Ty 'r-“\ *

_—
-

-

! TRy L

s it J A oy N B
g -m_r‘..am.n. oo ™
. P wl ) h.-.m»l.

3 . . - ke i i - L e :
- o . ] n. - ¥ e
: = e ¥ o o4 ™
. ' - x4 i s '
e e e e i e, e, e i e B e 5 i Sy e e R

STTE B. MENDEL AT HOME,

ELHI, NEW YORK.

D

PROFESSOR AND MRS. LAFAY



AMINO ACID HANDBOOK

METHODS AND RESULTS
OF PROTEIN ANALYSIS

RICHARD J. BLOCK, Ph.D.

Boyce Thompson Institute for Plant Research, Inc.
Yonkers, New York

Department of Biochemistry, New York Medical College
New York, New York

With the cooperation of

KATHRYN W. WEISS, A.B.
The Borden Company |
Yonkers, New York

With Contributions by
HERMAN J. ALMQUIST, Ph.D.

The Grange Company, Modesto, California

DIANA BOLLING CARROLL, B.S.
Greenwich, Connecticut
'W3LLIAM G. GORDON, Ph.D.

23
- Eastern Regional Research Laboratory.
| Philadelphia, Pennsylvania

SIDNEY SAPERSTEIN, Ph.D.

The Borden Company
Elgin, Illinois

CHARLES C THOMAS - PUBLISHER
Springfield - Illinois » U.S.A.



A
Qe \

f.

CHARLES C THOMAS - PU BLISIER
BANNERSTONE I1OUSE
301-327 East Lawrence Avenue, Springfield, Ilinois, U.5.A.

Published simultaneously in the British Commonwealth of Nations Dy
BLACKWELL SCIENTIFIC PUBLICATIONS, LTD., OXFORD, ENGLAND

Published simultaneously in Canada by
THE RYERSON PRESS, TORONTO

This book is protected by copyright. No
part of it may be reproduced in any manner
without written permission from the publisher.

Gopyright 1956, by CHARLLES G THOMAS +« PUBLISHER

Library of Congress Catalog Card Number: 56-9104

: >
{N 4 - o
:'!4 ) fom éﬁi w‘ = ¢
. 0"
_4'- "“'\. .{ .S (” ®
£Y & 240

CIZINTRAL LIBRARY
CCUFIIRA WMEMORIAL LIERAFY )
CLEITTARAMNIAIY SEVEA SADALY
COLLYCLE OF OBSTETRICS., GYNAECOLOGY 2 CHILD 'In'?,tﬁ‘”f{
CHITTARAMJIAN CANCER [HGOUIT I
CHITTIRLINLL MATIONAL Cancen rersacty GF II'E:'I'JT
MFe TV AL PROSAD W1 2.BE ROl Dy
CALCUT T A=2C, 11214,

Printed in the United States of America



Objectives

E" \’ E Hort to do two things in this monograph. First, to describe
in detail tried and proven examples of the three most widely used
methods of amino acid analysis, i.e., by microorganisms, by column
chromatography, and by paper chromatography. It is hoped that
sufficiently detailed directions will be given for each of these methods
so that the analyst will be able to determine all of the amino acids
which commonly occur in proteins without the need of recourse to
the original literature. In contrast to our previous monographs on
amino acids (Block and Bolling, 1945, 1951) no attempt is made
to describe the many modifications proposed by various investigators
although some comments are made concerning difficulties and pos-
sible pitfalls which may be encountered during the analysis.

The second part of the monograph is devoted to a tabulation of
the amino acid composition of proteins, biologically active polypep-
tides and foods. The majority of the values for the amino acids in
proteins and foods have been calculated as grams of amino acid per
16.0 grams of nitrogen in order to facilitate comparison between the
results of different analysts on various preparations and to permit
more ready use of the data for nutritional calculations.
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THE CURRENT trend of the investigation of the chemistry of
nutrition is emphasizing the significance of the amino acids as the
fundamental factors in all problems in which hitherto the role of
proteins has been involved. . . . Obviously the relative values of
the different proteins in nutrition are based upon their content of
these special amino acids which cannot be synthesized in the animal
body and which are indispensable. . . .” These views, set forth by
T. B. Osborne and L. B. Mendel in 1914, cover the accepted facts on
protein nutrition today. The extension of the pioneer experiments
of Willcock and Hopkins, Osborne and Mendel, and others were
brought to a successful conclusion by the well-known results of one
of Professor Mendel's distinguished students, Professor W. C. Rose
of Illinois. |

With the proof of the essential nature for animal nutrition of
methionine, histidine, lysine, tryptophan, phenylalanine, threonine,
leucine, isoleucine, and valine, and the special importance of cystinc,
arginine, tyrosine, and glycine as shown by W. C. Rose, H. J. Alm-
quist, R. W. Jackson, H. H. Mitchell, and others, the nutritive evalua-
tion of protein foods, based on their comparative amino acid compo-
sition became a possibility. A rcasonably accurate knowledge of the
amino acid composition of a protein permits an approximation of -
its nutritive value and, more important, allows the choosing of dit-
ferent proteins so that they become mutually supplementary. The
formulation of diets based on amino acid composition results in a
oreat saving of time and cost over the long and tedious trial-and-error
type of animal test employed heretotore.

If the amino acid requirements of an animal are known, even
approximately, the proper quantities and combinations of food pro-
teins can be chosen, provided that their essential amino acid compo-
sition has been estimated by methods of comparable accuracy. Evi-
dence is beginning to accumulate concerning the special importance
of certain amino acids in pre- and post-operative treatment, in wound
healing, in blood regeneration, in learning processes, and even in
the etiology of mental disease. Again, a knowledge of the amino
acids present in available proteins may permit the use of relatively
inexpensive sources rather than the more costly purified amino acids.
Amino acid analysis has revealed rich sources of specific amino acids

Vil
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in protein products which were heretofore unsuspected. Protein
analysis is also valuable in revealing new uses of the protein-contain-
ing by-products of industry, and, in quickly revealing specific defi-
ciencies in natural and prepared foodstuils.

The degree of experimental accuracy in the amino acid analysis
of the naturally occurring heterogeneous proteins, which may vary
within wide limits because of preparative dificulties as well as
changes in the amino acid composition of the tissue or organism
itself, does not need to be as high as that required in a study of the
molecular structure of those rare proteins which have been shown
to be homogeneous substances (cf., Colvin, 1954). Although in all
analytical work, one must strive for the determination of absolute
values, nevertheless, much valuable information of a permanent na-
ture can be achieved by comparative amino acid analyses, especially
in relation to protein nutrition.

This monograph gives many of the analytical values f{rom the
literature as well as some hitherto unpublished results of our own.
Those proteins for which only a few analytical values are available
have been omitted.

Many of the thoughts and ideas expressed in this monograph are
the result of the kind suggestions and criticisms of various scientists,
including Drs. Max Bergmann,” R. Keith Cannan, George R. Cowgill,
Israel S. Kleiner, Icie Macy-Hoobler, William A. Perlzweig,® Carl
.. A. Schmidt,* M. X. Sullivan, Donald D. Van Slyke, Hubert B.
Vickery, and above all, Professor Lafayette B. Mendel.”

Although a survey of the literature on protein analyses has been
attempted, the authors realize that many valuable contributions,
especially those in foreign journals and in periodicals not devoted
primarily to physiological chemistry, have been omitted uninten-
tionally. It is also probable that, due to the many calculations and
transpositions of data from the literature, which were necessary in
the preparation of this monograph, numerical errors have been made.
The authors welcome the correction of any erroneous statements or
calculations and hope that readers will be so kind as to call their
attention to important papers on this subject which have been
omitted.

We wish to acknowledge our indebtedness to the writers and pub-
lishers of the various scientific books and journals from which the
greatest part of the descriptions of experimental details, the analytical

® Deceased.
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results, and almost all the figures and diagrams were taken. Although
specific credit is given in the text or bibliography, it is hoped that
any omissions will be brought to the authors” attention for rectification.

R.T. B.
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