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soluble in 5% trichloroacetic acid solution after 
being kept in boiling water for thirty minutes: 
the solubility increased from 5 to 10%, indicating 
that some degradation occurred during the acid-
heat treatment. The mechanism of the enhance
ment of activity is being studied. We are also 
investigating the chemical changes in the ACTH 
peptides after activation with acid-heat treatment. 
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CHOH H A O L I 

PREPARATION AND PROPERTIES OF AN ACID 
GLYCOPROTEIN PREPARED FROM HUMAN 

PLASMA 
Sir: 

An acid glycoprotein has been isolated and crys
tallized from Fraction VI1 of pooled normal hu
man plasma. Its preparation and some properties 
are described herewith. 

The solution (Fractions VI -f- VII) from which 
the major human plasma proteins1 have been 
precipitated from an ethanol-water mixture of 
mole fraction 0.066, at —5°, at pH 5.8 was ad
justed to pK 7.5 using an ammonium hydroxide-
ammonium chloride buffer of pH 10. The pro
teins in solution were adsorbed and carried down 
by the zinc hydroxide formed. After centrifuging, 
the precipitate was resuspended in an equal vol
ume of 0.066 mole fraction ethanol at —5° and the 
pH readjusted to 5.8. Insoluble material was re
moved and barium acetate added to the solution 
to a concentration of 0.02 M, and the pH brought 
to 6.1. The precipitate which formed was sepa
rated. An ai-globulin constituted 93% of the 
protein remaining in the solution. I t was precipi
tated by increasing the ethanol to mole fraction 
0.136 and decreasing the temperature to —18°. 

This protein was further purified by precipita
tion of other proteins concentrated by the above 
procedure in 0.066 mole fraction ethanol at pH 
5.8, 0.02 M zinc and 0.02 M barium at - 5 ° . The 
protein remaining in the concentrated solution 
was homogeneous by electrophoresis between pH 
2.3 and 8.6, and in the ultracentrifuge at pH 2.3 
and 6.1. Certain properties of this protein are 
given in Table I. 

Hexuronic acid, fatty acid, cholesterol, phospho
lipid, free SH-groups and esters of sulfuric acid 

TABLE I 

CONSTANTS FOR THE ACID GLYCOPROTEIN 

Nitrogen, % 10.7 
Hexose, % 17 
Hexosamine, % 12 
Phosphoric acid, % 1.2 
E\%m a t 2 7 8 m M 8.93 
Isoelectric point, pK 2 .9-3.0 
Electrophoretic mobility, sq. cm./volt 

sec. X 10"6 

pH 8.6, T/2 0.1, barbiturate - 5 . 2 
pK 4.0, T/2 0.1, acetate - 2 . 0 

Sedimentation constant, £20,1«, at infinite 
dilution 3.5 

were not found. The acid glycoprotein could be 
precipitated from aqueous solution by saturation 
with ammonium sulfate or monosodium phosphate 
or by addition of 5% phosphotungstic acid in 2 N 
hydrochloric acid. It was not precipitated by 
addition of 1.8 M perchloric acid, 0.06 M sulfosali-
cylic acid, 20% trichloroacetic acid, or by boiling. 

Crystals of this acid glycoprotein (Fig. 1) were 
obtained under the following conditions: protein 
6%, 0.0072 M lead acetate, pH 5.4, T/2 0.02, 
methanol 10% and acetone 10% at 0°. 

Further details of these investigations will be 
reported subsequently. 

I am indebted to Professor E. J. Cohn for his 
generous advice throughout these studies. 
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Fig. 1.—Crystals of acid glycoprotein (magnification X 
660). 

(1) E. J. Cohn, el al., T H I S JOURNAL, 7a, 465 (1950). 

CONDENSATION OF METHYLGLYOXAL WITH 
0-OXO ACIDS 

Sir: 
The paper of M. S. Schechter, N. Green and 

F. B. LaForge on "Constituents of Pyrethrum 
Flowers. XXIII . Cinerolone and the Synthesis 
of Related Cyclopentenolones,"1 describes con
densations of methylglyoxal with /3-oxo acids 
in aqueous solution at pH 4.9-8.0 and room 
temperature, i.e., under so-called "physiological 
conditions," whereby 2-hydroxy-l,4-diketones are 
formed under decarboxylation. The authors 
say: "We have found that the decarboxylation 
proceeds spontaneously under the conditions of 
the reaction, the final product being the hydroxy-
diketone,.. ." 

The fact that spontaneous decarboxylation 
occurs when condensing aldehydes with /3-oxo 
acids within pH. range 5-11 was reported first 
by us in 1932 when we condensed o-aminobenz-
aldehyde with acetoacetic acid, /3-oxo-caprylic 
acid and benzoylacetic acid.2 We also showed 
at that time that in a more alkaline solution at 

(1) Schechter, Green and LaForge, T H I S JOURNAL, 71 , 3165 
(1949). 

(2) Schopf and Lehmann, Ann., 497,11 (1932). 
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^H 13, the carboxyl group is not split off during 
the condensation. In a subsequent note we 
studied other cases of condensation of aldehydes 
with jS-oxo acids with liberation of carbon dioxide 
within the pK range 3-11 at room temperature,3 

and extended our research to the condensation 
of aldehyde ammonias with /3-oxo acids.4 We, 
therefore, were the first to observe that the prod
ucts of the reactions in question depend on the 
pB., and that in this instance within an approxi
mately physiological pB.-ra.ngt the aldol condensa
tion is coupled with the liberation of carbon di
oxide, a fact which Henze6 failed to notice in his 
study on the condensation of methylglyoxal with 
acetoacetic acid. 

The condensation of methylglyoxal with /3-oxo 
acids represents a special case of these "syntheses 
under physiological conditions." According to 
our former results it was to be expected .that the 
condensation studied by Schechter, Green and 
LaForge should occur in the examined £H-range 
with spontaneous decarboxylation. 

(3) Schfipf and Thierfelder, Ann., 518, 127 (1935). 
(4) Schopf and Lehmann, Ann., 318, 1 (1935); cf. Angem. Chem., 

50, 779, 797 (1937), summary, with special reference to p. 783. 
(5) Henze, t . fhysiol. Chem., 189, 121 (1930). According to 

ibid., 193, 88 (1930), and 200, 104 (1931), the carboxylic acid re
ferred to above is described as being the first product of reaction; 
Z. physiol. Chem., 214, 281 (1933), subsequent heating to 50° has 
been prescribed to speed liberation of carbon dioxide. 
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SPECIFICITY OF UREASE ACTION: A CORRECTION 
Sir: 

In a letter under the above title1 we reported 
partial hydrolysis of commercial C. P. biuret by 
the enzyme urease. Puzzled by the incomplete
ness of this reaction we have continued its study 
and have reached a definite conclusion that biuret 
is not hydrolyzed by urease. We were misled by 
the assurance of the manufacturer that the biuret 
was C. p. and also by the excellent agreement of 
elementary analysis with the calculated composi
tion. Thus material as received gave N, 34.86, bi
uret monohydrate being calculated to give 34.7. 
After drying at 115°, as recommended, the loss in 
weight was 14.8%, 14.9% being calculated for the 
monohydrate. The residue analyzed as follows: 
N, 40.8 (40.8); C, 23.5 (23.3); H, 4.65 (4.85), the 
parenthesized figures referring to calculation for 
biuret. However, a later analysis of material 
which was dried in high vacuum at 40° gave N, 
37.3; C, 23.4; H, 4.77, which does not agree with 
that of any mixture of biuret and its monohydrate. 

It has been now established that the composi
tion is apparently only accidentally that of biuret 
and that the material is a rather complex mixture 
of several compounds. In particular, it contains 
about 10% of total nitrogen which is hydrolyzed 

(1) T H I S JOURNAL, 72, 634 (1950). 

by urease2 and which is contained in a compound 
that is more soluble in water than is biuret. Ex
traction with water suggests that this material is 
present in biuret as a solid solution rather than as 
separate crystals. After tedious fractional crys
tallizations from alcohol a material has been re
peatedly obtained with a rather sharp melting 
point at 110 to 115°, which is somewhat lowered 
by additions of urea. Analysis of a typical prep
aration gave N, 44.6; C, 21.2; H, 6.2, but the 
composition appears to vary slightly with the 
method of purification. Its molecular weight, 
determined by the freezing point lowering method 
in water, ranges from 70 to 85. Total hydrolysis 
by urease gives nitrogen content of 33 to 41%. 
Infrared spectrum, obtained in Nujol suspension, 
is indistinguishable from that of urea. Although 
some of the above data are inconsistent with this 
conclusion, the most probable interpretation of the 
data is that the isolated substance is not a pure 
chemical compound but is a loose compound or 
solid solution of urea and something else with a 
similar elementary composition. Therefore our 
results to date do not prove the existence of an
other substrate for urease besides urea. 

(2) Hydrolysis of 33% of total biuret nitrogen reported in the pre
vious communication was obtained on making the solution with ex
cess biuret and was evidently due to the preferential solubility of the 
hydrolyzable compound. 
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SYNTHETIC MEMBERS OF THE FOLINIC ACID 
GROUP 

Sir: 
In attempts to synthesize certain derivatives of 

folic acid which might possess activity in replac
ing folinic acid for Lactobacillus casei1 and for 
Leuconostoc citrovorum 8081,2-3 we have found that 
highly active material can be produced from folic 
acid as follows: Folic acid (500 mg.) is treated 
with sufficient (approximately 5 cc.) formic acid 
(98%) containing 20% acetic anhydride to effect 
solution of the folic acid. The reaction mixture is 
heated for one hour at 50°, and the resulting crude 
formylfolic acid is obtained by evaporation of the 
excess reagent in a frozen state under reduced 
pressure. The crude formylfolic acid and 2 g. of 
ascorbic acid are dissolved in 50 cc. of water, and 
the pK is adjusted with sodium carbonate to 7.2-
7.6. The mixture is hydrogenated in the presence 
of platinum oxide as a catalyst until approximately 
1 mole of hydrogen per mole of folic acid is con
sumed. After hydrogenation, the material is not 
highly active in the assays, but after autoclaving 
the reaction mixture at 120° for one hour, an 
amount of the reaction mixture equivalent to 
0.00004 to 0.00001 7 of the original folic acid per 

(1) Bond, el al., THIS JOURNAL, 71, 3852 (1949). 
(2) Sauberlich and Baumann, J. Biol. Chem., 176, 165 (1948). 
(3) Bardos, el al., THIS JOURNAL, 71, 3852 (164B). 

pB.-ra.ngt

