
BC368 – Biochemistry of the Cell II 
Model Case Study: Another Little Piece of My Heart 

 
Background: 
 You are studying the action of acetylcholine on 
cells of the sinus node. This signaling pathway, 
which is important to regulate heart rate, involves 
K+ channels. You generate a model system to 
study the pathway by using the inside-out patch-
clamp technique (see adjacent schematic). In this 
system, a tiny patch of the plasma membrane is 
put into contact with a desired buffer solution. 
Receptors, channels, and other membrane 
proteins remain associated with the membrane 
patch. The status of the potassium ion channel 
can be assessed by measuring the current across 
the membrane. 

Data: 
 The results of several experiments testing the 
effects of different combinations of possible 
signaling components are summarized in Table I.  
 
Table I.  Response of K+ Channel to Various Experimental Manipulations 
 

 
Experiment 

 
Acetylcholine 

 
Small Molecule 

Added  

Protein 
Components 

Added  

 
K+ Channel 

 
1 + None None Closed 
2 + GTP None Open 
3 - GTP None Closed 
4 - GTPgS None Open 
5 - None Gabg Closed 
6 - None Ga Open 
7 - None Gbg Closed 

 
Analysis: 

1. Does acetylcholine bind the K+ channel directly to open it? How do you know? 
2. What do Experiments 1-3 suggest about how acetylcholine might affect the K+ channel? Is 

there any hint about what proteins might be involved? 
3. Addition of GTPgS (a non-hydrolyzable analogue of GTP) causes the K+ channel to open 

in the absence of acetylcholine (Experiment 4). The flow of current, however, rises very 
slowly and reaches its maximum only after a minute, whereas an immediate rise is 
observed in the presence of acetylcholine and GTP. Propose how GTPgS causes the 
channels to open in the absence of acetylcholine. 

4. Why does addition of Ga activate the channel when neither Gbg nor the entire G protein 
does (Experiments 5-7)? 

5.  What do these experiments suggest about the mechanism of K+ channel activation in the 
sinus node of the heart? 


