
such direct application to the work of the anesthetist 
that the point need not be especially illustrated. I t  
may be said, however, that many agents and methods 
contributed by chemists and physicists are first applied 
by the physiologist and pharmacologist to determine 
the use to which the new agents or methods can be 
put  before they are  applied clinically. While the first 
agents to be introduced may have come into use with- 
out such preliminary investigation, those that are in- 
troduced to-day are subjected to thorough tests. The 
interest of the physician anesthetist in the effects pro- 
duced by anesthetic substances and other drugs mhich 
he uses is evident in the work of Searles,?l who studied 
the effect of ether and sodium amytal anesthesia on 
the blood. Such investigation emphasizes the impor- 
tance of collaboration of clinician and scientist for, 
if possible, the separate effect of the anesthetic and 
of any other drng that may be used must always be 
determined. I t  is in this field that the study of psy- 
chology becomes important, f o r  it  must never be 
forgotten that the psychologic processes of the animal 
differ from those of the human being. Therefore, i t  
is not always possible to apply the information ob- 
tained froin animal experimentation to clinical appli- 
cation of the agent. 

The study of languages requires the attention of 
the anesthetist. Obviously, in  scientific writing, many 
of the same words are adopted by users of different 
languages, but it  is of p e a t  importance to the reader 
of scientific articles that the author should have had 
at  his command a sufficient choice of words that his 
meaning may be exactly expressed and that, if his 

article is translated into another tongue, it  ~vi l l  not 
suffer thereby. 

By ~nathe~naticians many fundamental contributions 
had been made, usually through physics; however, the 
mathenlatician is indispensable in  the correlation of 
data that are gathered not only in the course of ex-
perimentation but also in clinical application of anes- 
thetic preparations. I t  is not easy f o r  those of us 
who are not mathematicians to assemble statistics 
derived from our work and properly to interpret their 
value. 

I hope that these illustrations of the indispensable 
value of the fundamental sciences in the establish-
ment of anesthesiology, a new specialty in medicine, 
mill interest you sufficiently so that your continued 
assistance may be anticipated. Unfortunately, those 
of us li~llo are  interested in the developlnent of this 
nerv specialty and those who will follow us in the field 
of endeavor are not sufficiently well equipped from 
your point of viev. I n  the absence of an individual 
genius, then, development of the new medical specialty 
will, in all probability, take place in institutions vhere 
scientists and clinicians can work together and where 
facilities exist whereby investigation can be carried 
on, new facts established and new agents and methods 
developed ; these factors, together, will permit f nrther 
reduction of pain anlong human beings. I n  the 
futnre, I hope that aninla1 experimentation, made 
painless by anesthesia, rid1 be accepted by those who 
have condemned it in the past when their attention 
is called to the fact that needless pain caused by dis- 
ease will be spared both animals and man. 

'OBITUARY 

PHOEBUS AARON THEODOR LEVENE 

1869-1940 

PHOEBLTS THEODOR member emeritns AARON LEVENE, 
of the Rockefeller Institute for  Medical Research, died 
a t  his home in Selv Pork City on September 6, 1940. 
H e  had retnrned from a vacation in Xontana but a 
short time before, and was about to resume his insis- 
tent quest for  the kno~vledge of life processes. 

Dr. Lerrene was born in Sagor, Russia, on February 
25, 1869. When he mas about t v o  years old, the 
family moved to St. Petersburg. 

The young Levene entered the Classical Gymnasium, 
and from this school he enrolled in the Imperial JIili- 
tary Nedical Academy in St.  Peterabnrg. H e  was one 
of the five Jelvish students allorved to enter his class. 
At that time Borodin mas the professor of chemistry. 
I t  was Borodinls son-in-law, Professor Dianin, who al- 
lowed Levene to carry on work a t  will in the chemical 
laboratory. 

11P. W. Searles, Ant. JOW. Surg., 41: 399-303, 1938. 

During the year 1891, because of the growing anti- 
Semitisnl in Russia, and the resulting need for educa- 
tion of the younger members of the family, the Le~enes  
migrated to the United States, arriving July 4, 1891. 
After a few months, Levene returned to St.  Peters- 
burg to finish his examinations for his medical de-
gree. H e  mas gradnated in the autumn of 1891. 
I-Ie returned to K ~ T TPork in March, 1892, and soon 
took his examinations for the practice of medicine and 
practiced on the lover East Side until 1396. 

Eecause of his conviction of the importance of 
chemistry to the aclvance~nent of medical science, he 
enrolled at  Columbia as a special stndent in the De- 
partmerit of Chemistry in  the Scllool of Mines. -kt 
the same time Professor J. J. Curtis kindly gave him 
a place to vork  in his laboratory a t  the College of 
Physicians and Surgeons. I n  latcr years he supple- 
mented this training by periods spent in Berne under 
Professor Drechsel, in Marburg uncler Professor Kos- 
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sel, in Berlin under Professor Emil Fischer and in 
Munich in the Technische Hochschule. 

Levene's strong bent toward research on the chemi- 
cal nature of biological materials was but partly 
satisfied in the limited time permitted by his medical 
practice. To the good fartune of biochemistry, the 
way was opened for  him to devote all his efforts to  
these studies by his appointment in 1896 as  associate 
in chemistry a t  the State Pathological Institute of 
New York. 

I n  November of the year 1896 he developed tuber- 
culosis and went to Saranac Lake as  a patient of Dr. 
Baldwin. H e  then went to Davos for  a year. All this 
time Professor von Giesen held the post in  the State 
Pathological Institute open for  him. When he re-
turned from Switzerland, though f a r  from well, he a t  
once went to work. During the years 1900-1902 he 
worked a t  the Saranac Laboratory for  the Study of 
Tuberculosis because the State Pathological Institute 
was undergoing reorganization. I n  1902 he returned 
to work there under Dr. Adolf Meyer. 

I n  January, 1905, came his great opportunity when 
a t  the invitation of Dr. Simon Flexner he joined the 
small group who formed t h e  laboratory staff of The 
Rockefeller Institute fo r  Medical Research, where in  
July, 1907, he was advanced to the rank of member. 

The Rockefeller Institute provided the ideal environ- 
ment fo r  the flowering of his genius. The stimulus of 
a n  inspiring atmosphere, the unexcelled laboratory 
facilities and the opportunity fo r  choice of problems 
without regard to their difficulty and length afforded 
a widened horizon of scientific endeavor to which he 
devoted his abilities fo r  thirty-five years. Under his 
sympathetic guidance several distinguished biochemists 
laid the foundations of their important careers. I n  
July, 1939, he retired and became a member emeritus 
of the institute but still continued his researches with 
unabated energy. 

Dr. Levene's eminence in his chosen field was recog- 
nized by the award to him of the Willard Gibbs Medal 
of the Chicago Section of the Bmerican Chemical So- 
ciety in 1931, and of the William H. Nichols Medal 
of the New York Section in 1938. H e  was a member 
of the National Academy of Sciences, American Philo- 
sophical Society, Bayerische Akademie der Wissen- 
schaften, Royal Society of Science (Upsala, Sweden), 
Halle Akademie der Naturforscher, Soci6t6 Royale des . 
Sciences Medicales et Naturelles de Bruxelles and many 
professional societies. 

Dr. Levene married Anna M. Erickson, of Lewis-
town, Montana, in 1920. Through their congenial 
tastes there grew a home of spiritual and artistic har- 
mony, the center fo r  a wide circle of devoted friends 
from many fields. 

I n  such fortunate circumstances Dr. Levene dis-

played a n  extraordinary capacity fo r  hard work. H e  
read voraciously in several languages on many sub- 
jects. I n  addition to directing the researches of a 
number of coworkers, he carried on with his own hands 
a large volume of experimental work of great delicacy. 
I n  the laboratory and in his private library a t  home, 
chemistry and its medical significance were a supreme 
passion; in the midst of his friends, he gave full play 
to his varied interests in classical and modern art.  

To discuss the wide scope of Levene's scientific 
activities in  the space of a few paragraphs is not 
easy. Fortunately f o r  the reviewer, however, although 
these researches relate to almost all fields of biochem- 
istry, they present a logical and coordinated pattern. 
H e  wrote a number of comprehensive summaries and 
two monographs, in the preparation of one of which 
it  was the privilege of the writer to collaborate. 

Dr. Levene began his career of independent research 
with an investigation of the transformation of pro-
teins into carbohydrates by the animal organism. This 
undertaking was a n  intuitive expression of his lifelong 
interest in these two important types of biological 
materials. Two of his early studies were of outstand- 
ing significance to protein chemistry: improved ana- 
lytical methods, developed in collaboration with Dr. 
D. D. Van Slyke, and the isolation of one of the first 
crystalline intermediate products of protein hydroly- 
sis, in cooperation with Dr. George B. Wallace. 

Of all tissue components, the proteins have offered 
the supreme challenge to the skill and ingenuity of 
the chemist. At  the beginning of this century the 
work of Emil Fischer had resulted in his enunciation 
of the polypeptide theory of structure, based on the 
isolation of various amino acids from the hydrolytic 
products of these complex molecules. During the nine- 
teen-twenties this theory was challenged, particularly 
by a hypothesis i n  which the molecule was regarded 
as being made u p  of diketopiperazine rings--condensed 
amino acid cycles-joined by auxiliary valence forces. 
Levene had previously noted the great ease with which 
a substance of this latter type, isolated by him in 
1906, lost its optical activity. A systematic study, 
extending over several years, of the racemization of a 
series of synthetic diketopiperazines and peptides re- 
vealed the difference in  behavior of the two groups 
of compounds. When this technic was applied to the 
proteins themselves, they were found to resemble more 
closely the chain structures than the cyclic compounds, 
thus supporting Fischer's theory. 

The major emphasis in  Levene's protein studies, 
however, was on his brilliant investigations of the 
characteristic non-protein constituents of the nucleo- 
proteins and of the glycoproteins, namely, the nucleic 
acids and the nitrogenous sugars, of which brief men-
tion will be made later. I t  should be noted that both 



394 SCIENCE VOL.92, NO. 2399 

these types of substances are substituted sugars, thus 
forming a logical connecting link betn een his broad 
interests in  proteins and the carbohydrates. 

As in  the case of proteins, two conflicting theories 
have been advanced for  the structure of the polysac- 
charides, one claiming a union of the individual com- 
ponents in chain form by chemical valency, tlie other 
assuming cohesion of ring forms through subsidiary 
valency. Levene's approach to this problem ~5-a5 

through the study of tlie natural tendency toward con- 
densation of the simple sugars under mild conditioni. 
I n  practically every case tlie product 1%-as found to he 
a chain structure. The results have therefore snp- 
ported the chemical valence theory of union betweell 
par ts  of the polysaccliaride molecule, a viev now gen- 
erally accepted. 

Two other important aspects of sugar structure re- 
ceived illumination through Levene9s researches-the 
evolution of a method to determine the point of link- 
age in substituted carbohydrates and the elucidation of 
ring structures of sugars and their derivatives. Both 
technics were essential in u n r a d i n g  the complicated 
formulas of tlie nucleic acids. 

At  the beginning of this century, knowledge of tlie 
structure of the nucleic acids, wliich are  essential con- 
stituents of the chromosomes, was in a rudimeiitary 
state. It had been sho~vn only that they mere com-
posed of phospholic acid combined ~vitli nitrogenous 
and non-nitrogenous substances. Thcre v7as no in-
formation regarding the nature of the non-nitrogenous 
compounds, the quantitative relationships betmeell the 
different components or their mode of union. 

Throughout four decades these substances were 
under persistent investigation by Leoene. with the 
result that their structures are now B n o ~ ~ nin detail. 
The identification of the sugar in the so-called animal 
nucleic acid, which had baffled all investigators, mas 
finally achieved in 1929 through his genius. I Ie  
s h o ~ ~ e c lthat the nucleic acids are tetranucleoticles, each 
of the latter being composed of phosphoric acid, sugar 
and a nitrogenous compound. The sequence of the 
union of the constituents and the positiolls of the 
substituents on the sugars were then establishecl. The 
sugars-ribose in  plant nucleic acid and desoxyribose 
in animal nucleic acid-had not previously been I;ilomn 
to occur in nature. As a result of Levene's work we 
have an exact concept of the structures of these huge 
molecules, probably the most complex biological mate- 
rials whose architectural picture has been recon-
structed. 

At a n  early stage in his work Levene became inter- 
estecl in  the unique group of substances known as  
glycoproteins, which contain high percentages of car-
bohydrate. These complex compounds were revealed 
by him to be derivatives of nitrogenous sugars. 

The nitrogen-containing sugars in themselves con-

stituted an extremely difficult problem. Whereas in 
simple sugars the position in  space of every snbstitu- 
ent had been determined, that of the nitrogen atom 
could not be assigned by the methods of classical 
organic chemistry. Ne~v, indirect procedures had to 
be discovered. For  this purpose Levene undertook an 
exhaustive synthetic study of tlie nitrogenous and the 
corresponding noil-nitrogenous hexoses and their de-
rivatives. From the data the allocation of the nitrogen 
was deduced. This investigation marked the beginning 
of his fundamental studies on tlie correlation of chemi- 
cal structure with optical ac t i~ i ty .  

Another group of compounds of conlplicated for- 
laulas, the lipoids, was brought into orderly classifica- 
tion through Levene's researches. The literature 11-as 
in a sadly confused state, with as many substances 
described and separately christened as  there mere 
authors. By evol~ ing  methods f o r  tlie preparation 
of these materials in pure state, however, he mas able 
to create scientific order out of chaos in this domain. 
H e  sho~ved that three main groups of substances exist 
among lipoids, two phosphorus-containing and the 
third phosphorus-free. Closer study demonstrated tlie 
fact that t ~ v o  contained a sugar in their molecules, thus 
cementing their relationship to his studies on other 
types of carbohydrates. 

Through Le~ene's investigations on optically a c t i ~ e  
materials, particularly anlong the sugaps and proteins, 
he came to realize the basic significance of pptical 
rotation both as a tool fo r  tlie elucidation of struc-
tures of naturally occurring substances and as a sub- 
ject of great theoretical import. The problem of con-
figurational relationships-in preparation for  which 
he had, a t  the height of his career, to renew and 
broaden liis lmo~i-ledge of advanced mathematics and 
physic>-was to him in later years the most enthral- 
ling subject ainong liis varied researches. I n  these 
studies, and in fact throughout all his work, he Toas 
outstandingly successful in applying the methods and 
theories of phj-sical chemistry in the province of biol- 

ogy. 
8 s  an example of the broad perspective of his scien- 

tific philosophy, his analysia of the biological signifi- 
cance of the chemical individuality of ticsue elements 
may be cited. I n  the first classification he placed those 
compouncls-such as nucleic acids, lipoids and conju- 

,gated sulfuric acids-which, though indispensable to 
life, exhibit no indiviclualit~, no specificity; they are 
found in all tissues, in all organs of all species, are 
invariable in their struatures and occur wherever life 
is piesent. Typical of the second classification-the 
members of which may be present or absent in  one 
or more organs, in one or another species, but preserve 
their chemical individuality in various species-are the 
hoinlones and enzymes. Finally, in the proteins me 
encounter a group of substances whose complex rela- 
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tions are still further coinplicated by the fact that they 
appear to shorn differences in chemical structure with 
variation of species. 

To future generations of inquirers into the com-
plexities of living matter, Dr. Levene extended this 
message of hope and confidence, which is quoted from 
the concluding lines of his acceptance address at  the 
Willard Gibbs Medal presentation in 1931: '(Step by 
step, one mystery of life after another is being re-
vealecl. Whether the human mind will ever attain 
complete and absolute knowledge of and complete 

mastery of life is not essential. It is certain, however, 
that the revolt of the biochemist against the idea of 
a restriction to human curiosity mill continue. New 
discoveries in physics, in mathematics, in theoretical 
chemistry furnish new tools to biochemistq, new tools 
for  the solution of old problems and for  the creation 
of new ones. So long as life continues, the human 
inind li7ill create mysteries and biochemistry will play 
a part  in their solution." 

LAWRENCEW. BASS 
MELLONINSTITUTE 

SCIENTIFIC EVENTS 

E N G I N E E R I N G  EDUCATION A T  T H E  RENS- 

S E L A E R  P O L Y T E C H N I C  I N S T I T U T E  

-4 NEW plan in engineering education lvill be put 
into practice at Rensselaer Polytechnic Institute this 
year. ~ l , the cooperation ~ ~ ~ of the General Elec- ~ h 
tric Company, a large group of carefully selected stu- 
dents attend for three conjecutive months on the 
plants of tlie company. 

Tllis plan differs from other cooperative arrange- 
rnents with industries for  the education and employ- 
ment training of engineering students in the fact that 
it perlnits graduation of the students T%7ithin the regu-
lar f ~ ~ r - ~ e a r  anperiocI, instead of rnaEng necessary 
extra year in college. 

The chief objection of the general cooperative plan 
-the extra year with its cost to the student in time 
and money-has been finally overcome. This will 
be accomplished mainly by including a classroom pro- 
gram to run currently in  the plants with the prac- 
tical experience program, and by arranging sumiiler 
courses a t  the institute during which the students mill 
make up  what they missed in their absence. Another 
important feature contributing to the feasibility of 
this four-year plan is the fact that the outside courses 
mill be concentrated in three consecutive months in 
the junior year alone rather than being split into 
alternating periods of several weeks each over several 
years. 

The students selected will be juniors in the depart- 
rnents of mechanical engineering and electrical engi- 
neering. The courses mill begin on April 1and con- 
tinue to July 1,mhen the students will return to the 
institute for  the summer courses specially designed 
for  them. Thus they mill begin their senior year with 
three months of practical training behind them and a t  
a time mhen they will be beginning to think most 
seriously of obtaining jobs after graduation. Much 
of the work of their last year can thus be interpreted 
in  terms of what they observed in practical experi- 
enoe. Also they mill have had three months to demon- 
strate and measure their abilities under the observa- 

tion and counsel of prospective employers; the work 
of their senior year also can be interpreted and de-
veloped in terms of their discoveries in these respects. 
r a t u r a l l ~ ,  the General Electric Colnpany entered the 
plan with the hope that it  mould help make available 
lllen for Permanent employment, but there is no em-

On the part of either the corn-I J ~ ~ Y ~ ~ ~ ~ 
pany or of the students. However, it is pointed out 
that the obviousl~ would be valued by any 

In cO'nmOn other '(earn as you 
learn" plans, the student IT-ill receive wages IT-hile in 
training, thus enabling him to help pay his way 
through his last year. I t  is estimated he should save 

$75 to Over living expenses. 

EXTENSION C(SURSES IN AERONAUTICAL 
E N G I N E E R I N G  O F  C O R N E L L  

UNIVERSITY 
Is cooperation with the F e d e ~ a l  Government's pro- 

gram for  national defense, Cornell University opened 
in Buffalo on October 7 an extension center gitdng 
advanced training in aeronautical engineering to em-
ployees of the aircraft industry. Unlike some pro-
grams set up  by other institutions, under which em-
ployees must leave their jobs fo r  a time to attend 
school, the Cornell plan mill bring the faculty to  the 
industries and give bourses after working hours, so 
that  production mill not be curtailed a t  this critical 
time. These courses arc the first ever given away 
from the university by the College of Engineering. 

A staff from the college, under the direct super- 
vision of Dean S. C. Ilollister, ail1 hold classes in 
Burgard Vocational High School, where facilities 
have been made available by the Buffalo Board o f  
Education. The entire program will be financed 
without Federal or state funds. 

Instruction mill be offered especially fo r  qualified 
employees of the Curtiss-TVright Corporation and 
the Bell Aircraft Corporation, where there has been 
f o r  some time an acute shortage of aeronautical en- 
gineers. The immediate plan is to convert mechan- 


