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Active Transport Moves solute Against Their Electrochemical Gradient

Active transport of solutes against their electrochemical gradient is essential to maintain 
the intracellular ionic composition of cells and import solutes that are lower concentrations 
outside the cells than inside.  Cells carry out active transport in three main ways

1-Couple transporters: couples the uphill transport of one solute across the membrane 
to the downhill transport of another

2-ATP-driven pumps: Couple uphill transport to the hydrolysis of ATP

3-Light-driven pumps: Couple uphill transport to an input of energy from light 
(occurs mainly in bacteria).

Animal Cells Use the Energy of ATP Hydrolysis to Pump Out Na+

The ATP-driven Na pump in animal cells hydrolyzes ATP to ADP to transport Na+ out 
of cell; this pump is therefore not only a carrier but also an enzyme-an ATPase.  
At the same time, the protein couples the outward transport of Na+ to an inward 
transport of K+. The pump is therefore known as the Na+-K+ ATPase or the Na+-K+ 
pump.

The carrier protein uses the energy of ATP hydrolysis to pump Na out of the cell and K+ in, both 
Against their graadient. Ouabain is a drug that bind to the pump and inhibits its activity by preventing
K+ binding.
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The pump transports ions in a cyclic manner. Phosphorylation drives the conformational change

Animal Cells Use the Na+ Gradient to Take Up Nutrients Actively

A gradient of any solute across a membrane, like the Na+ gradient generated by the 
Na+-K+ pump, can be used to fuel the active transport of a second molecule. The 
downhill movement of the first solute down its gradient provides the energy to drive 
uphill transport of second.  The carrier proteins that do this are called coupled 
transporter. 
If the transporter moves both in the same direction across the membrane, it is called a 
symport. If it moves them in opposite directions, it is called an antiport.

The glucose–Na+ symport protein uses the electrochemical Na+ gradient to drive 
the import of glucose.

Glucose can be moved across epithelial cell membranes using both active and passive 
transporters. Shown here is one way in which the glucose–Na+ symport protein could 
actively pump glucose across the membrane using the influx of Na+ down its gradient 
to drive glucose transport. The pump oscillates randomly between two alternate states, 
A and B. In the A state the protein is open to the extracellular space; in the B state it is 
open to the cytosol. Although Na+ and glucose bind equally well to the protein in either 
state, they bind effectively only if both are present together: the binding of Na+ induces 
a conformational change in the protein that greatly increases the protein’s affinity for 
glucose and vice versa. Because the Na+ concentration is much higher in the 
extracellular space than in the cytosol, glucose is more likely to bind to the pump in the 
A state; therefore, both Na+ and glucose enter the cell (via an A ® B transition) much 
more often than they leave it (via a B ® A transition). The overall result is the net transport 
of both glucose and Na+ into the cell. Note that, because the binding is cooperative, if 
one of the two solutes is missing, the other will fail to bind to the pump, and it will not be 
transported.

In animal cells an especially important role is played by symports that use the inward 
flow of Na down its steep electrochemical gradient to drive the import of other solutes 
into the cell. 
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Two types of glucose carriers enable gut epithelial cells to transfer glucose across the gut lining.
Active transport
Passive transport

The Na+-K+ Pump Helps Maintain the Osmotic Balance of Animal Cells

Movement of water from a region of low solute concentration (high water concentration)
to a region of high solute concentration is called osmosis.  

The driving force for the water movement is equivalent to a difference in water 
pressure and is called the osmotic pressure. 

In the absence of any counteracting 
pressure, the osmotic movement of water into a cell will cause it to swell.  Such 
effects are a severe problem for animal cells, which have no rigid external wall that
prevent them for swelling.  Placed in water, such cells will generally swell until they 
burst.  
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H Gradients Are Used to Drive Membrane Transport in Plants, Fungi and Bacteria

Plant cells, fungi, and bacteria do not have Na+-K+ pumps in their plasma membranes.  
Instead of an electrochemical gradient of Na,  they relay mainly on an electrochemical 
gradient of H to drive transport of solutes into cell.  The gradient is created by H pumps 
in the plasma membrane, which pump H out of the cell, thus setting up an 
electrochemical proton gradient, with H higher outside than inside.  With this way, 
H pump creates an acid pH in the medium surrounding the cell.  Transport of many 
amino acids and sugar occurs with symport transfer of H ions.  

Ions Channel and Membrane Potential 

Channel proteins are transmembrane aqueous pores that allow the passive movement 
of small water soluble molecules into or out of the cell organelle.  

Ion Channels Are Ion-selective and Gated

Two important properties distinguish ion channels from simple aqueous pores. 
First they show ion selectivity and second they are gated.  

Ion selectivity means 
that ions channels permits transfer of some inorganic molecules but not the others. 
This selectivity dependent on the diameter and shape of the ion channel and the 
distribution of charged amino acids in its lining; the channel is narrow enough in 
places to force ions into contact with the wall of the channel so that only those of 
appropriate size and charge are able to pass. 
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The ion channels are not continuously open.  Ions transport would be of no value to 
the cell if there were no means of controlling the flow and if all of the many thousands 
of ion channels in a cell membrane were open all of the time.  Instead ion channels 
open briefly and then close again.  These types of channels are called gated.  

Ion Channels Randomly Snap Between Open and Closed System

Measuring changes in electrical current is the main method used to study ion 
movements and ion channels in living cells. It is now possible to measure activity of an 
single channel by patch-clamp technique. 
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Different Types of Stimuli Influence the Opening and Closing of Ion Channels

There are more than a hundred types of ion channels, and even simple organisms 
can posses many different channels. Ion channels differ from one another primarily 
with respect to their ion selectivity (the types of ion they allow to pass and gating (the 
conditions that influence their opening and closing). For a voltage-gated, the probability 
of a channel being open is controlled by the membrane potential. For a ligand-gated 
channel, it is controlled by the binding of some molecule to the channel protein.  
For stress-activated channel opening is controlled by a mechanical force applied 
to the channel.
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Voltage-Gated ion Channels Respond to the Membrane Potential

Voltage gated ion channels play the major role in propagating electrical signals in 
nerve cells.  

Voltage-gated ion channels have specialized charged protein domains 
called voltage sensor that are extremely sensitive to changes in the membrane potential: 
changes above a certain threshold value exert sufficient electrical force on those 
domain to encourage to channel  to switch from its closed to its open conformation or 
vice versa. 

Ion Channels and Signaling in Nerve Cells

The fundamental task of a nerve cell, or neuron, is to receive, conduct, and 
transmit signals.  Neurons carry signals inward from sense organs to the central 
nervous system (the brain and spinal cord).  Every neuron consists of a cell 
body (containing the nucleus), one long axon (conducts signals away from 
dendrites), and nerve terminal (transmits signal to many different cells).  

Changes in the electrical potential across the neuron’s plasma membrane cause the signals to 
be transmitted
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Action Potentials Provide for Rapid Long-Distance Communication

Neurons transmit signals from end to another by an active signaling mechanism. 
A local electrical stimulus of sufficient strength triggers an explosion of electrical 
activity in the plasma membrane that is propagated rapidly along the membrane 
of axon and sustained by automatic renewal all along the way. This traveling wave
electrical excitation, known as action potential, or nerve impulse, can carry 
massage without the signal weakening. 

Action Potentials Are Usually Mediated by Voltage-Gated Na+ Channels

An action potential in a neuron typically is triggered by a sudden local 
depolarization (by shift in membrane potential to a less negative value) of the 
plasma membrane. A stimulus that causes sufficiently large depolarization to 
pass certain threshold value promptly causes voltage-gated Na channels to 
open temporarily at this site allowing small amount of Na+ to enter the cell 
down its electrochemical gradient.

An action potential is triggered by a rapid change in membrane potential. Depolarization is 
caused by signaling molecules, neurotransmitters, released by another neuron. This causes voltage
Gated NA channels to open, and allows Na to enter the cell., etc.
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Ion flows dictate the rise and fall of an action potential. An action potential can be propagated along the length of an axon


