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BIOCHEMISTRY - CLUTCH
CH. 10 - LIPIDS
CONCEPT: LIPIDS
●Recall: _____________: hydrocarbon-based molecules that are water-insoluble (or hydro-__________).
□ Can also be ____________________: having both hydrophobic & hydrophilic groups.
□ Do NOT form polymers (unlike proteins, carbs & nucleic acids).
□ The most structurally & functionally _____________ class of biomolecules.

Functional Diversity of Lipids
●Lipids display an ___________________ variety of biological functions, but some primary functions include:
1) Long-Term-______________-Storage.

3) ______________________ of Temperature.

2) __________________ Structure.

4) ____________________.

PRACTICE: Amphipathic molecules can interact with both lipids and water because they:
a) Function as nucleic acids.
b) Contain hydrophobic and non-polar groups.
c) Contain polar and hydrophilic groups.
d) Contain non-polar and hydrophilic groups.
e) Function as long-term-energy-storage molecules.
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BIOCHEMISTRY - CLUTCH
CH. 10 - LIPIDS
CONCEPT: FATTY ACIDS
●Fatty Acids (________): hydrocarbon chains of varying length with a terminal __________________ acid.
□ Used as building blocks for more complex lipids (ex. glycerolipids, sphingolipids, etc.).
●Carbon atoms of fatty acids are usually __________________ starting at the carboxyl carbon.
□ Alpha Carbon (α): carbon atom _______________ to the carboxyl carbon.
□ Omega Carbon (): carbon atom _______________ from the carboxyl carbon.
EXAMPLE: Fatty Acids.

PRACTICE: Which fatty acid chain would you expect to be least soluble in water?
a) 16-Carbon fatty acid.

b) 14-Carbon fatty acid.

c) 22-Carbon fatty acid.

d) 12-Carbon fatty acid.

Saturated vs. Unsaturated Fatty Acids
●Fatty acids are categorized into _____ groups based on their hydrocarbon chains:
1) Saturated Fatty Acids: fully ______________ with hydrogens (only contains C-C ___________ bonds).
2) Unsaturated Fatty Acids: ______ fully saturated with hydrogens due to presence of ≥ 1 C=C ___________ bond.
□ “Mono-” & “Poly-” prefixes respectively indicate just _____ or _____ 1 double bond.
□ Unsaturated fatty acids double bonds are almost always in the _______ conformation (creating kinks).
EXAMPLE: Saturated vs. Unsaturated Fatty Acids.
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CONCEPT: FATTY ACIDS
PRACTICE: What is the molecular formula of Linolenic acid, an 18-carbon polyunsaturated fatty acid with 3 double bonds?
a) C18H32O2

b) C18H30O2

c) C28H30O2

d) C18H34O2

Melting Points of Fatty Acids
●_____ primary factors affect the strength of ________________ interactions & thus the ____________ point of fatty acids.
1) Length of the hydrocarbon chains (longer chains mean ______________ melting point)
2) Degree of saturation of hydrocarbon chains (more double-bonds means ______________ melting point).
●Therefore, ____saturated fatty acids (with kinks in their chains) have lower melting points than saturated fatty acids.
EXAMPLE:

□ _________: solids at room temperature.

□ _________: liquids at room temperature

PRACTICE: What aspect of each of the 18-carbon fatty acids in the table below is correlated with their melting point?
a) The charge of the carboxylic acid group.
b) The length of the hydrocarbon chain.
c) The number of double bonds.
d) The polar hydrocarbon chains.
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CONCEPT: FATTY ACIDS
PRACTICE: What happens to the melting point in fatty acids as the hydrocarbon length increases?
a) It increases.

b) It decreases.

c) It stays the same.

d) There is no direct correlation.

PRACTICE: Unsaturated fatty acids:
a) Usually contain a double bond with cis stereochemistry.
b) Are found in both plants and animals.
c) Sometimes contain multiple double bonds.
d) Have lower melting points than the analogous saturated fatty acids.
e) All of the above are correct.
PRACTICE: Compared to unsaturated fatty acids, saturated fatty acids have:
a) Longer carbon chains.

d) Lower melting points.

b) Shorter carbon chains.

e) Looser packing of their hydrocarbon chains.

c) More double bonds.

f) Tighter packing of their hydrocarbon chains.

PRACTICE: Which of the following are correct with regard to saturated fatty acids?
a) They are generally solid at room temperature.
b) The carbon backbone contains at least one double bond, creating a kink in the chain.
c) Come primarily from vegetable products.
d) They are only hydrocarbon chains, making them liquids at room temperature.
e) Cannot be present in other lipids, such as phospholipids.

PRACTICE: Match each of the fatty acids with the appropriate melting point:
a) CH3(CH2)18COOH ______
b) CH3(CH2)14COOH ______
c) CH3(CH2)10COOH ______
d) CH3(CH2)7CH=CH(CH2)7COOH ______
e) CH3(CH2)4CH=CH-CH2-CH=CH(CH2)7COOH ______

Melting Points:

Room Temperature:

13C

25C

45C
-5C
76C
63C
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CONCEPT: FATTY ACID NOMENCLATURE
Several Fatty Acid Nomenclature Systems
●Common Name: Oleic Acid.
●Systematic Name: 9-Octadecenoic Acid.
●______________ Name: 18:19
Shorthand Naming of Fatty Acids
●Fatty acids can be assigned shorthand names using the following _____-step process.
1) Count the total # of _____________ atoms in the fatty acid.
2) Count the total # of _____________ bonds in the fatty acid (if any).
3) Separate the 1st and 2nd #’s by a __________ (# of carbon atoms : # of double bonds).
If necessary

4) Indicate presence & location of any double bonds with a superscript on the Greek letter _________ ().
□ Superscript indicates the _____________ numbered carbon forming each double bond.

EXAMPLE: Provide the shorthand name for the following fatty acid.

PRACTICE: What is the shorthand name for the fatty acid shown below?
a) 16:1 (7) Palmitoleic acid.
b) 16:1 (9) Palmitoleic acid.
c) 18:1 (9) Palmitoleic acid.
d) 16:0 (9) Palmitoleic acid.
e) 16:1 (10) Palmitoleic acid.
PRACTICE: Arrange the following fatty acids from lowest

highest melting point: 18:19 ; 18:0 ; 18:39,12,15 ; 18:29,12

a) 18:39,12,15 ; 18:29,12 ; 18:19 ; 18:0
b) 18:0 ; 18:39,12,15 ; 18:29,12 ; 18:19
c) 18:19 ; 18:0 ; 18:39,12,15 ; 18:29,12
d) 18:0 ; 18:19 ; 18:29,12; 18:39,12,15
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CONCEPT: FATTY ACID NOMENCLATURE
PRACTICE: Use the provided shorthand name to draw the structure of the fatty acid myristate (14:0).

PRACTICE: Draw the structure of the fatty acid 24:25,9.
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CONCEPT: OMEGA-3 FATTY ACIDS
Omega Fatty Acids
●Omega (_____)-Fatty Acids: unsaturated fatty acids classified by first double bond, numbering from the _____ carbon.
□ Omega naming system is used to highlight biologically relevant features & differences.

Omega-3 Fatty Acids
●-______-Fatty Acids: fatty acids with a double bond located at the ______rd carbon, counting from the  carbon.
□ ________________ in human diet for normal growth.
□ Linked to ___________________ risk of cardiovascular disease, heart attacks & blood clots.
●-3-fatty-acids are common in vegetable oils, cold-water __________ (like salmon), & marine algae.
EXAMPLE: -3-Fatty-Acids: -Linolenate, Eicosapentaenoate (EPA), & Docosahexaenoate (DHA).

●-______-Fatty Acids: fatty acids with a double bond located at the ______th carbon, counting from the  carbon.
PRACTICE: Select all that apply. What do the terms omega-3 (ω-3) and omega-6 (ω-6) indicate about their structures?
a) In ω-6 fatty acids, the carbon backbone is six carbons in length.
b) In ω-6 fatty acids, the double bond nearest the ω methyl group is six carbons along the chain.
c) In ω-3 fatty acids, the double bond nearest the α carbon is three carbons along the chain.
d) In ω-3 fatty acids, the carbon backbone is three carbons in length.
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PRACTICE: Assuming the standard shorthand naming system is used, which of the following is an omega-3 fatty acid?
a) 20:114.

b) 18:39,12,15.

c) 20:13,12.

d) 18:29,12.

PRACTICE: Draw the structure of docosahexaenoic acid (22:64,7,10,13,16,19) and indicate what type of omega fatty acid it is.
a) Omega-3 fatty acid.
b) Omega-6 fatty acid.
c) Omega-9 fatty acid.
d) Omega-4 fatty acid.

PRACTICE: Which of the structures below is an example of an omega-3 polyunsaturated fatty acid?
a) A.

b) B.

c) C.

d) D.
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CONCEPT: TRIACYLGLYCEROLS
●Glycerolipids: lipids with fatty acid chains linked to a _____________ molecule.

Triacylglycerols
●______acylglycerols (Triglycerides): lipids with ______ fatty acid chains linked to a single _____________ molecule.
□ Fatty acids linked to glycerol via _________ linkages formed by ___________________ synthesis reactions.
●Fatty acid chains of triglycerides can either be _____________ or different from each other.
□ ___________ triacylglycerols: contain 3 identical fatty acids.
□ ___________ triacylglycerols: contain a mixture of fatty acid.

PRACTICE: What type of bond connects the fatty acid chains to the #1, #2, and #3 positions of glycerol in triacylglycerols?
a) Phosphodiester bonds.

c) Ether Bonds.

b) Disulfide bonds.

d) Ester Bonds.

e) Dehydration Bonds.
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CONCEPT: TRIACYLGLYCEROLS
PRACTICE: Draw the structure of a triacylglycerol that contains all 18:0 fatty acids. Is this a simple or mixed triacylglycerol?
a) Simple triacylglycerol.
b) Mixed triacylglycerol.

Triacylglycerol Functions
●Triacylglycerols primarily function in long-term _______________ of fatty acids.
□ Fatty acids can be completely oxidized to provide more ______________ per unit mass than carbohydrates.
□ Can also serve as thermal insulators under the skin to maintain body ___________________.
●_________________ (Fat cells): specialized cells that synthesize & store triacylglycerols.
EXAMPLE: Triacylglycerol Functions.

PRACTICE: The function(s) of triacylglycerols in animals include:
a) Storage for long-term energy.
b) Encoding genetic information.
c) Short-term energy storage.
d) Thermal insulation of body temperature.
e) A and D.
f) A & C.
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CONCEPT: GLYCEROPHOSPHOLIPIDS
Phospholipids
●_____________lipids: a large class of lipids that contain ≥ 1 phosphate.
□ Major component of ALL cell _________________.
□ Contain at least one fatty acid linked to a phosphorylated “_______________.”
□ If the phosphorylated “platform” is a _____________ molecule, then it is a glycerophospholipid.

Glycerophospholipids
●_____________-phospho-lipids (or Phosphoglycerides): lipids with a glycerol-3-phosphate attached to _____ fatty acids.
□ A phosphodiester linkage can attach other variable head groups (-X) that are usually ___________.
□ This makes glycerophospholipids ______________________ & suitable for biological ___________________.
EXAMPLE: Glycerophospholipids/Phosphoglycerides/Phosphoacylglycerols.
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CONCEPT: GLYCEROPHOSPHOLIPIDS
Classes of Glycerophospholipids
●Glycerophospholipids are _________________ according to their variable head group (-X).
□ Different variable head groups dictate structure & _______________ of the glycerophospholipid.
□ Fatty acid chain length & degree of saturation can also ___________ among molecules in each class.
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CONCEPT: GLYCEROPHOSPHOLIPIDS
PRACTICE: A certain glycerophospholipid is made of glycerol, two fatty acids, and ethanolamine. What components does
the carboxylic ester linkage connect?
a) Phosphate and ethanolamine.
b) Glycerol and fatty acids.
c) Fatty acids and phosphate.
d) Glycerol and ethanolamine.
e) There are no ester linkages is the glycerophospholipid.
PRACTICE: Phosphatidate is a glycerophospholipid formed from:
a) Glycerol-3-phosphate and two fatty acid chains.
b) Glycerol-3-phosphate and two free fatty acids.
c) Glycerol and two fatty acid chains.
d) Pyruvate and triacylglycerol.
PRACTICE: Which of the following is not a common headgroup of glycerophospholipids?
a) Ethanolamine.

c) Serine.

b) Choline.

d) Threonine.

e) Hydrogen atom.

PRACTICE: Which of the following is a major component of a cell’s plasma membrane?
a) Triglyceride.

c) Waxes.

e) Lipid Vitamins.

b) Phosphatidylcholine.

d) Eicosanoids.

PRACTICE: What is the name of the glycerophospholipid shown below?
a) Phosphatidylglycerol.
b) Phosphatidylethanolamine.
c) Phosphatidate.
d) Phosphatidylserine.
e) Phosphatidic Acid.
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CONCEPT: SPHINGOLIPIDS
Clutch Prep Lipid Map

Sphingosine
●___________________: an unsaturated ______-carbon amino alcohol (with a trans double bond).
□ Derived from the fatty acid palmitate & a _________ amino acid.
□ Sphingosine’s C1, C2 & C3 are structurally analogous to _____________’s carbons in glycerophospholipids.
□ Sphingosine can be modified to contain variable head groups (-X).

Sphingolipids
●______________lipids: lipids containing a __________________ molecule (or one of its derivatives) instead of a glycerol.
□ Only one, variable fatty acid is attached to sphingosine’s C2 via an ____________ linkage.
□ 2nd most abundant lipids in eukaryotic cell membranes.
□ The variable head group (-X) is attached via either a phosphodiester or a glycosidic linkage.
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CONCEPT: SPHINGOLIPIDS
PRACTICE: Which is a characteristic of all sphingolipids?
a) They all contain a fatty acid joined to glycerol.
b) They all contain a long-chain alcohol joined to isoprene.
c) They all contain the ceramide base joined to a variable polar head group.
d) They all contain a carbohydrate joined to a phosphate group.

PRACTICE: Which component is found in all sphingolipids?
a) A carbohydrate.
b) A negative charge.
c) A phosphate group.
d) An amino alcohol.
e) All the above are found in all sphingolipids.
f) None are found in sphingolipids.

PRACTICE: Which of the following is true about sphingolipids?
a) They are all phospholipids.
b) They all contain a carbohydrate backbone.
c) They can have either a phosphodiester or a glycosidic linkage to their polar head group.
d) The all contain a glycerol molecule backbone.
e) None of the above are true.
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CONCEPT: SPHINGOPHOSPHOLIPIDS
●Sphingophospholipids: sphingolipids covalently attached to a ________________ group.

Sphingomyelins: the Most Common Sphingolipids
●______________________: sphingophospholipids with either a phosphocholine or a phosphoethanolamine head group.
□ Amphipathic molecules & the most common sphingolipid.
□ Primary structural components of the membranous ____________ sheath surrounding nerve cell axons.

PRACTICE: Label the following as relating to (A) sphingophospholipids, (B) glycerophospholipids, or (C) triacylglycerols.
a) Contains two variable fatty acids: ______

d) Commonly utilized for obtaining energy: ______

b) Does not contain a phosphate group: ______

e) Formed from glycerol and three fatty acids: ______

c) Contains an amide linkage: ______

f) Has a sphingosine backbone: ______
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CONCEPT: SPHINGOGLYCOLIPIDS
●Sphingoglycolipids: sphingolipids covalently attached to a ___________________ (sugar) group.

Cerebrosides & Globosides
●_______________________: sphingoglycolipids with a single __________ residue as the head group.
□ Typically found in membranes of nerve & brain tissue (Cerebro = Head).
□ Globosides: sphingoglycolipids with ≥ ______ sugar residues as the head group.
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CONCEPT: SPHINGOGLYCOLIPIDS
Gangliosides
●_____________________: sphingoglycolipids with a complex & branched oligosaccharide as the head group.
□ These oligosaccharides contain ≥ 1 ___________ acid residue, typically N-acetylneuramic acid (Neu5Ac).
●Defects in ganglioside metabolism lead to many different diseases, including _______-___________ disease.
EXAMPLE: Ganglioside Structure.

PRACTICE: Sphingosine is not a component of:
a) Sphingomyelin.

c) Cerebrosides.

b) Ceramide.

d) Gangliosides.

e) Phosphatidylcholine.

PRACTICE: Tay Sachs disease is caused by an inability to degrade:
a) Sphingosine.

c) Ceramide.

b) Gangliosides.

d) Dipalmitoyl phosphatidyl choline.

e) Carbohydrates.

PRACTICE: Which of the following is true regarding a ganglioside?
a) It has 3 hydrocarbon tails.
b) It is the most abundant membrane lipid molecule.
c) It is a sterol lipid.
d) It contains oligosaccharides with one or more sialic acid residues.
e) It is found in myelin sheath cells.
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CONCEPT: SPHINGOLIPID RECAP

Reviewing Classes of Sphingolipids
●Sphingolipids are _________________ according to their variable head group (-X).
□ Different variable head groups dictate the structure & _______________ of the sphingolipid.
□ Fatty acid chain length & degree of saturation can also ___________ among molecules in each class.
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CONCEPT: SPHINGOLIPID RECAP
PRACTICE: Which of the following is TRUE of sphingolipids?
a) They always contain glycerol and fatty acids.
b) They may be charged, but are never amphipathic.
c) Phosphatidylcholine is a typical sphingolipid.
d) They contain only one esterified variable fatty acid.
e) Cerebrosides, globosides and gangliosides are sphingolipids.

EXAMPLE: Appropriately match each of the following six lipid molecules with one of the listed types of lipids:
Cerebroside, Phosphatidylserine, Triacylglycerol, Sphingomyelin, Linoleate, Phosphatidylglycerol.
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PRACTICE: Match the following lipid types with the correct description.
a) Fatty acid. _____

1. Membrane lipids with a glycerol backbone.

b) Triacylglycerol. _____

2. Phospholipid especially common in nerve cells.

c) Phospholipid. _____

3. One of the simplest forms of a glycolipid.

d) Sphingosine. _____

4. Lipids covalently attached to carbohydrate groups.

e) Glycerophospholipid. _____

5. Chains of hydrogen-bearing carbon atoms with a carboxylic acid.

f) Sphingomyelin. _____

6. Complex glycolipids with a sialic acid residue.

g) Glycolipid. _____

7. A complex amino alcohol backbone for membrane lipids.

h) Cerebroside. _____

8. Major class of membrane lipids.

i)

9. Long-term storage form of fatty acids.

Ganglioside. _____
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CONCEPT: WAXES
●______________: lipids with long-chain fatty acids __________-linked to molecules that used to be long-chain alcohols.
□ Weak polar groups are “overpowered” by long, non-polar tails, making them insoluble.
□ ___________ melting points (solids at room temperature).
●Waxes have a large variety of functions.
□ Dual Water-proofing.

□ Protective Coat.

□ Used in lotions, ointments & polishes.

EXAMPLE: Triaconatanoylpalmitate (major component of Bees Wax).

PRACTICE: Which of the statements regarding waxes is FALSE?
a) Waxes generally have melting points above room temperature.
b) Waxes are soluble molecules in water.
c) Waxes are used as protective coatings against dehydration and parasites.
d) Waxes are esters of long-chain fatty acids and long-chain alcohols.
PRACTICE: Biological waxes are:
a) Esters of long-chain fatty acids with a sphingolipid.
b) Esters of glycerol and a long-chain alcohol.
c) Esters of glycerol and three long-chain fatty acids.
d) Esters of a long-chain fatty acid with a long-chain alcohol group.
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CONCEPT: EICOSANOIDS
●___________________: lipids derived from C20 polyunsaturated fatty acids, like arachidonic acid (20:4 D5,8,11,14).
□ Name derived from Greek word “eikosi” = _______.
●_______ classes of eicosanoids: 1) Prostaglandins.

2) Thromboxanes.

&

3) Leukotrienes.

Eicosanoid Functions
●Eicosanoids: wide _____________ of functions, but usually act as special types of hormones.
●_________________: signaling molecules released by a cell/gland that can travel & affect distant cells in other areas.
□ Eicosanoids function as ____________ hormones (act only on nearby cells in the vicinity of its synthesis).
□ Act at ________ concentrations & tend to decompose within a few seconds/minutes, limiting their travel.

1) Prostaglandins
●______________________ (PG): contain a _____-carbon ring (cyclopentane).
□ Many functions include regulating pain/fever/inflammation, affecting blood flow & smooth muscle contractions.
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2) Thromboxanes
●______________________: have a _____-membered ring with an ether.
□ Produced by platelets (or thrombocytes) & act in formation of blood _________ & reducing blood flow to the clot.

3) Leukotrienes
●Leuko____________: have _____ conjugated double bonds.
□ Predominantly expressed by ____________________ (white blood cells).
□ Function as powerful biosignals (ex. Leukotriene D4 induces strong smooth muscle contraction of __________).
□ Allergic reactions can trigger leukotriene synthesis, leading to an _____________ attack.

PRACTICE: Which of the following fatty acids is the precursor to the eicosanoids?
a) Arachadonic Acid.
b) Palmitic Acid.
c) Steric Acid.
d) Oleic Acid.
e) Carboxylic acid.
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PRACTICE: Which of the following is true regarding eicosanoids?
a) All eicosanoids contain three conjugated double bonds.
b) All eicosanoids contain arachidonic acid and sphingosine.
c) Prostaglandins and leukotrienes both contain a ring structure.
d) Thromboxanes, prostaglandins & leukotrienes all contain a carboxyl group.
PRACTICE: Which of the following is true about thromboxane?
a) Raises body temperature leading to intense fever.
b) Promotes platelet aggregation and blood clotting.
c) Promotes inflammatory responses & regulates excretion of salt & water.
d) It is an isoprene-based lipid.
e) It is a glycerophospholipid.
PRACTICE: Prostaglandins are local regulators whose chemical structure is derived from:
a) Oligosaccharides.
b) Fatty Acids.
c) Steroids.
d) Amino Acids.
e) Isoprenoids.
PRACTICE: Non-steroidal anti-inflammatory drugs (NSAIDS), like aspirin & ibuprofen, lower body temperatures by blocking
production of which eicosanoid?
a) Biological waxes.
b) Prostaglandins.
c) Sphingolipids.
d) Vitamin D.
e) Cholesterol & other isoprenoids.
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CONCEPT: ISOPRENOIDS
●_______________________: lipids constructed from ≥ 2 units with the same carbon skeleton of ______________.
□ Isoprene (2-____________-1,3-butadiene): a ______-carbon molecule.
●Isoprenoids include: 1) _______________/Terpenoids,

2) ______________,

&

3) Lipid _______________.

Terpenes & Terpenoids
●________________: simple, linear isoprenoids with structures that more clearly reveal they’re derived from isoprene units.
●____________________: more complex isoprenoids derived from extensively modified terpenes.
□ Have additional functional groups & tend to be cyclic compounds.
●Generally, in simple terpenes/terpenoids, the #-of-methyl-group-__________________ reveals the #-of-isoprene-units.
EXAMPLE: Terpenes & Terpenoids.

PRACTICE: How many isoprene units are present in the terpene molecule shown below?
a) 2.

b) 3.

c) 1.

d) 8.

e) 5.

f) 6.
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CONCEPT: STEROIDS:
●________________: isoprenoid lipids with a core 17-carbon tetracyclic ring structure called gonane.
□ Steroid gonane core has four rings fused together: ______ six-membered-rings & ______ five-membered-ring.
□ Biosynthetically derived from ______________ units (although it may not always be structurally obvious).
□ Sterols: steroids with ≥ 1 _________________ group (-OH).

Cholesterol: our Most Abundant Steroid
●___________________: a lipid sterol with a C3 hydroxyl (-OH) & a C17 hydrocarbon side chain.
□ The most abundant steroid in _______________, found in animal cell membranes.
□ Derived from cyclization of the terpene lipid molecule called ________________.
□ Cholesterol is a precursor molecule for _________ acids (like cholic acid) which help digest fats.

PRACTICE: Which of the following structures is a sterol?
a) A.

b) B.

c) C.

d) D.
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CONCEPT: STEROIDS
Membrane Functions of Cholesterol
●Cholesterol’s regulation-effect on animal cell membrane fluidity is dictated by ________________________:
1) At ____ temp. (membranes risk being too fluid), so cholesterol _____ membrane fluidity & _____ rigidness/viscosity.
2) At ____ temp. (membranes risk being too rigid), so cholesterol _____ membrane fluidity & _____ rigidness/viscosity.

PRACTICE: Cholesterol is essential for normal membrane functions because it:
a) Cannot be made by higher organisms, like mammals.
b) Spans the thickness of the entire bilayer.
c) Helps regulate membrane fluidity.
d) Catalyzes protein synthesis outside of the cell.
e) Plugs up the cardiac arteries of older men.

PRACTICE: What is the effect of cholesterol in a membrane?
a) Increases membrane fluidity by preventing acyl chain packing.

c) Both a & b.

b) Reduces membrane fluidity acyl chain movement.

d) Neither a or b
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CONCEPT: STEROID HORMONES
●Cholesterol is a _______________ for steroid hormones.
●_________________: signaling molecules released by a cell/gland that can travel & affect distant cells in other areas.
●Steroid Hormones can be classified into ______ groups according to the physiological responses they evoke:
Gonads

1) Androgens: control sexual development in males (ex. testosterone).

Gonads

2) Estrogens: control sexual development in females (ex. estradiol).

Gonads

3) Progestins: controls the menstrual cycle & pregnancy in females (ex. progesterone).

Adrenal Cortex 4) Glucocorticoids: helps control carbohydrate, protein & lipid metabolism (ex. cortisol).
Adrenal Cortex 5) Mineralocorticoids: regulates kidney excretion of salt & water (ex. aldosterone).
EXAMPLE:

PRACTICE: Each of the following can be synthesized from cholesterol EXCEPT:
a) Glucose.

b) Progesterone.

c) Cholic acid.

d) Testosterone.

e) Estradiol.

PRACTICE: Identify the molecule derived from sterols.
a) Arachidonic acid.

c) Phosphatidylglycerol.

b) Gangliosides.

d) Prostaglandins.

e) Cortisol.

PRACTICE: Which of the following steroid hormones regulates a female’s menstrual cycle?
a) Estrogen.

b) Testosterone.

c) Progesterone.

d) Cortisol.
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CONCEPT: LIPID VITAMINS
●________________: essential compounds required in the diet in small amounts since the organism can’t synthesize them.
●______ general classes of vitamins: 1) Fat-Soluble Vitamins (________ Vitamins).

&

2) Water-Soluble Vitamins.

□ Lipid Vitamins: Vitamins _____, _____, _____ & _____, which are all isoprenoids.
□ These perform a wide variety of functions (not related to membrane structure).

Vitamin A (Retinol)
●Vitamin ____: isoprenoid lipid vitamin critical for proper _____________.
□ Required to form light receptor protein (______________) in rod-cells of the eye.
□ Derived from the precursor molecule β-carotene (which is a terpenoid abundant in ___________).

Vitamin D
●Vitamin D: isoprenoid lipid vitamins critical for regulating ____________ (& phosphorus) metabolism.
□ Requires ultraviolet light (usually from the ________) for their formation/activation.
□ Vitamin D3 increases Ca2+ absorption leading to Ca2+ uptake by bones (_____________ bones).
□ Derived from ___________________.
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CONCEPT: LIPID VITAMINS
Vitamin E (α-Tocopherol)
●Vitamin E: isoprenoid lipid vitamins that serve as __________________, removing highly reactive/dangerous free radicals.
□ As an ant“___”oxidant, it _______________ other important compounds in the cell & helps prevent cancer.

Vitamin K
●Vitamin K: isoprenoid lipid vitamins critical for regulating blood _______________ to heal an injury.
□ Named from the Danish word “___oagulation” = coagulation = clumping/clotting.

Recap of Lipid Vitamins
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CONCEPT: LIPID VITAMINS
PRACTICE: Which of the following is not a fat-soluble lipid vitamin?
a) Vitamin K.

c) Vitamin A.

b) Vitamin D.

d) Vitamin B.

e) Vitamin E.

PRACTICE: What is another name for Vitamin A?
a) Vitamin B.

c) Retinol.

e) Rhodopsin.

b) Carotene.

d) α-Tocopherol.

f) Isoprene.

PRACTICE: Severe deficiency in which vitamin could lead to blindness?
a) Vitamin H.

b) Vitamin C.

c) Vitamin K.

d) Vitamin E.

e) Vitamin A.

PRACTICE: Severe deficiency in which vitamin could lead to rickets, a disease characterized by weakened, brittle bones?
a) Vitamin C.

b) Vitamin D.

c) Vitamin A.

d) Vitamin K.

e) Vitamin E.

PRACTICE: Two well-known anticoagulants, dicumarol & warfarin, inhibit function of which of the following vitamins?
a) Vitamin K.

b) Vitamin E.

c) Vitamin C.

d) Vitamin A.

e) Vitamin B.
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CONCEPT: BIOLOGICAL MEMBRANES
●Recall: In aqueous solution, amphipathic lipids spontaneously aggregate via the _____________________ effect.
□ Leads to formation of micelles, liposomes (or vesicles), & lipid bilayers.
□ ____________- & ____________- phospholipids have optimal shapes/geometry to form lipid bilayers.

One-layer = Leaflet or Sheet
Extracellular (outer) & cytosolic (inner) leaflets

Biological Membranes
●Biological membranes: lipid bilayers with other membrane-embedded molecules (ex. ____________).
□ Fluid Mosaic Model: biological membranes are _________ & a ____________ membrane-embedded proteins.
□ Comprised of 20-80% ________________ by mass.
□ Membrane lipid composition ____________ from cell-to-cell, from sheet-to-sheet, & between different organelles.
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CONCEPT: BIOLOGICAL MEMBRANES
PRACTICE: Membranes are a fluid mosaic of what components?
a) Proteins, cholesterol, and triacyglycerols.
b) Phospholipids, proteins, and cholesterol.
c) Phospholipids, nucleic acids, and cholesterol.
d) Eicosanoids, proteins, and phospholipids.

PRACTICE: Which of the following lipids would likely not be involved in a lipid bilayer structure?
a) Phospholipid.

d) Sphingolipid.

b) Cholesterol.

e) Triacylglyceride.

c) Glycolipid.

f) Glycerophospholipid.

PRACTICE: Membrane components within a lipid bilayer are held together primarily by:
a) Hydrogen bonds.
b) Covalent bonds.
c) Disulfide bonds.
d) Hydrophobic interactions.
e) Electrostatic interactions.
f) All of the above.
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CONCEPT: PHYSICAL PROPERTIES OF BIOLOGICAL MEMBRANES
Lateral & Transverse Diffusion
●_______ types of lipid diffusion describe the fluid-like motion of lipids within a bilayer:
1) ________________ Diffusion: uncatalyzed, lateral movement of lipids along the same sheet of a lipid bilayer.
□ Extremely __________ lateral movement.
2) Transverse (or “______-flop”) Diffusion: catalyzed transfer of lipids across to the opposite sheet of a lipid bilayer.
□ Extremely ___________ process (could take days without an enzyme).
□ Slow rate allows inner & outer sheets of membranes to maintain _________________ lipid compositions.
EXAMPLE: Lateral vs. Transverse Diffusion.

Enzymes Catalyzing Transverse Diffusion
●________ types membrane-embedded-________________ catalyze transverse diffusion:
1) _______pase: flips lipids from the outer sheet to the _________ sheet.

ATP

2) _______pase: flops lipids from the inner sheet to the ________ sheet.

No ATP

3) _________ase: scrambles lipids in either direction across the bilayer, down the concentration gradient.
1)

2)

3)
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PRACTICE: The mobility of lipids in membranes is best described by:
a) Slow lateral diffusion and slow transverse diffusion.

c) Fast transverse diffusion and slow lateral diffusion.

b) Fast lateral diffusion and slow transverse diffusion.

d) Fast lateral diffusion and fast transverse diffusion.

Transition Temperature of Lipid Bilayers
●__________________ (or Melting) Temperature (Tm): the temperature where a membrane loses/gains its ____________.
□ At temps > Tm, membrane transitions from a thick, gel-like to a __________-like viscosity.
□ The more fluid-like, the __________ permeable the membrane is.
□ Membrane transition temperatures primarily dictated by same ______ factors affecting a fatty acid’s melting point.

PRACTICE: The fluidity of a bilayer is generally increased by:
a) The binding of water to the fatty acyl side chains.
b) An increase in fatty acid chain length.
c) An increase in the number of double bonds in the fatty acid hydrocarbon chains.
d) A decrease in temperature.
PRACTICE: The transition temperature, Tm, for a sample cell's membrane was found to be much higher than a reference
cell's membrane. What can be said about the membrane contents based on this experiment?
a) The sample cell is likely to have a higher cis-fatty acid content than the reference cell.
b) The sample cell is likely to have lower saturated fat content than the reference cell.
c) The sample cell is likely to have more polyunsaturated fatty acids than the reference cell.
d) The sample cell is likely to have higher saturated fat content than the reference cell.
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PRACTICE: Which of the following would increase the transition temperature of a membrane?
a) A decrease in the fatty acid tail length.
b) An increase in the number of double bonds in the fatty acid chains.
c) Loose packing of fatty acid tails.
d) Free fatty acids in the environment.
e) None of the above would increase the transition temperature.
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CONCEPT: TYPES OF MEMBRANE PROTEINS
●_______ main types of membrane-associated proteins:
1) ____________: noncovalently integrated proteins that usually span the entire lipid bilayer.
2) _______________: proteins on the periphery (perimeter) of the lipid bilayer.
□ ________-___________: peripheral lipoproteins covalently anchored to lipid groups within the bilayer.
EXAMPLE: Types of Membrane-Proteins.

PRACTICE: Which of the following are covalently attached to lipid molecules in the cell membrane?
a) Integral proteins.

b) All membrane proteins.

c) Peripheral proteins.

d) Lipid-anchored proteins.

Membrane Protein Functions
●Membrane-associated proteins can perform a wide ____________ of functions, including the following:
1) ____ecognition- markers for cell identification.
2) ____nchorage- attachment proteins to the ECM and cytoskeleton.
3) ____ransduction – receptors for signal-transduction pathways.
4) ____ransport- Molecular transport across the membrane.
5) ____inkage- Connects two cells together via protein linkages.
6) ____nzymes- Carries out a variety of enzymatic processes.
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CONCEPT: INTEGRAL MEMBRANE PROTEINS
●Recall: ____________-Membrane-Proteins: integrated (or membrane-embedded) proteins that are firmly anchored.
□ ____________ associated via LOTS of ____________________ interactions.
□ Hydrophobic environment within membranes stabilize _____-helix structure.
□ Contain ≥ _____ transmembrane-spanning domains (connected by loops at the membrane surface).
EXAMPLE: Integral-Membrane-Proteins.

PRACTICE: Which of the amino acids of an integral membrane protein is most likely to be found contacting the membrane?
a) Gly.

b) Gln.

c) Glu.

d) Ala.

e) Asp.

Porins & β-barrel Motifs
●____________: class of integral membrane proteins that contain a ____-barrel motif & function as pores or channels.
□ ____-Barrel: hollow cylinder of anti-parallel β-sheets with a hydrophilic __________ & hydrophobic
___________.
□ Allows passage of specific _________ molecules through bacterial & mitochondrial/chloroplast membranes.
Mitochondrion

β-Barrel

Chloroplast
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CONCEPT: INTEGRAL MEMBRANE PROTEINS
PRACTICE: Which of the following statements about integral proteins is NOT correct?
a) They are firmly associated with the membrane.
b) They contain hydrophobic regions that interact with hydrophobic lipid tails.
c) They can be easily extracted/separated from lipid membranes by just a relatively small change in the pH.
d) They commonly contain α-helices or multi-stranded β-barrels.

PRACTICE: Integral membrane proteins are proteins that:
a) Loosely associate with the membrane.
b) Can be released from the membrane by slightly changing the pH.
c) Can be released from the membrane by slightly changing the ionic strength of the solution.
d) Penetrate or span the membrane.

PRACTICE: In the hydrophobic environment of a membrane, the α-helix of a protein folds such that the outer surfaces
contain mostly _________________ amino acids, while _________________ amino acids are mostly buried on the inside.
a) Non-polar ; Hydrophobic.
b) Polar ; Hydrophilic.
c) Hydrophobic ; Non-polar.
d) Polar ; Hydrophobic.
e) Non-polar ; Hydrophilic.
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CONCEPT: PERIPHERAL MEMBRANE PROTEINS
●Recall: Peripheral-Membrane-Proteins: on the periphery (________________) of the lipid bilayer.
□ Loosely associated with either side of membrane via ________________ interactions & ____________ bonding.
□ Associate with polar headgroups of phospholipids _____ exposed surface of integral proteins.
●Amphitropic Proteins: peripheral membrane proteins that can also be found diffused in the ____________.
EXAMPLE:

PRACTICE: Peripheral membrane proteins:
a) Penetrate deeply into the lipid bilayer.
b) Can only be released from membranes by disrupting membrane structure via treatment with detergents.
c) Are non-covalently bound to membrane lipids or integral proteins.
d) Consist of β-barrels forming a hollow cylinder that creates a pore within the membrane.
e) Are covalently attached to carbohydrates that span the bilayer.
PRACTICE: Label each of the following as a characteristic of (A) Integral and/or (B) Peripheral Membrane Proteins:
a) Could function on either side of the membrane: ___________.
b) Can act as a tunnel through the cell membrane: ___________.
c) Attaches only at the surface of a cell’s membrane: ___________.
d) Extends through all or part of the membrane: ___________.
e) Loosely associated with the membrane: ___________.
f) Can act as amphitropic proteins: ___________.
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CONCEPT: LIPID-LINKED MEMBRANE PROTEINS
●Recall: Lipid-Linked-Membrane-Proteins: ________-proteins covalently anchored to ≥ 1 lipid groups within the bilayer.
□ Reversible & relatively _________ association with membrane (in comparison to integral proteins).
□ Some types are exclusively linked to ______ side of the membrane.

Four Types of Lipid-Linked-Membrane-Proteins
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CONCEPT: LIPID-LINKED MEMBRANE PROTEINS
PRACTICE: Prenylated proteins:
a) Are integral membrane proteins.
b) Contain amide linkages to straight-chain fatty acids.
c) Contain ester linkages to straight-chain fatty acids.
d) Are post-translationally modified proteins.
e) None of the above.
PRACTICE: Which of the following is true regarding membrane proteins?
a) Lipid-anchored membrane proteins always face the cell exterior.
b) All peripheral membrane proteins contact the lipid bilayer by covalent attachment to the hydrophilic head groups.
c) A protein with six hydrophobic α-helices is most likely a lipid-anchored membrane protein.
d) β-strands can assemble into a membrane-spanning β-barrel structure.
PRACTICE: Which of the following lipid-linked proteins are located primarily on the exterior surface of the membrane?
a) Prenylated proteins.

d) GPI-linked proteins.

b) Myristoylated proteins.

e) Farnesyl-linked proteins.

c) Plamitoylated proteins.
PRACTICE: Which of the following membrane proteins would have the strongest anchoring attachment to a membrane?
a) Fatty acid, palmitoyl (16 Carbon)-linked membrane protein.
b) Fatty acid, myristoyl (14 Carbon)-linked membrane protein.
c) Glycosyl phosphatidylinositol (GPI)-linked membrane proteins.
d) Isoprenoid farnesyl (16 Carbon)-linked membrane protein.
e) Peripheral membrane protein bound my electrostatic interactions.
PRACTICE: Which of the lipid anchor modification(s) is (are) readily reversible with the help of thioesterases?
a) Myristoylation.
b) Palmitoylation.
c) Glycosyl-phosphatidylinositolation (GPI).
d) All of the above.
e) None of the above.
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