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The third group of 100 most-cited papers in the 1945-1988 Science Citation Index® is presented.
Thirteen Nobel laureates are involved in 11 of these papers, bringing the total number of Nobelists
for the top 300 papers to 38. The Journal of Biological Chemistry again is the leader with 12 papers

in this study and 43 overall.

Introduction

This essay continues our series on the
highest impact articles of modern science,
ranked by citations in the 1945-1988 Science
Citation Index® (SCI®). We have pre-
viously presented the top 200 papers!-2 and
intend to cover the leading 1,000-1,500
eventually. The series will constitute an
interesting and useful database for librarians,
information specialists, editors, and publish-
ers. For example, one couid obtain from it
a reasonable alternative list for the most
significant journals of science. Rather than
the impact of the average article cited, the
number of supercited articles may give a dif-
ferent perspective. In a future essay, we will
separately list the most-cited books from
1945 to 1988, which were purposely not
covered in this series.

The Third Group of 100 Most-Cited
Papers

Table 1 presents bibliographic and cita-
tion data for another 100 papers on the list
of all-time Citation Classics® . Thirty-five
have already been described by the authors
in published commentaries. They are in-
dicated by asterisks, and the issue, year,
and edition of publication in Current Con-
tents® (CC®) follow the reference in
parentheses.

In preparing the list, we came across a
paper that had been frequently cited under

an incorrect spelling of the first author’s
surname. The 1982 Gene paper on pUC
plasmids by leffrey Vieira and Joachim
Messing, University of Minnesota, St. Paul,
was cited correctly 2,212 times. But it was
also cited incorrectly (misspelled) 357 times
under ‘‘Viera J....”’ The combined citation
tally of 2,569 ranks the paper at number
156, which is reflected in Table 1. It should
have appeared in the second essay of this
series.2

ISI’s Expert System for Information
Quality Control

The Vieira/Viera problem is just one ex-
ample of many kinds of errors that authors
make, and editors fail to catch, in the bib-
liographies of their papers.3-5 Every ele-
ment of a reference is subject to incorrect,
incomplete, or variant citation in the litera-
ture: not just authors’ surnames or initials
but also journal titles, volume numbers,
pages, and years of publication.

ISI® has developed algorithms to mini-
mize this noise in the SC/ and to provide op-
timum quality control in our databases.34
In a sense they act like expert systems, using
clear rules to detect possible variants of a
cited reference, define the correct version,
and decide whether to unify the variants
with it.

Of course, there are limits to how far any
automated system can go before it risks in-
troducing errors itself. ISI’s expert system
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Table 1: Bibliography of the third 100 most-cited papers, SCI® 1945-1988. Papers are arranged alphabetically.
A=1945-1988 citations. B=1945-1988 rank. C=average number of annual citations. D= 1988 citations. An asterisk
(*) indicates that the paper was the subject of a Citation Classic® commentary. The issue, year, and edition
of the commentary follow the bibliographic reference.
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for quality control is therefore cautious and
conservative. In an upcoming essay, we’ll
describe ISI’s quality control expert system
in greater detail. We will also review studies
of citation error rates in various specialty
journals.

The Oldest Papers: A Possible Case
of Delayed Recognition?

Table 2 shows the distribution of the 100
papers in this essay by decade of publica-
tion and indicates total citations, average
citations per year, and 1988 citations. Cu-
mulative data on the top 300 papers pre-
sented to date are shown in parentheses.

The two oldest papers in this essay were
published in the 1930s. One is a 1937
Journal of Biological Chemistry article by
William S. Hoffman, Chicago Medical
School, Illinois, describing a rapid photo-
electric method for measuring glucose in
blood and urine. The other is by M.L.
Anson, the Laboratories of The Rockefeller
Institute for Medical Research, then at
Princeton, New Jersey. Published in 1938
in the Journal of General Physiology, the
paper describes hemoglobin assays for
pepsin and other molecules.

The year-by-year citation profiles of both
papers are illustrated in Figure 1. Citations
to Hoffman’s paper seem to fit the pattern
for cases of delayed recognition. We don’t
know how often it was cited from 1937 to
1944, but it received no more than five cita-
tions per year from 1945 to 1959. Citations
then increased rapidly to a peak of 180 in

1970, more than 30 years after the paper was
published. It received a total of 2,210 cita-
tions from 1945 to 1988.

Most Recent Papers on the List

Eleven articles were published in the
1980s. They are easily identified by scan-
ning column C in Table 1: all have been
cited at least 200 times per year.

Eight of these 1980s papers have been
identified in previous studies of ‘‘hot’’
articles that were highly cited within the first
two years of publication. They are by
Michael J. Berridge, University of Cam-
bridge, UK (1984);6.7 Monique Castagna,
Kobe University School of Medicine, Japan,
et al. (1982);8.9 Jack Kyte and Russell F.
Doolittle, University of California, Davis
(1982);%10D.A. Melton, Harvard Univer-
sity, Cambridge, Massachusetts, et al.
(1984);7.11 Messing and Vieira (1982);9.12
Vieira and Messing (1982);%.13 Maw-Kuen
Wu, University of Alabama, Huntsville, er
al. (1987);14.15 and Celeste Yanisch-Perron
and colleagues, University of Minnesota
(1985).16,17

The three exceptions are Andrew P.
Feinberg and Bert Vogelstein, Johns Hop-
kins University School of Medicine, Balti-
more, Maryland (1983); O.P. Hamill, Max
Planck Institute for Biophysical Chemis-
try/Karl Friedrich Bonhoeffer Institute,
Gottingen-Nikolausberg, Federal Republic
of Germany, et al. (1981); and Peter J.
Munson and David Rodbard, National Insti-
tutes of Health, Bethesda, Maryland (1980).
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Table 2: Chronological distribution of the third 100 most-cited papers, SCI® 1945-1988. Data in
parentheses are cumulated through the top 300 most-cited papers identified to date.

Average Average

Number of Total Citations 1988

Decade Papers Cites per year Cites
1920s 0o (3 0 (22,259) 0 (169) 0 (133)
1930s 2 9 4,468  (38,325) 51 97 31 (76)
1940s 12 29 24,786 (105,392) 48 (87) 44 (107)
1950s 19 (66) 38,489 (436,455) 61 (195) 52 (294)
1960s 36 (109) 72,279  (403,962) 77 (168) 84 (139)
1970s 20 (65) 40,758  (313,203) 136 (321) 171 (568)
1980s 11 (19) 22,620 (52,488) 348 (460) 690 (782)
TOTAL 100 (300) 203,390 (1,372,084) 103 (214) 153 (300)

Why Treat Multipart Papers as Separate
Publications?

In response to our first essay in this
series,! we received a letter from Robert G.
Parr, University of North Carolina, Chapel
Hill.18 He expressed surprise that a two-
part paper he coauthored with Rudolph
Pariser, E.I. du Pont de Nemours & Com-
pany, Inc., Wilmington, Delaware, in 1953
was not listed.!9-20 Pariser had written a
Citation Classic commentary in 1978,21 and
the authors were aware that the papers had
been cited over 3,000 times.

Both papers, which describe ‘A semi-
empirical theory of the electronic spectra and
electronic structure of complex unsaturated
molecules,’” are included in Table 1. Part
1 received 1,955 citations through 1988, and
the second part was cited 1,979 times. If
they were treated as a single paper, the com-
bined citation count would be 3,934.
However, many of these are probably co-
citations: that is, authors cite both parts in
their bibliographies. For example, in 1988
parts 1 and 2 each received 29 citations, and
23 were co-citations.

These and other multipart papers are not
treated as a single publication in ISI's cita-
tion studies for practical reasons. Frequently,
parts in a series are published in different
issues and volumes of a journal, and they
can extend over several years. Also, the
number and sequence of authors’ names
often vary. This makes it impractical for us
to identify these separate articles as parts of

a series, or to create a single combined cita-
tion count for them in our rankings, either
manually or by computer. The cost of edit-
ing would be prohibitively expensive.

Foreign Language Citation Classics

Two papers in Table 1 were published in
French, and they are the only non-English
articles listed. The 1953 paper by Pierre
Grabar and Curtis A. Williams, Pasteur In-
stitute, Paris, France, described a method
for studying the electrophoretic and im-
munochemical properties of protein mix-
tures. Published in Biochimica et Biophysica
Acta, the paper received 1,941 citations
through 1988. It averaged 54 citations an-
nually, reached a peak of 96 citations in
1965, and was cited 29 times in 1988.

The second French-language paper was
published in 1967 in the Journal de Micros-
copie by Jean-Paul Thiéry, National Sci-
entific Research Center, Paris. It discussed
the ‘Demonstration of polysaccharides on
thin sections by electron microscopy.’’
Cited 1,853 times through 1988, the paper
averaged 84 citations per year. It received
73 citations in 1988, compared to its peak
of 135 citations in 1977.

Including the Grabar/Williams and Thiéry
papers, three French-language articles have
appeared in the 300 most-cited articles iden-
tified to date. In addition, three German
articles have been included—two in Part 1,!

and one in Part 2.2 For a broader perspec-

311



Figure 1: Annual distribution of citations by year, SCI® 1945-1988, to the iwo papers published in the 1930s

in this study. Full references are included in Table 1.
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tive on language use in science, readers may
refer to the recent CC essay on this sub-
ject.22 The essay reprinted a citation
analysis based on 1984-1988 SCI data from
the Annals of the American Academy of
Political and Social Science.

Nobel Laureates

Thirteen Nobel laureates are listed on 11
papers in Table 1. The prizewinners in
medicine or physiology (and year of their
awards) are Alan L. Hodgkin (1963),
University of Cambridge; Bernard Katz
(1970), University College, London, UK;
George E. Palade (1974), The Rockefeller
University, New York; Earl W. Sutherland
(1971), Vanderbilt University, Nashville,
Tennessee; John R. Vane (1982), Wellcome
Research Labs, Beckenham, UK, and
Rosalyn S. Yalow (1977), Veterans Admin-
istration Hospital, Bronx, New York.

The Nobel chemists listed are R. Bruce
Merrifield (1984), Stanford Moore (1972),
and William H. Stein (1972), all of The
Rockefeller University; and Frederick
Sanger (1958), Medical Research Council,
Cambridge, UK. The physics prizewinners
are Philip W. Anderson (1977), Bell Labs,
Murray Hill, New Jersey; and Sheldon L.
Glashow (1979) and John H. Van Vleck
(1977), both of Harvard University.

Through the SCI Top 300, 54 papers have
been authored by 38 Nobel Prize winners.
Table 3 shows eight Nobel laureates who
have authored two or more papers listed
among the 300 all-time Citation Classics
identified to date. Moore is the leader with
seven papers, six of which were coauthored
with Stein.

Prolific Authors

Messing and Vieira are listed on three
papers in Table 1, and five authors each
have two papers: Oliver H. Lowry, Public
Health Research Institute of the City of New
York; Tom Maniatis, Harvard University;
Pariser and Parr; and Michael Somogyi,
Jewish Hospital, St. Louis, Missouri. Lowry
is well known to CC readers as the citation
laureate extraordinaire, whose 1951 Cita-
tion Classic paper on protein determination
has achieved phenomenal impact—about
200,000 citations to date.23 A paper report-
ing an improvement to that method is includ-
ed in Table 1. By Gary L. Peterson, Univer-
sity of Wisconsin, Madison, the 1977
Analytical Biochemistry paper has been cited
2,214 times through 1988.

Eleven authors account for at least three
papers in the top 300 all-time Citation Clas-
sics identified to date. As noted above,
Moore and Stein have seven and six papers,
respectively. Bruce N. Ames, University of
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Table 3: Nobel Prize winners with more than one

paper appearing among the 309 most-cited papers,
SCI® 1945-1988. A=name. Bw=year and prize.
C=number of papers.

A B C
Walter Gilbert 1980/Chemistry 2
Alan L. Hodgkin  1963/Physiology or Medicine 2
Jacques Monod 1965/Physiology or Medicine 2
Stanford Moore 1972/Chemistry 7
George E. Palade  1974/Physiology or Medicine 2
Frederick Sanger  1958/Chemistry 2
William H. Stein ~ 1972/Chemistry [
John R. Vane 1982/Physiology or Medicine 2

California, Berkeley; Don T. Cromer, Uni-
versity of California, Los Alamos Scientific
Laboratory, New Mexico; and Messing
follow with four each. The following authors
each account for three papers: William M.
Hunter, Imperial Cancer Research Fund,
London; Morris J. Karnovsky, Harvard
Medical School, Boston, Massachusetts;
Ulrich K. Laemmli, University of Geneva,
Switzerland; Lowry; Somogyi; and Vieira.

Journals of the SCI Top 300

Table 4 presents 59 journals that published
the third group of 100 most-cited papers in
this essay. Once again, the Journal of Bio-
logical Chemistry is the leader with 12
papers, bringing its total through the SCI
Top 300 to 43. It is followed by the Bio-
chemical Journal, which has 6 articles in this
study and 18 overall.

Journals that have published at least five
articles ranked among the SCI Top 300 are
shown in Table 5. These 15 journals account
for 166 articles, or 55 percent of the total
presented to date. When this series even-
tually covers the top 1,000-1,500 papers, the
ranking will probably turn out to be a fairly
good list of the most significant journals of
science. We’ll compare this with other cita-
tion indicators of significance in upcoming
CC essays on the top science and sociai-
sciences journals. The range of indicators
includes total articles (productivity), citation
frequency (impact), impact factor (average

Table 4: The journals that published the third group
of most-cited papers, SCI® 1945-1988. A =title, with
first year of publication in parentheses. B=number of
most-cited articles.

A

J. Biol. Chem. (1905)

Biochem. J. (1906)

J. Mol. Biol. (1959)

Anal. Biochem. (1960)

Gene (1977)

J. Chem. Phys. (1931)

J. Immunol. (1916)

Nature (1869)

Phys. Rev. (1893)

Biochim. Biophys. Acta (1947)

Cell (1974)

J. Amer. Chem. Soc. (1879)

J. Cell Biol. (1962)

J. Clin. Invest. (1924)

J. Exp. Med. (1896)

J. Histochem. Cytochem. (1953)
Meth. Enzymology (1955)

Science (1880)

Acta Crystallogr. A—Cryst. Phys. (1968)
Acta Pathol. Microbiol. Scand. (1924)
Acta Physiol. Scand. (1940)

Acta Radiologica (1921)

Advan. Prot. Chem. (1944)

Amer. J. Clin. Pathol. (1931)

Amer. J. Trop. Med. Hyg. (1952)
Anal. Chem. (1929)

Anal. Chim. Acta (1947)

Arch. Biochem. Biophys. (1951)
Biochemistry—USA (1956)

Biochem. Biophys. Res. Commun. (1959)
Biochem. Pharmacol. (1958)

Brit. J. Haematol. (1955)

Bull. Rheumat. Dis. (1950)

Comput. J. (1958)

Eur. J. Biochem. (1967)

Exp. Cell Res. (1950)

Immunology (1958)

J. Anat. (1916)

J. Appl. Phys. (1948)

. Chronic Dis. (1955)

. Gen. Physiol. (1918)

Lab. Clin. Med. (1915)

. Lipid Res. (1959)

. Microsc.—Paris (1962)

. Neurol. Neurosurg. Psychiat. (1944)
. Pharmacol. Exp. Ther. (1909)

. Phys. Chem. (1896)

. Physiology (1878)

Math. Comput. (1943)

Nucl. Acid. Res. (1974)

Pfliigers Arch.—Eur. J. Physiol. (1968)
Pharmacol. Rev. (1949)

Phys. Rev. D—Part. Fields (1970)
Phys. Rev. Lett. (1958)

Physiol. Rev. (1921)

Proc. Nat. Acad. Sci. USA (1915)
Proc. Roy. Soc. London Ser. A (1905)
Proc. Soc. Exp. Biol. Med. (1903)
Stain Technol. (1926)
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Table §: Journals that published five or more of
the top 300 most-cited papers, SCI® 1945-1988.
A =title, with first year of publication in parentheses.
B=number of most-cited papers appearing in the
journal.

B
J. Biol. Chem. (1905) 43
Biochem. J. (1906) 18
Nature (1869) 13
J. Mol. Biol. (1959) 12
J. Chem. Phys. (1931) 11
Proc. Nat. Acad. Sci. USA (1915) 11
Anal. Biochem. (1960) 10
J. Cell Biol. (1962) 7
J. Histochem. Cytochem. (1953) 7
J. Exp. Med. (1869) 6
Meth. Enzymology (1955) 6
Phys. Rev. (1893) 6
Science (1880) 6
Anal. Chem. (1929) 5
J. Amer. Chem. Soc. (1879) 5

citations per article), and number of articles
cited at least 50, 100, or 1,000 times.

Computer Mathematics Is Factored into
the Classics Equation

Three statistics and applied mathematics
journals were included in our first essay,!
with one paper each among the SCI Top
100: the journals of the American Statistical
Association, Royal Statistical Society (Series
B: Methodological), and the Society for
Industrial and Applied Mathematics. The
papers have been described by the authors
in Ciration Classic commentaries.24-26

No math journals were in the second
group of 100 most-cited articles, but two
computer mathematics journals appear in
this study: Computer Journal and Mathe-
matics of Computation. Both are new to the
list, so their articles in Table 1 are their most
cited through 1988.

R. Fletcher, University of Leeds, UK, and
M.J.D. Powell, Atomic Energy Research
Establishment, Harwell, UK, described ‘‘A

rapidly convergent descent method for mini-
mization.”’ The 1963 Computer Jowurnal
paper received 1,948 citations and averaged
75 per year. It reached a citation peak of 126
as late as 1984 and was cited 112 times in
1988. The other is a 1965 paper by James
W. Cooley, IBM Watson Research Center,
Yorktown Heights, New York, and John W.
Tukey, Bell Labs. It presented a computer
algorithm for calculating complex Fourier
series and was cited 1,845 times through
1988. The paper received 78 citations in
1988, down from a peak of 112 in 1977.

Unfortunately, we don’t yet have the
benefit of a Citation Classic commentary on
either paper. As stated earlier, 35 of the 100
papers in this study, and 136 of the top 300,
have already been described in Citation
Classic commentaries. Thus, there are still
164 papers that have not yet been discussed
by the authors or others farniliar with the
work but should be included in the Citation
Classic series. We continue to invite all
authors of these *‘orphaned’’ classics to con-
tribute their personal insights and recollec-
tions.

The Next 100 Supercited Papers

In the next essay in this series, we will
identify the all-time Citation Classics ranked
number 301-400 on the list of papers most
cited from 1945 to 1988. Specific papers of
interest will be highlighted, and their cita-
tion patterns will be discussed. Also, data
on chronological distributions, Nobel lau-
reates, prolific authors, and journals will be
presented and cumulated through the SCI
Top 400.

d* & %k ok X
My thanks to Al Welljams-Dorof and
Judith Schaeffer for their help in the
preparation of this essay. ©1990 Ist
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