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showed that the production of skeletal lathy- 
rism by AAN can be greatly augmented by 
simultaneous treatment with STH. Since 
neither the cartilaginous nor the bony pro- 
liferations induced by AAN are inflammatory 
in the usual sense of the word, this observa- 
tion confirms our view that corticoids can 
influence tissue reactivity to various agents, 
and not only to those which elicit typical in- 
flammatory responses. It is especially note- 
worthy that in the first experiment in which 
AAN intoxication was particularly acute and 
severe, concurrent treatment with STH not 
only failed to stimulate growth but actually 
inhibited it; despite this the hormone was 
most effective in augmenting the abnormal 
skeletal proliferation characteristic of lathy- 
rism. In evaluating the possible hormonal 
participation in non-endocrine diseases (those 
not primarily due to hyper- or hypo-function 
of an endocrine gland) we must keep in mind 
that, under certain conditions, a hormone can 
influence a pathologic process without mani- 
festing its classical endocrine effects. 

In our opinion these observations-as well 
as our earlier experiments on the effect of 
cortisol upon AAN intoxication ( 1 )-furnish 
additional support for the concept that the 
so-called “adaptive hormones” can partici- 
pate in the development of the most diverse 

non-endocrine diseases. Special emphasis is 
laid upon the fact that this is true even of 
non-inflammatory tissue reactions to an exo- 
genous irritant. 

Summary. Experiments in rats indicate 
that somatotrophic hormone (STH) can 
greatly aggravate skeletal manifestations of 
experimental lathyrism that are produced 
with aminoacetonitrile (AAN). This is so 
even under conditions whereby STH fails to 
stimulate growth in length. 
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Determination of L- and D-Glutamic Acids by Combined Microbiological 
Method and Racemization Procedure.” (22879) 
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The microbiological assay of L-glutamic 
acid with Streptococcus faecalis R and of  to- 
tal (L- plus D-) glutamic acids with any one 
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of several other organismst has been reported 
previously as a provisional means of deter- 
mining both L- and D-glutamic acids in pro- 
tein hydrolysates ( 1 ) .  It has been found sub- 
sequently that utilization of D-glutamic acid 
by these assay organismst (unpublished data) 

$ Leuconostoc dextrunicum (SQ86), Leuconostoc 
mesenteroides (8293),  Leuconostoc citrovorum (797) ,  
and Leuconostoc citrovorum (7013). Numbers in 
parentheses refer to American Type Culture Collec- 
tion catalog. 



138 DETERMINATION OF L- 

as well as by Lactobacillus arabinosus 17-5 
(2,3) is markedly impaired in the presence 
of aspartic acid and that generally, therefore, 
the proposed method would be expected to 
yield erroneously low values for D-glutamic 
acid.9 

An improved method for the determination 
of L-glutamic acid with L. arabinosus 17-5 is 
given in the present report. A sample treat- 
ment effecting complete racemization of glu- 
tamic acid is described as a means of esti- 
mating total glutamic acid from the L-glu- 
tamic acid content of treated material. 

Methods. Assay samples, unless otherwise 
specified, were hydrolysed by refluxing them 
with approximately 10 volumes of 6 S hy- 
drochloric acid for 24 hours. cooled, filtered 
and washed into volumetric flasks of not more 
than 3 times the initial hydrolysate volume. 
diluted with water to volume, and stored in 
glass stoppered bottles in a refrigerator. An 
aliquot of each hydrolysate to be assayed for 
L-glutamic acid was brought to pH 6.2 with 
a measured amount of standard 3 A7 sodium 
hydroxide solution and diluted to contain 80 
to 120 y of L-glutamic acid per ml. The di- 
luted samples, in volumes of 0.2. 0.4. 0.6. 0.8 
and 1.0 ml, were added in triplicate to 13 s 
100 mm soft glass test tubes together with 
sufficient “blank” solution to make 1.0 ml per 
tube. Standard solutions of L-glutamic acid 
were similarly distributed to yield a 15 level 
standard curve ranging up to 120 -1 per tube 
in steps of 8 7. Standard, sample and “blank” 
solutions were all prepared to contain uniform 
concentrations of brom thymol blue (8 y/’ml) 
and of sodium chloride (3%. including that 
formed upon neutralization as estimated from 
the amount of sodium hydroxide employed) 
since this procedure eliminates possible devia- 
tions in results due to widely varying salt con- 
centrations in the neutralized hydrolysates 
after appropriate dilution. The assay medium 

0 Satisfactory recoveries of ,both L- and D-glutamic 
acids from a known mixture of pure amino acids were 
reported( 1 ) , but the experimental mixture contained 
L-asparagine in place of L-aspartic acid, and it has 
subsequently been found (unpublished data) that 
L-asparagine has relatively little effect on D-glutamic 

AND D-GLUTAMIC ACIDS 

acid utilization ‘by the test organisms. curve. 

as prepared for use contained the following 
constituents in distilled water : vitamin-min- 
era1 mixture(4) 31 mg amino acid mix- 
turell l.OS%, glucose 3%. buffer solution(4) 
7.5 ml p7 and L-glutamic acid 0.60 mg %.n 
The mixture was filtered ( to  remove the 
small amount of undissolved solids which re- 
mained after heating it briefly) and dis- 
pensed, 2 ml/tube, into the sample, standard 
and “blank” solutions, bringing the final vol- 
ume,’tube to 3 ml. The pH of the medium, 
considerably acid owing to its relatively high 
aspartic acid content, was left unadjusted. 
The charged tubes, supported in appropriate 
racks and covered with aluminum foil. were 
autoclaved 5 minutes a t  122‘ cooled, inocu- 
lated with L. arabinosus 17-5, incubated 64 
to 68 hours a t  35” in a water thermostat and 
steamed 20 minutes in an autoclave at  100’ 
to terminate growth. Maintenance of the 
stock culture( 5) preparation and use of the 
inoculum suspension (6).  measurement of 
growth response (4), and calculation of assay 
results(4) were as described in the cited 
references. An aliquot of each hydrolysate 
to be assayed for total glutamic acid was 
neutralized and diluted to contain approxi- 
mately 2 mg of glutamic acid per ml after 
adding a sufficient excess of base to make the 
final solution 2.5 iV with respect to sodium 
hydroxide. Ten-ml aliquots of the resulting 
solutions were heated over night (16-18 
hours) a t  160” in 12 ml stainless steel bombs 
in which the residual air had been replaced 
with nitrogen. The treated solutions were 

11 A dry mixture containing the following percent- 
ages of amino acids was homogenized in a ‘mortar and 
stored in a tightly capped bottle: DL-alanine 7.5, 
L-arginine monohydrochloride 7.5. L-asparagine mon- 
ohydrate 0.75, L-aspartic acid 49.3, L-cysteine hy- 
drochloride 1.5, glycine 0.75, L-histidine monohydro- 
chloride monohydrate 0.75, DL-isoleucine 7.5, L-leu- 
cine 3.77, DL-lysine monohydrochloride 1.5, DL- 
methionine 0.75, DL-norleucine 1.5, DL-riorvaline 
1.5. DL-phenylalanine 3.77, L-proline 0.75, DL-serine 
1 ..5. DL-threonine 1.5, DL-tryptophan 0.75, L-tyro- 
sine 1.5, and DL-valine 5.66. 

1; Insufficient to promote apprecialble growth in the 
‘%lank” tubes, but sufficient to eliminate the lag which 
otherwise appears in the low region of the standard 
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TABLE I. L-Glutaniic Acid and Total Glutamic Acids in Casein and Various Microorganisms. 

I-------L-glutaniic acid--, Total glutamic acid- 
No. of No. of 

determi- det ernii- 
N. Mean Range M.D.M." nations Mean Range M.D.M." nations 

Casein 
Lactobacillus arab- 

S treptococczcs f ap-  

Lezrconostoc mesnn - 

Myco bact erium 
phlei 10142 

Mycobacterium 
plilei 336/289B 
My cobacterium 

ranae 
Myco bucteriwm 

smegmatis 
0. T'. 66831 

inosus 17-5 

oalis R 

teroides P-60 

7 

15.60 t 
l(1.51 

10.90 

10.89 

8.54 

9.53 

10.94 

10.71 

-- 
21.3 

9.3 

11.0 

8.1 

10.9 

19.7 

9.8 

9.6 

-%-- 
21.0-21.9 

9.0- 9.5 

10.2-11.4 

7.9- 8.3 

10.8-11.0 

19.6-19.8 

9.7- 9.9 

9.6- 9.6 

-7 

0.9 11 
1.7 7 

3.1 7 

1.3 7 

1.1 2 

0.5 2 

1.0 2 

0.0 2 

f----- 

21.4 
14.2 

13.7 

14.4 

12.7 

22.0 

11.2 

11.3 

-%- 
21.0-21.9 
13.8-14.5 

12.7-14.1 

14.3-14.6 

12.4-1 3.0 

21.8-22.3 

10.9-11.4 

11.1-11.5 

7 
1.4 6 
1.2 5 

2.6 5 

.6 5 

2.4 2 

1.1 2 

2.2 2 

1.8 2 

Casein sample was the same as that described previously (7).  Nycobacterial preparations were dii- 
plicates of those described by Ginsburg, et d ( 1 3 ) .  Lactic acid bacteria were produced in 18 liter cul- 
tures (incubated 48 hr at  35") in inoculum medium described previously(6), harvested by centrifuga- 
tioii, washed with 0.85% saline solution, extracted successively with boiling water, hot acetone and cold 
ether, and air dried. The casein was hydrolysed as described in the text, and bacterial preparations hy- 
clrolpsed as described by Ginsburg, e t  d ( 1 3 ) .  The authors are indebted to Mr. Ginsburg for preparing 
the mycobacteria and IiTdrolysing all bacterial preparations. Glutamic acid values for casein are calcii- 
lated as % of moisture- and ash-free material; all others are calculated as % of protein (N X 6.25). 

* Mean percentage deviation of individual values from their mean. 
t Corrected for moisture and ash; all other nitrogen values are uncorrected. 

cooled, transferred to separate 100 ml volu- 
metric flasks together with sufficient brom 
thymol blue and sodium chloride to yield final 
concentrations of 8 y per ml and 3.0%, re- 
spectively, adjusted to pH 6.2 with hydro- 
chloric acid, diluted with water to volume, 
and assayed for L-glutamic acid as described 
in the preceding paragraphs. Total glutamic 
acid was represented by twice the resulting 
L-glutamic acid values since the described 
heating with alkali was sufficient to convert 
either L- or D-glutamic acid to an equal mix- 
ture of the two forms. D-glutamic acid was 
represented by the difference between the L- 
glutamic acid found in the untreated hydroly- 
sates and the total glutamic acid found in the 
corresponding samples after heating with al- 
kali. 

ResuEts. Previously described methods for 
the determination of glutamic acid with L. 
arabinosus 17-5 (7- 11) have not been useful 
with samples containing appreciable levels of 
D-glutamic acid because this substance under 

the usual assay conditions promotes a re- 
sponse of the test organism quite different 
from that effected by the L-isomer. This 
problem has been eliminated in the present 
method, however, by enriching the assay me- 
dium with aspartic acid, thereby totally in- 
hibiting response of L. arabinosus 17-5 to D- 
glutamic acid (2,3). Earlier methods specific 
for the L- form of glutamic acid have been 
based on the use of Steptococcus faecalis R, 
which cannot utilize D-glutamic acid under 
any conditions thus far tested( 1,8), and ad- 
ditional methods could presumably be based 
on the use of Leuconostoc citrovorum 8082 
( 1) , but in the authors' experience these bac- 
teria, neither of which either grows as pro- 
fusely or produces acid as abundantly as does 
L. arabinosus 17-5, yield less readily repro- 
ducible results than the latter organism. 

Reproducibility and accuracy of the pres- 
ent L-glutamic acid assay method are appar- 
ent from the data given in Tables I and I1 in 
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TABI,E 11. Xecovery of L- and U-Glutamic Acids 
-4clclerl to Hylrolysatcs of Cnscin and Leuconostor 

nt I S I  ) I  f c  r o i r 7 r  s P-CiO Cthlls. 

21.45 (L): 43.3 (1,) 98.8 
21.45 ” $ 42.5 ” 98.8 
21.29 (D)  41.0 (7‘) !12,1 
21.29 ” 40.1 ” x;.x 

7.929(1,)$ l K 2 2 ( l A )  l(l2.2 
7.929 ” $ 15.w ” !Is.:) 

14.31 ( I ) )  27.49(T) !I1.4 
14.31 ” 27.93 ” 94..5 

Y‘:iluc~s for gli1t:ialic acicl a ( I c l t ~ 1  :111(1 fo1111(1 : I I * ( ~  
c.alcul;ttctl :IS ?/lo0 g of 1iioistiirt~- : I I I ~ ~  : I S ~ I - ~ I + ~ Y $  C:I- 

seiii. Rtwn-twos lmsccl on i i i ( w 1  v - :~ lncb~ ,  21.1170 aud 
2 1 . 4 7 ~ ~  respectivelJ-, for  1,- a11d total gl~itiiiiiic acids 
in casein (Table I). 

t V:ilues for glutnaiic acid aclclrd and founcl an’  
cnIcnl;~tctl as g/lOo g of protc4ll (S X G.2S ) .  Rtl- 
vov(>ri(bh 1i:iscvl oil iiicnn ralucs, 8.127Q niid 11.41 % 
(rouiiclctl off’ to 8.1 and 14.4 iii Tablr I 1, rcsp’c.- 
tivelJ-, for 1,- aiid total glntainic acids in 1,. n i p s o t -  

fvroii i(>s protein (Table I). 
TTheii I)-glutaniic acid was acldrd a t  this 1cvt.l 

in pl:ictl of T,-glut;miic acid, resultiiig ralues foilill1 
for  I,-glut:unic arid, 21.470 and 21.670, ww not 
:ipprwiably different from avg raluc, 21.3% ( T:I- 
ble I),  found in :il)sciice of acl(1cil I)-glntaniic acif 1. 

j JYlicw 8.Citj70 T)-glut:imic acid W I S  adclcd in 
place of 1,-glutaiiiic acid, rwultiiig values fou~iel 
for L-glutamie acid, 8.2% a i d  K O % ,  were not ap- 
preciably different from nvg valnc, 8.1% (Tnblr 
I), found in absence of added l)-glutainie acicl. 

1 1  “Added” and “found” are cnlculatecl :IS g 
per 100 g of protein (either moist~irc- and n s h - f r t ~ ~  
c:isc+i or 1Jacteri:il iiitrogrii X 6.23). Sot:ltionb. 
I,, I), :ind T in 1~arcnthcses rclfer to I,-, D- n11cl 
total glutamie acids, rcspectivcly. 

r( Culdatct l  as 100 tinles the quotient of ;~nioullt 
recorcrccl (amount found in recowry saiiiplc miniis 
that  found in original sample) divided bg the 
amount added. 

which i t  may be seen that L-glutamic acid 
values from repeated assays of the same sam- 
ples were in close agreement (individual de- 
viations from the mean values averaged less 
than 1.4% for all repeated assays) and that 
recoveries of L-glutamic acid added to hy- 
drolysates were close to 100% (average devi- 
ation from 100 was 1.4% for all recovery es- 
periments) . 

Total glutamic acid values were only 
slightly less readily reproducible ( individual 
deviations from the mean values averaged 
less than 1.5% for all repeated assays’) than 
those for L-glutamic acid, but it is apparent 
from the data shown in Table I1 that recov- 
eries of D-glutamic acid were significantly 

low (average 91.4%, range 87.8-94.5). It 
does not seem likely that these low recoveries 
were due to incomplete racemization of glu- 
tamic acid in the samples prepared for total 
glu tamic acid determinations since virtually 
complete racemization of pure glutamic acid 
is effected within 16 to 18 hours even at 145’ 
( Fig. 1) and the test samples were heated a t  
160” for this period. Moreover, if racemiza- 
tion of glutamic acid in the casein sample 
had been incomplete, erroneously high values 
for total glutamic acid would have resulted, 
and such values would necessarily have been 
considerably higher than the corresponding 
values for L-glutamic acid. Actually, as may 
be seen in Table I, the mean values for L- 
and total glutamic acids in casein did not dif- 
fer by as much as 0.5%. It seems likely, 
therefore. that some destruction of glutamic 
acid in the recovery samples occurred as a 
consequence of the racemization procedure, 
even though pure glutamic acid is stable to 
this treatment even at  170” for prolonged pe- 
riods (Fig l ) .  

The value, 21.376, for L-glutamic acid in 
acid hydrolysed casein (Table I) appears 
likely to be correct within close limits because 
of the apparent reliability of the L-glutamic 
acid assay (Tables I and 11) and because of 
the close agreement of this value with the av- 
erage value, 2 1.776, found upon repeated as- 
says of 

100- 

75 - 

.: 50- 

TJ 
Q) 

Q) 
0 z 25- 
8 

the same hydrolysate by a mano- 

Hours 
FIG. 1. Racemizatioii of D-glutamic acid in  2.5 N 
~otliuiii hgdrositle under nitrogen a t  145O (Curve 
*-I), 155” (Curve B), and 170” (Curve C). Degrees 
of mccmizatioii mere calculated from amounts of 
1,-glutamic acid (measured microbiologically) 
present in  the mixtures (initially L-glutamic acid- 

free) after heating. 
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metric procedure employing a specific L-glu- 
tamic acid decarboxylase derived from Es- 
cherichia coZi( 12) .  The value, 20.7%, was 
reported earlier for L-glutamic acid in the 
same casein preparation ( 1 ) . 

It seemed likely, on the other hand, that 
the value, 21.476, for total glutamic acid in 
the casein hydrolysate (Table I) might be 
somewhat low in view of the low recoveries 
of D-glutamic acid (Table 11) and the higher 
values, 22.570(’1) and 22.3%(1),  reported 
for hydrolysates of the same casein prepara- 
tion analysed by procedures which would be 
expected to determine some or all of the D- 
glutamic acid in addition to the L-glutamic 
acid in this material. The value, 22.5% (7), 
might be expected to be somewhat high, how- 
ever, since it was noted that L. arabinosus 
17-5 was more sensitive in its response to 
racemic glutamic acid than to L-glutamic 
acid under the conditions employed ( 7 ) ,  and 
the value! 22.3% ( 1) , the average of values 
ranging from 2 1.3 % to 23.170, was not con- 
sidered to be highly accurate. Moreover, our 
present value, 21.4% for total glutamic acid 
in casein, although 2.8% lower than that, 
22.0076, reported by Chibnall and his co- 
workers(l4), appears to be in accord with 
the results of these workers, quoted by Tris- 
tram( 15), which indicated that only 0.770 of 
the total glutamic acid in acid hydrolysed 
casein is of the D-configuration. 

The values, 9.3 % and 14.2 %, respectively, 
for L- and total glutamic acids in L. arabi- 
nosus 17-5 (Table I) are of the same order 
of magnitude as those reported earlier (6.7% 
and 13.1 % , respectively, when recalculated as 
% of protein) for this species( 1 ) ,  although 
different and not strictly comparable cell 
preparations** were tested. The presence 
.of a considerable amount of D-glutamic acid 
in cells of L. arabinosus 17-5 is therefore con- 
firmed, and since the present cell preparation 
was subjected to extraction with boiling 
water, it is evident that the D-glutamic acid 
is tightly bound to insoluble material-prob- 

** The present preparation, but not the earlier one, 
was subjected to extraction with boiling water, and 
acetone extraction of the present material replaced 
the ethyl alcohol extraction which was employed in 
the earlier procedure. 

ably proteins. 
Significant amounts of D-glutamic acid 

were also found in the cells of Leuconostoc 
mesenteroides P-60 and S .  faecalis R (Table 
I), an unexpected result with the latter or- 
ganism, for which D-glutamic acid is neither 
utilizable nor capable of sparing L-glutamic 
acid utilization (1  ,8) . This finding suggests 
that the celI wall of S. faecalis R is impervi- 
ous to D-glutamic acid, which may neverthe- 
less be produced intracellularly in this bac- 
terium, probably through enzymatic racemiza- 
tion of the nutritionally essential L-glutamic 
acid. 

The relative amounts of D-glutamic acid in 
hydrolysates of mycobacteria (Table I) are 
lower than in those of the lactic acid bacteria, 
ranging from 10% to 15% of the total glu- 
tamic acid in the former group as compared 
with from 20% to 44% in the latter. The 
values for L-glutamic acid in the mycobac- 
teria are in close agreement (within 5 % ) with 
those reported previously for duplicate prepa- 
rations( 13) t t  except in the case of Myco- 
bacterium phlei 336/289B, for which the 
present value is 44% greater than that re- 
ported for the earlier preparation. The much 
higher percentage of L-glutamic acid in this 
strain than in the other strains listed in Table 
I is apparently correlated with its content of 
“cord factor”( 13) .  

Summary. 1. An improved microbiological 
procedure, specific for the L- form of glutamic 
acid, was developed and shown to yield repro- 
ducible and accurate values for this amino 
acid in protein hydrolysates. 2. A sample 
treatment resulting in complete racemization 
of glutamic acid was developed to permit es- 
timation of total (L- plus D-) glutamic acids 
from the L-glutamic acid content of treated 
materials. 3.  L-Glutamic acid and total glu- 
tamic acids were determined in casein, 3 lactic 
acid bacteria, and 4 mycobacteria. D-Glu- 
tamic acid was negligible in casein hydroly- 
sate but appeared to constitute 10% to 15% 
of the total glutamic acid in hydrolysates of 
mycobacteria and 20% to 44% in hydroly- 
sates of lactic acid bacteria. 

t t  Ginsburg et d ( 1 3 )  employed the present 
method for the determination of L-glutamic acid, 
but unintentionally omitted an acknowledgement . 
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Phenylketonuria VIII. Relation between .4ge, Serum Phenylalanine Level, 
and Phenylpyruvic Acid Excretion." (22880) 

MARVIN D. ARMSTKOKG AND SIELS L. Low (Introduced by E n d  L. Smith) 
Laboratory f o r  Stztdy of Ht-reditarg and ,14etnbolic Disorders and Departmcitts 0.f Biological 

Chemistry, Pediatrics, and Medicine, [ 'n iv .  of L'tnh College of Medicine, Salt Lokt  C i t y .  
and Utah S ta fe  Training Srhool, . 4 m ~ r .  Fork, Utah. 

In phenylketonuria the liver enzyme sys= 
tern which oxidizes phenylalanine to tyrosine 
is defective ( 1 ) : and phenylalanine accumu- 
lates in the blood ( 2 ) . Phenylalanine ( 3 )  it- 
self. and its metabolites. phenylpyruvic acid 
( 3  ) , phenyllactic acid ( 3  ) and phenylacetyl- 
glutamine (4) are excreted. Previous attempts 
to relate blood or urine levels of phenylala- 
nine( 2,5,6) or phenylpyruvic acid (6,7) to the 
development of the mental deficiency which 
accompanies the biochemical defect have not 
shown a significant correlation, nor have 
blood levels of phenylalanine appeared to cor- 
relate well with phenylpyruvic acid excretion. 
In  the course of recent work in this laboratory 
it became apparent that there is a rough cor- 
relation between the level of phenylalanine in 
the fasting serum of patients and their excre- 
tion of phenylpyruvic acid. Also. children 
under the age of 3 years generally have been 
found to have much higher blood levels of 
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phenylalanine than have older patients. in 
most of whom a rather consistent level (30 to 
50 mg /lo0 ml) is observed. 

Methods, Serum phenTlulanine determina- 
tions were made on samples collected in the 
morning before ingestion of food ; this usually 
has allowed a period of 15 hours for clearance 
of excess dietary phenylalanine from blood. 
Modification of the method of Kapeller-Adler 
( 8 ) described previously ( 9) has been used 
for these determinations : phenylacetylgluta- 
mine and p-phenyllactic acid do not interfere. 
Either the method of preparation of the TCA 
filtrate or determination itself may have led 
to higher values than have been reported re- 
cently( 10). Our data for normal sera are in 
agreement, however, with those obtained by 
other workers(ll), and, in any event, should 
be internally consistent. since all determina- 
tions were carried out in the same manner. It 
should be noted that the method of Kapeller- 
Adler is inherently inaccurate when sera con- 
taining low levels of phenylalanine are as- 
sayed; at the higher levels observed with most 


