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by  seymour s .  cohen 1 and robert  lehman

in 1944, as various armies were planning to invade central 
europe, the recently naturalized u.s. citizen and columbia 

university biochemist had learned of the report of o. t. avery 
and his colleagues that the deoxyribonucleic acid (dna) of 
a specific strain of pneumococcus constituted the genetically 
specific hereditary determinant of that bacterium. almost 
alone among the scientists of the time, chargaff accepted 
the unusual avery report and concluded that genetic differ-
ences among dnas must be reflected in chemical differences 
among these substances. he was actually the first biochemist 
to reorganize his laboratory to test this hypothesis, which he 
went on to prove by 1949. his results and the subsequent work 
on the nature of dna and heredity transformed biomedical 
research and training for the next fifty years at least, and 
established potentialities for the development of biology, 
which have created economic entities and opportunities, as 
well as major ethical and political controversies. trained as 
an analytical chemist, chargaff had never imagined that he 
would help to solve a major cytological problem.

reprinted with the permission from Proceedings of the American Philosophical Society (vol. 
148, no. 2, 2004). bibliography added.
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in 19�5 the battered young european chemist char-
gaff had fled europe and had come to the department of 
biochemistry of the college of Physicians and surgeons of 
columbia university to work as a research associate with 
members of the department of surgery on the nature and 
control of blood coagulation. after some nine years in a 
new milieu in a strong, growing department, he had stud-
ied the role of lipids in the process, acquired and trained 
graduate students and postdoctoral fellows, and grown in his 
chemical knowledge and appreciation of the complexity of 
biological material. during these years his analytical studies 
on lipids had reinforced the fruits of earlier postdoctoral 
work on lipids in acid-fast bacteria that he had done in the 
laboratory of r. J. anderson at yale. underlining his earlier 
doctoral experience in Vienna, anderson had taught him 
“the respect for matter, the care for quantity, even in essen-
tially qualitative investigations, the reverence for accuracy in 
observation and description.”2 now at columbia, the study 
of the possible role of phospholipids in blood clotting had 
led him to the problems of the location of lipids in animal 
cells and their associations and interactions with proteins 
to form lipoproteins in cell fractions, to the fractionation 
of cell structure by the new technology of ultracentrifuga-
tion, and finally to a sense of the complexity of these cell 
components. indeed, some of the cell components he had 
encountered contained proteins and nucleic acids as well as 
lipids, and the nature and functions of these evidently com-
plex structures and their origins, roles, and organization soon 
became the major biological and biochemical problems of 
the time. in facing and reacting to these new problems and 
technologies, chargaff had become an active participant in 
a new biochemical world, despite his initial limited training 
and skills in analytical chemistry.
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in his early life in the austro-hungarian empire, his 
middle-class Jewish family had moved from a provincial 
czernowitz to a waltzing Vienna, in which chargaff’s love 
of literature and music had bloomed. however, in 192� the 
apparent lack of a future in the humanities had led him to 
study chemistry at the university of Vienna and to earn a 
doctorate in 1928 for work with fritz feigl.� “floating from 
one thing to the next,” he applied for and took a postdoc-
toral fellowship in chemistry at yale from 1928 to 19�0. he 
went to Vienna in the summer of 1929 and returned with 
his fiancée, Vera broida, whom he married in new york in 
september.4 in 19�0 the young couple elected to try their 
luck in germany, where his work on bacteria facilitated an 
appointment as chemical assistant at the institute of hygiene 
of the university of berlin. chargaff enjoyed berlin and its 
“most brilliant cultural life” after his escape from a “nagging, 
malevolent and immobile” Vienna and a “caste-conscious” 
yale; nevertheless, he was warmly appreciative of his teachers 
and colleagues in Vienna, new haven, and berlin.

in any case the tramp of marching boots in the berlin 
of January 19�� drove the chargaffs to accept an invitation 
from a. calmette of the institut Pasteur to come to Paris 
to help clarify some problems with the bcg vaccine.5 sur-
rounded by the russian and german émigrés in Paris, the 
chargaffs became alert to impending trials in france and 
left once again for the united states. arriving in new york 
at the end of 19�4, the young itinerant chemist located a 
“little job” in biochemistry at columbia university in 19�5. 
his son, thomas, was born in 19�8.

erwin chargaff, a somewhat hassled but mobile refugee 
from the impending european strife of the mid-19�0s, began 
his long career in american academia in the department 
of biochemistry of columbia university’s college of Physi-
cians and surgeons. this department, where he was a faculty 
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member from 19�5 to 1982, had begun in 1928 under the 
leadership of the organic chemist hans thacher clarke. it 
is widely accepted that clarke’s department became a ma-
jor contributor in the chemical development of american 
biochemistry. in building his department, clarke had taken 
advantage of the current availability of central european émi-
gré scientists, such as o. wintersteiner and r. schoenheimer, 
whose promise of research achievement was evident, at least 
to him. clarke also acquired and pretested many enthusiastic 
students and postdoctoral fellows committed to develop their 
chemical knowledge in the economically depressed new york 
of the 19�0s. chargaff was particularly warm concerning 
clarke, who was not only a very good organic chemist and 
an “ardent clarinetist” but also “the most unselfish scientist” 
he had ever encountered, with an “uncanny sense of quality” 
of aspiring trainees and selected faculty.�

in 19�7, when i entered the department domain, about 
seven to ten students and an equal number of postdoctoral 
fellows were working in a single large laboratory, of the type 
inaugurated by liebig a century earlier. faculty members 
would enter this busy room frequently to confer with their 
own students or fellows, and note progress or an occasional 
disaster. in my experience, chargaff was surprisingly gentle 
with his graduate students, whose growing skills in a primi-
tive organic laboratory culture were tended and developed 
by both the guidance of their mentor and their own obser-
vations of their surrounding laboratory peers. the isolation 
and a partial characterization of phospholipids and fatty 
acids, among others, were possible in this setting, and char-
gaff had embarked on the study of the possible role of such 
substances in blood coagulation.

he had observed that certain phospholipids increased 
the rate of clotting. also, the discovery and clinical use of 
the natural anticoagulant, heparin, had posed the problem 
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of minimizing drug-hindered clotting. by 19�7 chargaff and 
the surgeon K. olson had discovered that the polyanionic 
heparin could be neutralized by the basic protein, protamine, 
and indeed that this basic protein was clinically useful in 
diminishing excessive doses of blood heparin. since some 
phospholipids are also strongly anionic and form protamine 
salts, it seemed possible that their presence in protein-con-
taining structures, such as tissue thromboplastin, was simi-
larly due to interactions of the lipidic anions with cationic 
groups in the proteins. chargaff’s pursuit of lipoproteins by 
ultracentrifugation in the early 1940s led to the isolation of 
cellular macromolecular particles containing both phospho-
lipid and rna, a fact that sensitized him to the existence 
and problems of the roles of the mysterious nucleates.

the availability at columbia in the late 19�0s of �2P and 
15n soon permitted the use of the isotopes in the analysis 
of the various phospholipids and the study of their biosyn-
thesis and metabolism. in one classic experiment chargaff 
studied the conversion of a ß-glycerophosphate to the α-de-
rivative under conditions of acidic or enzymatic hydrolysis 
in the presence of inorganic �2P. the absence of isotope 
in the α-derivative implied the formation and hydrolysis of 
an intermediary α, ß-cyclic glycerophosphate; however, this 
insight was not extended to an explanation of the cleavage 
of rna by alkali.

during the late 19�0s chargaff tried unsuccessfully to 
bring his mother to the u.s. from austria. he became an 
american citizen in 1940 during an upsetting period of 
nazi victories throughout europe, and an active american 
debate concerning the possible future role of this country 
in the european conflict. with the american entrance into 
the war, chargaff continued in various lipid studies in his 
laboratory, but also became involved in the purification of the 
egg-grown typhus vaccine. unexpectedly, the impure vaccine 
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used for millions of the armed forces proved able to protect 
immunized individuals without further purification.

in 1944 chargaff realized that genetically significant dif-
ferences determined by dna might be reflected in analyti-
cally detectable differences in the content and order of the 
dna bases, i.e., the purines and pyrimidines. the chargaff 
laboratory undertook to exploit partition chromatography 
and ultraviolet spectrophotometry to explore the contents 
of the bases in dna. after devising suitable methods of hy-
drolysis of dna, a quantifiable separation, and estimation 
of the four bases in several different dnas, his laboratory 
found that the old claim by P. a. levene of the equivalence 
of the four bases in dna was incorrect. by 1949 chargaff 
could state unequivocally that in all dnas tested the molar 
ratios of purines to pyrimidines, of adenine to thymine and 
guanine to cytosine approached 1.0. further, the different 
dnas of many cellular organisms contained significant dif-
ferences in their ratios of the sum of adenine + thymine to 
guanine + cytosine. the laboratory routinely determined 
recoveries of the order of 9�-98 percent of the bases in the 
analyses to assure the absence of new undetected bases. 
studies of various preparations of ribose nucleic acid also 
revealed major differences in base compositions from their 
presumably homologous dna.

the startling “chargaff rules” had been demonstrated 
before the crystallographers watson and crick had begun 
to examine any dna samples. although it was evident to 
some workers that the various observed pairings signified 
some element of structural organization in dna, this was 
not stated explicitly by chargaff, nor did the form of the 
nucleate become clear before the X-ray analyses of franklin 
and the double-stranded model described in 195� by watson 
and crick. X-ray crystallographic studies of a purine and py-
rimidine leading to the exact size and shape of these bases 
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had not been determined before 1951.7 indeed, chargaff 
believed that the successful dna model builders had appar-
ently been unaware of the organic chemical structures of the 
bases and potential interactions of the paired bases before 
may 1952.8 an explicit reference to the “chargaff rules” did 
not appear in the watson-crick paper of 195�.

the decade of the 1950s saw a major expansion of nucleic 
acid biochemistry associated with both the discovery of nucleo-
tides in many areas of metabolism and that of their roles in 
the biosynthesis of the nucleic acids. actually, the develop-
ment of an enzymological approach to the biosynthesis of 
both dna and rna, in addition to the increased availability 
of isotopically labeled nucleotides, served to increase the 
rate of solution of the problems of the sequence of nucleo-
tides in the nucleates. in another decade of enzymological 
study, the discovery of intermediate rnas and of protein 
biosynthesis in vitro also began to solve the problems of how 
a small specific sequence of bases in dna and subsequently 
in rnas could determine the choice of a specific amino acid 
in a protein, and indeed how a long specific sequence of 
ribonucleotides could serve to determine an entire protein. 
these were problems chargaff’s laboratory could not and 
did not attempt to solve.

in the twenty years after the early successes of the late 
1940s, chargaff’s analytical skills were no longer as useful 
in the eyes of a burgeoning biochemistry and genetics. this 
situation may have become enormously frustrating to char-
gaff, although he did not address this directly. his initial 
major scientific success, which had confirmed the value of 
his career choice, congratulated his serious laboratory labors, 
and helped to establish his growing acceptance of science in 
his new country, had been challenged in a very few years by 
the startling achievement of watson and crick. he felt that 
these men had successfully exploited the personally imparted 
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“chargaff rules” without attribution or publicly expressed 
thanks, and their scientific success had been instantaneously 
widely acclaimed. in fact the award of a nobel Prize in Physiol-
ogy or medicine to these men in 19�2 without a comparable 
award other than an “honorable mention” of chargaff as an 
occupant of the otherwise unannounced “forty-first chair”9 
was possibly a last straw.

although these prizes had begun in 1901, it is obvious that 
a major system of recognition and appreciation expressed by 
means of prizes, awards, and elections had been developed 
and enlarged after world war ii, the nobel Prize being the 
most desirable, at least in assuring social, and even possibly 
self-esteem. chargaff described himself as “the outsider on 
the inside,” an atypical scientist whose criticisms of previous 
complacent science had been penalized as too acerbic, too 
nonconformist. nevertheless, his 1950 to 19�0 discoveries 
had earned him lectureships at many universities and inter-
national congresses, as well as a late appointment as chair of 
his department. he had been given numerous medals and 
prizes, and was elected to prestigious societies such as the 
american academy of arts and sciences (19�1), the national 
academy of sciences (19�5), and the american Philosophical 
society (1979). he was in fact awarded the national medal 
of science in 1974, and it may be concluded that his sense 
of isolation and lack of recognition was not quite justified. 
nevertheless, in that same year he had an unpleasant experi-
ence with the impatient administrators of his college in the 
moving of his office and laboratory, and this reinforced his 
views of the deteriorated nature of a transformed science. 
however, in the following year columbia university gave 
him an honorary doctorate.

in any case, chargaff decided to describe much of his 
life and the pessimistic thoughts he had developed “with a 
stone in his shoe,” and in 1978 he published an extraordinary 
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collection of autobiographical essays, Heraclitean Fire. many 
reviews of Heraclitean Fire have recommended the book highly, 
describing it as an important and rewarding challenge to a 
“big science” marked increasingly by the competitive and 
bureaucratic pressures that have transformed the traditional 
approaches to the exploration of nature.

a provocative chargaff has been described as a witty, wide-
ranging scholar of enviable literary skill. as he turned from 
an ever-enlarging and compressed verbiage of biochemistry, 
he focused increasingly on his writing. in the 1970s he had 
returned frequently to Vienna and central europe, and had 
begun to write for publication in his native german. his es-
says, emulating the Viennese satirists of his youth, became 
popular in austrian and german literary circles. indeed, in 
the 1990s an austrian cinematographer produced a most 
interesting film on his life, which was shown on television 
in Vienna.

the death of his wife and of friends in new york, as well 
as physical accidents, combined to restrict his exposure to 
the hectic cultural scene of his american city. in the earliest 
years of the twenty-first century he was often alone with his 
large library in his parkside apartment; he died on 20 June 
2002 at the age of ninety-six in a new york hospital.
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notes

1. seymour cohen was the first student of erwin chargaff. he has 
examined many of chargaff’s papers and books, as well as the 
chargaff archive in the american Philosophical society. occasional 
descriptions by chargaff, presented in quotation marks, are taken 
from some of his autobiographical writings. this brief memoir has 
been reviewed by two other students of chargaff, Professor david 
sprinson of columbia university and Professor boris magasanik 
of the massachusetts institute of technology.

2. e. chargaff. Heraclitean Fire. new york: rockefeller university 
Press, 1978, p. 45.

�. ibid., p. ��.
4. the aPs archival summary gives the marriage date as 1928, but 

chargaff describes this as occurring in new york in september 
1929.

5. chargaff, op. cit., p. 52.
�. chargaff, op. cit., p. �8.
7. J. s. fruton. Proteins, Enzymes, Genes. new haven: yale university 

Press, 1999, p. 414.
8. chargaff, op. cit., pp. 100-10�.
9. h. Zuckerman. Scientific Elite. new york: free Press, 1977, p. 70.



  1�e r w i n  c h a r g a f f

selected  bibliogra Phy

1948

with e. Vischer. the separation and quantitative estimation of purines 
and pyrimidines in minute amounts. J. Biol. Chem. 17�(2):70�-714.  
Pmid: 1888992� [Pubmed-oldmedline].

with e. Vischer. the composition of the pentose nucleic acids of 
yeast and pancreas. J. Biol. Chem. 17�(2):715-7�4.  Pmid: 18889927 
[Pubmed-oldmedline].

with e. Vischer. nucleoproteins, nucleic acids, and related substances. 
Annu. Rev. Biochem. 17:201-22�.  Pmid: 1889�590 [Pubmed-old-
medline].

1950

with b. magasanik, e. Vischer, c. green, r. doniger, and d. elson. 
nucleotide composition of pentose nucleic acids from yeast and 
mammalian tissues. J. Biol. Chem. 18�(1):51-�7.  Pmid: 1477880� 
[Pubmed-oldmedline].

with b. magasanik, e. Vischer, r. doniger, and d. elson. the sepa-
ration and estimation of ribonucleotides in minute quantities. J. 
Biol. Chem. 18�(1):�7-50.  Pmid: 14778802 [Pubmed-indexed for 
medline].

with s. Zamenhof and c. green. composition of human desoxy-
pentose nucleic acid. Nature 1�5(4202):75�-757.  Pmid: 1541�8�4 
[Pubmed-indexed for medline].

with s. Zamenhof and g. brawerman. dissymmetry in nucleotide 
sequence of desoxypentose nucleic acids. J. Biol. Chem. 187(1):1-
14.  Pmid: 14794�82 [Pubmed-indexed for medline].

1951

with r. lipshitz, c. green, and m. e. hodes. the composition of the 
deoxyribonucleic acid of salmon sperm. J. Biol. Chem. 192(1):22�-
2�0.  Pmid: 14917��8 [Pubmed-indexed for medline].



14 b i o g r a P h i c a l  m e m o i r s

1952

with s. Zamenhof and g. brawerman. on the desoxypentose nucleic 
acids from several microorganisms. Biochem. Biophys. Acta (4):402-
405.  Pmid: 12997511 [Pubmed-indexed for medline].

with b. gandelman and s. Zamenhof. the desoxypentose nucleic acids 
of three strains of Escherichia coli. Biochem. Biophys. Acta (4):�99-401.  
Pmid: 12997510 [Pubmed-indexed for medline].

1955

with d. elson. evidence of common regularities in the composition 
of pentose nucleic acids. Biochem. Biophys. Acta (�):��7-�7�.  Pmid: 
1�2�9�9� [Pubmed-indexed for medline].

195�

with a. rosenberg. recombinant dna research: a debate on the 
benefits and risks. Biochem. Biophys. Acta (�):588-590.  Pmid: 
1����974 [Pubmed-indexed for medline].

with a. rosenberg. nitrogenous constituents of an ox brain mucolipid. 
Biochem. Biophys. Acta (�):588-590.  Pmid: 1����974 [Pubmed-in-
dexed for medline].

195�-1958

e. chargaff. of nucleic acids and nucleoproteins. Harvey Lect. 58(ser. 
52):57-7�.  Pmid: 1�512850 [Pubmed-indexed for medline].

1958

with a. rosenberg. a study of a mucolipid from ox brain. J. Biol. 
Chem. 2�2(2):10�1-1049.  Pmid: 1�549485 [Pubmed-indexed for 
medline].

1959

with a. rosenberg. some observations on the mucolipids of normal 
and tay-sachs’ disease brain tissue. a. m. a. J. dis. child. 97(5, Part 
2):7�9-744.  Pmid: 1��49105 [Pubmed-indexed for medline].



  15e r w i n  c h a r g a f f

19�0

with h. s. shapiro. studies on the nucleotide arrangement in deoxy-
ribonucleic acids. iii. identification of methylcytidine derivatives 
among the acid degradation products of rye germ dna. Biochem. 
Biophys. Acta �9:�2-�7.  Pmid: 14445515 [Pubmed-indexed for 
medline].

with h. s. shapiro. studies on the nucleotide arrangement in 
deoxyribonucleic acids. iV. Patterns of nucleotide sequence in 
the deoxyribonucleic acid of rye germ and its fractions. Biochem. 
Biophys. Acta �9:�8-82.  Pmid: 1444551� [Pubmed-indexed for 
medline].

with J. d. Karkas. methylation studies on ax-brain mucolipid. Biochem. 
Biophys. Acta 42:�59-��0.  Pmid: 1�75148� [Pubmed-indexed for 
medline].

19�2

with n. Z. stanacev. icosisphingosine, a long-chain base constituent 
of mucolipids. Biochem. Biophys. Acta 59:7��-7�4.  Pmid: 1�91�182 
[Pubmed-indexed for medline].

19��

with J. h. spencer. studies on the nucleotide arrangement in deoxy-
ribonucleic acids. V. Pyrimidine nucleotide clusters: isolation and 
characterization. Biochem Biophys Acta �8:9-17.  Pmid: 1�990024 
[Pubmed-indexed for medline].

with o. w. garrigan. studies on the mucolipids and the cerebro-
sides of chicken brain during embryonic development. Biochem. 
Biophys. Acta 70:452-4�4.  Pmid: 140�7�19 [Pubmed-indexed for 
medline].

1975

with J. d. Karkas and l. margulies a dna polymerase from embryos 
of drosophila melanogaster. Purification and properties. biol. 
chem. 250(22):8�57-8���. Pmid: 241752 [Pubmed-indexed for 
medline].


