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UNIPORT, SYMPORT & ANTIPORT
The Three Patterns of Carrier-Mediated Membrane Transport

1. Introduction
Carrier proteins (also called transporters or permeases) do not simply leave a hole in the membrane the way

channel proteins do. Instead, each carrier binds its solute(s), then undergoes a conformational change that

shuttles the solute across the bilayer before resetting. Based on how many different solutes a carrier

moves, and in which direction(s) relative to one another, carrier-mediated transport is classified into three

patterns: uniport, symport, and antiport.

Symport and antiport are jointly known as co-transport, because two solutes are moved together by the

same protein – one “driver” solute moving down its own electrochemical gradient supplies the energy to move

a second solute, often against its gradient.

Fig. 1: The three carrier-transport patterns – uniport (one solute), symport (two solutes, same direction), and antiport (two
solutes, opposite directions).

Quick facts    Uniport = 1 solute, 1 direction  |  Symport = 2 solutes, same direction  |  Antiport = 2
solutes, opposite directions

2. UNIPORT – One Solute, One Direction

A uniporter binds a single type of solute on one side of the membrane and releases it on the other, always

moving it down its own concentration gradient. Because no second solute or energy source is involved,

uniport is usually a form of facilitated diffusion and needs no ATP.

• GLUT1 – the uniporter that lets glucose enter red blood cells and most other body cells by facilitated

diffusion.

• GLUT2 – a low-affinity glucose uniporter in pancreatic β-cells and liver cells that helps them “sense” blood

glucose levels.

• GLUT4 – the insulin-responsive glucose uniporter in skeletal muscle and adipose tissue; insulin signalling

moves GLUT4 to the cell surface after a meal.
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• Urea transporters (UT) – uniporters in the kidney collecting duct that allow urea to move down its gradient,

helping concentrate urine.

3. Symport – Two Solutes, Same Direction
A symporter (co-transporter) binds two different solutes at the same time and moves both across the

membrane in the same direction. Typically, one solute (very often Na+, sometimes H+) is moving down a

steep gradient that was built up earlier by a primary pump; that downhill movement is harnessed to drag the

second solute along, even against its own gradient. This is the defining mechanism of secondary active
transport.

• SGLT1/SGLT2 – Na+-glucose symporters in the intestine and kidney proximal tubule that reclaim virtually

all filtered/dietary glucose.

• Na+-amino acid symporters – absorb amino acids across the intestinal lining alongside Na+.

• Na+/I- symporter (NIS) – concentrates iodide in thyroid follicular cells for thyroid hormone synthesis.

• Na+-K+-2Cl- symporter (NKCC2) – in the kidney's loop of Henle, central to urine-concentrating ability

(blocked by loop diuretics such as furosemide).

• H+-sucrose symporter – in plants, loads sucrose into phloem sieve tubes using a proton gradient

generated by a H+-ATPase.

4. Antiport – Two Solutes, Opposite Directions
An antiporter (exchanger) also binds two different solutes, but moves them in opposite directions across

the membrane – one solute enters as the other leaves. Like symport, this is usually secondary active

transport, powered by the downhill movement of one solute (again, often Na+).

• Na+/Ca2+ exchanger (NCX) – uses the inward Na+ gradient to pump Ca2+ out of cardiac muscle and

neurons, essential for muscle relaxation and resetting neuronal signalling.

• Na+/H+ exchanger (NHE) – found in nearly every cell; regulates intracellular pH and cell volume by

expelling H+ in exchange for incoming Na+.

• Cl-/HCO
3

- exchanger (Band 3 / AE1) – in red blood cells, swaps chloride for bicarbonate, enabling

efficient CO
2
 transport in the blood (the “chloride shift”).

• K+/H+ exchange (linked to the gastric H+/K+-ATPase) – acidifies the stomach lumen during digestion.
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Fig. 2: Representative uniporters, symporters, and antiporters at work in different tissues throughout the body.

5. Comparison at a Glance
Feature Uniport Symport Antiport

No. of solutes 1 2 (different types) 2 (different types)

Relative direction — Same direction Opposite directions

Energy source Usually none (facilitated
diffusion)

Gradient of the co-transported
ion (secondary active)

Gradient of the exchanged
ion (secondary active)

Example GLUT1 (glucose) SGLT1 (Na+ + glucose) NCX (Na+ in / Ca2+ out)

6. Physiological Importance
• Nutrient absorption – symporters (SGLT1, amino acid symporters) let the intestine and kidney reclaim

glucose and amino acids even when their luminal concentration is lower than inside the cell.

• Cardiac and neuronal signalling – the Na+/Ca2+ antiporter clears calcium after each heartbeat or nerve

impulse, allowing the next contraction or signal to occur cleanly.

• Acid–base and pH homeostasis – the Na+/H+ and Cl-/HCO
3

- exchangers fine-tune intracellular and blood

pH.

• Endocrine function – the Na+/I- symporter concentrates iodide more than 20-fold in the thyroid, a critical

first step in thyroid hormone synthesis.

• Blood gas transport – the chloride–bicarbonate exchanger in red blood cells allows the blood to carry far

more CO
2
 than could dissolve in plasma alone.
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• Plant physiology – H+-coupled symporters move sugars, nitrate, and other nutrients throughout the plant

body.

7. Clinical Significance
• SGLT2 inhibitors (“gliflozins”) – modern diabetes drugs that block the renal SGLT2 symporter, causing

excess glucose to be excreted in urine rather than reabsorbed.

• Loop diuretics (e.g. furosemide) – inhibit the NKCC2 symporter in the kidney, reducing salt and water

reabsorption; used to treat fluid overload in heart failure.

• NHE inhibitors – investigated for limiting cell damage after a heart attack, since excessive Na+/H+

exchange contributes to reperfusion injury.

• Congenital hypothyroidism – loss-of-function mutations in the Na+/I- symporter (NIS) impair iodide

uptake and thyroid hormone production.

• Digoxin toxicity – digoxin indirectly raises intracellular Na+, altering NCX activity and intracellular Ca2+; at

toxic doses this can trigger dangerous cardiac arrhythmias.

8. Summary
• Uniport moves one solute in one direction, usually by facilitated diffusion (e.g. GLUT1).

• Symport moves two different solutes together in the same direction, powered by an ion gradient (e.g.

SGLT1).

• Antiport moves two different solutes in opposite directions, also powered by an ion gradient (e.g. NCX).

• Symport and antiport are both forms of secondary active transport – they use no ATP directly, but

depend on a gradient (usually Na+) built up earlier by a primary pump such as the Na+/K+-ATPase.

• These transport patterns underlie nutrient absorption, pH regulation, cardiac and neuronal signalling, and

are targets for several major drug classes.

End of notes – Uniport, Symport & Antiport


