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prevent any undue humall competition f o r  their food Here, a t  any rate, is one par t  of the world in which 
resources in the coastal ocean. The average yield of native wildlife will remain secure as long as  such wis- 
fertilizer, as figured by seven-year terms, has grown dom prevails. Here is scientific forecast in pragmatic 
phenomenally during the past thirty years, yet i t  is operation. Here is a case i n  which a South American 
believed that the maximum capacity of the islands stilI republic holds up  a beacon for  all other nations t o  
lies f a r  ahead. admire and emulate. 

TOWARDS A NEW BIOCHEMISTRY?" 
By Professor A. SZENT-GYORGYI 
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THE atom consists of a nucleus surrounded by a 
system of electrons. B y  sharing one or  more electrons, 
atoms can join to form molecules. I n  such a molecule, 
as  a rule, every electron belongs to one or  two atoms. 
This is our idea of a single small molecule, and this 
picture has hitherto unconsciously governed our think- 
ing in biochemistry. 

The study of crystals and metals, however, has re- 
vealed the existence of a different state of matter. I f  
a great number of atoms is  arranged with regularity 
in close proximity, a s  for  instance, in a crysta.1 lattice, 
the terms of the single valency electrons may fuse into 
common bands. he electrons in this band cease to 
belong to one or two atoms only, and belong to the 
whole system. 

These bands or energy levels are heparated from 
possibly higher levels by forbidden zones. Under 
ordinary conditions all electrons are within the lowest 
band. I f  this lowest band contains the maximum num- 
ber of electrons (2s, if the number of atoms is n), as  
is the case with insulators, the electrons will be unable 
to transport energy. If, however, one of these elec- 
trons is raised by the absorption of energy t o  a higher 
level, and comes to be in what we call a n  excited state, 
where i t  will move and transport its energy freely, it  
will be impossible to say which is the atom to which 
the excited electron belongs, and the whole system can 
be looked upon as activated. By falling back to the 
lower level the electron will give off its excess energy 
and perform work in a place more or less distant from 
that of the absorption of energy. This is the case 
with certain phosphors, as has been shown lately by 
N. Riehl., Here, as  fo r  instance in ZnS, the electron, 
raised to a higher level by a collision with a n  a particle, 
can travel relatively long distances and will fall  back 
to a lower level, giving u p  its energy, where it meets 
a Cu atom, present as  an impurity. Thus the absorp- 
tion and emission of energy will proceed independently 
a t  different places. 

The problem is whether this state of matter, i.e., 

1 Rorknji Memorial Lecture, given in Budapest on 
Maroh 21, 1941. 

2 N. Riehl, Naturwiss., 28: 601, 1940. 

common energy levels, exists also in  living systems. 
I f  i t  does i t  can not fail  to influence profoundly our 
biological thinking and open new approaches to re-
search and understanding. Protein molecules are sys- 
tems built u p  of a great number of atoms, closely 
packed with great regularity. S o  theoretically the 
possibility exists that within these molecules analogous 
conditions to those in crystals prevail. 

The first indication of the existence of such common 
energy levels was given by the study of photosynthesis, 
one of the most fundamental biological processes. 
Emerson and Arnold3 found that 2,500 chlorophyl 
molecules form pne functional unit. Warburg and 
Segelein4 showed that four  quanta are necessary f o r  
the reduction of one CO, molecule. There are  obser- 
vations to indicate that these four  quanta must reach 
the CO, molecule simultaneously. Gaffron and Woh15 
calculated how many chlorophyl molecules must inter- 
act to absorb four quanta simultaneously at  the weak- 
est optimal illumination. Their calculation showed 
that only one thousand molecules are capable of doing 
this. These observations indicate that the- electrons, 
raised to a higher energy level by the absorbed light, 
can, move and transport their energy freely through 
the system of chlorophyl molecules. 

~ u b b w i t e  and H a a s q a v e  measured the inactiva- 
tion-spectrum of urease, and P. Jordan7 has pointed 
out that their results are in  agreement with the idea 
that common energy levels exist within this protein 
molecule. A t  present K. Laki and M.GerendLs are 
engaged in my laboratory in the study of the inactiva- 
tion-spectrum of fumarase, crystallized by Laki. Their 
results also indicate that the energy absorbed may 
leave the place of its absorption and cause a break 
of links a t  a different place, thus traveling at  some 

, distance through the m ~ l e c u l e . ~  

3 R. Emerson and SV: Arnold, Jour. gen. Physiol., 16: 
lgi ,  1930. 

4 0..Warburg and E. Negelein, Xaturwiss., 13: 985, 
1925. 

5 H. Gaffron and K. Vohl, xatu,rwiss., 24: 81, 1936. 
6 I?. Kubowitz and E. ~ a a s ,Biochem. Zeits., 257: 337, 

1933. 
7 P. Jordan, il-aturwiss., 42: 693, 1938. 
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The more interesting question, however, is not 
whether common energy levels exist within one mole- 
cule, but whether protein molecules can join into more 
extended systems with common energy levels. I t  mould 
be difficult to picture such a continuum built up of 
globular protein molecules, and protein molecules have 
hitherto, with rare exceptions, been found to be globu- 
lar. Howe~-er, l a d  gear Banga and 1' found that the 
proteins building up  the solid structure of the cell are 
fibrous, and that these fibrous molecules as shown by 
their strong thixotropy, are interconnected by inter- 
molecular forces. Chloroplazts also contain fibrous 
proteins. 

This finding allon-s us to suppose tentatively that a 
greater number of molecules may join to form such 
energy continua, along which energy, via., excited elec- 
trons, may travel a certain distance. The study of 
gene-mutation, introduced by x-rays and ultraviolet 
light, also indicates such a possibility. 

I t  can not be expected that any single obsei~at ion 
will definitely solve this problem. Only the accumula- 
tion of a great mass of data will answer these ques- 
tions. But  even a t  this early stage n-e are justified in 
reconsidering the biological problems in the light of 
these possibilities. 

My own biochemical research of two decades has 
~ i e l d e d  one or  another insignificant result-the isola-
tion of this or that-but whenever I x7as faced mith a 
fundamental problem, I failed. When these problems 
are reconsidered in the light of common energy levels 
an easy explanation offers itself. I mill enumerate a 
few of these problems starting mith one ~vhich arose 
lately in collaboration with B a ~ ~ g a . ~  

The contractile element in muscle is myosine, a pro- 
tein built up  of fibrous molecules. These molecules 
a re  arranged in small, primitive bundles. A great 
number of such primitive bundles forms one micro-
scopic fibril. The energy of muscular contraction is 
derived from the splitting of adenosine triphosphate. 
The adenosinetriphoiphatase activity is bound u p  with 
myosine, but our measurements indicate that only a 
very small fraction of myosine molecules can be en-
dowed mith such actil-ity. The problem is, how the 
energy liberated by a molecule can be communicated to 
a great number of similar molecnles. The common 
energy levels give a n  easy answer. 

Another problem that troubled me for  man^ yean 
was why the enzymes involved in oxidation and fermen- 
tation can be separated so sharply into soluble ancl 
insoluble ones. The enzymes involved in lactic fermen- 

8 If  colnmon energy levels are present in native protein 
molecules this can not fail to contribute to the stability 
of the molecule axid influence its immunological behavior. 

Q J. Bangs and A. Szent-GyKrgyi, SCIEWOE, 514,92: 
1940; Enzymologia, 9: 111, 1940. 

tation of muscle are soluble, while the enzymes involved 
in oxidation are insoluble, i .e.,  bound to the insoluble 
fibrous proteins of the cell. This difference can be 
explained if TTe suppose that the latter are par t  of a 
q s t e m  with common energy levels. In  lactic fermenta- 
tion no such common levels are nece:sary, for  the single 
enzymes clo not interact but react in series 117ith soluble 
molecules. 

Still another problem, closely connected with the 
former, is h o ~  I nthe enzymes of oxidation interact. 
part of the oxidation syitem electrons wander directly 
from enzyme to enzyme. The enzymes, being insoluble, 
have no free molecular motion and must be arranged 
so that their small reactive groups are a t  atomic dis- 
tances. I t  is possible to arrange tn-o large protein 
molecules in such a way, but it  is geometrically imgos- 
sible to so asrange a whole series. Even if n-e could 
devise such a n  arrangement, it would still be incom- 
prehensible how the energy liberated by the passing 
of an electron from one substance to the other, viz., 
from one F e  atom to the other, could do anything 
useful. -411 this can be understood if we suppose that 
the single catalysts are connected mith different, dis- 
tinct energy levels and that the electrons do not pass 
directly from one substance to the other but travel 
within the corresponding energy band, and can fall 
to a lower level and give off energy only a t  a place 
where they can do work (e.g., a synthesis), analogous 
to the ZnS phosphors of Riehl. I f  the cell and wit11 
it the energy levels are disturbed in some way, me can 
expect the electrons to fall freely to loner levels a t  
any place. This might explain why catabolic proc- 
esses prevail over anabolic ones in damaged tissues 
(and cancer?), why certain oxidations (catechol-
oxidase) are acthated by damage, 1vhy chloroplasts 
refuse to build u p  carbohydrates, and why viruses 
refuse to multiply outside the cell. 

I n  closing, I wish to tnention three problems from 
outside the field of my o~i-n ~vork. One of my difficul- 
ties 11-ith protein chemistry was that I could not imagine 
how such a protein molecule can "live." Even the 
most involved protein structural formula looks 
"stupid," if I may say so. I f  the atomic structure 
is only the backbone nnderlying the common energy 
levels, the thing becomes more likely. It is equally 
difficult to understand the great biological activity of 
certain molecules. R. Kuhn, F, I I o e m s  and D. 
Jerchel1° have shown lately that one single crocin 
molecule is capable of inducing a sexual change in a 
vhole alga. I f  the cell forms an energy continuum, 
any substance, approaching a t  any point, can upset 
the \-,-hole system, making, so to sag, a hole in  the 
continuun~. 

l o  R. Kuhn, F. Moemus axid D. Jerchel, Ber, d. Chem.  
Ges., 71: 1541, 1938. 
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Then we do not know what a "cell" really means, or 
why the kidney, f o r  instance, is  subdivicled into such 
units. Possibly the cell wall is the border line of the 
common energy levels. 

Biochemistry is, a t  present, in  a peculiap state. By 
means of our active substances TTe can produce the 
most astounding biological reactions, but we fail wher- 

ever a real explanation of molecular mechanisms is 
wanted. It looks as if some basic fact  about life were 
still missing, ~vithout which any real understanding is 
impossible. I t  may be that the knowledge of common 
energy lerels will start a new period in biochemistry, 
taking this science into the realin of quantum-mechan- 
ics. 

SCIENTIFIC EVENTS 

FELLOWSHIPS O F  T H E  LALOR 


FOUNDATION 


TIIE Board of Trustees of the Lalor Foundation an- 
nounced on May 19 the following fellowship awards in 
chemical and biochemical research for  the academic 
year 1941-42: 

$2,000 to Frederick W. Barnes, Jr., to work a t  Colnmbia 
Vniversity nnder Dr. Halls T. Clarke on the investigation 
of intermediary metabolism nith the aid of isotopes. 

$2,500 to A. Calvin Bratton, to continue work a t  the 
Johns Hopkills University 3Iedical SchooI under Dr. E. 
K. Marshall on chemical aspects of chemotllerapy of com- 
pomlds of the sulfanilamide type. (This award is for 
$1,250 per year for a period of 2 pears, namely, for 1941- 
42 and 1942-43.) 

$2,000 to Robert B. Carlin, to i~orlz at the University 
of Illinois under Dr. Roger Adams on the determination 
of the structure of the alkaloid extracted from Crotalaria 
spectabilis and of analogous allialoids from various 
Senecio species. 

$9,000 to Tilliam 3'. Rice, to work a t  Harvard Uni- 
versity under Dr. A. B. Lamb on a theoretical and experi- 
mental inyestigation on the adsorption of gases on various 
materials. 

These ttppointees were selectcd Prom a group of 
approximately thirty qualified applicants. 

Including the present appointments there have been 
thirty fellowship awards granted since the orgaaiza- 
tion of the foundation in 1935 amounting to an aggre- 
gate of $63,500. 

Appointments to t ~ o  awards allotted, respectively, 
to tlie administration of Dr. F. G. Iceyes, of the Mas- 
sachusetts Institute of Technology, and Dr. Charles 
A. ICraus, of Bromn University, 1Tei.e deferred until 
conclusion of the special work they are carrying on 
fo1, the United States Gorernment and until such time 
as  their regular research can again be taken up. 

The trustees of the Lalor Foundation, which is main- 
tained through fun& contributed by members of the 
Lalor family, are Dr. Anna Lalor Bnrdick, of Wash- 
ington, D. C., Elx-yn Evans, Jolln P. Xields, Charles 
Lee Reese. Jr., Dr. A. R. Shands and C. Lalor Bnrdick, 
of Wilmington, and Dallas S. Townsend, of Kew Tork 
City. 

T H E  ENGINEERS COUNCIL FOR PROFES-
SIONAL DEVELOPMENT 

THE eighth annual report of the Engineers Council 
fo r  Professional Development has appeared. Listed i n  
this report are  the one hundred and twenty-Eve insti- 
tutions in the United States (and Alaska) that  hare 
been accredited by the council. 

John P. H. Perry, of Kern Tork  City, chairman of 
the Conneil, records the affiliation of the Engineering 
Institute of Canada, in October, 1940. H e  reports 
also the petition from a group of technical institutes 
that some such plan of accrediting be evolved f o r  the 
technical institutes of the country, thus giving more 
effectire recognition to their sphere i n  technical edu- 
cation. 

The Cornniittee on Student Selection and Guidance, 
of which Dean Emeritus R. L. Sackett, of Pennsyl- 
vania State College, is chairman, reports further prog- 
l*ess in the study of aptitude tests and, especially, 
advance in  the promotion of proper seIection of engi- 
neering as a career by high-school boys. It contains 
excerpts from summaries of activities submitted by 
local groups of engineers, in  Kew York, Omaha, De- 
troit, Iowa and Canada, mhoie nim v a s  not to recruit 
to engineering, but to give boys of high-school age a n  
opportunity to learn the qualities and aptitudes essen- 
tial to success. Thus, those with decided engineering 
tulcnt will continue in this field while those without 
sufficient aptitude will not undertake a career i n  engi- 
neering should they be more likely to succeed elsewhere. 

Dean A. A. Potter, of Purdue University, f o r  the 
Committee on  Engineering Schools, discusses the 
problems of accrediting and gives statistics on the 
~ u b j e c t  since the initiation of the accrediting pro-
gram. Included with this rcport ii the latest list of 
accredited engineering curricula. 

The Conimittce on Profe~sional Training, Dean 0. 
77'. Eshbach, of Northwestern University, chairman, 
reports further efforts to discover xvhat is  being done 
by and for  junior engineers in  their immediate post- 
graduation period, and includes as  an appendix a 
questionnaire used to gather information on this sub- 
ject. This will be used a s  the basis of a program t o  
be developed f o r  use among the various organizations. 


