Role of ATP in Active Transport
Introduction
Active transport is the movement of ions or molecules across a cell membrane against their concentration gradient or electrochemical gradient. Since this movement is energetically unfavorable, it requires an external source of energy. In most plant cells, this energy is supplied directly or indirectly by ATP (adenosine triphosphate).
ATP therefore plays a central role in maintaining the ionic composition, membrane potential, pH, osmotic balance and nutrient status of plant cells.
1. ATP as the Energy Source
ATP stores chemical energy in its phosphate bonds. Hydrolysis of ATP releases usable energy:
ATP + H₂O → ADP + Pi + energy
The released energy is coupled to the transport of ions across the membrane.
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2. ATP Drives Primary Active Transport
In primary active transport, ATP is used directly by a membrane protein or pump to transport ions against their electrochemical gradients.
The major example in plant cells is the plasma membrane H⁺-ATPase.
H⁺-ATPase
The H⁺-ATPase uses ATP to pump hydrogen ions (H⁺) from the cytoplasm to the extracellular space.
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This establishes a proton electrochemical gradient across the plasma membrane.
3. Generation of Membrane Potential
Because the H⁺-ATPase pumps positively charged H⁺ ions out of the cell, the inside of the plant cell becomes relatively negative compared with the outside.
Thus, ATP-driven proton pumping contributes to the establishment of the membrane potential.
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This electrical gradient is extremely important for the movement of other ions.

