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METHIONINE AND ISOLEUCINE CONTENT OF
MAMMALIAN HEMOGLOBINS. ITS SIGNIFICANCE
FOR NUTRITIONAL AND METABOLIC STUDIES

Strs:

Reports indicate that rats fail to grow when
the only dietary protein is human or beef globin
unless supplemented with isoleucine.!.?3

Adult dogs receiving dog hemoglobin as vir-
tually the sole source of protein maintain ap-
proximate nitrogen balance with slight loss of
weight.#.5 Dog hemoglobin supplemented with
isoleucine is no better utilized.>* However, supple-
mentation with methionine results in positive
nitrogen balance and maintenance of, or slight
gain in, weight.® Further addition of isoleucine
does not improve the effect of methionine.*?

The nutritive value of “hemoglobin” seems,
therefore, to depend on experimental conditions.
It will be shown, however, that the results are
exactly what could be expected from the difference
in isoleucine and methionine content of hemo-
globins.

From the data in the accompanying table,

[SOLEUCINE AND METHIONINE CONTENT OF MAMMALIAN
HEMOGLOBINS

Assumed Molecular Weight = 66,700
Isoleucine Methionine? -—-—
Protein, Protein,
% M/100g. M/m % M/105 g, M/m
Human® 0 0 0 1.32 8.85 5.9
Dog™? 1.36 10.4 6. 0.42 2.81 1.9
Horsel® Qw 0 0 412
Bovine, adult1?® 0 0 1.76 11.8 7.9
Bovine, fetall* 0.63 4.80 3.2 0.97 6.50 4.3

it can be seen that the isoleucine content of dog
hemoglobin is appreciable (1.36%,) whereas
human, horse and adult bovine hemoglobins lack
this amino acid.!4

Methionine is present in all hemoglobins
studied, to the extent of 19, or higher, except in
dog hemoglobin (only 0.49).

The amino acid requirements for hemoglobin
formation would seem to be different in different
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mammals. Whereas the human, the horse and
cattle need for this purpose appreciable amounts
of methionine but no isoleucine, the dog on the
other hand needs isoleucine and only small
amounts of methionine. The amino acid com-
position of hemoglobin is of metabolic significance
since its breakdown contributes appreciably to
the protein economy of an animal.

That fetal and adult bovine hemoglobins are
two different proteins is again!?® illustrated by the
difference in their methionine and isoleucine
content.

This work was carried out in part under a
contract recommended by the Committee on
Medical Research, between the Office of Scientific
Research and Development and Columbia Uni-
versity.
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A NEW ALDEHYDE SYNTHESIS
Sir:

In connection with our previous study on the
hydrogenolysis of thioacetals,! it was apparent
that the reductive desulfurization reaction therein
described might be extended to compounds such
as thiol esters in which case the corresponding
aldehyde would be obtained.

i 1
R—C—SR’ —>» R—C—H

This would be of particular interest in the
sugar series since it would constitute a new
method for synthesizing aldehydo derivatives.
We have established the above reaction by the
hydrogenolysis of the thiol esters of benzoic,
propionic and tetraacetyl-p-ribonic acids which
gave benzaldehyde, propionaldehyde and aide-
hydo-p-ribose tetraacetate, respectively.

The thiol esters were prepared by the reaction
of the acid chloride with an excess of ethyl mer-
captan in pyridine qr by reaction of the acid
chloride with lead mercaptide in dry ether (as for
ethyl thiolpropionate, b. p. 133-135°). The
hydrogenolyses were carried out with Raney
nickel in 70-809, ethano!l under reflux essentially
as described! for the hydrogenolysis of thioacetals.
After catalyst removal, benzaldehyde and pro-
pionaldehyde were isolated in the distillate as
their bisulfite compounds in 60-709, yield and
identified by definitive derivatives. The residual
sirup obtained on hydrogenolysis of ethyl thiol-

(1) M. L. Wolfrom and J. V. Karabinos, Tuis JoUurxNa1, 66, 909
(1944).
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D-ribonate tetraacetate (m. p. 87-87.5°, [a]¥D
+17° in chloroform), after removal of catalyst
and solvent, was crystallized from acetone-
methanol-(petroleum ether) and yielded aldekydo-
D-ribose tetraacetate? in rather low yield.

Full details will be reported in a latter com-
munication.

(2) R. Pasternack and E. V., Brown, U. S. Patent 2,237,263
(1941),
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PRESSURE AND SPECIFIC PRECIPITATION
Sir:

Although the reactions that lead to specific
precipitation evidently involve a combination be-
tween a di- or polyvalent antigen or hapten and
specific sites on the antibody protein, probably
resulting in the formation of a framework com-
prising large aggregates of the two species of
molecules,! convincing evidence is lacking as to
whether the protein itself becomes significantly
altered in the process. The following observa-
tions bear on this question and suggest an ap-
proach for further study.

The precipitation system consisted of serum
from rabbits immunized against arsanilic-azo-
sheep serum and a simple trihaptenic dye anti-
gen, viz.

H8—}As—-<: }—\—-N—-@—l\—-\—-

To slow the precipitation for practical purposes,
the serum was diluted 1:2, and the antigen 1:160,-
000. Visible precipitation occurred within a few
minutes, and went to about three-fourths comple-
tion in an hour at room temperature. Small
test-tubes were filled with corresponding speci-
mens, stoppered with a rubber ‘stopper, then
placed in a water-filled steel pressure chamber,
and hydrostatic pressure applied from a hydraulic
pump within one to two minutes after mixing.
At 10,000 pounds per square inch a scarcely visible
precipitate formed during slightly more than an
hour. After the pressure was released, precipi-
tation continued in apparently the normal man-
ner. Lower pressures were less effective, but
quantitative analyses of protein nitrogen in
precipitates centrifuged within less than five
minutes after releasing pressure, showed de-
creases ranging from 55 to 77% under pressures
between 1,500 and 8,000 pounds, in comparison
with the amount under normal pressure. These

(1) Pauling, Campbell and Pressman, Physiol. Rey., 28, 203

11043).
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data indicate a molecular volume increase on the
order of 50 ¢c. or more per mole, although an
accurate value requires detailed data on the rate
of the reaction at different pressures.

Pressures of this magnitude oppose the reversible
and irreversible denaturations of certain enzyme
systems? and greatly retard the denaturation of
purified human serum globulin at 65°.2 These
pressure effects are considerably greater than
those encountered with reactions of small mole-
cules and indicate that a number of groups are
involved, or perhaps the protein molecule as a
whole. They suggest that changes as extensive
as those which take place in denaturation occur
also in specific precipitation. An extensive
quantitative study of pressure effects on the rate
of specific precipitation will perhaps yield cogent
data regarding the mechanism of the reaction.
THE GATES AND CRELLIN Dan H. CaMPBELL
LABORATORIES OF CHEMISTRY FrRaNK H. JouNsON*

CALIFORNIA INSTITUTE OF TECHNOLOGY
Pasapena, CALIF.

RECEIVED FEBRUARY 6, 1046

(2) Johnson, Eyring, Steblay, Chaplin, Huber and Gherardi, J.
Gen. Physiol., 38, 463 (1943).

(3) Johnson and Campbell, J. Cell. Comp., Physiol., 26, 43 (1943).

(4) Guggenheim Fellow,

METABOLIC PRODUCTS OF 4SPERGILLUS USTUS
Sir:

Publication of preliminary results by Hoge-
boom and Craig1 on the application of the latter’s

 N—=N— e sl O
D __oakon

N—l\—O—-N——-N—-{ N—asZ
\OH

countercurrent distribution method to the prob-
lem of isolating bacteriologically active compo-
nents from the culture filtrate of Aspergilius Us-
tus® prompts us to report briefly the progress of
our work carried out in collaboration with Mr.
Joseph Kurung and Dr. Harry Bray, Superin-
tendent of the New York State Hospital for In-
cipient Tuberculosis. ‘

The crude active material,® obtained by ether
extraction of the culture filtrate or mycelium, has
been divided into a bicarbonate soluble, a car-
bonate soluble and a neutral fraction. By frac-
tional crystallization three substances have been
isolated from the neutral fraction in small, vari-
able amounts, and never all three from a single
sample of crude material: A.U.N.-1, m. p. 155
6°, (C, 38.24; H, 4.10; Cl, 23.87); A.U.N.-2,
m. p. about 270° with severe decomposition, in-
adequately characterized at present; A.U.N.-3,

(1) Hogeboom and Craig, J, Biol. Chem., 162, 363 (1946).

(2) Kurung, Science, 102, 11 (1945).

(3) Generously supplied to us by Mr. Joseph Kurung and the
Wallgrsteiu Company, Inc.
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m. p. 225.5-226.5°, (C, 62.59; H, 4.81; Cl, 8.59).

The carbonate soluble fraction consistently has
given the predominant active component which
we are naming #stin. This material may be
purified by fractional crystallization from tolu-
ene, acetic acid, ether, or ether-hexane, m.p.
184-186°. The probable empirical formula of
ustin, CyyH;505Cl;, is consistent with the analyti-
cal results (C, 53.42; H, 3.69; Cl, 24.27), con-
ductometric titration (N.E. 214), and the ele-
mentary composition of the monomethyl deriva-
tive, m. p. 174° (C, 54.09; H, 3.95; Cl, 23.54;
CH;0, 7.01), the dimethyl derivative, m. p. 147°
(C, 55.00; H, 4.24; Cl, 23.19; CH;0, 13.35),
and the acetyl derivative, m. p. 212° (C, 53.68;
H, 5.95; Cl, 22.76; CH;0, 9.67). Compound
I isolated by Hogeboom and Craig,! m. p. 185—
187°, is probably identical with ustin‘ although
the large discrepancy between our chlorine analy-
sis and that obtained by Hogeboom and Craig
(Cl, 22.63) suggests that their compound is im-
pure even though isolated by the elegant counter-
current distribution method.

The antimicrobial activity of ustin, A.U.N.-1,
and A.U.N.-2 are indistinguishable by any of the
in vitro tests used so far. In synthetic media, the
compounds inhibit the growth of Gram positive
cocci and mycobacteria (including pathogenic
tubercle bacilli) to the same degree, but are inac-
tive against Gram mnegative bacilli, Their anti-
septic activity increases rapidly with the H™*
concentration of the environment, but is sharply
inhibited by the addition of serum albumin, and
of certain other organic substances (lipids for
example) to synthetic media. Thus any one of the
compounds can exert an inhibitory effect on the
growth of tubercle bacilli, streptococci or sta-
phylococci in a dilution of 1/500,000 at pH 6.5ina
simple synthetic medium, but will fail to retard
growth even in 1/50,000 in more complex media at
slightly alkaline reactions.

We wish to express our sincere appreciation to
Dr. Adalbert Elek for the excellence of his micro-
analvtical assistance.

The details of this work will be published
shortly.

(4) Dr. Craig very kindly examined the melting points and found
no depression (m. p. and mixed m, p. 186-188°).

DEPARTMENT OF CHEMISTRY
CoLuMBIA UNIVERSITY AND
DEPARTMENT OF BACTERIOLOGY
ROCKEFELLER INSTITUTE

NEwW YorK, NEw YORK

RECEIVED MARCH &, 1946

W. E. DOERING
R. J. Dugros
D. S. Novce
R. DREYFUS

SURFACE FILM THICKNESSES OF POLYMERIC
SUBSTANCES IN RELATION TO MOLECULAR
S STRUCTURE!

!

It is generally well known that gertain com-

{1) The work reported in this letter was done in connection with
the Government research program on synthetic rubber undér con-
tract with the Office of Rubber Reserve, Reconstruction Finance
Corporation {resnlts {irst reported in November, 1945).
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pounds, such as long chain fatty acids, can form
monomolecular films on water and that the areas
of such films can be related to the dimensions of
the molecules.? Certain polymeric substances
including cellulose derivatives,® proteins* and the
polymer of w-hydroxydecanoic acid® likewise form
stable films whose areas can be conveniently
measured.® At this time we wish to report that
we have prepared films of some rubber-like poly-
mers as well and that the results appear to give
useful information about their molecular struc-
tures, particularly in relation to branching.

Five ml. of a very dilute benzene solution of a
polymer (¢ = 2 X 10~ g./ml.) is distributed over
the water surface of a hydrophil balance. After
the benzene has evaporated, the film area is
measured in the usual manner.” Low conversion
samples of GR-A (butadiene-acrylonitrile co-
polymer) gave films about 6 A. thick whereas
high conversion samples exhibited thicknesses as
great as 30 A. It is our belief that a large film
thickness indicates a high degree of branching and
that the corresponding polymer molecules can be
better represented as ‘‘bottle brushes” than as-
straight chains. Other polymers containing hy-
driphilic groups have also been investigated; these
include copolymers of butadiene with methacrylo-
nitrile, l-cyanobutadiene, m-fluorostyrene and
some vinylpyridines.

Stable films for polymers such as natural rub-
ber or GR-S could not be obtained directly. How-
ever, these substances can be investigated by the
film technique if they are first rendered hydro-
philic by the addition of thiocyanogen to some of
the double bonds according to the methods of
Pummerer and Stark and of Rehner.® After
using their procedures, we found natural rubber
and gutta percha to form relatively thin films
(about 8 A. thick) whereas the filmm thicknesses of
GR-S exhibited wide variations with polymer
conversion, indicating once more marked differ-
ences in branching.

On the whole, the method appears to show
considerable promise as a tool for learning more
about the structure of polymers.

Noves CHEMICAL LABORATORY
UNIVERSITY OF ILLINOIS FrepeRrRICK T. WALL
URBANA, ILLINOIS MURRAY ZELIKOFF

RECEIVED FEBRUARY 18, 1946
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