Transport of Ions Across the Cell Membrane
Introduction
Ion transport across the cell membrane refers to the movement of inorganic ions such as K⁺, Na⁺, Ca²⁺, Mg²⁺, Cl⁻ and NO₃⁻ across the plasma membrane. Since the lipid bilayer is largely impermeable to charged particles, ions cannot freely pass through it. Their movement is therefore mediated by membrane proteins, including ion channels, carriers and pumps.
In plant cells, ion transport is essential for mineral nutrition, maintenance of membrane potential, osmotic balance, turgor, enzyme activity, stomatal movement, cell expansion and intracellular signalling.
1. Why is ion transport necessary?
Plant cells continuously need to:
· Take up mineral ions from the soil. 
· Maintain appropriate concentrations of ions in the cytoplasm. 
· Transport ions into vacuoles. 
· Maintain cellular osmotic balance. 
· Generate and maintain membrane potential. 
· Regulate water movement. 
· Control stomatal opening and closing. 
· Maintain enzyme activity. 
· Respond to environmental signals. 
The plasma membrane therefore acts as a selective barrier that controls which ions enter or leave the cell.
4. Major Mechanisms of Ion Transport
Ion transport can broadly occur by:
1. Passive transport
Movement occurs down the electrochemical gradient and does not directly require metabolic energy.
2. Facilitated diffusion
Ions move through specific channels or carrier proteins down their electrochemical gradient.
3. Active transport
Ions are transported against their electrochemical gradient using energy.
Active transport can be:
· Primary active transport 
· Secondary active transport
1. Passive Ion Transport
In passive transport, ions move from a region of higher electrochemical potential toward a region of lower electrochemical potential.
No direct expenditure of ATP is required.
Example
If the electrochemical gradient favors K⁺ entry:
Outside                  Inside
K⁺ K⁺ K⁺  ───────────→      K⁺
High electrochemical       Low
potential                 potential
The movement occurs spontaneously through an appropriate membrane protein.
2. Facilitated Diffusion
Because ions cannot cross the hydrophobic lipid bilayer easily, passive ion movement requires specific membrane proteins.
These are mainly:
· Ion channels 
· Carrier proteins 
A. Ion Channels
Ion channels form hydrophilic pores through the membrane.
They allow specific ions to move rapidly down their electrochemical gradients.
Examples include:
· K⁺ channels 
· Ca²⁺ channels 
· Cl⁻ channels 
7. Carrier-Mediated Transport
Carrier proteins bind specific ions or molecules and undergo conformational changes that move the substance across the membrane.
Compared with channels, carriers generally transport substances more slowly.
The basic process is:
Ion + Carrier
      ↓
Binding
      ↓
Conformational change
      ↓
Ion released
      ↓
Other side of membrane
Carrier proteins therefore contribute to selective ion transport.
3. Active Transport
Active transport moves ions against their electrochemical gradients and therefore requires energy.
It is particularly important when plant cells must accumulate ions at concentrations higher than those outside the cell.
3a. Primary Active Transport
In primary active transport, energy from ATP hydrolysis is directly used to transport ions.
The most important example in plant cells is the:
Plasma-Membrane H⁺-ATPase
It transports H⁺ from the cytoplasm to the extracellular space.
             OUTSIDE
        H⁺   H⁺   H⁺
         ↑    ↑
       ┌──────────┐
       │ H⁺-ATPase│
       └──────────┘
            ↑
           ATP
            │
        CYTOPLASM
This process:
· Generates membrane potential. 
· Produces a proton gradient. 
· Helps regulate cytoplasmic pH. 
· Provides energy for secondary transport. 
· Contributes indirectly to mineral ion uptake. 
3b. Secondary Active Transport
Secondary active transport does not directly hydrolyse ATP at the transporter.
Instead, it uses the energy stored in an electrochemical gradient, usually the H⁺ gradient generated by primary active transport.
There are two major forms:
A. Symport
Two substances move in the same direction.
Example:
H⁺ + NO₃⁻ symport
Outside                    Inside

H⁺  ────────┐
            ├────────→
NO₃⁻ ───────┘

        H⁺/NO₃⁻ symporter
The inward movement of H⁺ down its electrochemical gradient provides energy for nitrate uptake.
B. Antiport
Two substances move in opposite directions.
Outside                    Inside

      H⁺  ←────────
          │
          │
      Na⁺/H⁺ antiporter
          │
      ────────→ Na⁺
Antiporters are important in maintaining ionic and pH homeostasis.
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