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The Discovery of a Second Messenger 
 

 
 
Introduction 
 
While studying the action of glycogen phosphorylase, Earl Sutherland and colleagues determined that 
this enzyme could only be activated by epinephrine when the entire contents, including membrane 
fragments, of liver cells were present. The researchers hypothesized that a cytoplasmic messenger must 
transmit the message from the epinephrine receptor at the membrane to glycogen phosphorylase, located 
in the cytoplasm. To test this idea, liver tissue was homogenized and separated into cytoplasmic and 
membrane components, containing the enzyme and epinephrine receptors, respectively. Epinephrine was 
added to the membrane fraction and incubated for a period of time. This fraction was then subjected to 
centrifugation to remove the membranes, leaving only the soluble portion in the supernatant. A small 
sample of the membrane-free solution was added to the cytoplasmic fraction, which was then assayed 
for the presence of glycogen phosphorylase activity. The assay showed that active glycogen 
phosphorylase was indeed present in the cytoplasmic fraction. Thus, these results confirmed the 
hypothesis that a soluble second messenger was produced in response to epinephrine binding to its 
receptor in the membrane, and then it diffused into the cytoplasm to activate the enzyme. Later research 
by Sutherland identified cAMP as the second messenger involved in the mechanism of action of 
epinephrine and as well as many other hormones. Sutherland’s research was highly regarded in the 
scientific community, and in 1971 he won the Nobel Prize in Physiology or Medicine for his discoveries 
concerning “the mechanisms of the action of hormones.” This work, however, led to the question of how 
hormone binding leads to the formation of cAMP in the cell. Additional studies revealed that cAMP is 
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formed from ATP through the action of an enzyme called adenylyl cyclase. Thus, in the experiment 
discussed above, one could confirm that cAMP, and not ATP, is the second messenger in this system by 
incubating the membrane-free solution with activated adenylyl cyclase prior to its addition to the 
cytoplasmic fraction. The ATP would be converted to cAMP, thereby interfering with any ATP-
dependent processes. 
 
 
Original Paper 
 
Rall, T. W., E. W. Sutherland, and J. Berthet. 1957. The relationship of epinephrine and glucagon to 
liver phosphorylase. Journal of Biological Chemistry 224(1): 463. 
http://www.jbc.org/content/224/1/463 
 
 
Links 
(For additional links on this topic, refer to the Chapter 5 Investigation Links.) 
 
Nobelprize.org: The Nobel Prize in Physiology or Medicine 1971 
http://nobelprize.org/nobel_prizes/medicine/laureates/1971/press.html 
 
The Nobel Prize in Physiology or Medicine 1971—Lecture 
http://nobelprize.org/nobel_prizes/medicine/laureates/1971/sutherland-lecture.pdf 
 
Review of second messengers and their biology 
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/S/Second_messengers.html 
 
 
Analyze the Data 
 
Question 1 (from textbook Figure 5.15) 
The activity of previously inactive liver glycogen phosphorylase was measured with and without 
epinephrine incubation, with these results: 

 
 
A. What do these data show? 
 
B. Propose an experiment to show that the factor that activates the enzyme is stable on heating and give 
predicted data. 
 
C. Propose an experiment to show that cAMP can replace the particulate fraction and hormone treatment 
and give predicted data. 
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Question 2 
The end result of epinephrine action on the liver is the release of glucose into the bloodstream 
(hyperglycemia; see textbook Figure 5.17). Different molecules that act on the nervous system can 
stimulate hyperglycemia to different extents. This is especially true of the isomers (different chemical 
forms, D or L) of the hormones. These molecules were used in a glycogen phosphorylase enzyme assay 
(LP formation) with whole liver homogenate as above; their effect on enzyme activity was compared to 
their relative stimulation of hyperglycemia in the intact animal. 
 

Stimulant added LP formation (units) 
Relative 

hyperglycemia (%) 
L-Epineprhine 2.55 100 
D-Epinephrine 0.31 10 
L-Norepinephrine 0.25 12 
D-Norepineprine 0.01 0.6 
Amphetamine 0 0 
 
A. Calculate the relative activities of LP formation (where L-epinephrine = 100%). 
 
B. Compare the relative rates of LP formation and hyperglycemia for the five nervous system 
stimulants. Is there a correlation? What can you conclude? 


