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lipids

•  The common and defining feature of which is their 
insolubility in water.

• Hydrophobic or amphiphilic 

2



Importance 

• stored forms of energy

•Structural elements of biological membranes

•electrical insulators

•hormones, and intracellular messengers

•enzyme cofactors, electron carriers, light absorbing 
pigments
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Classification

•Simple lipids
• Fats and Oils (triacylglycerols)
• Waxes

•Complex lipids
• Phospholipids
• Glycolipids
• Sphingolipids 

•Sterols
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Condensation reaction
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Fatty acids 

•hydrocarbon derivatives (carboxylic acids)
• carbons length (C4 to C36).
•even numbers
•Saturated
•One or more double bonds (unsaturated)
•Unconjugated (double bonds, are separated by a 

methylene group)
• cis configuration
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Nomenclature 

• Carbon
• The carbon atoms adjacent to the carboxyl carbon (No. 2, 3, and 4) 

are also known as the α, β, and γ carbons, the terminal methyl 
carbon is known as the ω or n-carbon.

• names of hydrocarbon (saturated acids end in -anoic, 
and unsaturated acids with double bonds end in -
enoic)
• octadecenoic acid (oleic acid)

• the chain length, number of double bonds, positions 
of any double bonds
• 18:2(∆9,12)
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Oleic acid
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α, β, and γ 



Trans fatty acids

• increased blood levels of LDL (bad cholesterol) and 
decreased HDL (good cholesterol)
• French fries, doughnuts, and cookies
• during hydrogenation, or “hardening,” of natural oils

• Improved health
• Dairy products and meat
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Physical properties of the fatty acids

• the length and degree of unsaturation
• solubility of fatty acids in water
• Melting points
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TRIACYLGLYCEROLS (TRIGLYCERIDES)

• Esters of fatty acids with glycerol

•mixed triacylglycerols
• Triacylglycerols that are composed largely of unsaturated 

fatty acids are called oil and those from saturated FA are 
called Fat.

• Stored forms of energy: are highly exergonic
• In vertebrates (adipocytes)
• Germinating seeds

• Insulation
14



15



16



Waxes

• long-chain (C14 to C36) saturated and unsaturated 
fatty acids with long-chain (C16 to C30) alcohols
•Energy Stores 
• Plankton

•Water Repellents
• Birds
• tropical plants
• Lanolin
• beeswax
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Phospholipids
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…Phospholipids

•Derivatives of phosphatidic acid

•Phosphatidic acid as an intermediate 
in the synthesis of phosphoglycerols
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…Phospholipids

• Lysophospholipids as Intermediates in the Metabolism 
of Phosphoglycerols
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…Phospholipids

•Phosphatidylcholines (Lecithins) 
• Membrane bilayers
• Surfactant 
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…Phospholipids

•Phosphatidylinositol
• reservoir of messenger molecules
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Some Phospholipids Have Ether-
Linked Fatty Acids
•Heart tissue, membranes of halophilic bacteria, 

ciliated protists, and certain invertebrates
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GLYCOLIPIDS

•Membrane lipids in plant cells
• Chloroplasts Contain Galactolipids and Sulfolipids
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Sphingolipids

•Derivatives of Sphingosine
• long-chain amino alcohol sphingosine
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…Sphingolipids

•Ceramide: The combination of sphingosine plus 
fatty acid

•Ceramide is the structural parent of sphingolipids
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…Sphingolipids

• Phosphosphingolipids
• Sphingomyelins

• Found in the Nervous System

•Glycosphingolipids
• Neutral (uncharged) glycolipids

• They have no charge at pH 7.
• Cerebrosides have a single sugar
• Globosides have two or more sugars

• Gangliosides
• have oligosaccharides as their polar head groups and one or more residues 

of N-acetylneuraminic acid (Neu5Ac), a sialic acid
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…Sphingolipids
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…Sphingolipids

•Glycosphingolipids
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Archaebacteria

•Extreme conditions (high temperatures, low pH, 
high ionic strength)
•Contain Unique Membrane Lipids
• long-chain (32 carbons)
• branched hydrocarbons
• ether bonds

33



Isoprene derivatives

•Sterol
• Cholesterol

• isoprene subunits
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…sterols

•Structural lipids
• Plasma membrane

•precursors for a variety of products with specific 
biological activities
• Steroid hormones
• Bile acids
• as a precursor of vitamin D
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Other isoprene derivatives

• rubber,
• camphor,
• the fat-soluble vitamins A, E, and K, 
•β-carotene (provitamin A).
•Ubiquinone
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Some other biologically active isoprenoid compounds or derivatives



Essential fatty acids (EFA)

•Alpha-linolenic acid (ALA), an omega-3 fatty acid

• linoleic acid (LA), an omega-6 fatty acid
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Essential fatty acids (EFA)

•Structure of cell membranes

•biological processes

•gene expression
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Eicosanoids Carry Messages to Nearby 
Cells
•Signaling molecules made of polyunsaturated fatty 

acids with 20 carbon units in length
•Paracrine hormones
• in a variety of processes important in human 

health or disease
• Reproductive function
• inflammation
• fever and pain
• the formation of blood clots 
• the regulation of blood pressure
• Gastric acid secretion
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Omega 3, 6

•Metabolism
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Omega-3 fatty acids 

•Maintaining the nervous system

•ALA is a precursor of EPA, which is tend not to 
promote inflammation.

• interferes with the conversion of LA to AA and blocks 
the formation of cytokines and blood levels of C-
reactive protein (CRP)
• have biologic effects that make them useful in preventing and 

managing chronic conditions such as type 2 diabetes, kidney 
disease, rheumatoid arthritis, high blood pressure, coronary 
heart disease, stroke, Alzheimer disease, alcoholism and 
certain types of cancer.
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Omega 3, 6 effects
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…Eicosanoids 

•Prostaglandins (PG)
• Five-carbon ring
• PGE: ether-soluble, and 

PGF, for: phosphate 
buffer–soluble
• Each group contains 

numerous subtypes
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…Eicosanoids 

• Thromboxanes
• six-membered ring
• Blood clots and the reduction of blood flow

• Leukotrienes
• Contain three conjugated double bonds
• anaphylactic shock (Overproduction of leukotrienes causes 

asthmatic attacks, hypersensitive to bee stings, penicillin)
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Type Receptor Receptor type Function

PGI2 IP Gs

•vasodilation
•inhibit platelet aggregation
•bronchodilation

PGE2

EP1 Gq
•bronchoconstriction
•GI tract smooth muscle contraction

EP2 Gs

•bronchodilation
•GI tract smooth muscle relaxation
•vasodilation

EP3 Gi

•↓ gastric acid secretion
•↑ gastric mucus secretion
•uterus contraction (when pregnant)
•GI tract smooth muscle contraction
•lipolysis inhibition
•↑ autonomic neurotransmitters [12]

•↑ platelet response to their 
agonists [13] and ↑ atherothrombosis in 
vivo [14]

Unspecified •hyperalgesia[12]

•pyrogenic

PGF2α FP Gq
•uterus contraction
•bronchoconstriction



LIPID PEROXIDATION

• Oxidative 
degradation of lipids
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Antioxidants
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• Butylated 
hydroxyanisole (BHA) 
• Butylated 

hydroxytoluene (BHT) 
• Vitamin E (tocopherol) 
• Urate and vitamin C 
• Beta-carotene 
• Superoxide dismutase, 

catalase, 
and peroxidase



Working with Lipids

• Lipid Extraction Requires 
Organic Solvents
• Neutral lipids are extracted with 

ethyl ether, chloroform, or 
benzene

• Membrane lipids are extracted 
by more polar organic solvents, 
such as ethanol or methanol.

• A commonly extractant is a 
mixture of chloroform, 
methanol, and water (1:2:0.8)

53



54



Lipid extraction
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Separation of Lipids

•Stationary phase: polar 
material such as silica gel

•Mobile phase: washing the 
column with solvents of 
progressively higher 
polarity (chloroform, 
acetone, Methanol.)
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Separation of Fatty Acids

• Gas-liquid chromatography 
separates volatile components of a 
mixture

• heated in a methanol/HCl or 
methanol/NaOH mixture, which 
converts fatty acids esterified to 
glycerol into their methyl esters

• Stationary phase: 

• Mobile phase: an inert gas such as 
helium.

• column is heated
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