
Summary and Conclusions 

We feel that the observations de
scribed here indicate the molecular 
heterogeneity of the lactic dehydro
genases obtained from different tissues 
and from different animals. The data 
presented indicate that it is possible 
to classify animals not only by their 
physiological and morphological char
acteristics but also by their enzymatic 
properties, and they also suggest that 
change in enzyme structure may have 
been of significance in the establish
ment of new species. It is also our 
impression from this preliminary survey, 
that lactic dehydrogenases of the heart 
may have undergone considerably 
greater evolutionary changes than those 
of the skeletal muscles. 

We believe that the results outlined 
in this article may be of value in 
studying the interrelationship and origin 
of species. This may be of particular 
importance in connection with the flat
fish, since the origin of this group of 
fish is at present quite unresolved. We 
hope our investigations will eventually 

An Outline of General Physiology 
appeared first in 1937. Like its author, 
the book was definitive, far-ranging in 
scope, imaginative, and provocative. 
Lewis Victor Heilbrunn was certainly 
one of the most influential individuals 
in general physiology during the last 
four decades. Through his book on gen
eral physiology (which was thoroughly 
revised in 1943 and 1952), his scien
tific papers, his monographs, and most 
especially his many devoted graduate 
students, his influence was felt through
out the scientific world. His untimely 
death in an automobile accident on 24 
October snuffed out a creative spirit 
science can ill afford to lose, but his 
influence will continue for generations 
to come. 

L. V. Heilbrunn was born in Brook
lyn, New York, 24 January 1892. He 

enable us to ascertain whether certain 
peptide chains have been altered during 
species evolution, as well as in indi
vidual differentiation. It is evident from 
the data presented that the coenzyme 
analogs (some of which have been used 
previously and some of which have been 
recently synthesized) are valuable ad
juncts in detecting the heterogeneity of 
dehydrogenases. It is our hope that 
studies with crystalline dehydrogenase 
may enable us to ascertain what part of 
the enzyme molecule is undergoing 
structural change during evolution (18). 
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and through his course he had a marked 
influence on many physicians and on 
scientists in other fields of biology. The 
course was always popular and well at
tended and, as one of its most interesting 
features, the students were given re
search projects during the second semes
ter rather than formal laboratory work. 

Well over 50 scientists took their 
Ph.D. degrees under Heilbrunn's direc
tion, and many others did part of their 
graduate work with him. This group, 
with its members located all over the 
United States and abroad, probably 
represents the most scientifically pro
ductive group in general physiology in 
America to be trained by one individual. 
Their influence on biology in this coun
try is undoubtedly immense. 

Heilbrunn's research interests ranged 
widely, but with a central theme of 
protoplasmic structure and action. At a 
time when general physiology tended to 
be preoccupied with membranes and 
permeability, he pioneered in focusing 
attention upon actions within the body 
of the cell. His views were first sum
marized in The Colloid Chemistry of 
Protoplasm in 1928, a book which laid 
the foundation for an important aspect 
of cell physiology and which evoked 
discussion for many ensuing years. One 
of the most important and influential 

L. V. Heilbrunn, 

General Physiologist 
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fruits of his own work is his calcium 
release theory of stimulation and re- 
sponse. While his theory has a rare 
universality of application to biological 
problems, perhaps his greatest efforts 
were directed towards the application 
of his theory to the phenomenon of 
cell division. Not only was he an au- 
thority on cell division as a basic phe- 
nomenon but he also attempted to ex- 
tend his efforts to practical considera- 
tions, such as the problem of cancer. 
He carried out research on such proc- 
esses as muscle contraction, ameboid 
movement, and fertilization, and pub- 
lished scores of papers on his scien- 
tific efforts. The Dynamics of Living 
Protoplasm, published in 1956, summed 
up his views and his life's work as well 
as the work of many of his students 
and was in his own opinion his most 
significant statement. 

On a strictly scientific basis, Heil- 
brunn's reputation abroad is as great 
as in this country. To many in Europe 
his name is almost synonymous with 
general physiology in the United States. 
He made a number of trips abroad to 
lecture and participate in symposia. In 
this country he was president of the 
Society of General Physiologists, an 
organization he helped found, and he 
held office in a number of other societies 
as well as posts on editorial boards of 
scientific journals, including Physiologi- 
cal Zoology and the Biological Bulletin. 
He was also coeditor of the extensive 
monograph series "Protoplasmatologia." 
His own contribution to that series, The 
Viscosity of Protoplasm, was published 
in 1958 and was his last major publi- 
cation. As a graduate student he started 
work at the Marine Biological Labora- 
tory at Woods Hole, and his association 
with that institution continued, inter- 
rupted only for foreign travel or by his 
services as a military aviator in the 
88th Aero Squadron during World War 
I (services for which he received the 
Silver Star with two oak-leaf clusters). 
He was a trustee of the Marine Biologi- 
cal Laboratory from 1931 on, and 
served twice as a member of the execu- 
tive committee. He always took a vig- 
orous interest in that laboratory and 
participated in many of its activities. 

As with many men of great stature, 
Heilbrunn's major influence was on his 
associates, especially his graduate stu- 
dents. He loved his science with a de- 
votion that left no tolerance for intellec- 
tual sloppiness or dishonesty. His as- 
sumption that all scientists did likewise 

Lewis Victor Heilbrunn 

was one of the early lessons for his 
students, taught not by edict but by 
precept and example. Students came 
from all over the world to work with 
him and left to occupy positions of 
influence in their field, enriched with a 
set of intelleotual standards that cannot 
easily be forgotten. He was a superb 
teacher who fell into no set educational 
pattern. His philosophy of education is 
best stated in his own words from the 
preface to his textbook: "Some writers 
in presenting a scientific subject, attempt 
to over-simplify it in order to make it 
more understandable. I have known 
textbook authors who believed in teach- 
ing simple facts, right or wrong, rather 
than run the risk of confusing the stu- 
dent. Such a scheme may have advan- 
tages, but I believe that any tampering 
with truth is extremely dangerous. It 
is far better to acquaint students with 
the uncertainties of knowledge in such 
a frontier subject as general physiology, 
and to make them sceptical of new ex- 
periments. If there were more teaching 
of this sort, our laymen and our physi- 
cians might not be so gullible in accept- 
ing false discoveries . . . An enthusiastic 
teacher is essentially an optimist, and 
he delights in the achievement of his 
science." 

He had a fine flair for writing and, 
had time permitted, would have been 
a leading interpreter of science to the 
public. AS it was, in his general public 
lectures and in articles in general peri- 
odicals he did much to forward public 
understanding of science. He insisted 
on sound writing from his students and 

constantly encouraged them toward 
good writing. 

Heilbrunn worked hard, played hard, 
and thought hard. For many years he 
was a prime mover in organizing base- 
ball games at Woods Hole, ping-pong 
tournaments, and beach parties. More 
recently his annual "ice-cream parties" 
on the lawn of his place at Woods Hole 
were attended with pleasure and profit 
by many. At the University of Pennsyl- 
vania he organized and was for years 
the moving spirit in the University Re- 
search Club, a group of faculty mem- 
bers from the humanities, social sci- 
ences, and natural sciences which met 
monthly for discussion of new research 
in various fields, and for a social 
evening. He also, for many years, ran 
the Journal Club of the department of 
zoology, a group which met weekly to 
discuss current topics in biological sci- 
ences. His students, past and present, 
were his personal friends and his per- 
sonal responsibilities. Their problems 
were his problems, and he was always 
ready to lend a helping hand, be it with 
advice, good conversation, or the loan 
of a car to go on a date. He could take 
on such chores of advising and helping 
because he had an active, not a protec- 
tive, regard for people. 

His interest in the arts, particularly 
in wricting and painting, was an every- 
day interest, not merely evident on a 
rare visit to a museum. He established, 
in 1950, the Ellen Donovan Gallery to 
promote the appreciation and sale of 
the work of living Philadelphia artists. 
His wife, Ellen Donovan Heilbrunn, 
is a painter and teacher of art. In his 
life with her and with his daughter 
Constance he included his students, and 
drew them into an appreciation of and 
sometimes a participation in the arts 
which is rare in a world turned more 
and more toward science and its tech- 
niques. He did not paint himself, but 
he wrote whenever and wherever he 
found the .time to explore an idea or 
a way of life-in a small European rail- 
road station, in the dentist's waiting 
room. 

Heilbrunn was a man of strong opin- 
ions and had an ability to state them 
forcefully and clearly. His was a tough 
mind with little inclination to compro- 
mise. His criticisms were stated as 
clearly as were his praises, and his 
critics were frequently as vocal as his 
supporters. His refreshing presence in 
scientific arguments will be missed by 
all. 
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A man who partook of life as inten- I have thought especially of the men found inspiration." Heilbrunn was an 
sively and joyously as L. V. Heilbrunn who have done research with me in the eager seeker after truth; his was ever- 
is difficult to write about. Perhaps it is laboratory. Eager seekers after truth, youthful energy and courage, and in his 
best to use his own words to illustrate they have not hesitated to disagree with support many found inspiration. 
the man. In the preface to his An Out- me when they thought I was wrong. In H. BURR STEINBACH 
line of  General Physiology he wrote, their young energy and courage I have Department o f  Zoology, 
"In dedicating this book to my students taken pride; in their support I have University o f  Chicago, Illinois 

aspirations of each country and of how 
these aspirations can best be served by 
the academy and the private and govern- 
mental organizations with which it is 
associated. 

Science in the News 

Academy Mission to Asia Will Between them, Daniels and Cleland 

Study Scientific Cooperation 

Two members of the Nation,al 
Academy of Sciences will visit 11 Asian 
countries during the next 4 months to 
explore with Asian scientific leaders 
how the development of their countries 
can most effectively be furthered by 
science and technology. The two aca- 
demic ambassadors of science are Far- 
rington Daniels, vice president of the 
academy and professor emeritus of 
chemistry, Universi,ty of Wisconsin, and 
Ralph E. Cleland, distinguished service 
professor of botany, Indiana University, 
and chairman of the academy's 
UNESCO Committee on Science. 

will visit Pakistan, India, Burma, Thai- 
land, Malaya, Indonesia, the Philippines, 
Viet Nam, Republic of China (Taiwan), 
Republic of Korea, and Japan, as well 
as Singapore and Hong Kong. Conver- 
sations, formal and informal, will be 
held not only with the heads of leading 
scientific organizations in each coun- 
try but also with government officials in 
science and education, members of 
science and engineering faculties, and 
researchers in basic and applied sciences. 

It is hoped that these con,bcts will 
lead to closer working relationships be- 
tween scientists of both regions and to 
deeper understanding on the part of the 
academy of the scientific and technical 

Asia Foundation Supports Miision . 
This first Asia-wide study of the 

problems of scientific development in 
emerging nations has been arranged 
under the joint auspices of the academy 
and the Asia Founda,tion (San Francisco, 
Calif.). The latter has representatives in 
nearly all countries to be visited and 
supports science programs in Asian 
scientific and educational institutions. 

Robert Blum, president of the founda- 
tion, points out that in science, as in 
other'fields, too few Asian leaders have 
had an opportunity to exchange views 
with Americans of distinguished reputa- 
tion and broad interests. Blum sees the 
tour of Daniels and Cleland as part of a 
broader program in which outstanding 
Americans may visit Asia under pri- 
vate sponsorship for candid discussions 
on issues and prablems of mutual 
interest. 

In addition to their more general dis- 
cussions, Daniels and Cleland plan to 
report on recent findings in two scien- 
tific fields of particular interest to Asian 
countries-solar energy and plant ge- 
netics. They will give popular lectures to 
large groups and technical lectures to 
professional specialists. Daniels-a dis- 
tinguished physical chemist whose spe- 
cial interest in the applications of solar 
energy has taken him previously to 
India, Pakistan, and Thailand-will pro- 
pose that concentrated research in this 
field of study offers greater and far 
more immediate rewards to most nations 
than corresponding efforts in the fields 
of atomic energy. Cleland, an interna- 
tionally recognized botanist, will carry a 
similarly laffirma,tive message on ,the sub- 
ect of plant genetics; he says that there 

many countries on his itinerary 
re agriculture could profit directly 

rom an increased emphasis on research 
Farrington Daniels Ralph E. Cleland in this field. 
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