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We recently published a list of the
1950s citation classics in the physical
and chemical sciences. 1 Here is the
list of biochemical articles. The bio-
logical, medical, and behavioral clas-
sics will follow shortly.

Each article was cited at least 500

times in the 15 year period from 1961
to 1975. Taking the entire universe of
published articles into account, only
about one in 20,000--or 0.005 %--

receives so many citations.
In February we published a list of

highly cited biochemical articles pub-
lished in the 1940s.2 That list of 89
items, like the 1930s life sciences list, j
which was composed primarily of bio-

chemical articles, refhxted one of the
basic concerns of biochemistry--the

analysis of phosphorus and its physio-
logic compounds. Some of the 78
highly-cited biochemical articles of

the 1950s, listed in Figure 1, continue
to reflect the importance of research
into phosphorus determination.

Phosphorus is basic to the study of
DNA, sugars, lipids, and other bio-
chemical substances.

Of the 78 articles in Figure 1, 25
h~vc received over 1,000 citations,
iit)d 13 over 2,000. The majority of

these papers concern methodology.
This should come as no surprise to

biochemists themselves, many of
whom acknowledge that methods are
the backbone of all scientific re-
sedrch. David Gillespie of the Na-

tional Cancer Institute discussed the
process by which a method paper be-

comes a ‘‘classic, ‘‘4 He commented

that “the distinction between a classic
and a quickly outmoded method lies
in the ability of the investigators to
see the uses to which the method will
be put and evaluate particular

parameters accordingly and, as impor-
tantly, to take heed of the little ir-
regularities that lead to significant
improvements. ”

The importance of methods papers
is also emphasized by Karl Piez, Chief

of the Labor~tory of Biochemistry of

the National Institute of Dental Re-
svarch. His highly-cited 1960 paper~
modified the methodological proce-
dure of the 1950s paper of Spackman,
Stein, and Moore (66). Piez com-
mented that their method was “a
highly developed method and one of

the most important promdures in
modern biochemistry . . ..”6 Still, Piez
WMcompelled, for the purposes of his

own biochemical investigations, to
modify the procedure. This illustrates
the nature of biochemical advances.
Both papers have now achieved very
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Figure 1. Highly cited articles in bioehensistry published in the 1950s. A = item

number. B = total citations 1961-1975, C = average yearly citations 1961-1975.

D = citations in 1974. E = citations in 1975. Articles are listed alphabetically by

first author.
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high citation r~tcs.

On the other hand, the article by

Watson and Crick (74) may be indi-

cative of what is called the ‘‘oblitera-
tion phenomenon.”7 Many impor-

tant scientific discoveries are quickly
incorporated into the common wis-
dom of the field. Authors no longer

feel compelled to cite the original dis-

covery, Compared to the citation rates

for other classics on the list, and con-

sidering the enormous amount of re-

search in molecular biology, the

Watson and Crick paper will probably

soon become obliterated. h-t the
period 1961- 19?>, it received only

552 citations--a yearly average of 37.

In 1975 it was cited “only” 16 times.

Few other papers in Figure 1 have

registered such sharp decreases.

Many of the papers on this list are

citation superstars--Lowry (39) with

>0,016 citations; Folch (23) with

7,454; Burton (9) with 5,037; and
Bartlett (1) with 2,791. All of these
have 1974 and 197> citation rates well

above their yearly averages, indicating
that activity in these fields has in-
creased in recent years.

Six authors of these 19>os articles
also appeared on our 1940s list with
method papers: Lowry (39), Markham
and Smith (41), Moore and Stein (47,
48, and 66), and Taussky (69). Those

by Markham and Smith, and Moore

and Stein, concerned chromato-
graphic techniques.

Eleven of these articles have been

~uthored by 11 Nobel laureates.
Watson of the U.S. and Crick of
England (74) shared the Nobel Prize
for medicine in 1962. Tiselius of

Sweden (70) received the 1948 Prize
in chemistry for his discovery and iso-

lation of mouse paralysis virus. In

1<)72 Porter of Britain (>>) received

the medical Prize for research on the

chemical structure and nature of anti-
bodies. The 1970 Nobel Prize for
chemistry was awarded to Leloir of
Argentina (56) for his discovery of
sugar nucleotides and their role in the
biosynthesis of carbohydrates. For his
research into the inner workings of

living cells, deDuve of the U.S. (24)
rcccived the 1.974 Nobel Prize for
medicine. The 197’5 Prize for chemis-

try was awarded to Prelog of Switzer-
land (1 1), a native of Yugoslavia, for

his research on the structure of bio-

Figure 2. Journals that published the

highly cited 1950s articles listed in

Figure 1, according to number of

articles. A = number of articles.

(Present titles of some journals are given

in parenthesis. )
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logical molecules, In 19>5

duVigncauci of the U.S. (6) rc~eivccl

the chemistry Prize for his work on
pituitary hormones. Three other
Americans, Anfinsen (33), Moore and
Srcin (47, 48, and 66) shared the 1972

chemistry Prize for their pioneering

studies on enzymes.
Figure 2 lists the 22 journals that

published these articles. Just two jour-
nals published 32 of the 78 articles.

The Joumd of Bioiogicd Chemistry
published 18 articles, and the Bio-
chemical Journal 14. A na[ytica[
chemistry and the Joumai of the
Anzerrcan Chem.icalSociety published
6 each. All but 3 of the articles au-

thored by Nobelists appeared in these
four journals, which accounted for
>60/o (44 articles) of the papers in

Figure 1.

The great majority of these 78
artit]es were published in the latter
htilfofthe 19>0s. From 1950-1954, 23
articles were published. The remain-
ing >> articles appeared from 19>>-

1{)>(), with imrcwing frequency by

the years. In the late 1‘)40s tind tarly
I~)!sO\ there wus is tremendous amount

of rcstvmh done on the structural ele-
ments of DNA. Both WatsonS and
Crick~ have acknowledged that at the
time of their own efforts numerous
other investigators were active. The

success and impact of their work helps
explain the flurry of activity in bio-
chemistry in the mid to late 1950s--

with a little monetary help from our
friends in Washington and elsewhere.

Much of the methodological
groundwork for the 1950s biochemical
research--such as chromatography and
its application to nucleic acids--had
been laid in previous decades. In the

same way, these classic papers of the

1950s helped lay the foundation for

biochemical research today. In partic-
ular, the discovery of DNA and its

capacity for carrying genetic material

has led science to a more complete
understanding of the mysteries of life.
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