a very pronounced effect upon the growth of certain othr 

pathogenic fungi (5). 
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Amino áoid Requirements 

AS proteins are a universal constituent of living 

matter so must ul1 organisms receive a supply of nitrogen 

in an adequate form for utiliztion. The green plants and 

certain lower fungi are able to synthesize amino acids and 

proteins from nitrates and ammonium salts. The higher mem- 

bers of the fungi do not posess the same synthetic ability 

and must be supplied nitrogen in an organic form, usually 

as amino acids or proteins. The organism with which we 

are dealing belongs to this c1ss; it cannot grow on a 

media unless amino acids or proteins are present. 

Of the amino acids these are sorne which are essential 

for mammalian growth and maintenance. ?rom our knowlecige 

of the requirements of certain bacteria and fungi it v;ould 

be expected that such a situation should exist inthe case 

of the pathogenic fungi. The problem which confronts us 

now is to determine which amino acids, if any, are essential 

and just what is the effect of additional ones. 

The number 0±' amino acids to be tested was gre'- t 
; 
to 

test the entire number separitely in all possible combin- 

ations would have been a most enormous task. In order to 

facilitate the work and to enable us to eliminate those 

aoids which had little or no effect at the first, the aoids 

were divided arbitrarily into the fol1owinr four groups; 



Group I. 

1-aspartic a3id 

l-hystidine, 11Cl 

l-oystine 

1-t ryptophine 

1-tyro sine 

Group II. 

1-glutarnic acid 

di-methioriine 

1-hydrolyproline 

dl- serine 

Group III, 

l-rginine 

1- leuc me 

1- lysine . 1C1 

1-pro line 

roup IV. 

di-alanine 

glycine 

dl-i soleucine 

1- phenylalanirie 

di-vaithe 

14 

These four groups of acids were tested singly and in 

all possible combinations using two, three, and four 

groups at a time. The data obtained in these preliminary 

experiments, too lengthy to cite here th detail, indicìted 

that group III was the most important. Group I alone gave 

only scant growth which wei.s not visible until 11 days 

after the other cultures had appeared; group I seemed to 

add nothing to the combinations and was eliminated as be- 

ing unimportant to this org&nism. roups II nd Iv alone 

nd together gave only fair growth compared with III. The 

combination of II, III, nd IV was the best, while III and 

Iv was almost as good. fter checking group II it, toc, 

was 3onsidered unimportant. Of the acids in groups I and 
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II only aspartic acid seemed to have ny effect upon the 

growth. 

The fact that groups III and IV re important in the 

growth of the organism does not mean that 1l of the acids 

in these groups re essential or even valuable; one acid 

alone in each group might be responsible for the effect. 

In ordr to determine the individual effects of the acids 

in groups III Lfld IV these acids viere tried together and 

in the .jombinations indicated in table I. 
Table I does not show the effect of these acids in 

all combinations but it does bring out the importance of 

spartic acid nd ieucine and the comparative uniraport- 

ance of oertin others. Table II shows the effect of the 

same acids in less complicated combintione. The great im- 

port.nce 0±' leucine is again evident. Attention is cLilled 

to the fact that the orgarism grew well, a r.ting of 5, on 

a media containing only aspartic acid nd Leucine as 

sources of organic nitrogen. 

Table III gives the effects of the most essential acids 

in various combinations. In this test although the number 

of acids present is variod the concentration is not. If 

five acids are used the conceritretion is 5 mgs. each; if 
only four are used the concentration is 6 rigs. each, and so 

on. 
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Iso- phen- 
No. Asp. leu. Arg. Leu. Val. Lys. Pro.Alan. Growth 

i + + + + + + + + 9.51010 
2 + + + + + + + 10 10 10 

3 - + + + + + + 3 5 5 
4 - + + + + + + + 3 5 5 

5 + - + + + + + + 9 10 10 
6 + - + + + + + + 9.510 10 

7 + + - + + + + + 9 9.59 
8 + + - + + + + + 9 9 9 

9 + + + - + + + + 1 2 5 
10 + + + - + + + + 1 2 5 

11 + + + + - + + + 10109.5 
12 + + + + - + + + 10 10 9.5 

13 + + + + + - + + 8.59 9.5 
14 + + + + - + + 9 9.59,5 

15 + + + + + + - + 10 9.59.5 
16 + + + + + + - + 10 10 9.5 

17 + + + + + + + - 9.5 9.5 9.5 
18 + + + + + + + - 9.59,59.5 

19 + + + + + + - - 8 8.58.5 
20 + + + + + + - - 8 8 8.5 

21 + + + + + - - - 8.58 7.5 
22 + + + + + - - - 9 8.58 

23 + + + + - - - - 7 7 6,5 
24 + + + + - - - - 7.57.57 

25 + + + - - - - - 1 2 2 
26 + + + - - - - - 1 1 1 

27 + + - - - - - - i i i 

28 + + - - - - - - i i i 

29 + - - - - - - - 0 .5 .5 
30 + - - - - - - - 0 .5 .5 

31 - - - - - - - - O O O 
32 - - - - - - - - O O O 

Days '7 12 20 



Table II 

No. Amino Acids Ratings 

i. Asparain, Leucine, Isoleucine, 9.5 9.5 9.5 
Arginine, Phenylalanine. 

2. Asparagin, Leucine, Arglnirie, 9 9 9.5 
Phenylalanine 

3. Asparagin, Isoleucine, Arginine, 2 4 5 

Phenylalanine 

4. Asparagin, Isoleucine 1 2 2 

5. Asparagin, Leucine 5 5 

6. Asparagin, Phenylalanirie 1 2 3 

7. Asparagin, Lysine 1 3 o 

8. Asparagin, Proline 1 2 3 

9. Leucine, Isoleucine, Arginine, 9 9 9 

Phenyl alanine 

10. Asparagin, Leucine, Valine, io io io 
Proline, Phenylalanine 

11. Asparagin, Leucine, Phenylalanine, 10 10 10 
Isoleuclne, Valine, Proline, Lysine 

12. Asparagin, Lysine, Phenylalanine, 2 3.5 4 

Isoleucine, Valine, Proline 

13, Blank. O O O 

Days 10 15 20 
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No. Amino Acids Growth Ratings 

1. Leucine, Aspartic, Lysine, 5 6 6 
Agrinine, Phenylalanine. 
5 mgs. each 

2. Aspartic, Arginine, Lysine 1 2 2 
Phenylalanine. 6 mgs. each 

3. Leucine, Arginine, Lysine, 6 6 6 
Phenylalanine. 6 rngs. each 

4. Leucine, Aspartic, Lysine, 6 7 8 
Phenylalanine. 6 mgs each 

5. Leuclne, Aspartic, Arginine 5 7 7 

Phenylalanine. 6 sags. each 

6. Leucine, Aspartic, Lysine, 9 9.5 9 

Arginine. 6 mgs. each 

7. Leucine, Lysine, Phenyl- 6 6 6 
alanine. 8 mgs, each 

8. Leucine, Arginine, Phenyl- 6 7 7 

alanine. 8 mgs. each 

9. Leucine, Arginine, Lysine 3 3.5 4 

8 mgs. each 

10. Leuclne, Aspartic, Lysine 4 7 9 

8 mgs, each 

11. Leucine, Aspartic, Arginine. 10 10 lo 
8 mgs. each 

12. Leucine, Aspartic, phenyl- 8 9.5 10 
alanine. 8 mgs. each 

Days 10 16 20 

Duplicates were run in all cases; the ratings given 
represent the mean growth values. 
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Table IV 

No. Amino Acids Growth 

i A-aino-B-hydroxy-n-butvric acid 4 4 4 

2 Du;licate 3.5 3.5 4 

3 Asparagln and ?-amino etc. 10 9.5 9 

4 Duplicate 9.5 9 9 

5 Asparagin, Leucine and A-amino etc. 9 9 9.5 

6 DuplIcate 9 9 9.5 

7 Asparagin, Lysine, Phenylalanine, 9 9 9,5 
Proline, Valine and A-amino etc. 

8 Duplicate 8.5 9 9 

9 Asparagin, Lysine, Phenyialanlne, 5 7 7.5 
Proline, and Valine. 

10 Duplicate 5.5 7 7.5 

11 Asparagin, Lysine, Phenylalanine, 10 10 10 
Proline, Valin.e, and Leucine. 

12 Duplicate l0 10 10 

Days 12 15 20 
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ince the completion of the greatest part of the work 

on the amino acids we were able to secure small sample of 

n tur i alpha-amino-beta-hydro-n-butyric acid (2) from 

Br. ¿illiam C. Rose of the University of Illinois. In view 

of its importance to mammalian growth we conducted a series 

of tests with this acid. The results are shov in tbie 1V. 

Throughout all of the work on the amino acids one fact 

has been evident: the great importance of leucine. The 

omission of this siigle acid from a media containing a good 

assortment of acids, even all acids, will result in only a 

scant growth which tirns yellow and dies within a few days 

afttr it is observed. sparagin or aspartic acid, these 

two seem to be interchangeable for this orgnisrn, seem to 

be second to leucine in importance. rginine, lysine, and 

phenylalanine seem to add to the growth of the organism 

but their effect is nothing ompred to that of leucine. 

The effect of omission of any of the aoids except leuoirie 

seems to make little or no difference if the concentration 

of amino acids is kept the same. Cultures which contain 

greater concentrLtiors of amino acids usually show little 

or no difference in growth when compared with cultures 

grown on media containing the same amino acids in lesser 

amounts until after a long growth period. The culture with 

the greatest concentr:tion will begin to establish its 

superiority only when th concentration in the more dilute 
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media has been exhausted by the growth of the organism. 

In the cases of sparagin with phenylalanine, iso- 

leucine, lysirie, proline singly the growth is but slight 

and dies out before reaching what might be called a mature 

growth. On the other hand the aipha-amino-beta-hydroxy- 

n-butyric acid seems to be better for initial growth than 

leucine. Due to thefact that only a minute quantity of 

the acid was available (10 mgs) we have not been able to 

check its importance as ve hvo in the case of leuoine. 

?rom the evidence presente'i above it is safe to ey 

that leucine is ssential for the growth of this organism 

and that aspartic acid or asp&ragin, if not essential, is 

very helpful in the nutrition of this organism. Likewise, 

phenyla1nine, lysine, and arginine seem to bt helpful to 

a lesser degree. All other acids tested seem, with the 

exception of alpha-amino-beta-hydroxy-n-butyrio acid, to 

be of little or no significance to the growth o this 

organism. 
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Synthesis of Amino acids 

If we compare th growth of Triohqphyton interdig- 
it1e upon a ayntheti3 media ontainirig an asiortment of 

throe amino acids, including leuoine, a a sollr3e of 

nitrogen with the growth of the organism upon the seme 

media containing an assortment of four or more amino acids, 
also including leuoine, interesting results are observed. 

The more omplex mixture will give better growth at first, 
but the poorer culture will gradually advance in comparison 

with both, the ulture reaching a final level vihich is 
very nearly equ1 for the two. This fact would suggest 

the synthesis of amino acids by this organism. 

In order to determine whether the eynthesis of amino 

acids is being oarried. on by this organism, it is necessary 

first to select certain amino acids vhose presence could 

be readily detected in small quantities. Tryptophane and 

tyrosine seemed to meet these recjuirernent best. Both 

i,illOfl'S reagent and Hopidne-Qole reagent were prepared 

from high purity materials and the sensitivity of the re- 

actions determined. Lolutions of known concentrations of 

tyroeixie and tryptophane were prepared as well as solutions 

of an acid digest of casein, the concentrLttion of these two 

acids in the digest being calculited from their percentage 

of this protein. In the case of both reagents positive 

tests were observed with conoentrtions as low as 0.001 mgs. 



per ce. A concentritiori o 0.005 mgs. per cc. gve a 

very striking color reaction. The csein digest gave 

positive tests in the same concentr2tions as did the 

pure acids; other amino acids apparently do not conflict 

with these tests. 

With tests cp&ble of detecting minute concentrations 

of these two amino acids presence of these acids in the 

mold w&s tested. Cultures of Trichophyton interdigitale 

which had grown on a media containing leucine, asparagin, 

pheny1-al.nine, arginine, and lysine as the only amino 

acids or sources of amino nitrogen were digested in an 

autoclave for four hours with approximately four tir:ìes 

their volumes of 7. N. H2O4. After this treatment the 

digest gave no biuret test, evidence that all protein mat- 

erial had been hydrolized to the amino acid stage. The 

excess 04*4 ions were removed by treatment with a hot 

saturated solution of Ba(OH)2 and the exccss Ba++ ions 

were removed with 002. The total digest of approximately 

grains of mold was evaporated to a volume of 10 oes. 

Test tubes three inches in length were charged with i co. 

of this solution arid treated with 0.1 cc. of Lil1on's 

reagent, heated, and held before a white paper. A positive 

pink color was observed. The presence of tryptophane was 

demonstrated by adding i oc. of the digest to 3 ces, of 

the Hopkins-Cole reagent and pipetting 2 ces, of concen- 

trated H2SO4 down the side to fOrm two L_yers. The 
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characteristic reddish-violet color of the color reaction 

ws observed when viewed with a white paper for a back- 

ground. 

Prom the evidence presented above it is apparent that 

this organism has the ability to synthesize two amino 

acids. Prom the fact that a culture growing on a media 

containing only five amino acids will give a growth in 30 

days which will equal that of a mixture 0±' ten or fifteen 

amino acids we can assume that it also has the power to 

make other amino acids beside the ones which have been 

actu1ly demonstrated. If no amino acids or other sources 

of amino nitrogen are present growth will not occur, but 

if leucine alone is present, good growth will result. 

From this fact it would follow that amino acids and the 

proteins ruade from them cannot be synthesized from non- 

amino nitrogen but that given a single utilizable source 

of amino nitrogen other amino acids can be readily synthe- 

sized. 
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Carbohydrate equirement 

s a rule organisms do not show the need for spec- 

ifie crbohydratee as they do for amino acids and miner- 

als. The following experiments were performed to deter- 

mine the sugars which this organism can utilize and the 

order in which they favor its growth. 

The basal media described above wme made up without 

the sucrose. In place of the amino acid mixtur an acid 

digest of purified casein was substituted. The csein for 

this purpose had been precipitated from fresh cow's milic, 

redissolved, reprecipitated, nd washed several tires by 

deo.nttion in large volumes of water. The resulting 

casein was digested with three times its weight of 7 I 

H2O4 for six hours at 20 lbs steam pressure in an autoclav 

The resulting digest gave no biuret reaction. The excess 

HO4 ws removed with hot Ba(0)4 solution and any excess 
Ba with 002. The resulting digest was standardized to 

contain 12.5 mgs. ter cubic centimeter. Each culture re- 

ceived 4 cubic centimeters of this digest solution. The 

sugar ws added in solution so that eoh culture received 

.5 graiTie. The following table indicates the sugars used 

and the growths given by the various carbohydrates. 

ie have tested only the more common mono-and di- 

saccharides. In all cases the sugars used were of the high- 

est available purity and were recrystallized i:.mediately 



No. Sugar 

1 Blank 
2 Blank 

3 d-Glucose 
4 d-Glucose 

5 Sucrose 
6 Sucrose 

7 d-Fructose 
8 d-Fructose 

9 d-Mannose 
10 d-Marinose 

11 Lactose 
12 Lactose 

13 Maltose 
14 Ivlaltose 

15 d-Galactose 
16 d-GalactOse 

Table V 

Ratings 

5 5 5 

4.5 5 5 

9 9.5 9.5 
9 9.5 9.5 

10 8 7.5 
9.5 8 7.5 

8.5 8.5 8.5 
8.5 8.5 8.5 

10 10 10 
10 10 10 

5 5 5.5 

5 5 5 

9.5 9 9 

9 9 9 

9 9.5 9.5 

Days 7 10 15 

26 
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before use. 

prom the growth on the b1nk culture which contains 

no sugar it is olec.r thtt this organism can grow to mat- 

urity without any carbohydrate provided the necessary 

amino acids, minerals, nd nutrilites are present. The 

oompartive ratings would indicate th.t this orgsnism is 

able to metabolize all the sugars tested with the excep- 

tion of lactose. Lactose gives no better growth than the 

culture without sugar. From this fact it can be assumed 

that Trichophyton interdigitale does not produce lactose 

although it does produce invertase Lfld maltase. 

That the utilization of sucrose and maltose is di- 

rectly tied up with the production of enzymes is shown by 

the experiment described below. 

large mass of mold which had been growing for three 

weeks on a synthetic media containing sucrose was killed 

by the addition of thynol to the culture and llowing it 

to stand in contact with the antiseptic for . period of 

minutes. The mold was removed and washed thoroughly in 

running water. It was next ground up in a mortar with 

fine sand, dater was added and the extracted mass poured 

on a Buchner funnel nd filtered by suction. The total 

volume was about 30 cos. 10 cc. portion of the extract 

was added to a l6, sucrose solution containing a little 

2HO4. This was observed in polarimeter. The rotation 



decreased to O within 15 minutes. This last procedure 

was repetod for maltose; the time wus within 15 minutes. 

Lactose gave no shift ir the rotation whatsoever. 
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It has been demonstrted many times in the past that 

there are certain specific minerals, or more properly in- 

organic ions, which are essential for the growth and 

proper development of the lower plants. ost of this 

work, however, has not dealt with completely synthetic 

media but rather media known to be deficient in the mm- 

era]. ion in question. In the present work we have attempt- 

ed to make a survey of the ions necessary for this fungus; 

in other words, to develop the simplest media in respect 

to inorganic ions upon which Trichophyton interdigitale 

will grow to maturity. We muet emphasize the unoertaiñty 

which invades all experients where the effects of minute 

traces of certain substances re being tested. Ye can dem- 

onstrate that certain ions when added have an effect upon 

the growth of the organism in question, but we cannot be 

sure th.t we have addea only the substance we intended to 

add. sven the purest chemicals, which we hve used at all 

times, invariably contain certain impurities in almost un- 

detectable quantities which may Stili be great enough to 

produce appreciable differences in growth. .ven the most 

insoluble glass will give up some of its ions to the media 

contained within, especially during the sterilization 

process. 

These onsiderations do not, however, nrevent this 
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work from giving a fairly accurate pi3ture of the mineral 

requirements of this organism. To reduce the effeot of 

impurities we have used only traces of the mineral salts 
so that any impurity present would be reduced to .mn in- 

finitesirnal conoentrtion. 
The method of carrying on the tests is identical with 

that used in the preceeding vork with the exception that 
no foreign ions have been added in the adjusting of pH. 

Due to the fot that we are only concerned wit h growth and 

not with a greater rhte of growth, the comparrtive ratings 
are not used; growth 18 indicated by + , no growth by - 

The basal media which has been used in tLjs iLbor- 

atory for many years for the study of ye&ts and molds was 

used as the basis for the mineral requirements as it has 

been found to support excellent growth of Trichophyton in- 

terdiitale when it is suplernented with a supply of amino 

acids nd nu.trilites. .ach salt used in this media was 

made u &lone in the concentration which i used in the 

complete media. uorose was added in the 3oncentrtion of 

4) and the following concentrations of various amino 

acids: asparagin 30 mgs., leucine 2 rngs., 1roline 2 mgs., 

phenylalanine, 2 rngs., lysine 1 mg., alanine 2 figs., and 

isoleucine 2 mgs. The salts which occur in the media as 

'trcee' were divided into two groups in the first test, 
Group I contains 11 nd eGl3; group II contains Cu04, 
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Table VI 

No. Minerals Growth 

i Blank - 

2 n - 

3 KH2PO4, MgSO4, CaC19,(NH4)2304 - 

4 n n t u - 

2°4' MgSO4, CaC12,(NH4)2SO4 Traces I - 

6 n t, ,, n - 

MgSO, CaC12,(NH4)2SO4Traces I&II + 

8 n t, it ti ,t + 

9 KE2PO4, MgSO4, CaC12,(NH4)2SO4 Traces II - 

n n u tt ii - 

11 K112PO4, MgSO4, CaC12 Traces I & II - 

12 ti 
tt n - 

13 KH2PO4, MgSO4, (NH4)2SO4 Traces I & II -* 

14 it t, It it -* 

15 2P°4, Ca012, (NH4)2SO4 Traces I & II - 

16 n 
u u - 

17 Mr?SO4, CaC12, (N114)2SO4 Traces I II - 
- 

19 
20 ,, - 

21 KH2PO4, MgSO4 - 

22 n it - 

23 K112PO4, MgSO4, CaC12 - 

24 it n t, - 

Slight growth was observed after 18 days but this 

turned brown and died out inì a few days. 

II 
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Tth1e VII 

No. Minerals Growth 

1. Blank (KJ-12PO4,MgSO4,CaC12,(NH4)2SO4 ) - 

ti 

3. Kl added - 

A 
-I. 

ti It 

5. FeCl3added - 

¼/S 
ti ti 

7. KI, FeCi3 , and CuSO added - 

Q US ti ti t, ti 

9. Ditto plus MnC12 - 

lo. ti t, 

ti and ZnSO4 + 

12. 1? tI + 

13 II and H3BO. + 

14. ii I? ti + 

15 ii t? t? ThC13 + 

J_6 
ti H li t? ii 4. 

17. All except Kl + 

18. ti It 

19. All except FeC3 

20. ti ti 
- 

21. FeCi3, CuS0, !1nCl2, and ZnSO4 + 

22. 
ti II ti + 
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LiriCi2, HBO3, Th013, and nO4. Then divided this way no 

precipitation takes place and solutions of these group8 

may be kept indefinitely whereLs precipitation occurs 

if the two groups are stored together. 

It is app4rent from Table VI that all of the sub- 

stances and both of the groups are necessary for the growth 

of this organism. It does not follow, however, that each 

member of the trace groups is necessary but rather that 

only one member of each group need be essential. In order 

to determine which of the trace ions are the essential 

ones, solutions of the individual traces were made up and 

these added to a media of sugar, amino acids, H2PO4, 

1igO4, (IH4)2O4, CaO].2 and growth promoting substances. 

The combinations used are shown in Table VII. 

The metallic ions NH4', Cu", Lig44, 1I', 

and Ca seem to be necessary for Triohophyton interdigitale. 

The addition of and BO3--- seem to have but little 

effect upon the orgriism. 

w1e have attempted to substitute 10i for Ld2O4 but 

no growth was observed under these conditions. Zinc, 

copper, ammonium, and magnesium were added in the form of 

chlorides instead of suiphates viith negative growth re- 

cults. The chloride ion seemed somewhat helpful because 

when suiphates were substituted for the chlorides present 

in the regular media there was an observable repression of 
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growth. This data would indic&±te that PO4 and O4 are 

necessary and that Cl is decidedly helpful. 

As there is a very great pH change in the media as 

this organism grows it might seem that the importance of 

the phosphate was due to its buffer action. believe 

that its irnporthnce is due partially to this fact but that 

it is also necessary from a purely nutritional standpoint 

as the substitution of other effective buffering agents, 

acettes, 3itrates, and carbonates, gave negative results. 

However, the addition of phosphates in concentrations far 

beyond those which could be needed from a nutritional 

standpoint are effective in maintaining the growth in a 

healthy condition for a much longer period of time than is 

the case in unbuffered media. 
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The iffe3ts of Nutrilites upon Triohophyton 

Interdigitale 

In recent years the importance of growth stimulation 

substances upon organisms of all classes has been more and 

more manifest. although most studies of this kind have 

been made upon mammals with the view of direct app1iction 

to human welfare, btudies of this nature are valuable when 

performed upon the lower plants. The synthesis of pante- 

thenic acid by Aspergillus niger has already been oLerved. 

(7) The synthesis of other nutrilites by similar organ- 

isms has been observed. The effect of various added nut- 

rilites should indicate something as to the needs of the 

organism in question as well as give sorne clue as to its 

own synthetic ability along this line. 

In view of the great eft'ect that they exert upon the 

growth of certain similar orginisms (9) the effects of 

pantothenic acid, inosltol,a lactoflavin preparation, 

and crystalline vitamin b1 upon Trichophyton irìterdigitale 

were determined. 

The amounts of the substances used were determined 

from the effects of various concentrations of these sub- 

stances upon yeasts and molds used in this laboratory for 

a period of years: pantothenic acid - 33 micro-grams; 

lactoflavin preparation - 10 micrograms; inositol - 20 
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micrograms; and crystalline vitamin B1 - 2 micrograms. 

In addition to the growth promoting sabstEnes indicated 

in table VIII each culture contained the basal media 

des3ribed elsewhere and the following amino acids: 

a.lanine 5 mgs leucine 10 mgs 

Valine 5 rngs lroline 5 mgs 

Glycine 5 rngs Isoleuirie 2.5 rngs 

..rginine 5 rngs Lysine .4 rngs 

Phenlalanine 5 mgs 4sparagin 15 mgs 

Table VIII shows the comparative ratings of this 

organism under all possible combthations of the four nut- 

rilites taken one, two, three, nd four at a time. It 

will be observed that no growth was observed in the blanks, 

numbers 31 and i. The lactoflavin preparation seems to 

be the most effective in growth stimulation, pantothenic 

acid next, then the crystalline vitamin B1, and the moe- 

itol of the least importance. The most significant obser- 

vation is that growth will take place with any of the foir 

nutrilites but that no growth is observed in the cultures 

which contained no nitrilites. 



Table VIII 

Panto- Crude Inos- Vitamin Growth 
thenic Lacto- itol B1 8 l 18 24 
acid flavin Days Days Days Days 

1 + + + + 9.510 10 10 
2 + + 10 lo 10 10 

3 + + + - 9.5 9.5 9.5 9.5 
4 + + - 9.5 9.5 9.0 9.5 

5 - + + + 9 9 9 9.5 
6 - + + + 9 9 9 9.5 

7 + + - + 9.5 9.5 9.5 9.5 
8 + + - + 9.5 9.5 9.5 9.5 

9 + - + + 8 8.5 9 9.5 
io + - + + 8 8.5 9 9.5 

11 + + - - 8.59 9 9.5 
12 + + - - 8.59 9 9.5 

13 - + + - 4 6 9 9.5 
14 - + + - 5 7 9.5 9.5 

15 - - + + 8 8.5 9 9.5 
16 - - + + 8 8 9 9.5 

17 + - - + 10 10 10 10 
18 + - + 9 9 9.5 10 

19 + - + - 4 5 8 9 

20 + - + - 5 6 8.5 9.5 

21 - + + - 3 5 8 9 

22 - + + - 3 5 8 9 

23 + - - - 3 3.5 5 

24 + - - - 3.5 4.5 7 

25 - + - 7.5 B 9 10 

26 - + - - 8 8.5 9.5 10 

27 - -- + - 3.55 8 9 

28 - - + - 3.55 7 8.5 

29 - - + 3 4 6 7 

30 - - - + 3 5 7 8 

31 - - - - O O O O 

32 - - - - O O O O 



ynthesis of Nutrilites 

It is olear from table VIII that after a period of 

24 days the growths are very nearly equal. Observations 

made after 30 days show almost no detect&ble differences 

in the ratings. rorn this evidence it would seem that the 

organism is either able to grow without as many nutrilites 

after it has reached a certain stage of maturity or that 

it is able to synthesize the nìtrilites with which it is 

not supplied. The last possibility offers the gretest 

attraction as we have many examples of the synthesis of 

nutrilites by the lower fungi. 

No chemical tests have been developed as yet by which 

we can detect the presence of pantothenic acid. However, 

its effect upon !?Gebruder Liayer" yeast is very specific if 

inositol and asparagin are also in the media (9). In 

order to determine whether TrichoDhyton interdigitale syn- 

thesizes this nutrilite as it grovis on a synthetic media 

we have only to test the effect oi sorne of the media upon 

which it has grown upon the above mentioned strain of yeast. 

This is done by allowing the mold to grow for 20 days on 

the synthetic media containing amino acid, asparagin, vit- 

amin B1, and inositol, in addition to the tlts and sugar. 

The following table summarizes the results: 



No. .04 rngs. culture Lold media iigs. moist 
Seeding ces. yeasts/cc. 

i G. M. Yeast 0 .75 

2 i 1.38 

3 t? VT IV 2 2.60 

The mold media refers to the synthetic media upon which 

a culture of Trichophyton interdigitî1e had grown for a 

period of 20 days. This is satisftctory evidence of the 

synthesis of pantothenic acid by this organism. The read- 

ings of yefst growth were made with the thermocouple of 

Iilliams, ìiollister, and Roehm (8). The growth period 

was 12 hours. 

The synthesis of Iitarnin B1 is demonstrated b' its 

effect upon "old process1' yeast (4) in the presence of 

inositol and pantothenic acid. The determination is made 

in the same way as that for the detection of pantothenic 

acid in the synthetic media upon which the organism had 

g r o m. 

No. ).antothenic acid Mold media i.:gs moist yeLst/oo. 

1 .0 units 0 .02 

2 .2 TV 

0 .035 

3 .2 " 
i cc .065 

4 .2 IT 2 .07 

Each culture contained 20 microrms of inositol and was 
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allowed to grow l'or 20 hours. It should be noted that 

"old process" yeast is a slow growirg yeast while the 

"Gebruder Llayer" is a rapid growing strain. 

all yeast cultures in the above tables were grown 

in 50 cc. erlenmeyer flasks. Each flash contained 10 ces. 

of the baszl media given elsewhere with the presence of 

only 2 sucrose. 

Ve have definitely demonstrated the synthesis of 

pantothenic acid and Vitamin B1 by Triohophyton interdig- 

italo. 1e have not attempted to test for the synthesis 

of inositl or lactoflavin becsuse of the lack of methods 

delicate enough to detect these in the esence of many 

other products. de believe, from a comparison of growth 

rates with different combinations of these four nutrilites, 

that this organism is either b1e to synthesize all four of 

these substances o-r some other substance which is even more 

esseitial for its own growth than any of these four. The 

first supposition seems to be the most tenable because we 

can obtain better growth using very small concentrations 

of the pure nutrilites than we cn with the addition of 

relative large amounts of the synthetic media upon which 

the organism has grown for some time. 
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ummry 

1. The amino acid, carbohydrate, nutrilite, sind rntheral 

requirements of Trichorhyton interdigitale have been stud- 

ied. 

2. This organism àannot grow on synthetic media unless 

it is supplied with certain amino acids. 1ro single acid 

seems to be absolutely necessry, though leucirie is nearly 

80. Aspartic aid (or aspargin) and alpha amino beta 

hydroxy normal butyria acid (Rose) are very helpful while 

proline, valine, lysine, pheny1lanine, and rginine are 

less essential. varied assortment of acids is superior 

to any group of three or four. However, glycine, cystine, 

histidine, tryptoph&ne, tyrosine, lutamio acid, methionine, 

ala.nine, hydroxyproline, Lnd serine seem to be without any 

specific effect. Tyrosine and tryptorhLne are synthesized 

by the growing mold nd presumably other acids as well. 

3. of the commoner sugars. tested this organism cn use 

all with the exception of lactose. L:annose gives the best 

growth. 

4. Given an adequate assortment of mino acids, mineral 

salte, a oarbohydrte this organism will not grow unless 

it is supplied at least one of the following "growth pro- 

moting" substances: pantothenic acid, inositol, crystalline 
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vitin B1, or a lctof1avin preparation. rowth is greatly 

stimulated by all four although satisfactory growth will 

result with only one. This organism synthesizes at least 

two nutrilites as it grows. 

5. The inorganic ions which seem to be essential for 

growth are potassium, ammonium, zinc, magnesium, iron, 

copper, calcium, manganese, phosphate, sulphate, while 

chloride in small concentrations seems to be beneficial. 

Growth can be maintained over a longer period of time by 

the use of an abundance of phosphate as a buffering agent. 
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