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CONCEPT: THE LIPID BILAYER
Types of Lipids
● Membrane lipids are composed of a combination of nonpolar tails and polar head groups
□ Many molecules of the lipid bilayer are amphipathic, meaning they have a hydrophobic portion and a hydrophilic
portion
□ Phospholipids are the most common lipid found in membranes. They have a hydrophobic tail & hydrophilic head
- Composition of the head group determines their name: phosphatidylcholine, phosphatidylserine, etc…
□ Sphingolipids has a sphingosine (amino alcohol with long hydrocarbon tail) linked to a fatty acid
- Composition of attached group determines their name: sphingomyelin is attached to phosphorylcholine
- Sometimes sphingolipids are classified as phospholipids
□ Glycolipids are lipids attached to a sugar group
- Gangliosides have an oligosaccharide chain with a net negative charge
- Cerebrosides have a single uncharged sugar
- Glycolipids determine your blood type (A blood has N-acetylgalactosamine, B has galactose)
□ Sterols are steroids that have a hydroxyl group and short hydrocarbon chain. Very rigid.
- Cholesterol is the most common type in animal cells
EXAMPLE: Structure of common lipids
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Bilayer Formation and Fluidity
● Lipids form highly flexible lipid bilayers when suspended in water
□ A lipid bilayer is the most energetically favorable conformation of amphipathic lipids in water
- Lipid bilayers self-seal, meaning they spontaneously form, and reform when torn apart
- Form a boundary around a closed space
□ The fluid-mosaic model describes the nature membranes. The lipid bilayer is fluid (not stationary)
- Lateral diffusion is the movement of individual lipids within a single layer of the bilayer – occurs often
- Rotational diffusion is the rotation of an individual lipid molecule (up to 500 revolutions a second)
- Traverse diffusion is the movement from one layer of the bilayer to the other and is extremely rare
□ Liposomes are synthetically made lipid spheres used to study membrane fluidity
EXAMPLE: Movement of lipids in the bilayer

Bilayer Composition and Asymmetry
● The composition of a membrane bilayer effects its fluidity and function
□ Fluidity of the lipid bilayer is controlled by the amount and composition of lipids
- Shorter hydrophobic chains = more fluid (Average is 18-20 carbons, but can be between 14-24)
- Saturated hydrophobic chains (no double bonds) are less fluid; Unsaturated chains are more fluid
- Double bonds form kinks in the tail, and therefore make packaging closely more difficult
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□ Cholesterol can modulate membrane fluidity
- It’s short and rigid nature can fill spaces left by the kinks in unsaturated hydrocarbon chains
- Make membrane less fluid and less permeable
- Cholesterol makes up around 20% of the weight of lipid membranes in animal cells
EXAMPLE: Saturation of lipid hydrophobic chains affects fluidity

● Membrane lipids are not equally distributed on each side of the lipid bilayer
□ Every cellular membrane has two distinct faces: the cytosolic face and extracellular face (luminal face)
- The cytosolic face always faces the cytosol
- The extracellular face (luminal face) faces the extracellular space or the lumen of organelles
- Double bonds form kinks in the tail, and therefore make packaging closely more difficult
□ Flippases remove specific phospholipids from one side of the bilayer and flip them to the other side
- Can be found in the ER or Golgi
□ Phospholipases are enzymes that cleave ester bonds between lipid molecules are only on cytosolic side
- Can effect composition of lipids on the cytosolic face side of the membrane
□ Lipid rafts are functional domains on the bilayer composed on particular lipids for a particular function
EXAMPLE: Asymmetrical arrangement of lipids and proteins in a bilayer form lipid raft domains
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Lipid Assembly
● Lipids are synthesized in the Endoplasmic Reticulum
□ Lipids are synthesized on the cytosolic surface of the ER and forms only one monolayer
- Scramblases are responsible for taking lipids from one monolayer and inserting them into the other
□ Newly formed membranes then pinch off the ER to form small vesicles
- These vesicles fuse with other membranes
- Some newly formed lipids will remain in the ER
□ Lipid droplets are vesicular structures made of excess lipids, responsible for storing them until use
- Fat cells contain high amounts of lipid droplets
EXAMPLE: Lipid bilayer synthesis
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CONCEPT: MEMBRANE PROTEINS
Types of Membrane Proteins
● There are many types of membrane proteins
□ Transmembrane proteins extend through the _____________________ bilayer
□ Integral membrane proteins are attached directly to the bilayer
- Monotopic proteins are found on only one side of the bilayer
□ Peripheral membrane proteins are bound to membranes through ___________ interactions with other proteins
- Can be entire in the cytosol, or entirely on the extracellular surface
□ Lipid-anchored proteins are covalently bound to lipid molecules within the membrane
- Fatty acid anchored: synthesized in cytosol and covalently attached to a saturated fatty acid
- Isoprenylated proteins: synthesized in cytosol before being modified and inserted into the membrane
- GPI anchored membrane proteins: synthesized in ER as transmembrane protein that becomes cleaved
- It is replaced by a glycosylphosphatidylinositol (GPI) anchor which attaches to membranes
EXAMPLE: Types of membrane lipids in the plasma membrane

Transmembrane
Protein
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Alpha Helices and Beta Barrel Structures
● Transmembrane proteins form two main structures as they ___________________________ the membrane
□ An alpha helix is the most common structure formed by transmembrane proteins
- Allows hydrophobic side chains to be exposed on helix which mask the hydrophilic backbone
- Important because the inside of a membrane bilayer is hydrophobic
□ A beta barrel can form by repeating beta sheets
- Typically forms larger channels which allows for large molecules to travel through the membrane
□ Transmembrane proteins can form as single pass or multipass proteins
- Single pass proteins are one alpha helix that extend through the membrane
- Multipass proteins can cross the membrane multiple times
EXAMPLE: Examples of a single (1) and multipass (2) alpha helix and beta barrel (3)

Organization of membrane proteins
● Like membrane lipids, membrane proteins are not equally distributed on each side of the bilayer
□ Only transmembrane proteins are present and function on each _____________________ of the membrane
- But, usually each side has a different function
□ Glycosylation is the addition of carbohydrates to proteins can be different on each side of the bilayer
- Extracellular face: protects cells, prevent unwanted cell to cell contact, and blurs barrier between the ECM
EXAMPLE: Image demonstrates asymmetry of proteins on each side of the membrane
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● Like membrane lipids, membrane proteins can move and are divided into domains
□ Membrane proteins can ___________________________ in the membrane
- Lateral diffusion: They can move laterally within one membrane layer
- Rotational diffusion: They can rotate around an axis
- Traverse diffusion: They canoot flip across to the other membrane layer
□ Specific domains exist on cells and have different protein compositions and different protein functions
- Epithelial cells contain apical (absorb nutrients) and basolateral (transfer nutrients to blood) domains
EXAMPLE: Different proteins are found on the apical and basolateral surfaces of an epithelial cell
Apical Surface

Basolateral Surface
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● Membrane proteins form complex structures that help ____________________________ the cell
□ The glycocalyx is formed by glycoproteins and gylcolipids and coats the outside of the plasma membrane
- Contains proteogylcans (proteins linked to polysaccharides) & glycoproteins (linked to oligosaccharides)
□ The cell cortex sits on the inner surface of the plasma membrane and interacts with the cell’s cytoskeleton
- The cortex is a network of cytoskeleton and membrane proteins that are anchored together
- Provides the cell with support and limits membrane protein movement
□ Membrane proteins can also support membrane bending and ___________________
- Insertion of hydrophobic protein domains at specific locations controls intensity of bending
EXAMPLE: Large protein structures found on the internal and extracellular surface

Glycocalyx
Extracellular space

Cell Cortex
Cytosol

Laboratory Techniques to Study Membranes and Proteins
● There are many useful techniques used to ___________________________________________ membranes in cells
□ Detergents are small amphipathic molecules with a hydrophobic tail that aggregate to form micelles in water
- When mixed with membranes the hydrophobic portions interact and disrupt to isolate proteins
□ X ray crystallography is used to get the structure of proteins, but isn’t very effective with membrane proteins
- Detergents make it difficult to use this technique – therefore few membrane protein structures are known
□ Freeze fracturing is used to reveal the inner surface of the cell and the cell’s cortex
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- Freeze’s membranes fast and pierced with diamond knife to split hydrophobic areas (least resistance)
□ FRAP (Fluorescence recovery after photobleaching) is used to study membrane fluidity
- Labels lipids or proteins with fluorescent molecule, then bleaches a small region to remove fluorescence
- Watch for recovery of fluorescence which can only occur if molecules are moving into the bleached area
EXAMPLE: Diagram of FRAP
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PRACTICE
1. Which of the following is not a type of membrane protein?
a. Integral membrane proteins
b. Peripheral membrane proteins
c. Proteogylcan membrane proteins
d. Lipid anchored membrane proteins

2. Which of the following membrane proteins does NOT attach to the membrane by binding to lipids?
a. Integral membrane proteins
b. Peripheral membrane proteins
c. GPI-anchored membraned proteins
d. Lipid-anchored membrane proteins
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3. Which of the following secondary structures is most commonly found in membrane proteins?
a. Coiled coil
b. Beta sheet
c. Alpha helix

4. True or False: Like lipids, membrane proteins have the same ability to act like a fluid and move around in the
membrane.
a. True
b. False
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5. What is the name of the collection of membrane bound and transmembrane proteins that are interconnected on the
cytoplasmic surface of the plasma membrane?
a. Proteoglycans
b. Glycocalyx
c. Cell Cortex
d. Actin groupings

6. Which of the following techniques is best used when studying membrane fluidity?
a. X-ray crystallography
b. Detergents
c. Freeze fracturing
d. FRAP
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