
n a t i o n a l  a c a d e m y  o f  s c i e n c e s

l e o n  a l m a  h e p p e l
1 9 1 2 – 2 0 1 0

A Biographical Memoir by

maxine s inger

Any opinions expressed in this memoir are those of the author
and do not necessarily reflect the views of the 

National Academy of Sciences.

 Biographical Memoir

Copyright 2011
national aCademy of sCienCes

washington, d.C.



p
h

ot
og

ra
p

h
 c

ou
rt

es
y 

n
at

io
n

al
 l

ib
ra

ry
 o

f 
m

ed
ic

in
e.



�

leon alma heppel

October 20, 1912–April 9, 2010

By  maxine s inger

leon alma heppel died on april 9, 2010, in ithaca, new 
york. he was professor emeritus of biochemistry at cornell 

University, where he had been since 1967. Before that, he 
was, from 1958, chief of the laboratory of Biochemistry and 
metabolism of the national institute of arthritis and meta-
bolic diseases at the national institutes of health. although 
he pursued several lines of research in his almost 60 years 
in the laboratory, he was best known for his extraordinary 
contributions to early biochemical work on nucleic acids and 
the enzymes active with nucleotides and nucleic acids.

as an undergraduate student at the University of cali-
fornia, Berkeley, heppel was honored by election to member-
ship in phi Beta Kappa and sigma xi. he stayed on at Berkeley 
and was awarded the ph.d. degree in biochemistry in 19�7. 
in 1941 he received the m.d. degree from the University 
of rochester, new york, and was elected to alpha omega 
alpha. heppel was a recipient of a guggenheim fellowship in 
195�. he was, at various times, on the editorial boards of the 
Journal of Biological Chemistry and Archives of Biochemistry and 
Biophysics. in 1959 heppel received the hillebrand award of 
the Washington section of the american chemical society. 
in 1970 he was elected to the national academy of sciences 
and the american academy of arts and sciences.
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heppel was the first-born offspring of a couple who 
had emigrated from germany to Utah, where they became 
mormons. after his birth in 1912 in granger, Utah, four 
more children were born. the family struggled with Utah 
farm life and moved on to san francisco. as a high school 
student, his early interest and talent in chemistry and an 
ambitious mother landed him a position doing analytical 
work in a chemical company. this job supported heppel 
through high school but midway through his undergraduate 
studies at Berkeley the position was terminated when the 
chemical company merged with another. heppel failed to 
convince the new leadership to keep him on and he wrote 
in his own memoir that it was this cruel treatment that made 
him give up his study of chemical engineering. instead, he 
completed a B.s. degree in chemistry in 19�� depending on 
scholarships and fellowships for this and for his subsequent 
graduate studies. When he enrolled for graduate studies at 
Berkeley he took up biochemistry, thinking it “would be a 
gentler profession” than chemical engineering (2004).

heppel decided to continue his studies at Berkeley. 
Biochemistry professor c. l. a. schmidt was interested in 
potassium metabolism, and heppel decided to do his thesis 
on this topic under schmidt’s supervision. these studies 
demonstrated that dietary potassium is required for growth 
and survival of young rats. the work was excellent but when 
heppel completed his ph.d. degree in 19�7, the hard fact 
was that jobs were scarce. in those years, as in 2010, staying 
in school was an alternative to the dismal job prospects. all 
of heppel’s years of study at Berkeley were in the shadow of 
the great depression. he lived at home in san francisco and 
took a grueling commute to Berkeley every day—streetcar, 
ferry across the bay, and train from oakland to Berkeley—and 
back home each evening. frugal habits he developed then 
would stay with him all his life. even when a laboratory chief 
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at the nih, heppel daily folded his used brown paper lunch 
bag and took it home to serve another day.

some years before heppel completed his doctoral degree, 
george Whipple left san francisco to start the new medical 
school at rochester, new york. Whipple told schmidt that 
support would be available for a ph.d. student of schmidt’s 
who wanted to attend the new medical school. Whipple 
was as good as his word and heppel left for the east where 
he continued his work on potassium metabolism in young 
rats under the general guidance of W. o. fenn. in an early 
application of radioactive isotopes, heppel demonstrated 
that contrary to prior ideas, both potassium and sodium ions 
can enter animal cells through the cell membrane, thereby 
contributing significantly to the ongoing interest in electro-
lytes (1940). from heppel’s description it seems likely that 
fenn was the model for two of heppel’s lifelong practices: 
working at the bench and allowing postdoctoral fellows to be 
sole author on papers describing their independent work.

heppel had a choice of excellent residency positions 
when he completed his m.d. degree in 1941, but once again 
national issues, this time the entry into World War ii, dictated 
otherwise. along with his classmate and good friend arthur 
Kornberg, heppel enlisted in the U.s. public health service. 
Kornberg served a year at sea before joining heppel at the 
young national institutes of health in Bethesda, maryland. 
at the navy’s request heppel was assigned toxicity studies on 
halogenated hydrocarbons, research he found tedious but that 
led, after wartime censorship ended, to 15 published papers 
between 1944 and 1949. meanwhile, the most important 
developments in heppel’s scientific career were proceeding 
independently. he and Kornberg had made friends with 
Bernard horecker, an enzymologist, and horecker began to 
tutor heppel, Kornberg, and herbert tabor in enzymology. 
all four of these men became eminent scientists and were 
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elected to the national academy of sciences. heppel was 
then able to investigate the action of enzymes on the toxins 
he had been studying.

What started as tutoring became a serious course of 
self-education when the group began bringing brown bag 
lunches to a daily (except christmas day) meeting. eventually, 
others including postdoctoral fellows were invited to join, 
and this lunch club went on for decades even as its founders 
dispersed. i started attending the lunch club in 1956 when i 
joined heppel as a postdoctoral fellow; i stopped only when 
i went to join the national cancer institute in 1975.

By 1950 horecker, Kornberg, and heppel were all 
investigating different aspects of the biochemistry of phos-
phate-containing compounds. heppel concentrated on the 
hydrolysis and phosphorolysis of ribonucleotides and rna 
and their derivatives; much of this and future work was done 
in collaboration with russell J. hilmoe (1951). one of their 
main interests was a phosphodiesterase found in bovine spleen 
(1955). although they purified the enzyme to some extent, 
they were unable to characterize satisfactorily the products 
of the digestion of polyribonucleotides.

heppel decided to take a leave from the nih and spend 
195� in roy markham’s laboratory in cambridge, england, 
where he hoped to solve the problem of the structure of the 
products of the spleen phosphodiesterase. he was counting 
on markham’s teaching him his innovative techniques for 
partition chromatography and electrophoresis on paper strips 
to identify and analyze nucleic acid components. With the 
support of a guggenheim fellowship and a travel grant from 
the american cancer society, heppel, his wife, adelaide, and 
their two sons (ages five and one) sailed across the atlantic 
on the s.s. United states. it was a long way from the ferry 
across san francisco Bay.
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markham, a few years younger than heppel, was, with 
his associates, interested in determining the structure of 
the internucleotide bonds in rna.1 did the phosphodiester 
link go between the 5´-hydroxyl on one nucleotide and the 
2´-hydroxyl or the �´-hydroxyl on its neighbor? Both acid 
and alkaline hydrolysis yielded 2´,�´-cyclic phosphodiester 
intermediates and a mixture of 2´- and �´-mononucleotides 
as final products. similarly, while rnase a yielded only  
�´-mononucleotides it did so through a 2´,�´-cyclic phospho-
diester intermediate. neither of these results could establish 
unequivocally what kind of bond was in the rna itself. many 
people thought there was good reason to favor the 5´ to �´ 
linkage in analogy with the internucleotide bond in dna and 
because rnase a hydrolyzed pyrimidine �´-benzyl but not 
2´-benzyl phosphodiester. however, the standard of proof 
required by biochemists of the day demanded a more rigorous 
demonstration. heppel and markham and their colleagues 
settled the issue by the ingenious use of highly specific 
enzymes. in particular, the partly purified phosphodiesterase 
from bovine spleen that heppel had brought to cambridge 
yielded �´-purine mononucleotides from oligonucleotides 
such as apapU with no intermediary formation of cyclic 
nucleotides (195�, 1955). heppel had not only accomplished 
the aim of his stay in england but also used that knowledge 
to solve a problem central to understanding rna. Because 
of this and related work during that busy year in england, 
heppel returned home as one of the few recognized U.s. 
experts on nucleic acids. he had worked as prodigiously in 
england as he did at home. and, as at home, he and his wife 
found time to enjoy london and the life around them.

Besides pinning down the internucleotide bond in rna, 
heppel that year also demonstrated that rnase a and the 
spleen phosphodiesterase could catalyze nucleotide transfer 
reactions; for example, incubation of 2´,�´-cyclic amp, meth-
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anol, and enzyme yielded adenosine-�´ methyl phosphodiester 
(1955). rnase a would even use a nucleoside or nucleotide 
as acceptor and catalyze the synthesis of polyribonucleotides 
(1955). in this paper the authors proposed a modification 
of the then current abbreviations for polynucleotides, and 
their terminology is used to this day. While it soon became 
clear that polyribonucleotides are not synthesized by trans-
phosphorylation in cells, the work had several consequences. 
one consequence was personal for me. it was the work on 
transphosphorylation that attracted the interest of Joseph s. 
fruton, my ph.d. professor at yale, and lead him to recom-
mend that i apply to heppel for postdoctoral training.

most importantly, in 1955 when marianne grunberg-
manago and severo ochoa discovered polynucleotide phos-
phorylase (pnpase) in extracts of Azotobacter vinelandii, they 
turned to heppel, now back at the nih, to collaborate in 
the characterization of the polyribonucleotide products. this 
effort and heppel’s growing interest in the mechanism of 
polymerization and of the reverse reaction, phosphorolysis 
of polyribonucleotides occupied him for several years (1956, 
1957). it also made his lab attractive to investigators inter-
ested in joining the now burgeoning field of nucleic acids. 
they came as visitors to learn techniques from him, primarily 
the use of specific enzymes and separation by paper chro-
matography. among the many visitors in those years were 
h. gobind Khorana, m. grunberg-manago, i. r. lehman, 
and U. littauer, all of whom made major contributions 
to the rapidly growing field of nucleic acid chemistry and 
biochemistry. these independent investigators came for a 
few weeks or months. heppel always prepared bench space 
(however meager) and materials for them. often, if they had 
told him what they wanted to learn, he also had a complete 
program worked out, a program that included evening 
work at the bench and sometimes a couple of hours to visit 
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one of Washington’s splendid (and free) museums. others 
came for longer training periods. audrey stevens came as a 
postdoctoral fellow and discovered (simultaneously with two 
others) rna polymerase; her paper, like many of those of 
other heppel postdoctoral fellows, is published under her 
name alone.2 When, in 1962, the first nucleic acids gordon 
conference was held, heppel was cochair.

in 1961 the polyribonucleotides heppel had been making 
received worldwide recognition through an unexpected, major 
breakthrough. a newly independent investigator in a neigh-
boring nih lab, marshall nirenberg, established an active 
cell-free system for protein synthesis that was stimulated by 
the addition of rna. nirenberg realized that this could be 
the key to deciphering the genetic code. as most scientists 
know, this hunch was proved in the very first experiment 
when poly U supported the synthesis of polyphenylalanine 
but not other polypeptides. heppel‘s freezer held many 
enzymatically synthesized polyribonucleotides, and niren-
berg and his postdoctoral fellow, heinrich mattaei, received 
samples of any they wished; others were made to order for 
the exciting work on the genetic code. the composition of 
the code words for all the protein amino acids other than 
phenylalanine followed quickly, many of them determined 
with polymers in heppel’s freezer.

heppel began to decrease his efforts with polyribonucleo-
tides early in the 1960s. his last paper on polyribonucleotides 
is the first rigorous demonstration of an important phenom-
enon that had only been hinted at previously: the inhibition 
of nucleic acid polymerizations by polymers that can form 
stable hydrogen bonds with the newly building molecule. in 
other words, he documented antisense inhibition of polym-
erization (196�). at this time heppel initiated studies on the 
release of molecules from E. coli cells after osmotic shock and 
other treatments. two excellent postdoctoral fellows, harold 
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c. neu and nancy g. nossal, joined him in this effort. the 
work succeeded quickly and four papers were published in 
1964 and others in subsequent years (1964, 1965, and 1966) 
as well as an important review article in 1967.

it is interesting to ponder why, just as nucleic acids were 
moving to the center of biochemical research, this important 
figure in the field shifted focus so dramatically. he had made 
fundamental contributions to nucleic acid chemistry and 
enzymology, and had taught not only students but established 
investigators who were eager to move into nucleic acid work. 
heppel was a master at manipulating the huge molecules 
enzymatically, which was the only viable approach in those 
days. perhaps that dramatic change in research path was 
simply a piece of heppel’s highly individualistic personality. 
another interpretation is that he decided to leave the nucleic 
acid work in the hands of those who had been postdoctoral 
fellows in his laboratory.

heppel’s customary caution in interpreting results could 
not mask the importance and novelty of demonstrating that 
a diverse group of hydrolytic enzymes are localized in the 
so-called “periplasmic space” between the outer and inner 
(cytoplasmic) cell membranes of gram-negative bacteria. 
still, his conclusions received some criticism.

h. ronald Kaback was at the time a postdoctoral fellow 
in earl stadtman’s lab at the nih (he is now a professor at 
Ucla and a member of the national academy of sciences). 
heppel presented his work to that group in one of the many 
forums that then fostered communication between different 
groups and institutes at the nih. Kaback, who characterizes 
his younger self as “brash,” found heppel’s interpretations 
of his data unconvincing and said so. Kaback’s reservations 
stemmed from published experiments he had participated 
in while still a medical student and work he and stadtman 
were then doing. at the time, heppel was working on the 
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review article (1967). he responded to Kaback by inviting 
him to write an addendum to the review article explaining 
his alternative views; the addendum appears at the end of 
the published paper. this story is likely to be unique and 
illustrates heppel’s extraordinary sense of the nature of 
science and the scientific endeavor.�

heppel’s nih colleagues, who thought that he was firmly 
rooted in Bethesda, were surprised when efraim racker 
succeeded in recruiting him to cornell University in ithaca, 
new york. after the move, heppel seemed to thrive in the 
combined tasks of teaching and doing research. at cornell, 
heppel’s research focused initially on the periplasmic space 
and the role of bacterial membranes in the transport and 
function of key metabolites.

Work on periplasmic enzymes and their release was 
continually productive. importantly, it evolved into a study 
of proteins concerned with active transport of molecules, 
especially amino acids into the bacterial cells. heppel valued 
greatly the talented students and postdoctoral fellows who 
did this research with him. in his own memoir he mentions 
every one of them by name (2004). a paper by Weiner 
and heppel (1971) on the active transport of glutamine by  
E. coli was designated a Journal of Biological Chemistry “classic.”4 
fenn’s example so many years earlier was not forgotten; often 
heppel is not a named author on the papers that emerged 
from his cornell lab. in later years, however, he gave up that 
practice because a reviewing editor thought he was motivated 
by a lack of interest in the work (2004).

always ready for new challenges, heppel went on sabbat-
ical to london to learn more about working with animal cells. 
he made several trips to the laboratory of henry rozengurt 
in london in the mid-1970s, where he initiated his studies 
on the effect of atp on the permeability of animal cells, a 
permeability that he and his colleagues showed was typical 
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of many transformed cells (1985). molecules, including 
nucleotides that are normally unable to cross the plasma 
membrane were found to be taken up by the cells after atp 
treatment. the effect is highly specific for atp. permeabili-
zation was interpreted as the consequence of the formation 
of abnormal channels. moreover, heppel and his colleagues 
demonstrated that the ratio of external to internal cellular 
atp concentrations is important in determining whether 
cells become permeable or not. heppel must have been 
amused when his group discovered that an early effect of 
atp was the influx of sodium ions into and efflux of potas-
sium ions from the cells, thus connecting to the research he 
had done years before. many of the papers on these topics 
were authored by his students, postdocs, and collaborators 
and do not carry heppel’s name; only the acknowledgements 
reveal that the experiments were carried out in his lab and 
with his guidance. When the group discovered that the atp 
effect was modulated by ca2+ and also by the ca2+-calmodulin 
complex, heppel arranged to spend time working in claude 
Klee’s laboratory at the national cancer institute. his last 
published paper extended the studies on the mechanism 
by which external adenosine leads, indirectly, to regulation 
of intracellular levels of cyclic amp (1997); it was 57 years 
since his first publication.

the visits to Bethesda for laboratory work also meant 
that leon and his wife, adelaide, could visit with celia and 
herbert tabor, close friends and colleagues for so many 
years. on visits and in his home lab heppel insisted on 
doing experiments himself. if he didn’t wield the pipette, 
then his name wasn’t on the manuscript. heppel never 
wanted to have a large group of students and postdoctoral 
fellows. if the group was too big, it would leave little or no 
time for his own experiments. heppel was proud of the fact 
that women scientists were part of his research group long 
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before they were widely accepted as equal colleagues in the 
larger community (2004). marie lipsett and i were in the 
lab in the late 1950s, a period when heppel collaborated 
with elizabeth s. maxwell and elizabeth p. anderson, and 
audrey stevens and nancy nossal joined soon after.

heppel was married for more than 60 years to adelaide 
Keller heppel, who predeceased him. they are survived by 
two sons, david and alan. Whether at home or on sabbatical 
in london, adelaide and leon were careful and sensitive 
observers who could make a short walk or a single painting or 
symphony into a world of experience. he shared his observa-
tions in marvelous long letters to friends and colleagues. the 
letters from london written during his trips to rozengurt’s 
laboratory suggest that the heppels valued their time at the 
national gallery almost as much as the laboratory experi-
ence. frequently the letters included challenging quizzes on 
a work of art or music he loved. always they reflected his 
quirky sense of humor and habits. one investigator who, as 
a young postdoctoral fellow worked in heppel’s department, 
aptly characterized heppel as “careful, meticulous, childish, 
and screwy, but always calculatedly so.”5 

heppel’s habitual disregard for mail meant that unat-
tended letters piled up on his desk for months. then, on one 
of the quarterly clean-up days, a junior staff member would 
be assigned the task of putting it all in order. one day in 
1958, upon receiving a letter from earl sutherland, heppel, 
not nearly as “screwy” as he sometimes seemed, excavated 
the pile for an otherwise forgotten letter from david lipkin. 
lipkin’s letter held the chemical clue that allowed suther-
land to identify cyclic amp as a second messenger. Without 
adding a word of his own heppel mailed sutherland’s letter 
to lipkin and lipkin’s to sutherland thereby advancing 
understanding of a central biochemical molecule. this story, 
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typical of heppel’s devotion to science and his colleagues, 
has often been retold.6,7

leon heppel exemplified the highest standards of scien-
tific research. those standards and his dedication inspired all 
who knew him and especially those who had the privilege of 
working in his laboratory. he also contributed hugely to the 
recognition, worldwide, of the national institutes of health 
as a major and excellent research center for biomedical 
science.8
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