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sweating in man. These studies, performed in 
a room designed for close control of tempera- 
ture and humidity, indicate that an  environ- 
mental temperature of 34.4”C and relative 
humidity of about 50% are essentially the 

threshold level for sweating in normal man 
resting in bed. Exercise and increased rate of 
heat production are associated with a pro- 
portionate lowering of the threshold. 
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I t  has been recently suggested that pteroyl- 
glutaniic acid (PGA) may function as a 
metabolic antagonist for glutamic The 
statement was made that “folic acid may 
competitively interfere with the nutrition of 
the spinal cord just as certain vitamin defi- 
ciencies in experimental animals may be 
caused by closely related chemicals. Thia- 
mine deficiency, for example, may be 
induced by the administration of pyrithiamine, 
and pantothenic acid deficiency by pantoyl- 
taurine.” I t  was further suggested that PGA 
could interfere with the metabolism of the 
central nervous system in vivo or in vitr0.l 

The analogy between folic acid and such 
if an ti-vi t amin” compounds as pyri thiamine 
appears to be inappropriate. Folk acid is a 
member of the vitamin B complex, and is 
itself inhibited by “anti-vitamin” compounds 
which are comparable to pyrithianiine and 
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pantoyltaurine. These compounds include 
“methyl folic a ~ i d , ” ~ ? ~  pteroylaspartic acid!5 
3-am ino p tero ylglut amic acid ,G certain p teri- 
dines,i a sulfonyl-substituted benzimidazole 
analogue of PGA,S and WO-methyl pteroic 
acid .9 

Since representative species of bacteria 
require both folic acid and glutamic acid, it 
is obvious that folic acid does not competitive- 
ly interfere with the metabolism of glutamic 
acid by these bacteria. However, because the 
response to glutamic acid obtained with L. 
sasei and S. faecalis R is so quantitative and 
sensitive, an experiment was made to deter- 
mine whether massive amounts of PGA would 
slow up growth on suboptimal fevels of glu- 
tamic acid. A culture medium deficient in 
glutamic acidlo was used and PG.4 was added 
a t  levels of 0.01 pg, 1 pg, 10 pg, to 3 series 
of tubes containing varying amounts of 
glutamic acid. The results are illustrated in 
Fig. 1. 

The growth curves indicate that increasing 
the level of PGA 1000-fold had no inhibitory 
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FIG. 1. 
Growth ~ c s l ~ o i i s c  of Lnctob~icillits casei (curve A)  mid Streptococcus faecalis I3 (curre G )  

:Lt i 2  hours to glutniiiic acid in tlie p r c w i e e  of 1-nrious lcrcls of pteroylglutnmic acid (PGA). 

e i i m  apon the utilization of glutamic acid 
hy either L. cczsci or S. facrczlis R. The scatter- 
ing :iround the esperimental points was with- 
i n  the anticipated limits of the assay method 
and in no case u-as the trend dependent upon 
the level of PG.1. The  experiment also demon- 
strates that neither organism is able to use 
PG.4 as a substitute for glutamic acid. 

In view of the suggestion that 1%-1 inter- 
feres with the metabolism of glutamic acid 
by the central nervous system in vitro, further 
experimental work was done to determine the 
efiect of PG.1 on the utilization of glutamic 
acid by brain and kidney slices. The  s 1' ices 
were suspended in Ringer-phosphate solution 
and the rate of oxygen consumption was deter- 
mined a t  37"  in the Warburg-Barcroft ap- 
paratus. The  minimum concentration of 
glutamic acid (3slO-W) which caused an  
ap!.reciable stimulation of oxygen consump- 

tion, was used, for this concentration would 
presumably give the most favorable condi- 
tions for observing any competitive inter- 
ference with the utilization of this acid. 

The  results are given in Table I. Qo? 
values (cu mm of oxygen consumed per m g  
dry tissue per hour) are included for brain 
slices for both the first hour and the first 3 
hours of respiration, for the consumption of 
oxygen was not a linear function with time. 
The  results can be evaluated by examining 
the values obtained for increases in Qo? 
caused by adding glutamic acid to the medium 
:is summarized in the last 2 columns of Table 
T .  \\'hen the concentrations of glutamic acid 
and PG.4 were equimolar there was no sig- 
nificant depression in the utilization of glu- 
tamic acid bj- brain or kidney slices. Had the 
PG.4 interfered with the utilization of glu- 
tamic acid. the addition of PG.4 should have 
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TACT~E r. 

QO., 

Efiect of Addition of Ptcmplglutaniic Acid to the Mcdium on Vtilization of Glutmiic Acid by Surviving 
]:rain and Kidney Tissuc Sliccs of Nor1n:iI Rats. 

) 

\ 

Ilraii i  sliccs Increase in Qo2 
I--- v with addition 

1st hr  3-111- interval 1< id n rip s1 i c (1s of glutninic acid++ 

K S ~ .  T’GA ~ 0 1 1 ~ .  (:I> (b)  (c )  (:I) (b)  ( c )  (a) (b)  ( c )  Brain Kidney 
T \ --F -7 ,-\ 

---- _____ - -~ 

1 0 3.4 4.6 6.1 1.9 3.4 4.7 10.4 12.8 13.3 2.8 2.9 
3 x 1 0 - 4  It 3.4 3.8 6.3 1.9 4.2 5.0 9.2 11.8 14.0 3.1 2.8 

2 0 .5.0 6.8 9.6 3.3 5.2 7.4 11.8 19.2 21.9 4.1 
3 x 10 4 Jt 4.4 8.2 9.8 3.0 6.1 7.6 11.6 l9.(i - 4.6 

3 0 4.(i (i.0 7.2 2.8 4.3 5.4 9.9 12.0 13.1 2.6 3.2 
3 x lo-:: 31 3.6 6.0 G.8 2.2 4.2 C.3 9.0 11.6 12.7 3.0 3.7 

4 0 5.0 8.6 7.3 3.3 6.4 6.0 15.0 1 . 7 2  18.0 2.7 3.0 
3 x lo-:: 11 4.4 7.2 7.9 2.9 s .3  6.0 12.2 1.7.2 14.1 3.1 1.9 

_ _ _ _ _ _  -- ____ 

( a )  S o  g1ut:imic acid added to mcdiuin. 
(b) Jtecliuni containcd 3 X 10-3 N added glutaniic acid. 
( c )  Jtetliuni contained 10-2 It1 added glutaniic acid. 
“Tlie vnlucs are  calculated from the results with 10-2 JI glutnmic acid. The values for braiii slices 

were dctcwnincd f rom the 3-hour respirxtion iiitervnl. 

reduced the magnitude of the Qo2 increases, 
but no such reduction was observed. The  
masiniuni PGA level which has been reported 
in the blood of human subjects is 0.8 pg per 
ml’l following the intravenous administration 
of 15 mg of PGA. In the present study levels 
as high as 1323 pg PGA per ml of medium 
were without significant effect on glutamic 
acid metabolism. 

I n  another series of similar experiments, 
the animals were either made severely deficient 
in PG.4 or fed a high level of PG-4 for a 
prolonged period. The birds on the deficient 
diet developed a severe cervical paralysis,12-13 
and the deficient rats showed a mild cytopenia. 
The animals were sacrificed when the marked 
signs of the characteristic deficiency devel- 
oped. Control animals were fed purified 
diets-‘.” containing adequate levels of PGA 
(1  mg PG.4 per kg diet for rats and 2 mg per 
kg of diet for turkeys). Because of the non- 
linear oxygen consumption curves obtained 
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with brain tissue the control animals were 
sacrificed simultaneously with the experi- 
mental animals and the tissue slices were 
prepared from both at the same time. The 
respiration of the tissue slices was measured 
as described above, except that no PGA was 
added to the medium. No difference between 
the behavior of the tissues from the deficient 
and control animals was found (Table 11). 

The effects of feeding large amounts of 
PG.4 and of PGA deficiency in the rat on 
glutamic acid metabolism by brain and kid- 
ney tissue in vitro were compared (Table 11). 
The “high-PGA” diets contained 100 mg 
PG.4 per kg and were fed for several weeks. 
The tissues from two series of animals showed 
no significant differences in the tests. 

Discussion. In  studies with various species 
of animals PGA, like the other B-complex 
vitamins, has been shown to be a substance 
of very low t0xicity.l‘ Prolonged dosage of 
human subjects with 50 mg of PGA daily 
has been reported not to produce adverse 
symptomatology.ls Recent statements? have 

14 IInrncd, C. K., C‘unningliain, H. D., Smith, 
11. D., :ind C h r k ,  11. C‘.. Airn. A-. P. Acad. Sci., 
1946, 48. 289. 

15 h n y ,  I,. .T., and Spiels, T. D., Eloor7, 1946, 
ster, 11. I,., J .  S i r t r i f i o i r .  1945, 30, 131. 1, 2 i l .  



526 GLUTAMIC ACID METABOLISM AND PGA 

I 

CI 

c 
X I -  "1 cc dc IT: 

.. 

c; 

; c :  
j "$ 
I S  

implied that glutamic acid is important for 
the functioning of the choline acetylase system 
in the brain and that PGA might competitive- 
ly interfere with glutamic acid in nerve 
metabolism. Although earlier studiesI6 related 
glutamic acid to the choline acetylase system, 
reactivation of this system by glutamic acid 
has been since shown to be a non-specific 
effect, also exerted by various other amino 
and organic acids, especially citric acid.17 
In  fact? recent purification of the system has 
led to the conclusion that acetate rather than 
citratelS is respmsible for the effect. That 
PG-4 plays a positive role in the functioning of 
the central nervous system has been shown 
by the development in young turkeys of 
generalized paralysis on PG.4-deficient 
d iets 1 2.1:j and that the paralysis disappears 
within a few hours after the injection of 
PG.4.':{ The present investigation indicates 
that the respiration in oitro of brain tissue 
slices in turkeys with this paralysis, was not 
grossly different from that of brain tissue 
slices from control birds. 

Summary. The utilization of glutamic acid 
by Lactobacillus casei and Streptococcus 
faecalis R was not affected by increasing the 
pteroylglutamic acid (PG-4) content of the 
culture medium a thousandfold. The respira- 
tion of rat brain slices was not inhibited by 
adding PG-4 to the medium a t  a level of 
3x10 '11. inore than 100 times the highest 
concentration observed in the blood of human 
subjects following the intravenous injection 
of 15 mg of PG.4. The increased respiration of 
rat brain slices produced by adding glutamic 
acid was not reduced by adding PGA to the 
medium a t  concentrations of 3xlO-:W and 
3 ~ 1 0 - ~ 3 I .  The respiration rate of brain slices 
of PG-4-deficient turkeys, with or without 
added glutamic acid, was not consistently 
different from that of brain slices from con- 
trol birds which had received an adequate 
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Effect of Tween 80 on Certain Strains of C. diphtherine. 

In attempts to prepare a fluid synthetic 
medium for general use in diphtheriology, 
difficulty was encountered in that recently 
discovered minimus and a few, 
closely related, minute-colony strains, failed 
to grow in a medium suitable for most other 
strains. The synthetic medium used consists 
of amino acids, inorganic salts, carbohydrates 
and growth factors in as pure form as could 
be obtained. It has no peptone, casein or 
other constituents of variable or unknown 
composition. Details of the medium will be 
published elsewhere. 

The  minimus strains have also uniformly 
failed to grow well in infusion broth. The 
granular cature of growth of the minimus 
strains in infusion broth suggested the possi- 
bility that a surface tension reducent might 
facilitate growth, following the line of thought 
suggested by Dubos et Q Z . ~ . ” . ~  in their studies 
c;f the tubercle bacillus. Lkcordingly, Tween 

80 was added aseptically from a freshly pre- 
pared, sterile, aqueous solution, in a con- 
centration of about 0.05%, to the synthetic 
medium just before inoculation. Immediate 
and striking stimulation of growth of the 
minimus-type strains was observed. Con- 
centrations of Tween up to about 0.5% have 
since been used with no apparent inhibition 
of the minimus type. No optimum or in- 
hibitory range has yet been determined. 

With other types of diphtheria bacilli, the 
results of adding Tween 80 to the medium are 
somewhat variable. Some strains, particular- 
ly of the mitis type, appear slightly inhibited: 
others show little or no difference in growth 
response to Tween. Gravis and gravis-like 
strains which normally grow with pellicle 
formation, lose their pellicle and grow 
diffusely throughout the medium. No types 
other than minimus are stimulated to any 
great degree, with the exception of a few 
minute-colony forms sent by Dr.  Mc1,eod 
from Leeds sometime ago. These strains 
were designated by McLeod as the intermedius 
type. I t  is of interest that the 4 strains of 
this group which Frobisher found to be 
identical with minimus type3 were more 
markedly stimulated by addition of Tween 
than were the other 6. 

Similar stimulation of growth of the mini- 
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