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Learning Objectives
❖Understand the different mechanisms of membrane transport

❖Explain simple diffusion using O₂ and CO₂ as examples

❖Describe facilitated diffusion for glucose, Na⁺, and K⁺ transport

❖Analyze primary active transport via Na⁺-K⁺ pump

❖Examine secondary active transport through Na⁺-glucose cotransport

❖Explore LDL receptor-mediated endocytosis mechanism

❖Compare energy requirements and clinical significance of each transport type
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Overview of Transport 
Mechanisms

Passive 
transport

•Simple diffusion (O2, CO2)

•Facilitated diffusion (Glucose, 
Ions)

Active 
transport

•Primary (Na+-K+ pump)

•Secondary (Na⁺-Glucose 
cotransport)

Vesicular 
Transport

•LDL receptor mediated 
endocytocis
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Membrane structure and selective 
permeability

❖Plasma Membrane 
Composition:
❑Phospholipid bilayer 

(hydrophobic core)
❑Intrinsic proteins (spanning 

membrane)
❑Peripheral proteins (surface-

associated)
❑Cholesterol (membrane fluidity 

regulation)

❖Why Selective Permeability?
❑Hydrophobic lipid bilayer 

impermeable to ions and polar 
molecules

❑Transport proteins create 
selective pathways

❑Controls what enters/exits the 
cell

❑Essential for homeostasis
Image source: Lodish et al., 2016. Molecular Cell Biology, 8th Edn.
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Permeability of PM
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Simple Diffusion
❖Definition & Characteristics:

❑Movement from high to low concentration
❑No energy (ATP) required
❑No transport proteins needed
❑Molecules: Small, nonpolar, lipid-soluble

❖O₂ Transport (Oxygen Diffusion):
❑Alveolar air → Higher O₂ concentration
❑ Capillary blood → Lower O₂ concentration
❑O₂ crosses endothelial cells via simple 

diffusion
❑ Binds to hemoglobin in red blood cells
❑No ATP required; purely concentration-

gradient driven

❖CO₂ Transport (Carbon Dioxide Removal):
❑ Cellular Respiration: Mitochondria produce 

CO₂
❑Tissue → Blood Gradient: CO₂ concentration 

higher in tissue than in capillary blood
❑Diffusion Across Cell Membrane: CO₂ 

crosses via simple diffusion
❑Transport in Blood: Converted to HCO₃⁻ in 

red blood cells
❑ Lung Excretion: Expelled during respiration

27-11-2025© Dr. Sagar Adhurya <www.sagaradhurya.in>

6



Different kinds of transport
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Facilitated Diffusion
❖Protein-mediated transport of polar and charged molecules DOWN their concentration 

gradient. Molecules cannot cross the hydrophobic lipid bilayer alone; specific transport 
proteins provide the pathway.

❖TWO CLASSES OF TRANSPORT PROTEINS
❑ CARRIER PROTEINS

➢ Bind molecule → Conformational change → Release inside cell
➢ Highly specific
➢ Diffusion rate: Moderate
➢ Transports: sugars, amino acids, and nucleosides 

❑ CHANNEL PROTEINS
➢ Form open pores allowing rapid, free diffusion
➢ Examples:

o Aquaporins→ Water (kidney, plants)
o Ion Channels → Na⁺, K⁺, Ca²⁺, Cl⁻ (nerve/muscle)
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FACILITATED DIFFUSION -
GLUCOSE TRANSPORT
❖Definition: Protein-mediated transport DOWN concentration gradient; NO direct 

ATP hydrolysis

❖Glucose Transporter (GLUT) Function:
❑Glucose concentration: Higher in blood, lower inside cells
❑GLUT proteins bind glucose on extracellular side
❑Conformational change → Glucose enters cell interior
❑Concentration gradient provides energy
❑Release on intracellular side

❖Primary GLUT Isoforms:
❑GLUT1: Brain, red blood cells (basal glucose uptake)
❑GLUT2: Liver, pancreatic β-cells (glucose sensing)
❑GLUT4: Muscle, adipose tissue (insulin-responsive; insulin ↑ GLUT4 at membrane)

❖Key Features:
❑Selective for glucose
❑Saturable (limited by number of GLUT proteins)
❑Faster than simple diffusion
❑No energy cost to cell
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FACILITATED DIFFUSION -
GLUCOSE TRANSPORT
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Facilitated Diffusion: Ion Channels 
(Na⁺ & K⁺)
Key Features:

❖Ion channels: Allow rapid ion 
transport

❖K⁺ channels: Potassium leaks OUT 
(high inside → low outside)

❖Na⁺ channels: Sodium leaks IN (high 
outside → low inside)

❖Selectivity: Each channel selective 
for specific ion size and charge

❖Speed: Very rapid (millions of 
ions/second)
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Active transport
❖This kind of transport requires energy

❖Solutes moves against concentration 
gradient
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PRIMARY ACTIVE TRANSPORT -
Na⁺-K⁺-ATPase PUMP

❖ ATP-Driven Ion Pumping Against Gradients

❖ Definition: Direct ATP hydrolysis drives transport against 
electrochemical gradientsPumping Cycle (P-type ATPase):
❑ ATP Binding: Pump-ATP complex formed; 2 K⁺ binding sites 

accessible from outside
❑ Na⁺ Binding: 3 intracellular Na⁺ bind to pump
❑ Autophosphorylation: Terminal phosphate of ATP transfers to 

aspartate residue (P-ATPase mechanism)
❑ Conformational Change: Exposes K⁺ binding sites outside; 

closes Na⁺ sites inside
❑ K⁺ Binding: 2 extracellular K⁺ bind; 3 Na⁺ released to 

extracellular space
❑ Dephosphorylation: Phosphate hydrolysis returns pump to 

initial state; K⁺ released inside

❖ Cellular Energy Consumption:
❑ ~1/3 of cellular ATP devoted to Na⁺-K⁺ pump
❑ Higher in neurons and kidney tubules (up to 70% ATP)
❑ Maintains steep Na⁺ and K⁺ gradients
❑ Essential for nerve/muscle function, glucose uptake, cell 

volume regulation

❖ Electrogenic Effect:
❑ Net extrusion of 3 positive charges vs 2 positive charges 

entering
❑ Creates net outward current
❑ Contributes ~10% to membrane potential (rest from K⁺ 

gradient)
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Secondary Active Transport: Na⁺-
Glucose Cotransport
❖Energy Source: Na⁺ electrochemical 

gradient (NOT direct ATP)

❖Transport Mechanism:

❖Na⁺ Gradient Established: Na⁺-K⁺ 
pump maintains low intracellular Na⁺

❖Cotransporter Binding: Both Na⁺ AND 
glucose bind SGLT1 simultaneously

❖Coupled Movement: Na⁺ moves DOWN 

its gradient (favorable, releases 
energy)

❖Glucose Movement: Glucose moves UP 
its gradient (unfavorable) using Na⁺ 
energy

❖Transcript: Both enter cell interior; 
Na⁺ continues to Na⁺-K⁺ pump for 
recycling

27-11-2025© Dr. Sagar Adhurya <www.sagaradhurya.in>

14



Epithelial Glucose Absorption:

❖Apical Membrane (intestinal lumen 
side):
❑SGLT1 cotransporters pump glucose 

ACTIVELY into cell
❑Glucose accumulates intracellularly 

(against concentration gradient)
❑Driven by Na⁺ gradient

❖Basolateral Membrane (blood side):
❑GLUT2 glucose uniporters allow glucose 

to exit PASSIVELY
❑Glucose moves from high (intracellular) 

to low (blood) concentration
❑No energy required
❑Net Result: Glucose transcellular 

transport from lumen to blood
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LDL Receptor-Mediated 
Endocytosis: Overview
❖What is LDL?
❑LDL: Low-Density Lipoprotein
❑Spherical particles ~22 nm diameter
❑Core: ~1500 cholesteryl ester molecules
❑Surface: Phospholipid monolayer + apolipoprotein B (recognition protein)
❑Function: Transport cholesterol from liver to peripheral tissues

❖Why Cells Need Cholesterol:
❑Membrane synthesis and repair
❑Steroid hormone synthesis (adrenal glands, gonads)
❑Bile acid synthesis (liver)
❑Vitamin D synthesis (skin)

❖LDL Receptor-Mediated Endocytosis:
❑Selective, efficient uptake mechanism
❑100-fold enhancement vs simple diffusion
❑Receptor clustering in specialized membrane domains
❑Energy-dependent (requires ATP for later events, not direct ATP use for uptake)
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LDL-cholesterol
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Clathrin
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LDL Endocytosis: 
Binding & Coated Pit 
Formation

1. LDL Binding: LDL particles in blood 
bind to LDL receptors on plasma 
membrane surface

2. Receptor Clustering: Bound LDL-
receptor complexes migrate and 
cluster in specialized regions called 
coated pits

3. Coated Pits: Regions rich in clathrin 
protein on cytoplasmic side. Contain 
20× more LDL receptors than rest of 
membrane

4. Invagination: Coated pits indent 
inward, forming depression in 
membrane
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LDL Endocytosis: Vesicle 
Formation & Sorting

27-11-2025© Dr. Sagar Adhurya <www.sagaradhurya.in>

20



27-11-2025© Dr. Sagar Adhurya <www.sagaradhurya.in>

21



27-11-2025© Dr. Sagar Adhurya <www.sagaradhurya.in>

22



LDL Endocytosis: Cellular 
Significance
❖When Cell has SUFFICIENT 
Cholesterol:
❑Lysosomal free cholesterol accumulates
❑Cholesterol activates SREBP (Sterol 

Regulatory Element-Binding Protein)
❑SREBP inhibits transcription of LDL 

receptor gene
❑Fewer LDL receptors synthesized and 

inserted into membrane
❑Cell takes up LESS cholesterol
❑Cellular cholesterol synthesis also 

decreases

❖When Cell NEEDS Cholesterol:
❑Cholesterol levels drop
❑SREBP activation decreases
❑LDL receptor gene transcription 

INCREASES
❑More receptors displayed on cell surface
❑Enhanced LDL uptake
❑Cellular cholesterol increases

❖Clinical Relevance - Familial 
Hypercholesterolemia (FH):
❑Genetic Defects in LDL Pathway:

➢ Complete Loss: No functional LDL receptors 
→ blood cholesterol ~600-1000 mg/dL (normal 
<200)

➢ Partial Defect: Receptors absent from coated 
pits (can't internalize)

➢ Binding Site Defect: Receptors present but 
can't bind LDL

➢ Result: LDL accumulates in blood → deposits in 
arteries (atherosclerotic plaques)

❑Pathological Consequence:
➢ Premature atherosclerosis (teens-20s)
➢ Heart attacks in young patients
➢ Coronary artery disease severity correlates 

with cholesterol levels
➢ Treatment: Statins (↓ cholesterol synthesis), 

PCSK9 inhibitors (↑ receptor recycling)
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Comparative 
Table: All 
Transport 
Types

Key Distinctions:

Passive: No energy; transport 
DOWN gradients only

Active: Requires energy; can 
transport AGAINST gradients

Endocytosis: Unique membrane 
invagination mechanism; can 
internalize large 
particles/macromolecules
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Transport 

Type

Energy Source Gradient 

Direction

Speed Example Location

Simple 

Diffusion

None 

(concentration 

gradient)

Down (high 

→ low)

Slow-

moderate

O₂, CO₂ Lung, tissues

Facilitated 

Diffusion

None (protein-

assisted)

Down (high 

→ low)

Fast Glucose 

(GLUT), 

ions 

(channels)

Muscle, 

adipose, all 

cells

Primary 

Active 

Transport

ATP hydrolysis 

(direct)

UP (against 

gradient)

Moderate Na⁺-K⁺-

ATPase 

pump

All cells 

(especially 

neurons)

Secondary 

Active 

Transport

Ion gradient 

(coupled)

UP for 

solute, 

DOWN for 

ion

Fast Na⁺-Glucose 

cotransport 

(SGLT1)

Intestine, 

kidney

Endocytosis ATP (for coat 

proteins, 

dynamin)

Inward 

vesiculation

Slow LDL 

receptor-

mediated

All cells 

(especially 

macrophages)



Clinical Applications & Real-World 
Examples
❖Drug Absorption:
❑Many drugs use glucose transporters for intestinal absorption

❑Understanding transport mechanisms improves drug delivery

❖Diabetes Treatment:
❑SGLT2 inhibitors: Block glucose reabsorption in kidney → glucose excreted in urine → 

lower blood sugar

❑Target: Secondary active transport in kidney tubules

❖Cholesterol Management:
❑Statins: Increase LDL receptor expression → more LDL uptake → lower blood 

cholesterol

❑Prevents cardiovascular disease

❖Genetic Disorders:
❑Familial hypercholesterolemia: Defective LDL receptors → high cholesterol
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Conclusion
❖Transport mechanisms are fundamental to cell survival and function

❖Different mechanisms suit different molecules based on size, polarity, and 
cellular needs

❖Regulation of transport maintains cellular homeostasis

❖Understanding transport is key to understanding physiology and diseases

❖Clinical applications: From drug delivery to treating genetic disorders
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