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Introduction
Earl Sutherland was born in a small town in Kansas [1]. His father had been a farmer and a dry 

goods salesman, and his mother nurtured young Earl’s interest in science. He was also reared to be 
an independent individual. Due to a financial setback in his family, Sutherland supported himself 
through college, working as a hospital orderly. Sutherland graduated from Washburn College in 
Topeka Kansas in 1937 and earned an MD degree from Washington University in St. Louis in 1942. 
Following an internship in medicine, Sutherland began his research career in the laboratory of Carl 
and Gerty Cori in the Department of Pharmacology at Washington University (Figure 1).

The Coris had created a department of excellence in which individuals worked synergistically 
to produce a highly productive environment. The first hormone (epinephrine) was discovered by 
Oliver and Schaefer during the latter part of the 19th century. Beginning in the late 1920’s, the 
mechanism involved in glycogen breakdown to glucose during stress was investigated by the 
Coris. They identified phosphorylase, phosphoglucomutase, and glucose 6-phosphatase as the 
major enzymes involved in this process [2,3].

Young Sutherland was given the task as a student assistant to work with a graduate student 
named Sidney Colowick to study the enzymatic formation of glycogen. Their collaboration gave 
Sutherland his first two publications [1,4]. Sutherland’s first publication in 1941 was a letter to the 
Editor of the Journal of Biological Chemistry on the enzymatic conversion of glucose-6-phosphate 
to glycogen. This initial work would provide the impetus for Sutherland to discover cAMP some 
fifteen years later at Case Western Reserve.

During World War II, Sutherland served as a physician in George Patton’s army in Europe. After 
returning home in 1945, he considered entering clinical practice. However, Carl Cori, recognizing 
Sutherland’s talent, convinced him to continue his career in research. So, Sutherland remained at 
Washington University as a pharmacology assistant in the Department of Pharmacology. He rose 
through the ranks to become Associate Professor and eventually became Professor of Biochemistry 
[1].

Early Career at Washington University
The phosphorylation-dephosphorylation reaction is a basic energy releasing process of cells. 

One of Sutherland’s first discoveries was that glycogen phosphorylase was the rate-limiting enzyme 
involved in glucose release by glycogen breakdown [5,1]. He later demonstrated that the activation 
of the enzyme was accompanied by its conversion from an inactive to an active form [6]. By 
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discovering early on in his career that phosphorylase was the rate-
limiting step in glycogenolysis in liver and muscle, Sutherland made 
a fundamental advance in our understanding of metabolic processes.

In the early 1940’s, Sutherland moved to the Biochemistry 
Department when Carl Cori became the Chair of Biochemistry. 
This period in the career of Earl Sutherland was an exciting one. 
The department created by the Coris was a Mecca for research, and 
Sutherland was fortunate to work side-by-side with several future 
Nobel-Prize winning scientists, including Severo Ochoa, Arthur 
Kornberg, Edwin Krebs, and Christian de Duve [1]. It was a highly 
competitive but synergistic environment, where contributions to 
biomedical science were extensive and far-reaching.

In late 1940’s, when Sutherland began his studies on hormone 
action, the prevailing sentiment among his fellow scientists was that 
hormones could not be investigated in the absence of organized cell 
structure. However, Sutherland was resolute in his view that cell 
structure had to be incorporated into research protocols. So, instead 
of simply utilizing broken cell preparations, he developed an in 
vitro test system consisting of liver slices, cell extracts, and purified 
enzymes [7].

Transition to Western Reserve and the 
Discovery of cAMP

In 1953 Sutherland moved to the Department of Pharmacology 
at Case Western Reserve in Cleveland Ohio as Professor and Chair 
of the Department of Pharmacology. His initial work there involved 
adding hormones to different enzyme preparations with minimal 
success. However, after several modifications, Sutherland and Ted 
Rall [8] were able to demonstrate the stimulatory effects of hormones 
in broken cell preparations. This work represented a novel finding 
and encouraged them to continue their investigations.

By differential centrifugation, Sutherland and Rall [9] found 
that the addition of hormone to the particulate fraction resulted 
in the production of a heat stable product, which in turn activated 
phosphorylase when the factor was added back to the supernatant 
fraction. The heat stable factor was determined to be an adenine 
nucleotide produced by the liver, heart, brain, and skeletal muscle. In 
1958 the factor was identified as cAMP (Figure 2) [10,11].

The subsequent finding by Krebs et al. [12] that cAMP-dependent 
kinase mediated many of the actions of cAMP by hormones and 
pharmacological agents complemented the studies of Sutherland and 
Rall. These findings, taken together, strongly supported the idea that 
epinephrine-induced cAMP formation converts the inactive form of 
glycogen phosphorylase to the active form, which leads to the release 
of glucose from glycogen in liver.

Many scientists were skeptical that a nucleotide that was resistant 
to boiling, could elicit a variety of cell-specific actions by diverse 
hormones. Nevertheless, the validity of this idea was brought into 
sharp focus by the findings of Robert Haynes, working in a neighboring 
laboratory. He found that cAMP served as an intermediate in the 
stimulation of phosphorylase and steroid hormone output from the 
adrenal cortex by ACTH [13,14].

After David Lipkin et al.[15] isolated cAMP from a digestate of 
ATP, established its structure, and described its chemical properties, 
Sutherland [16] felt confident enough to propose in the early 1960’s 
that cAMP served as a second messenger for a variety of hormones 
and neurotransmitters [16,17]. By the late 1960’s incontrovertible 

evidence had been compiled to establish cAMP as a cellular mediator 
[18,19].

The ability of cells to stimulate cAMP synthesis in a wide 
distribution of cell types prompted further investigation into the 
biochemical mechanisms involved in this process. Sutherland and his 
colleagues addressed this issue by identifying adenylyl cyclase as the 
enzyme that catalyzed cAMP synthesis [20-22]. They also discovered 
phosphodiesterase, the enzyme that degrades cAMP [23,24]. Both of 
these enzyme systems were found to be widely distributed in tissues.

There were broad implications to Sutherland’s discovery. The 
ubiquitous presence of cAMP in tissues signified the widespread 
occurrence of a signaling mechanism in diverse cell types that was 
not previously understood in biochemical terms. Experiments 
using the rat heart were of particular importance since they laid the 
groundwork regarding the relationship between changes in cyclic 
AMP levels and cardiac activity [25].

Move to Vanderbilt and the Discovery of 
cGMP

To devote more time to research, and because of changes in 
the administration of the University, Sutherland decided to move 
to Vanderbilt University in 1963 [26]. Because he envisioned the 
production of multiple second messengers, Sutherland then directed 
his attention to cGMP. Cyclic GMP was first identified in rat urine 
by Price et al. [27] in 1959 and subsequently was found in many 
mammalian tissues by Sutherland and his co-workers [28,29]. 
However, the concentration of cGMP in tissues was 1-2 orders of 
magnitude less than cAMP, so that its quantization was delayed for 
several years.

Nevertheless, Sutherland and Hardman did eventually conclude 
that cGMP synthesis was regulated by guanylyl cyclase and that the 
enzyme differed from cAMP in its cellular distribution and ion 
activation [30]. In addition, the enzyme was stimulated by 
cholinergic agonists, nitroso compounds, and a number of vasoactive 
peptides [31]. Other studies determined that cGMP, like cAMP, was a 
regulator of certain ion channels [32,33].

Move to the University of Miami
In 1973, Sutherland moved to the University of Miami to become 

Distinguished Professor of Biochemistry [34]. By then, in addition 
to the role played by cAMP in cell activation, it had been established 
that the biochemical mechanisms of hormone action were not solely 
mediated by cAMP and cGMP, but also included other second 
messengers, such as calcium, eicosanoids, and nitric oxide, inositol 
trisphosphate and diacylglycerol [35].

Despite still being productive, particularly in the area of cGMP, 
Sutherland was in failing health. In view of the fact that he passed 
away at the early age of 57, the contributions made by Earl Sutherland 
were even more remarkable. His last two articles were published in 
1976 [36,37].

An Enduring Legacy
The profound significance of Sutherland’s work is underscored 

by the subsequent studies carried out by other Nobel Prize-winning 
scientists who based their work on Sutherland’s contributions. Paul 
Greengard [38] demonstrated the activation of cAMP-dependent 
protein kinase in brain was a key factor in controlling neuronal 
excitability. Sutherland also provided the basis for the work of Robert 
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Furchgott, Ferid Murad, and Louis Ignarro on the role of nitric oxide-
cGMP in regulating smooth muscle contraction [39,40]. Finally, the 
work of Alfred Gilman Jr. and Martin Rodbell on elucidating the 
role of G-proteins in regulating adenylyl cyclase must also be 
attributed to Sutherland’s legacy [41].

In 1971, Earl Sutherland became first sole winner of the Nobel 
Prize in 11 years for elucidating the mechanisms involved in hormone 
action [42]. Sutherland was particularly unique in that he not only 
made a discovery of monumental importance, but he continued to 
develop a large portion of the new field himself.

Sutherland’s legacy also endures in the form of the students that 
he trained, and who subsequently established their own successful 
careers. In addition to Ted Rall, these individuals included: Joel 
Hardman, Reginald Butcher, G. Alan Robison, and Gunter Schultz. 
The great interest that he took in their successful careers underscored 

the outstanding profile of Sutherland as a mentor, as well as a 
researcher.

Personal Qualities
Earl Sutherland had the ability to differentiate between important 

and unimportant observations, and he ventured into unknown 
territory to address the significant questions. Although he was highly 
original in developing his own concepts, Sutherland could remember 
important discoveries that fellow scientists had carried out in the 
distant past. He also had a gift for intuition, which he employed with 
tenacity. He was also a master of experimental design and was able to 
perceive the fundamental basis of a problem. Although he strongly 
believed in open scientific communication, Sutherland had a strong 
sense of independence of thought. He was always independent and 
direct, manifesting the person of a typical mid-Westerner. But above 
all, Sutherland’s persistence in advancing the basic idea that the action 
of a hormone could be demonstrated in a cell-free system led him to 
scientific advances that are regarded as among the most fundamental 
in cell biology [43,1].

Selected Awards and Honors
In addition to the Nobel Prize, Earl Sutherland received many 

honors and awards for his work. He was the recipient of a Career 
Investigator Award and the Achievement Award from the American 
Heart Association. He was also a member of the US National 
Academy of Sciences, and received the National Medal of Science, the 
Lasker Award, and the Banting Memorial Lectureship. At Vanderbilt 
University, a Chair in Pharmacology was established in his honor, 
as well as a Lectureship and the Sutherland Prize for Research [44]. 
While it is difficult to encapsulate Sutherland’s accomplishments in 
one brief overview, Martin Rodbell offered a fitting tribute to him 
in the form of an unembellished cell model depicting hormone 
stimulation of cAMP (Figure 3) [45].

Epilogue
Earl Sutherland went on a scientific journey that placed him in 

the ranks of true scientific pioneers. By establishing the concept of 
second messenger systems and cell signaling, he created a paradigm 
for research that would endure during the second half of the 
twentieth century and beyond. Clearly, Earl Sutherland ranks as a 
memorable figure in the annals of scientific immortals.

Addendum
A primary objective of this article was to be selective in 

summarizing the major scientific contributions of Earl Sutherland, 
and not to cite every one of his important publications.
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