
Electrochemical Gradient Practice Problems 
BIO200  

 

Review:  

Due to diffusion, the movement of any substance from a higher to a lower concentration is spontaneous 

(in other words, it releases energy or its G value is <0) although not necessarily fast.  Just how 

spontaneous it is can be quantified by its chemical gradient.  The chemical gradient considers only the 

concentration of that one molecule on both sides of a membrane or other barrier.   

Charged molecules will be attracted to regions of the opposite charge (or repulsed by regions of the 

same charge).  Nearly all biological membranes separate aqueous compartments which differ in their 

net charges.  This difference in charge is referred to as the membrane potential and is typically 

measured in millivolts (mV).  The sign of the membrane potential reflects the relative charge on the 

interior of the membrane.  Thus, if a membrane has a potential of -70mV that tells us that the interior of 

the cell is more negative than the exterior.  The electrical gradient describes the energy required or 

released to move an ion across a membrane.  The electrical gradient for a molecule with a net charge of 

zero is always zero.   

The overall electrochemical gradient is simply the sum of the chemical plus the electrical gradient.  Thus, 

to find overall G values for electrochemical gradients, it is wise to find the G for the chemical gradient 

and the G for the electrical gradient independently.  Also, I encourage you to think about each 

qualitatively before putting a number on it – would you expect it to be positive or negative?   

Practice Problems:  

Consider the membrane of a yeast cell with a potential of -70mV, at pH 7 and under the following 

conditions, where the Gin,Na
+

, chemical = -1.8kcal/mol and the Gin,Na
+

, electrical = -1.6kcal/mol. 

 Na+ K+ Cl- SO4
2- PO4

3- Sucrose Alanine Glutamate 

Extracellular 100 mM 5 mM 100 mM 5 mM 5 mM 5 mM 5 mM 5 mM 

Intracellular 5 mM 100 mM 5 mM 100 mM 100 mM 100 mM 100 mM 100 mM 

Gin, overall -3.4 kcal/mol        

Gout, overall         

 

Fill in the rest of the chart, indicating the G values for the movement of the other molecules.   

 If the membrane potential changes to zero, what are the new G values for each molecule?   

 If the membrane potential changes to -35mV, what are the new G values for each molecule?   

 If the membrane potential changes to +35mV, what are the new G values for each molecule?   

 These cells express a K+/Sucrose co-transporter that allows the cells to efficiently import sucrose.  

Do you expect this co-transporter to be a symporter or an antiporter?  Why? 

 The reaction ATP  ADP + PO4 has a Go’ value of -7.6 kcal/mol.  Cl- is exported from these cells 

by a simple active transporter which moves four Cl- ions per ATP hydrolysis.  Under these 

physiological conditions, is this transporter capable of pumping out Cl-?   


