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on an inanition regimen there was a definite 
initial trend towards a dexreased glutamine 
content with deprivation of f d .  This trend 
was reversed, however, after 24 hours; and' 
after 95 hours starvation, values similar to 
those found in, rats suhisting on a protein- 
free ration were attBined. In  contrast to the 
report of Wiss(2) plasma glutamine levels 
did not increase, in fact, there was a suggestion 
of somewhat decreased values a t  95 hours. 

Both of these observations suggest that 
glutamine may have a function in the cata- 
bolism of amino acids, regardless of whether 
the source is dietary or from the body tissues. 
Whether this function is a direct one invulv- 
ing the utilization of glutamic acid or more 
indirect with ghtamine acting as a reservoir 
for the amlmunia Ireleased by the deamination 

of amino acids is not known. Preliminary 
studies in these and other laboratories do not 
indicate a direct conversion of administered 
glutamic acid to glutamine, thus suggesting 
that this amide may not be too closely involved 
in tihe metabolism of itbe corresponding dicar- 
boxyllic amino acid. 

Summary. The variation of glutamhe con- 
tent of rat tissues with protein level or period 
of inanition has been studied. Glutamine 
levels shoed a marked increase as the pro- 
tein level of the diet dwreased. An increased 
glutamine level was also observed with inani- 
tion. These observations indicate the pos- 
silble importance olf glutamine in protein me- 
tabolism. 
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Conversion of Tryptophane to Nicotinic Acid by Trichophyton equinum.* 
(17532) 
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New York Ci ty .  

A strain of Trichophyton equinum, one of 
the faviform trichophytons which m m d y  
causes ringworm in horses, was found to re- 
quire nicotinic acid. ( 1 ) 2'. equinum ( W+ 
oldst) is a member of the group of large- 
spored, ectothrix trichqhytons of animal 
origin which may infect man. They are 
characterized by their l p r  growth on the 
usual sugar-peptone media on which they 
prodbe slow-growing, glabrous, or digihtly 
downy colonies cornposed largely of irregular 
hyphae and chlamflospores. By the use of 
natural carbohydrate media, Langeron and 
Mil&evitch( 2 )  and later Lebasque(3) 
showed that the growth and production of 
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Service. 
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spores by these strains could be stimulated 
by better nutrition, and it was later 
shown(4,5,1) that many of the species in 
this group required certain vitamins and other 
growth factors present in mtural substances. 
The requirement in most instances has been 
for thiamine and inositul, and in! one case for 
pyridoxine as well. This Baud& strain of 
T. equinwn obtained from the Chlture Bureau 
for Fungi, Delft, Holland is the only strain 
known to show a requirement for nicotinic 
acid. 

Nu growth of this strain 
could be obtained on 'a vitamin-free basal agar 
prepard as iollows: 50 g dextrose (C.P.), 
2.0 g NH4NOs (C.P.), and 0.5 g MgS04 
(C.P.) dissolved in one liter of distilled water 
buffered to pH 7 wiith Soreman's phosphate 
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mixture (KH?PO4 and NalHPO1). To  this 
is added 1.5% purified agar, prepared ac- 
cording to the method of Robbins.(6) -Ad- 
dition of nlicotinic acid to such a medium 
allows rapid growth of the fungus. Xicotink 
acid may be substituted for by equal amounts 
of nicotinic amide, and by comparatively large 
amounts of the amino acid l-tryptophane. 

All vitamins and amino acids were prepared 
in water solutions, sterilized by filtration, and 
added to the melted. partially cooled basal 
agar. Except for nicotinic acid and its amide, 
none of the other vitamins tested: thiamine, 
pyridoxine, para-amino-benzoic acid, i-inositol, 
choline, pantothenate, and folic acid showed 
any stimulatory effect when added singly or  
in combinations to the basal agar. The vita- 
mins were ad,ded in amounts of 0.1 mg to 5 
ml of the basal agar except for biotin where 
0.05 mg was adlded. Twenty-two amino acids: 
glycine, dl-alpha alanine, beta alanine, dl- 
serine, dl-threonine. dl-valine, 1-leucine. dl- 
n80rleucine, dl-aspartic acid, 1-glutamic acid, 
1-lysine, 1-arginine, 1-histidine, 1-cystine, dl- 
cysteine. dl-methionine, 1-proline, dl-trypto- 
phane, 1- tyrosine, dl-phenylalanine, and l-hy- 
droxyproline were tested singly and in com- 
bination in 31/1000 dilution in the basal agar 
(with the exception of cystine which is highly 
insoluble, and was tested in more dilute solu- 
tion). Of these only tryptophane showed any 
stimulatory effect. 

The  minimum effective concentration of 
nicotinic acid or amide was determined by 
diluting these substances serially (by halv- 
ing) in tubes containing 5 ml of SHISO:: 
basal broth (prepared similarly to the 
NH4N03 basal agar described above except 
that no agar is added) and inoculating with 
washed fragments of a culture of Trichophy- 
ton equinum grown in a 1.0% peptone nutrient 
broth. Both nicotinic acid and nicotinic amide 
were active to a dilution containing 0.25 pg 
in 5 ml NH4N03 broth. So  growth occurred 
in h<igher dilution or in control tubes which 
contained n o  vitamin. By a similar titration 
it was determined that 1-tr-yptophane was 
active to a dilution containing 625 pg in 5 ml 
NH4NQ3 broth. dl-tryptophane showed only 

6. Robbins, W. J., A m .  J .  Rot., 1939, v26, 772. 

hjalf this activity indicating that only the 1 
form was active. 

This substitution of the atmino acid for 
nicotinic acid suggests the possibility of tr-vp- 
tophane as a precursor of this vitamin. In  view 
of these findinlgs, i t  was of interest to deter- 
mine whether the strain of T .  equinum, a 
naturally occurring nicotinicless fungus, could 
be shown to have the ability to convert tryp- 
tophane to nicotinic acid. 

A series of 150 ml Erlenmeyer flasks each 
containing 50 ml XH4NOH broth (described 
above), and a similar series containing 50 ml 
of the basal broth prepared without SH4XOs 
were inoculated with small fragments of the 
fungus which had been grown for 7 generations 
on slants containing 1000 pg 1-tryptophane in 
5 ml NH4?u'03 basal agar. Varying amounts of 
1-tryptophane were added to the flasks in 
duplicate series. One series was autoclaved 
immediately and served as control. The fungus 
grew in all of the non-autoclaved flasks con- 
taining tryptophane, but no growth occurred in 
control flasks of SH4N03  basal broth. The 
amount of growth was roughly proportional 
to the amount of tryptophane present although 
in flasks where the NH4N03 had been omitted 
and tryptophane was the only source of nitro- 
gen, the amount of growth was much less. 

-After 6 weeks the entire growth and culture 
medium of each flask was hydrolyzed and 
biologically assayed for nicotinic acid with the 
Lactobacillus casei.: The results indicated 

TABLE I. - 
Sicotinic acid assayt 

Mcdi;I-' ,- -7 

30 1111 basal bl.oth + Tests/pg Controls/pg t 
23 nig 1-trgl)tol~liane 2.32 - 
3 nig l-tyq>topliane 2.02 .Oil85 
.5 mg l-tryptopliane + 1.18 .008 

100 nig S H , S 0 3  
';Basal broth--S% dextrose (C.P.) + O . O l %  

llg;S04 (C.P.) in H20 solution of M/15 phosphate 
buffers (KH2P04 a i d  Na2HP04) at pH 7. 

,411 flasks inoculated with T. cquznuna and main- 
tained at  room temperature 6 weeks before testing 
for  iiicotinic acid. 

t ('ontrols-media autoclaved iininediateIy fol- 
lowing jnoculation with 2'. equinzim. 

$ Sicotinic. acid-determined lq-  biological assay 
with L. cnsei. 

: The biological assay was very kindly per- 
formed by Dr. R.ay F. Dawson of the Botany De- 
partment of Columbia University. 
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that nicotinic acid had been produced by the 
fungus in flasks containing tryptophlane. The 
similar flasks which had been autoclaved im- 
mediately after inoculation with the fungus 
showed only negligible traces of nicotinic acid. 
(Table I). I t  is interesting to note that al- 
though twice to 3 times as much growth oc- 
curred in the tryptophane flasks which also 
contained NH4N03, less nicotinic acid could 
be detected in, these flasks. It seem pssible 
that in the presen8ce of readily available nitro- 
gen, much of the nicotinic acid produced from 
the tryptophane was utiliaed as readily as i t  
was formed. 

Discussion. Krehl et at. ( 7 )  in their studies 
of the pellagragenic effect of corn were the first 
to show a possible interchtangeable role od 
nicotinic acid and tryptophane. Later experi- 
ments by Rusen et al. (8) and( Sarett and Gold- 
smith( 9)  indicated that tryptophane may be 
an important precursor of nlicotinilc actid in 
rats as well as in humans, and may explain 
the anti-pellagragenic effect of centainf foods 
such as milk which are low in nicotinic acid 
but rich in proteins. Bonner and Beadle(l0) 
have dkscribd 3 x-ray mutants of Neuro- 
spora which require nicotinilc acid for growth, 
and in a later communication, Beadle, Mitch- 
ell, and Nyc ( 1  1 )  have shown that one of the 
nicotinicless mutant strains, No. 65001,  was 
able to grow when supplied with either trypto- 
phane or nicotinic acid. By means of another 
nicotinicless mutant strain which could not 
utilize tryptophane, they further showed that 
strain No. 65001  actually had the ability to 
comert tryptophane to' n'icotinic acid. Nico- 
tinic acid could also be produced by this strain 
from dl-kynurenine, a sulbstance which has 
been known as a product of tryptophane 
metabolism in animals and bacteria, and is a 
possilble inteumediate in the conversion of 
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tryptophane to n'icotinic acid. On the basis 
of the growth responses of this Neuruspora 
mutant strain to tryptophane, nicotinic acid, 
and kynurenine, it was postulated that nico- 
tinic acid is normally formed' from tryptophane 
with kynurenine as an intermediate. 

-4ccording to S\chopfer,( 12)  no naturally 
occurring fungi have been shown to require 
nicotinic acid. Whether the strain studied 
(is a normally occurring type or an unusual mu- 
tant florm is not known, and i t  is doubtful that 
the requi'rement for nicotinic acid by this 
strain of T. equinum is a characteristic which 
would be of value in species determination. 
The only other strain of 7'. equinum available 
for testing was No. 9870 from the American 
Type Culture Gollection. This strain did not 
require nicotinic acid, but did require thia- 
mine and i-inositol. In this respect it re- 
sembles T. favifurme, a common agent of ring- 
worm in both cattle and horses. Since the 
separation of T. equinum from T.  faviforme 
depends on the insecure grounds of its more 
frequent isolation from horses than from cat- 
tle and its ability to produce more aerial my- 
celium on the surface of colonies on Sabour- 
aud's dextrose agar, it seems highly probable 
that T .  equinum is synonymous with T. fuvi- 
furme. Further strains must be obtained and 
studied in order to determine whether the re- 
quirement €or nicotinic acid is present in any 
olther strain of this group. 

The transformation of tryptophane to nico- 
tinic acid by the strain T. equinum (Gedoelst) 
gives further evidence for the hypothesis that, 
in both plants and animals, tryptophane is a 
precursor in the formation of nicotinic acid, 
essential to the growth of these forms. 

Summary. A strain of Trichophytort equi- 
num has been shown to have a requirement for 
nicotinic acid. Nicotinic acid may be substi- 
tuted for by equal amoun'ts of nicotinic amide 
and comparatively large amounts of l-trypto- 
phane. The fungus has been shown to have 
the ability to convert tryptophane to nico- 
tinic acid, thus giving furthler evidence in 
support of the hypothesis that tryptophane 
m y  be a precursor of nicotinic acid. 
_-___ - 
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