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Fig. 2.—Inhibition of pig brain acetylcholinesterase by 

prostigmine and Nu 683. 

of the inhibitor. This finding also confirms the acetylcho
linesterase properties of the present preparation. 

Activity of Pig Brain Homogenate.—Frozen pig brain (21)0 
•g.) was minced, mixed with activator-buffer salt solution 
(200 ml.) and homogenized for 3 minutes in a Waring 
Blendor. One-tenth ml. (50 mg.) of homogenate brought 
.about 50% hydrolysis of acetylcholine (0.004 .If) in 30 
minutes at 23°. Thus, it appears that this quantity (50 
mg.) of brain tissue is equal in activity to 3 mg. of our puri
fied enzyme. There appears to be only a 3- to 4-fold purifi
cation over the homogenate (dry basis). It is well known, 
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Fig. 3.—Inhibition of pig brain acetylcholinesterase and 
human plasma cholinesterase by TEPP. 

however, that homogenates of brain tissue contain several 
esterases capable of hydrolyzing esters of choline (reviewed 
in ref. 5). 
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Isolation of Crystalline a-Lactalbumin from Milk2 
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A protein, previously named "crystalline insoluble substance," has been isolated in crystalline form from the albumin 
fraction of bovine milk whey. The crystalline protein is homogeneous both in the electrophoresis apparatus and in the ultra-
centrifuge. Its sedimentation and diffusion constants check well with those reported for a-lactalbumin (Kekwick's lactal-
bumin). There is little doubt that the substances are identical and it is proposed that the protein in milk whey of approxi
mate molecular weight 16,000 and electrophoretic mobility —4.2 at />H 8.5 be called a-lactalbumin. This protein com
prises about 12% of the total proteins of whey. 

Several investigators have reported the isolation 
of crystalline proteins from the so-called albumin 
fraction of bovine milk whey.3 Except for Palm
er's (3-lactoglobulin and the crystalline albumin iso
lated by Polis, et a/.,4 none of these proteins has 
been characterized adequately and it has been dif
ficult, if not impossible, to repeat the isolations as 

(1) One of the laboratories of the Bureau of Agricultural and Indus
trial Chemistry, Agricultural Research Administration, U, S. Depart
ment of Agriculture. Article not copyrighted. 

(2) A preliminary report of this work was presented at the 1902 
Meeting of the American Society of Biological Chemists {Federation 
Proc, 11, 220 (19.32)). 

(3) T, L. McMeekin and B. D I'olis. "Advances in Protein Chemis 
try," Vol. V. Academic Press, Inc., New York, X. V., 1949, p. 202. 

(i) This protein isolated in trace amounts by B. D. Poiis, H. W. 
Slmiuklerand J. H. Custer Ij. Biol Chem., 187, 34(1 (1950)) was shown 
to be identical with crystalline bovine serum albumin. 

originally described. Svedberg and Pedersen in 
reviewing their studies of whey proteins in the ul-
tracentrifuge5 a t t r ibute the a-peak, one of the three 
major components in the sedimentation diagram of 
whey, to a lactalbumin isolated by Kekwick (un
published). This protein, with constants s2o = 
1.9 X IO-13, A o = 10.(5 X 10"7 and M3 = 17,400, 
was referred to as a-lactalbumin. 

In 1939, S0rensen and S0rensen prepared from 
the albumin fraction of whey a crystalline protein 
which they designated "crystalline insoluble sub
stance"6 on the basis of its insolubility in water 

(j) T. Svedberg, Nature, 139, 1051 (1937); T. Svedberg and K. O. 
Pedersen, "The Ultracentriftige," Oxford University Press, London. 
1940, p. 379. 

(6) M. Sprensen and S. P. I.. ,S0rensen, Compl. reooi. trav. lab. CarU-
he:S, .SVr chim., 23, ,i.i (1939) 
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and in dilute salt solution at pH. 4.6. The protein 
was, however, freely soluble in dilute ammonia at 
pH 6-7. "Crystalline insoluble substance" ap
peared to have the same crystalline form as /3-lac-
toglobulin but it differed from the latter not only 
in its insolubility in dilute salt solution but in its 
higher tryptophan content. Neither protein con
tained phosphorus or carbohydrate. The new pro
tein was not characterized further. 

We have prepared "crystalline insoluble sub
stance" along the lines described by S0rensen and 
S0rensen, and have confirmed many of their ob
servations. In characterizing the protein more 
completely, it has been found that "crystalline in
soluble substance" is homogeneous both in the 
electrophoresis apparatus and in the ultracentri-
fuge. Its sedimentation and diffusion constants 
(520 = 1.75 X 10~13 and Ao = 10.6 X 10"7) are in 
such close agreement with those reported by Sved-
berg and Pedersen for a-lactalbumin that there can 
be little doubt that the proteins are identical. It is 
proposed, therefore, that the protein isolated by 
the S0rensens also be called a-lactalbumin even 
though the isoelectric protein is only slightly soluble 
in water. 

Experimental 
Preparation of Crystalline a-.Lactalbumin.—Casein is 

separated from 60 1. of raw skimmed milk by the addition 
of JV HCl to f H 4.6. The whey is adjusted to pB. 6.0 by 
means of JV NH1QH and then (NH4^SQ4 (18.? kg. far 5,0.9 1.. 
wfyey) is added to 2.3 M to precipitate the globulin fraction. 
Sufficient JV NH4OH to restore the pH to 6.0 is added. ' The 
globulin fraction is filtered off. To the clear filtrate (59 1.), 
10.0 kg. of (NH4)SSO4 is added to 3.3 M, the precipitated; 
albumin fraction is filtered off and the filtrate is discarded. 
The albumin fraction is dissolved in water and dialyzed. 
When dialysis is complete and the pH is then adjusted to 
5.2, (3-lactoglobulin crystallizes and is centrifuged off. The 
clear yellow supernatant solution (9 1.) is again brought to 
3.3 M (NH4)2SG4 by the addition of 5.0 kg."of the salt,' the 
precipitated protein is centrifuged off and the mother liquor 
is discarded. The precipitate is mixed with about 1.5 I. of 
water and the turbjd suspension is again dialyzed at pH 
5.2. A precipitate is formed as dialysis proceeds. On 
completion of dialysis, the precipitate, composed of crude 
a-lactalbumin and some additional (3-lactoglobulin, is cen
trifuged off. The mother liquor still contains much pror 
tein which may be recovered and reworked for increased 
yields. The crude a-lactalbumin precipitate is thrice ex
tracted with small quantities of 0.1 JV KaCl whereupon the 
(3-lactqglqbulin dissolves while the a-lactalbumjn does not. 
The insoluble a-lactalbumin is dissolved in a minimal quan
tity of 0.03 JV NH4OH, the solution is filtered through a thin 
layer of diatomaceous silica, and the clear filtrate is adjusted 
to />H 4.6 by the addition of 0.1 JV H2SO4. The «-lactal-
bumin precipitates. It is centrifuged off and again dis
solved in 0.03 JV NH4OH. The pK of the solution is 
brought to 6.6 (usually a little 0.1 JV H2SO4 is required for 
this purpose) and to the clear solution an equal volume of 
saturated (NH4 J2SO4 solution previously adjusted to pW 
6.6 with concentrated NH4OH, is added drop wise with 
stirring. The precipitate which is formed at half-saturation 
is amorphous; it is centrifuged off and may be reworked for 
maximum yields. To the supernatant Uqujd, the sjow 
addition of saturated (NH4J2SO4 solution is continued as 
before. When the concentration of salt reaches about 58% 
saturation, crystallization of a-lactalbumin occurs and is 
complete at about 6 7 % saturation. 

Final Purification of a-L.actalbumin.—<*-Lactalbumin 
crystallized at ^H 6.6 is dissolved in the minimum amount 
of water, in which it is easily soluble. The protein is re-
precipitated by the addition of 0.1 Ar H2SO4 to pH 4.6 hut 
the product is no longer crystalline. The reprecipitated 
protein is centrifuged off, dissolved in weak ammonia and 
again crystallized at />H 6.6 as described above. The 
amounts of amorphous precipitate obtained at half-satura

tion with (NH4)2S04 diminish with progressive purification. 
Two or three paired reprecipitations and recrystallizations 
are required before colorless solutions and uniform crystals 
are obtained. 

To prepare a-lactalbumin in dry form, the recrystallized 
protein is dissolved in water and reprecipitated a t pH. 4.6 
with 0.1 JV HCl; the suspension is dialyzed until free of 
chloride ion and then dried from the frozen state. Such 
drying results in little denaturation because the dried 
protein may he crystallized again. Four grams of a-
lactalbumin is obtained from 60 1. of skimmed milk.. The 
yield is obviously minimal and may be increased consider
ably by reworking various fractions and mother liquors. 

Electrophoretic Properties.—Electrophoretic experiments 
were run at 0.5° with 1% protein solutions in buffers of ionic 
strength 0.1. a-Lactalbumin showed only a single boundary 
at pK values 2.0 and 3.0 (glycine-HCl buffers), at pH 
values 6.6 and 7.7 (phosphate buffers), and at pH 8.5 (ver
onal buffer). In contrast to this preponderant evidence 
for the homogeneity of the protein, an electrophoretic pat
tern obtained at pK 3.3 in, lactate buffer showed two com
ponents to be present. Further work will be necessary to 
ascertain whether the inhomogeneity under these conditions 
is real or an artifact due to some obscure effect of lactate 
ion. The mobility of a-lactalbumin in veronal buffer at 
pK 8.5 is - 4 . 2 X 10~6 cm.2 vol . -1 sec."1. 

Molecular Weight by Light-Spattering.—M. Halwer of 
this Laboratory has found that the molecular weight of a-
lactalbum.in by the light-scattering method7 is 16,500 (in 
0.1 JV NaCl1J-H 6,2X 25°). 

TJltracentrifuge Experiments.—Measurements of the 
sedimentation constant of a-lactalbumin in the Spinco ultra-
centrifuge and of the diffusion constant in the Tiselius cell 
were made by Q. L. Miller and R. H . Golder of The Insti
tute for Cancer Research, Philadelphia. Sedimentation 
and diffusion runs were carried out at a protein concentra
tion of 1% and in buffer media of 0.18 ionic strength NaCl 
and 0.02 ionic strength phosphate a t pH 7,5. The sedi
mentation runs at 8 and 28°, corrected to 20°, gave s2o = 
1.75 X 1O-13. Measurements of areas under the peaks 
showed the material to be at least 96% pure. Diffusion 
measurements at 2° , corrected to 20°, gave Vms = 10.57 X 
1O-7. Theoretical diffusion curves fitted the experimental 
curves very closely, providing evidence that the diffusion 
proceeded normally and that the sample was homogeneous. 

M. L. Groves of this Laboratory has found the partial 
specific volume of a-lactalbumin to be 0.735.8 From this 
value and Miller and Gplder's data , it may be calculated 
that the molecular weight of the protein is 15,100. The 
molecular weight of 17,400 given by Svedberg and Pedersen6 

was based on an assumed value of 0.751 for the partial spe^ 
cific volume; if 0.735 is used, M, becomes 16,400. The 
discrepancy between 15,100 and 16,400 is of the same order 
of magnitude as would be expected on the basis of the dif
ferences in sedimentation constants recently observed for 
pther proteins by Miller and Golder9 and by Taylor10 when 
measurements made in the Spinco ultracentrifuge were 
compared^ with the results of Svedberg and Pedersen. 

Solubility Experiments.—In qualitative tests amorphous 
a-lactalbumin, which had been precipitated at pK 4.6 and 
dialyzed, was found to be largely inspluble in 5 % NaCl, 10% 
NaCl an4 70% ethanol. It was easily soluble in 0.1 JV HCl 
and in dilute alkali. A few quantitative measurements, 
preliminary in nature, were made by the technique of Gron-
wall." The solubility of a-lactalbumin at 25° in either 0.05 
or 0.1 JV NaCl was about 0 .2% within the pU range of 
minimum solubility, 4.1-4.8. 

Optical Rotation.—a-Lactalbumin was dissolved in dilute 
NaOH and the concentration of protein was determined by 
the Kjeldahl method, [a]24D was found tp be - 6 0 ± 2° at 
pH values 6.8, 8.3 and 9.7. 

Elementary Analyses.—Table I shows the results of mi
croanalyses performed by C. L. Ogg and his group of this 

(7) M. Halwer, G. C. Nutting and B. A. Brice, THIS JOURNAL, 73, 
2786 (1951). 

(8) For the method used, see T. L. McMeekin, M. L. Groves and 
N. J. Hipp, ibid., 71, 3288 (1949). 

(«) G. L. Miller and R. H. Golder, Arch. Biochem. Biopkys., 36, 24y 
(1952). 

(10) J. F. Taylor, ibid., 36, 357 (1953). 
(11) A. Gronwall, C.mnpl. rend. inn. lab. CarUberg, Ser. chim., 24, 185 

(1942). 
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Laboratory. The figures listed have been corrected for 
moisture and ash, the latter amounting to only 0 . 1 % . Ni
trogen was.determined by the micro-Kjeldahl method, di
rect oxygen analyses were made by the Unterzaucher 
method, and sulfur was determined after Carius digestion. 
Only trace amounts (0.02%) of phosphorus were found. 
No carbohydrate could be detected by the orcinol method.'2 

TABLE 1 

ELEMENTARY COMPOSITION- OF «-LACTALBUMIN, % 

X 15.86 
C 03.32 
If 7.01 
O 21.50 
S 1.91 

Total 99.00 

Tryptophan Analysis.—Tryptophan was determined by 
the Spies and Chambers method13 on the protein in solid 
form. a-Lactalbumin was found to contain approximately 
7% tryptophan. There is some uncertainty about the exact 
value because the minimum transmittancy of the color pro
duced by this protein was at 620 m,u. Readings at 620 mp 
gave a value of 7.2% tryptophan while at 590 m/a, a value 
of 6.7% was obtained. S0rensen and S^rensen6 reported 
that "crystalline insoluble substance" contained 0.371-
0.633 mg. tryptophan per mg. protein N (5.9-10.0% trypto
phan, calculated on the basis of our determined nitrogen 
content of 15.86%). 

Discussion 
The method for preparing a-lactalbumin de

scribed above, which was worked out from the ob
servations of S0rensen and S0rensen, has consist
ently yielded the same crystalline protein. It is of 
some importance, therefore, to attempt to correlate 
our findings with some of the earlier studies on the 
lactalbumin fraction of whey as has already been 
done with the ultracentrifuge data. 

We have been able to prepare a-lactalbumin in 
crystalline form only in the presence of ammonium 
sulfate at pH 6.6. It has been mentioned that the 
crystals are easily soluble in water and that when 

(12) M. S0rensen and G. Haugaard, Compt. rent. trav. lab. Carls-
berg, Ser. Mm., 19, 1 (1933). 

(13) J. R. Spies and D. C. Chambers, Anal. Chan.,21, 121!) (1919). 

In the course of work on syntheses of poly-a-
amino acids we were in need of a-amino-N-benzyl-
succinamic acid which had been prepared by 
McMillan and Albertson1 by hydrogenolysis of 
a-benzylamino-N-benzylsuccinamic acid (II). 
Their synthesis of this latter compound is based on 
a procedure developed by Reppe and Ufer2 and 
consists in the reaction of one mole of maleic 

(1) F. H. McMillan and N. F. Albertson, THIS JOURNAL, 70, 3778 
(1948). 

(2) W. Reppe and H. Ufer, U. S. Patent 2,200,220 (May 7, 1940). 

acid is added to ^H 4.0 to the aqueous solution, 
amorphous protein, only slightly soluble in water, 
is precipitated. It may be that the crystalline 
protein is actually some type of protein-salt com
bination or simply an ammonium salt and that the 
crystalline protein isolated by Kekwick14 was like
wise a water-soluble complex and hence called an 
albumin. The crystalline albumin prepared by 
Sjogren and Svedberg16 by the method of Wich-
mann16 (salting out with ammonium sulfate in the 
presence of dilute acid) was also soluble in water. 
However, the protein was not homogeneous and 
speculation concerning its solubility is unwarranted. 

In regard to the.electrophoretic characterization 
of a-lactalbumin, it is interesting to compare the 
observed mobility of — 4.2 with the data of Smith.17 

In his investigation of the proteins of whey by the 
electrophoretic method, Smith found that one of 
the components comprising 12% of the total pro
teins, had a mobility of —4.5 (protein concentra
tion = 1.23%, veronal buffer pH 8.6, ionic strength 
= 0.1). It seems reasonable to suggest that this 
component may now be identified as a-lactalbumin. 

If the present work has been correlated correctly 
with Petersen's ultracentrifuge data and Smith's 
electrophoretic experiments, it may be concluded 
that a-lactalbumin is a major component of whey 
which can be prepared in crystalline form without 
difficulty. Further studies on its properties and 
amino acid composition are in progress. 
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(11) R. A. Kekwick, unpublished; see K. O. Pederseo, Biochem. J., 
30, 948 (1936). 

(15) B. Sjogren and T. Svedberg, THIS JOURNAL, 62, 3650 (1930). 
(16) A. Wichmann, Z. physiol. Chem., 27, 575 (1899). 
(17) E. L. Smith, J. Biol. Chem., 165, 665 (1946). 
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anhydride with two moles of benzylamine in water 
at reflux temperature for 16 hours. On repeating 
the preparation of II we invariably found that the 
yield was only 18-25% as against 48% obtained 
by the above authors. On the other hand, from 
the reaction mixture another compound which 
proved to be the benzylamine salt of N-benzyl-
cW-aspartic acid (III) was isolated in a yield of 
about 70%. I l l could be obtained quantitatively 
by a modified procedure with a reaction time of 
only 1.5 hours, by first allowing one mole of maleic 
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Syntheses of DL-Aspartic Acid and DL-Asparagine Via Their N-Benzyl Derivatives 

BY MAX FRANKEL, Y. LIWSCHITZ AND Y. AMIEL 

RECEIVED JULY 14, 1952 

New syntheses for the preparation of <W-aspartic acid and <W-asparagine through their N-benzyl derivatives have been 
worked out. a-Benzylamino-N-benzylsuccinamic acid has been prepared much more efficiently than reported previously.1 

A course for the reaction between maleic anhydride and benzylamine is proposed, differing from that postulated by Reppe 
and Ufer.2 


