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A Colorimetric Procedure for the Determination of Aspartic Acid." (17934) 

DETERMINATION OF ASPARTIC ACID 
FINAL MEASUREMENT AS COPPERDIETHYLDITHIOCARBAMATE 
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FELIX FRIEDBERG AND LAWRENCE 31. MARSHALL 
(Introduced by Arnold H. Maloney) 

From Howard Dniuersity College of Xedicine, Waskingtoan, D.C. 

-4lthough there are many procedures in the 
literature for the determination of aspartic 
acid it now seems certain that classical isola- 
tion methods have yielded low results ( 1 ) . 
>1icrobiobgical assays are specific for the L 
isomer only( 1 ) .  Braunstein's( 2 )  modifica- 
tion of Dakin's(3) method which is specific, 
accurate, and non-selective with respect to 
the D and L forms, is based on the stoichio- 
metric conversion of aspartate to fumarate 
(2,3). Fumaric acid is then reduced to suc- 
cinate and the latter is measured with suc- 
chic  dehydrogenase. The present report 
describes a procedure which eliminates this 
reduction and enzymatic assay and analyzes 
colorimetrically the fumaric acid producd 
from aspartic acid with dimethyl sulfate. The 
determination is applicable to amino acid mix- 
tures and hydrolysates when the amount of 
aspartic acid measured exceeds 0.5 mg. -is- 

paragine interferes with this analysis as with 
the enzymatic method. 

One ml of aqueous solution 
containing from 0.6 to 1.4 mg of aspartic 
acid was pipetted into a 20 ml beaker and 
made alkaline with sodium hydroxide. Al- 
terna tely methyl sulfa tse (Daigger and Com- 
pany, Chicago, Ill,, Highest Purity) and 33% 
sodium hydroxide were added dropvise to 
the mixture over a one hour period. The 
final volume of methyl sulfate and sodium 
hydroxide added was 0.25 rnl each. The solu- 
tion at  no time became acid. Between the 
additions the beaker was agitated on the 
Dubnoff metabolic shaker. I t  was placed 
in a refrigerator overnight and on removal 
the solution was adjusted with 10 N sulfuric 
acid to approximately pH 2. The acid con- 
tents were mixed with 1 g of dry silica, pre- 
pared as described by Marshall, Orten and 

Procedure. 
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TABLE r. 
Analysis of Aspartic Acid in Protein Hydrolysatee. 

Aspartic acid, % 
f \ 

Protein Nit,rogen, % 0 bs erv e d Literature 

Cryetalline lysozyme 

Crystalline bovine serum albumin" 

16.90 I! 10.60t 10.2 (6) 

15.758 9.92; 10.25 (7, 8) 
10.9 (9) 
11.1 (10) 

* Kindly supplied by Dr. Ma.x S .  Dunn. 
t Average of 3 determinations. 3 I ,  I ,  2 I ,  

$ Corrected for moisture and ash (moisture, 1.€44%; ash, 0.55%). 
11  Moishre and ash not determined. 

TABLE 11. 
Recovery of Aspartic Acid from Amino Acid Mixtures. 

Synthetic mixture' Casein hy drolysate t 
I 3 r > 

Determination Added, Found, Recovery, Added, Found, Recovery, 
NO. mg mg % mg mg % 

~. -~ 

1 .99 .89 90 0 0.67 
2 .99 .96 97 .93 1.59 99 
3 -99 .Y4 95 .93 1.66 107 
4 .47 1.16 104 

*vg 94 103 
~ ~~ - ~ ~ 

* P e r  100 ml of solution the mixture waa composed of DL-tyrosine 10.3, tryptophane 8.2, 

t The casein contained 13.4% K and 6.75% of aspartic acid. 
cystine 1.4, lysine 2.1, arginine 2.7, glutamit acid 18.6 mg. 

Smith(4), suspended in 15 ml of 25% (vol- 
ume/volume) butanol in chloroform and fil- 
tered through paper. After the residues were 
washed with 2 0  ml of the butanol-chloroform 
mixture the filtrate and combined washings 
were dried in a current of air a t  room t m -  
perature. The dry residue of fumaric acid 
was dissolved in 1 ml of warm water (70") 
and transferred to a centrifuge tuibe with two 
0.25 ml washings. The fumaric acid was pre- 
cipitated as the copper-pyridyl complex( 5 )  
and the copper thus combined was determined 
colorimetrically ( 5 ) .  The calibration curve 
is shown in Fig. 1. The Beckman, Model 
DU, was employed for the photometric meas- 
uremen ts. 

Hydrolysates. Crystalline bovine serum 
albumin and crystalline lysozyme were re- 
fluxed for 20 hours with 10 times their weight 
of 6 N hydrochloric acid. When less than 

4. Marshall, L. M., Orten, J. M., and Smith, A. H., 

5 .  Marshall, L. M., Orten, J. M., and Sanitb, A. 
J .  B i d .  Chem., 1949, v179, 1127. 

R., Arch. Biochem., 1949, v24, 110. 

0.8 mg of aspartic acid was assayed, the for- 
mation of the copper-pyridyl fumarate, in 
the final measurement, was favored by 
scratching the inner surface 0;f the centri- 
fuge tube with a small glass rod. Application 
of the procedure to hydrolysates provided 
the data in Table I. 

Recovery s tdiks .  The analysis of the am- 
ino acid in mixtures is shown in Table 11. 
Two amino acid preparations were used. One 
was synthetic; the other was a hydlrolysate 
of casein. In  8 other samples, each containing 
0.97 mg of aspartic acid 'by weight, the aver- 
age amount found was 0.93 mg, the standard 
deviation i-0.06 mg. 

6. Fromageot, C., and Colas, R., Biochem. ct 

7. Velick, S. F., and Ronzoni, E., J .  Bio2. Chem., 

8. Shemin, D., 1. Biol. Chem., 1945, vl59, 439. 
9. Stein, W. H., and Moore, S., 1. Biol. Chcm., 

10. Henderson, L. M., and Snell, E. E., J .  B id .  

Biophys. Actu, 1949, v3, 417. 

1948, V173, 632. 

1949. v178, 79. 

Chem., 1948, v172, 15. 
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Discussion. The foregoing procedure is 
recomm,ended for the daetermination of aspar- 
tic acid in protein hydrolysates. Biological 
fluids in general cannot be measurd  because 
of possible intenference by fumaric acid. Al- 
though the use of the chromatographic de- 
termination for fumaric acid (4) would im- 
prove the sensitivity, a prior analysis of 
furnaric acid in the sample would decrease 
the convenience of the method. Obviously,, 

the precision, specificity and sensitivity of 
the final measurement can be no greater than 
that reported for the conversion(3) and the 
colorimetric procedure for fumarate ( 5 ) .  

Summary. A procedure is described for 
the determination of aspartic acid in quanti- 
ties of 0.5 mg or above in the sample. The 
amino acid is converted to fumaric acid and 
this is measured colorirnetrically. 

Received May 4, 1950. P.S.E.B.M., 1950, v74. 

Methylene Blue, 2,4-Dinitrophenol, and Oxygen Uptake of Intact and 
Homogenized Embryos." (17935) 

J. H. BODINE AND RIAO-HUNG Lu 
FIYM the  Zoologicnl Lctborcctory, State 77niver.sity of Ioica, Iowa City .  

That  M.B. and 2,4-D.X.P. in suitable con- 
centrations stimulate or augment the oxygen 
consumption of intact cells and tissues of a 
variety of biological forms seems well estab- 
lished ( 1,2,3). The exact mechanisms in- 
volved in such reactions, however, do not seem 
to be so well understood and many ideas 
have been advanced in attempting explana- 
tions of such phenomena. More recent in- 
vestigators of the action of these chemicals 
upon the oxygen uptake of intact and homog- 
enized cells emphasize the importance of fac- 
tors associated with cell structure in condi- 
tioning the results( 1.4). Marked effects upon 
intact cells have been pointed out while quite 
opposite and a t  times contrary results are 
described for homogenates and intracellular 
constituents of the same materials (1). Addi- 
tions of various substrates to homogenates in 
certain instances seem to condition or a t  least 
influence the nature of the response( 1.4). 

* .-\ided bl- grant from National Institutes of 
Health. i\cknowledgement is gratefully made to 
Etta Andrews for technical assistance in carrying 
out this investigation. 
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Since much of the available data seems to 
have been oihrtained for mammalian tissues 
requiring the addition of substrates for the 
reaction it was thought desirable to extend 
these observations to the embryonic cells of 
invertebrates which normally do not require 
the addition of substratres for such studies. 
The  intact embryo of the grasshopper, 
Melanoplus djfierentialis, which has proven 
of value for various cellular problems, has 
been used in the present inve~tigation(2~3). 
Homogena tes as well as intracellular constit- 
uents (nuclei, mitochondria, microsomes) pre- 
pared by fractional centrifugation techniques 
have also been employed. The suspension 
medium used throughout all experiments was 
.9% XaC1, buffered to pH 6.8 by .0016M 
phosphates. No additional substrates were 
added so that oxygen uptzke, as measured 
by standard Wanburg manometers, represents 
that necessary for endogenous respiration. 
Respiration flasks, 5 ml capacity, were used 
and all experiments were conducted at 25°C. 
One hundred embryos per cc of suspension 
medium or their equivalent were used through- 
out. Homogenates were prepared by  means 
of an all glass Potter-EIvehjsem homogenizer 
( 5 ) .  Nuclei, mitochondria and microsomes 

5. Potter, V. R., and Elvehjem, C. A., J .  B i d .  
Chem., 1936, v114, 495. 


