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m. p.) with the intermediate colored insoluble reduction

product observed during the catalytic reduction of ethyl

8-methoxy-6-nitrocoumarin-3-carboxylate (vide supra).
Amnal. Found: C, 57.75; H, 4.98; N, 5.95.

A similar reduction of 2-diethylaminoethyl 8-methoxy-
8-nitrocoumarin-3-carboxylate hydrochloride gave, as the
only isolatable reduction product, a solid crystallizing from
absolute alcohol-Skellysolve A in white needles, m. p.
134-135°.

Anal. Found: C, 46.06; H, 9.09.

The reduction of ethyl 6-nitrocoumarin-3-carboxylate
by West’s method gave a brown solid, crystallizing from
dilute alcohol in bright yellow needles, m. p. 161-163°.
This solid was identical (mixed m. p.) with the interme-
diate insoluble precipitate observed during catalytic re-
duction of the same compotnd (vide supra).
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Anal. Found: C, 58.47; H, 4.73.

_Similarly, the chemical reduction of N,N-diethyl-6-
nitrocoumarin-3-carboxamide gave a bright yellow un-
stable solid, m. p. 110-115° (from benzene-Skellysolve A).

Anal. Found: C,68.97; H,5.83; N, 10.41,

Summary

There has been described the preparation of a
series of substituted coumarin-3- and coumarin-4-
carboxylic acid derivatives. Attempts to pre-
pare bz-amino members of this series resulted
either in 3,4-dihydrocoumarins or in highly col-
ored compounds of unknown constitution.
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A Crystalline Compound of g-Lactoglobulin with Dodecyl Sulfate?

By T. L. McMEExXIN, B. D. PoLis, E.

Previous studies®*%¢ have shown that proteins
are precipitated from solution by synthetic deter-
gents. Anionic detergents such as dodecyl sulfate
precipitate proteins from acid solutions, whereas
cationic detergents precipitate proteins from alka-
line solutions. In the pH region close to the iso-
electric point, neither cationic nor anionic deter-
gents form precipitates with proteins.® Precipi-
tated protein detergent complexes are soluble in
an excess of detergent, accompanied by the dena-
turation of the protein and the liberation of free
sulfhydryl groups.? The interaction of proteins
with synthetic detergents has been extensively
reviewed by Putnam.’

The work reported here deals with the prepara-
tion and properties of a crystalline complex of -
lactoglobulin combined with small quantities of
dodecyl sulfate.

Experimental

Preparation of g-Lactoglobulin.—Crystalline g-lacto-
globulin was prepared from unpasteurized milk by the
method of Palmer.® The 8-lactoglobulin contained 15.69%,
nitrogen and was electrophoretically homogeneous at
pH 8.4 but inhomogeneous at pH 4.7, as was demon-
strated by Li.?

Purified sodium dodecyl sulfate wasused. A 0.01 molar
aqueous solution, made to pH 4.2 with acetic acid, was
used in precipitating B-lactoglobulin.

Preparation of Crystalline g-Lactoglobulin-dodecyl
Sulfate.— g-Lactoglobulin-dodecyl sulfate was prepared
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by several procedures, in which the proportion of dodecyl
sulfate to protein ranged from 4.2 to 14.0 cc. of 0.01 molar
dodecyl sulfate per gram of protein. In every case, the
crystalline protein prepared by dialysis at pH 5.1-5.2
after the removal of dodecyl sulfate with barium chloride,
as described by Putnam and Neurath,’ differed from g-
lactoglobulin in solubility and mobility, Figure 1 gives
a comparison of normal and dodecyl sulfate g8-lactoglobu-
lin electrophoretic patterns and mobilities in acetate
buffer at pH 4.8 and veronal buffer at pH 8.4.

By adding 4.4 cc. of 0.01 M dodecyl sulfate to 50 cc. of
a 2.19%, solution of protein at pH 4.8, it was possible to
crystallize the modified g-lactoglobulin directly, without
the preliminary formation of a precipitate or the use of
barium chloride to remove dodecyl sulfate. On standing
for several hours, characteristic crystals appeared which
had the electrophoretic mobility of modified B-lactoglo-
bulin, demonstrating that only a small amount of dodecyl
sulfate is necessary to modify the properties of B-lacto-
globulin and that barium ions or barium sulfate do not
produce the modification. The preparation which has
been analyzed most completely was made as follows: ap-
proximately 10 g. of crystalline g-lactoglobulin suspended
in 250 cc. of water was dissolved in dilute acetic acid and
made to pH 4.2. Then 70 cc. of 0.1 N dodecyl sulfate at
pH 4.2 was added with stirring. The small amount of
precipitate formed was ignored. The solution then was
made to pH 6.0 by adding dilute ammonia. The excess
dodecyl sulfate was precipitated by adding 5 cc. of a 59,
solution of barium chloride. After thirty minutes, the
precipitated barium dodecyl sulfate was removed by cen-
trifugation, and the supernatant was adjusted to pH 5.1.
On dialysis, a yield of about 8 g. of crystalline protein was
obtained. This material had a mobility #(sq. cm. volt~=!
sec.”1 X 10%) of 1 % X 10% at pH 4.7 in acetate buffer and
a mobility of —5.9 # X 10% at pH 8.4 in veronal buffer of
0.1 ionic strength. After several recrystallizations of the
protein by dialysis from salt solutions, the properties were
unchanged.

Table I shows the total nitrogen, a-amino ni-
trogen and total sulfur contents.

Properties of B-Lactoglobulin Dodecyl Sulfate

The analytical data in Table I indicate that two
molecules of dodecyl sulfate are bound to one mol-
ecule of B-lactoglobulin. The method of prepara-
tion involving dialysis and treatment with ba-
rium to remove the insoluble barium salt of do-
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Fig. 1..—Comparison of electrophoretic patterns of nor-
mal B-lactoglobulin with those of its dodecyl sulfate de-
rivative. In acetate buffer at pH 4.8, ionic strength 0.1:
(a) B-lactoglobulin after 10,800 sec. at 4.37 volts/cm., (b)
B-lactoglobulin dodecyl sulfate derivative after 10,800 sec.
at 4.0 volts/ecm. In veronal buffer at pH 8.4: (¢) 8-
lactoglobulin after 10,800 sec. at 4.7 volts/cm., (d) 8-
lactoglobulin dodecyl sulfate derivative after 10,800 sec.
at 4.6 volts/em. Mobilities (a) 1.3, 2.5 4, (b) 1.0 %, (c)
—51%, (d) —5.9 u.

decyl sulfate indicates that the dodecyl sulfate is
firmly held by the protein. It would be of great
interest to locate the position of attachment of
the dodecyl sulfate to the protein. It was thought
that some information on the place of attachment
between g-lactoglobulin and dodecyl sulfate might
be obtained from a comparison of the properties of
the normal and the modified protein.

TaBLE I

CoMPoOSITION OF (B-LACTOGLOBULIN AND ITts DobpEec

DERIVATIVE :

Weight percentages
Total N a-Amino N Total

B-Lactoglobulin 15.67 1.26 1.58
B-Lactoglobulin dodecyl sul-
fate 15.39 1.24 1.76
Calculated for:
1 M B-lactoglobulin (mol. wt. 35000)
. 2 M dodecyl sulfate (mol. wt. 265)
15.43 1.24 1.74

Titration Curve.—The combination of g-
lactoglobulin—~dodecyl sulfate with acid and
alkali was compared with that of untreated
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B-lactoglobulin in potassium chloride solutions of
0.1 ionic strength, according to the method de-
scribed by Cannan, ef @l.1® Figure 2 shows the re-
sults. The combining capacity is consistent with
the electrophoretic mobilities, in that at pH 4.7
the B-lactoglobulin~dodecyl sulfate with the
smaller mobility combines with less acid than does
B-lactoglobulin, whereas at pH 8.4 the alkali-com-
bining capacity of the B-lactoglobulin—dodecyl
sulfate is about two equivalents greater than that
of B-lactoglobulin and the mobility is also greater.
The two titration curves for solutions more acid
than pH 4 are essentially the same; apparently
the change in dissociation takes place between pH
4 and 6, which could not be that-of the sulfate
group, since it is a very strong acid and does not
give a measurable pK.
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Fig. 2.—Titration curve of g-lactoglobulin (I), mol. wt.
35,000, and of B-lactoglobulin—dodecyl sulfate (II), mol.
wt., 35,530,

Solubility.—There is a striking difference in
the solubility of B-lactoglobulin and its dodecyl
sulfate derivative. With the technique used by
Gronwall,!! the solubility of B-lactoglobulin at
25° was found to be 0.16 mg. of nitrogen per cubic
centimeter in water and 1.7 mg. per cubic centi-
meter in 0.02 3 sodium chloride. The solubility
of dodecyl sulfate derivative was 0.08 mg. of ni-
trogen per cubic centimeter in water and 0.5 mg. of
nitrogen per cubic centimeter in 0.02 3/ sodium
chloride. Figure 3 shows the influence of pH on
the solubility in water in 0.02 M sodium chloride.

Temperature of Coagulation.—Luck and his
associates!? have determined the effect of a variety
of substances on temperature of coagulation or
cloud point of serum albumin. These investiga-
tors have reported that small amounts of sodium
dodecyl sulfate are particularly effective in pre-
venting urea denaturation of serum albumin.

(10) Cannan, Palmer and Kibrick, J. Biol. Chem., 142, 803 (1942).

(11) Gronwall, Compt. rend. irav. lab. Carslberg, 24, No. 8-11, 185

(1942).
(12) Ballou, Boyer, Luck and Lum, J. Biol. Chem., 163, 589 (1944).
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Fig. 3.—Comparison of the solubility of 8-lactoglobulin
with that of its dodecyl sulfate (D. D. S.) derivative.

Cloud points of a 19, solution of B-lactoglobulin
and its dodecyl sulfate derivative were determined
in 0.05 M sodium chloride at pH 5.2. These are
illustrated in Fig. 4. The presence of combined
dodecyl sulfate increases the cloud point of S-lac-
toglobulin approximately 5°.

Optical Activity.—When dissolved in 0.1 M
acetate buffer at pH 4.8, the S-lactoglobulin-do-
decyl sulfate derivative had a specific rotation of
[a@] ®D —23.6°, as compared with a specific rotation
of —30.5 for the untreated 8-lactoglobulin.

Discussion

Exploratory studies with substances other than
dodecy! sulfate, such as the dioctyl ester of sulfo-
succinic acid and orange II, indicate that the com-
bination of B-lactoglobulin with small amounts of
large anions is rather general. Davis and Dubos!?
have found th t B-lactoglobulin combines with
fatty acids, but to a smaller extent than does
serum albumin.

Efforts to remove the two equivalents of dodecyl
sulfate from B-lactoglobulin have not been suc-
cessful. Long dialysis at pH 8.4 or treatment with
barium hydroxide at pH 9.0 did not remove the
dodecyl sulfate. Modification of the mobility of
B-lactoglobulin by the presence of two molecules of
unremovable dodecyl sulfate appears to be analo-
gous to the difference in mobility between serum
albumin and regenerated detergent-treated serum
albumin,® indicating that barium chloride does
not remove all the detergent from serum albumin.

The electrophoretic results of Li® indicate that
B-lactoglobulin is heterogeneous. A partial sepa-
ration of the electrophoretic components has been
attained by fractionation,!* giving crystalline
fractions differing in solubility in water and salt

(13) Davis and Dubos, J. Expt. Mcdicine, 86, 215 (1947).

(14) McMeekin, Polis, DellaMonica and Custer, THis JOURNAL,
70, 881 (1948).
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Fig. 4.-—Comparison of log cloud poiut of 8-lactoglobulin

(I) with that of B-lactoglobulin—dodecyl sulfate (II)
(1% solutions in 0.05 M sodium chloride, pH 5.2).

solutions. It was hoped that dodecyl sulfate
would be a useful substance for separating the
components of g-lactoglobulin. However, all the
fractions obtained by means of dodecyl sulfate had
the same electrophoretic composition and behav-
ior, indicating that the component proteins of
B-lactoglobulin were all modified in a similar man-
ner by the addition of dodecyl sulfate.

It is possible that the electrophoretic hetero-
geneity of B-lactoglobulin is due to the presence
of non-amino acid groups combined with a por-
tion of the B-lactoglobulin molecules in a manner
similar to the combination of dodecyl sulfate.
Electrophoretic determinations made on mixtures
of equal parts of B-lactoglobulin and its dodecyl
sulfate derivative are consistent with this hypoth-
esis. In veronal buffer at pH 8.4, the normal 8-
lactoglobulin and the dodecyl sulfate derivative
have markedly different mobilities, —5.1 and
—5.9 u, respectively. The mixture moved as a
single component with a mobility of —35.7 u.
At pH 4.8 in acetate buffer, the electrophoretic
pattern of the normal B-lactoglobulin indicated
two components, with 609, of the protein in the
faster component. The dodecyl sulfate deriva-
tive gave an electrophoretic pattern which was
almost homogeneous, being composed largely of a
component moving with a mobility of the slowest
of the two B-lactoglobulin components. Mixtures
of the normal protein and dodecyl derivative had
a composite electrophoretic pattern. It will be
necessary, however, to await the separation and
analysis of the electrophoretic components of 8-
lactoglobulin before this hypothesis gains further
credence.

Acknowledgment.—We are indebted to Dr.
S. Lenher of E. I. du Pont de Nemours Company
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sulfate; and also to Dr. S. R. Hoover for the
«-amino nitrogen determinations and Dr. C. L.
Ogg for the sulfur determinations.
Summary
Preparation of a crystalline derivative of B-lac-
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toglobulin containing two equivalents of firmly
bound dodecyl sulfate is described. The solubil-
ity, mobility, titration curve and denaturation
temperatures of the derivative are compared with
the corresponding properties of 8-lactoglobulin.
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Synthesis of Naphthoquinones for Studies of the Inhibition of Enzyme Systems!

By Lovuis F. FIESER AND RuUsseLL H. BRown?

Bueding, Peters and Waite?® have reported the
interesting finding that 2-methyl-1,4-naphtho-
quinone has the power to inhibit the anaerobic
glycolysis of Schistosoma mansoni in in vitro
tests at low concentrations, and that in experi-
mental schistosomiasis in mice the quinone po-
tentiates the action of subcurative doses of fuadin;
the effect apparently vanishes when the dose is
increased to the limit of tolerance. In cobpera-
tion with the program of pharmacological testing
conducted by Dr. E. Bueding and Dr. L. Peters,
we synthesized a number of additional naphtho-
quinones in the search for compounds of value in
the chemotherapy of schistosomiasis. The assay
data to be reported elsewhere show that, although
several of the hydroxyl-free 2,3- and 2,6-di-
substituted naphthoquinones described in this
paper are considerably more potent than 2-methyl-
1,4-naphthoquinone in the inhibition of the gly-
colytic enzyme concerned; the effect invariably
is subject to strong antagonism by plasma pro-
teins and the ¢n wvivo efficacy is in no instance
appreciably greater than that of the simpler
quinone.* A few of the compounds were tested
against I7ichinella spiralis in rats with com-
pletely negative results.®

Nachmansohn and Berman® observed that 2-
methyl-1,4-naphthoquinone effects half-inhibition
of choline esterase at dilutions in the order of
5 X 10~* M, and Dr. Nachmansohn has found
several of the new quinones here described to be
distinctly more potent than methylnaphtho-
quinone against this enzyme systemn. The com-
pounds are being studied for antitubercular
activity at the Merck Institute for Therapeutic
Research, following an observation by Dr. R.
Dubos that some of the antimalarial 2-hydroxy-
3-alkyl-1,4-naphthoquinones’ show considerable
in vitro potency, although the effect is greatly

(1) This work was supported in part by grants from the Rocke~
feller Foundation and Research Corporation.

(2) Abbott Laboratories Postwar Fellow, 1945-1948,

(3) Bueding, Peters and Waite, Proc. Soc. Exp. Biol. Med., 64, 111
(1947),

(4) We are indebted to Dr. S, Rajagopalan for the preparation of
large samples of fourteen of the quinones for in vivo tests.

(5) Oliver-Gonzalez and Bueding, Proc. Soc. Exp. Biol. Med., 69,
650 (1948).

(6) Nachmansohn and Berman, J. Biol. Chem., 168, 531 (1946).

(7) Fieser, Leffler and co-workers, Tuis JOURNAL, T0, 3151 (1948).

diminished in the presence of plasma proteins.
2-Methyl-6-valeryl-1,4-naphthoquinone appeared
particularly promising in the in vitro assays but
proved to be too toxic for in vive evaluation in
infected mice.

Specific naphthoquinones are recognized to
influence the synthesis of prothrombin and the
respiratory enzymes of malaria parasites, as well
as enzymes associated with glycolysis, esterifica-
tion, and the functioning of the tubercle bactlius.
The present assay data indicate considerable
specificity of action: a naphthoquinone showing
high potency against one of the systems is not
necessarily active against the others.

One route to compounds possessing enzyme-
inhibiting activity was addition of an alkyl or
aryl mercaptan to 1,4-naphthoquinone or its
2-methyl (Ia, b) derivative in methanol and oxida-
tion of the resulting substituted hydroquinone
by pouring the reaction mixture onto dichromate
solution. Quinones of Type II are thus obtained
more conveniently and in higher yield than by
earlier procedures®’; a similar method has
recently been reported for the preparation of 2-
thiomethyl-1,4-naphthoquinone, which was found
to have high antifungicidal activity.!® The
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