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Objective(s):

This experiment aims at investigating the effects of hormone (Isoproterenol) and non-hydrolyzable GTP analogue (GTPγS) on the adenyl cyclase activity in the ATP to the cAMP conversion in rat liver homogenized extract. This is done by using a method of competitive binding of unlabelled cAMP and tritium-labelled cAMP (3H-cAMP) to cAMP-binding protein. And in this experiment, the mechanism of signal transduction involving G-protein can also be demonstrated.
Introduction:


This experiment bases on the signal transduction in cells.As cells communicate with each other by using hormones as signals, the hormone molecule would bind with the receptor molecule on the plasma membrane of target tissue cell and trigger a response in cells. Primary messenger often binds to the receptors on extracellular membrane to trigger intracellular responses, while secondary messenger works in response to an intracellular modulator of extracellular effectors(e.g. hormone or primary messenger).

Normally, primary messenger (hormone) first binds with receptors on plasma membrane of rat liver cells in the homogenized extract, triggering a conformational change in the receptor. As a result, GTP would exchange with GDP originally bound to the stimulatory G protein. Theαsubunit is activated and it dissociates fromβandγsubunits. The G-GTP activates adenyl cyclase which catalyses the conversion from ATP to cAMP in the presence of Mg2+ ions. cAMP will then act as secondary messenger in norepinephrine-stimulated glycolysis in liver cells by activating a series of protein kinases which in turn catalyses phosphorylation of other proteins.

In this experiment, isoproterenol and GTPγS are used instead of epinephrine and GTP respectively. Their amount would affect the cAMP production and thus the concentration of cAMP. Since the concentration of cAMP can be measured by using the competitive binding method stated in the objective (the higher the radioactivity, the lower the concentration of cAMP produced), the relationship between cAMP concentration and isoproterenol, GTPγS can be found.
Results and Calculations:
1. Table

	Tube No.
	Raw data cpm
	Mean cpm
	Specific cpm
	% of control
	Remarks

	1
	5751.16
	6429.22
	6296.21
	100.00
	Control

	2
	7107.28
	
	
	
	

	3
	6600.35
	6831.40
	6698.39
	94.00
	ISO

	4
	7062.45
	
	
	
	

	5
	5940.32
	5175.28
	5042.27
	124.87
	GTPγS

	6
	4410.24
	
	
	
	

	7
	6463.58
	4592.27
	4459.26
	141.19
	ISO+ GTPγS

	8
	2720.96
	
	
	
	

	9
	130.21
	133.01
	0
	---
	Charcoal blank

	10
	135.81
	
	
	
	

	11
	3130.80
	3201.79
	3068.78
	---
	Zero cAMP blank

	12
	3272.77
	
	
	
	


2. Calculations in the table
(1) Mean cpm = average reading of the two corresponding tubes
   Take tube1 and tube2 as example,

   Mean cpm = (5751.16+7107.28)/2 = 6429.22
(2) Specific cpm = Mean cpmsample- Mean cpm9,10(background radiation)
   Take tube1 and tube2 as example,

   Specific cpm = 6429.22 - 133.01 = 6296.21
(3) ∵ [cAMP] α 1/specific cpm, because cAMP and 3H-cAMP are in competitive binding with the cAMP-binding protein, if [cAMP] rises, less 3H-cAMP binds to the protein and radioactivity drops accordingly
   ∴ % of control = ( [cAMP]sample / [cAMP]control ) × 100%
                = [( 1/specific cpm sample) / (1/specifc cpm control)] × 100%
                = (specifc cpm control / specific cpm sample )× 100%
   Take tube1 and tube2 as example,

   % of control = 6296.21/6296.21 × 100% = 100%

Discussions:
(a) Answers to questions:
1. Suppose you would like to measure the actual amount of cAMP accumulated. Could you suggest a method to measure it?
   

Based on the competitive binding principle of this experiment, a calibration
 curve showing the relationship between % radioactivity and cAMP solution at
 different concentrations can be first plotted. cAMP solution with different concentrations can be prepared with the treatment as assay buffer. Then, cAMP binding protein and 3H-cAMP are also added according to their amounts in Table III

  of exercise 2. All the experimental conditions and procedures would be the same as that in exercise 2 except we use 50μl standard cAMP solution rather than 50μl sample solution. Radioactivity of each tube can be obtained and a standard curve could be drawn using the data obtained. 
  


A straight line with negative slope should be obtained since the method used in this experiment is the competitive binding of cAMP and 3H-cAMP. Higher amount of cAMP would cause lower radioactivity readings because less 3H-cAMP bind to the binding protein. 
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As in exercise 2, the count rate and thus % radioactivity is obtained from every tube, the corresponding concentration of cAMP can be found from the calibration curve. Actual amount of cAMP can be found by multiplying concentration with volume(50μl).
2. Comment on the cAMP accumulated under various conditions. Do the results agree with the current model of cell signaling?

   

For tubes 1 and 2, creatine kinase, phosphocreatine and ATP are added, but no 

GTPγS or ISO is added. That is, these 2 tubes act as the control in this experiment. Its specific cpm reading is the second highest among all tubes, which is 6296.21.The high reading implies a low concentration of cAMP produced. But theoretically there should be no cAMP produced in the absence of ISO and GTPγS, the presence of a little cAMP here is due to the small amount of cAMP and epinephrine remaining in the rat’s liver homogenate. So the little cAMP would compete with a large amount of 3H-cAMP for the binding site of cAMP-binding protein, which results in a relatively high reading.


For tubes 3 and 4, creatine kinase, phosphocreatine, ATP and ISO are added, with no GTPγS. The hormone ISO would bind with the β-adrenergic receptor on cell membrane and stimulates the G-protein to activate adenyl cyclase, more cAMP would be produced than tubes 1 and 2. Theoretically, less 3H-cAMP would bind with the binding protein and the specific cpm would be lower. However, the specific cpm of tubes 3 and 4 in our results is the highest among all tubes. This contradiction can be explained by the unobvious charcoal suspension (which may bind with 3H-cAMP) in the supernatant because some charcoal may deposit on the wall of the eppendorf and transfer to the vials. And the charcoal suspension may interfere with the scintillation counter, additional 3H-cAMP may be added and the reading becomes higher than expected.


For tubes 5 and 6, creatine kinase, phosphocreatine, ATP and GTPγS are added, with no ISO. The GTPγS is a non-hydrolyzable GTP analogue of GTP. Its non-hydrolyzable property allows it to continuously bind to the γ-subunit of G protein and prolong the activation of adenyl cyclase. Therefore, more cAMP would be produced than in tubes 3 and 4. They compete with the 3H-cAMP for binding sites, causing less 3H-cAMP binding to the protein, resulting in lower specific cpm. This also indicates that the effect of GTPγS is higher than ISO in producing cAMP in the same condition.


For tubes 7 and 8, creatine kinase, phosphocreatine, ATP, ISO and GTPγS are added. The specific cpm is the lowest among tubes 1-8. This shows the combined positive effect of ISO and GTPγS in producing the largest amount of cAMP. The competitiveness of cAMP with 3H-cAMP for the binding site in this case is the greatest. And the least amount of 3H-cAMP binds with the protein; therefore the specific cpm is the lowest among tubes 1-8.


For tubes 9 and 10, only assay buffer and 3H-cAMP are added, with no sample and cAMP binding protein. The specific cpm is zero (lowest among all tubes) because no cAMP is produced and all the 3H-cAMP would just form complex with charcoal in centrifugation and removed later and there will be no 3H-cAMP left in the supernatant solution theoretically. The small raw data cpm reading is actually the background radiation only.


For tubes 11 and 12, only assay buffer, cAMP binding protein and 3H-cAMP are added. No cAMP is present since no samples are added. Theoretically, there is no competition between cAMP and 3H-cAMP, all the 3H-cAMP would bind with the cAMP-binding protein. Only a very little amount of 3H-cAMP would form 3H-cAMP-charcoal complex in the centrifugation and majority would remain in the supernatant, resulting in a very high radioactivity. It should be the one with the highest radioactivity reading. However, the specific cpm in practical is only 3201.79. This may due to the insufficient shaking after addition of scintillant. So the transfer of radioactive substances from the solution to the scintillant is incomplete, resulting in a lower reading than expected.


To conclude, all experimental results agree with the current model of cell signaling.
3. What are the reasons for the addition of theophylline, creatine kinase and phosphocreatine in the tissue mixture?

   

Theophylline is added to inhibit phosphodiesterase in catalyzing the conversion of cAMP to 5’AMP. So the cAMP level can be maintained in the tissue mixture throughout the whole experiment, the activity of adenyl cyclase can be determined more accurately. Creatine kinase is needed in the phosphorylation of ADP to ATP. It is added to ensure there is sufficient ATP supply to adenyl cyclase to activate it, so that ATP would not become a limiting factor in the experiment. Phosphocreatine also ensures a sufficient suppy of ATP to adenyl cyclase because as an active phosphate compound, it can be hydrolysed to Pi and creatine to provide phosphate for the conversion of ADP to ATP. The hydrolysis of ATP is prevented.
(b) Precautions:
   - A small hole is pinched on top of each eppendorf tube to allow air to escape during boiling
   - Tritium-labelled cAMP should be handled with care as it is radioactive

   - The radioactive sources should be dealt within the designated area, and other things should not enter that area to prevent contamination

   - Addition of charcoal should be followed by centrifugation to ensure there is no charcoal present in the supernatant
   - Pipette supernatant with care to ensure not including any charcoal to the scintillation vials
(c) Sources of error:

There may be unobvious charcoal suspension in the supernatant when determining radioactivity because some charcoal may deposit on the wall of the eppendorf and transfer to the vials. The radioactivity readings would be affected. To improve the experiment, we should prolong the centrifugation to at least 15 minutes, ensuring complete charcoal sedimentation.
Conclusion:

Both ISO and GTPγS have positive effect on the activation of adenyl cyclase in cAMP production. GTPγS has greater effect than ISO in the same experimental condition, and the combined activation effect (i.e. ISO and GTPγS together) is greater than using one of them alone, producing the greatest amount of cAMP. Besides, the experimental results generally agree with the current model of cell signaling.
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