Chapter 11 - Lipids

Hydrocarbon derivatives
Defining feature = insdubility in water
Functiors

- Energy storage

- Biological membranes

- Coenzymes

- Electron carries

- Light-absorbing pigments

- Emulsifiers

- Hormones

- Intracellul a messengers

Storage lipids
. Fatty acids
. Triacylglycer ol
. Waxes
. Fatty acids

- Hydrocahbons - 1ack mul tiple hy droxyl groups of carbs
- Similar in oxidation stateto fossi| fud s
- Oxideati on to CO,and H,0 highly exergoni ¢

Structure and nomenclature
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Double bonds = *“ unsaturated”

16:0 Saturated (palmitic acid)
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Most common fatty acids (FA’s) have even numbers
of C' sin unbranched chains o 12-24 carbons

Physical Properties of fatty acids

. Size
. Solubility
. Melting pant

Largely determined by length and degree of
Unsaturation

. Solubility
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Lengh & degree of unsaturation
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Characteridics of commonfatty acids

Carbon Common
Skeleton name

Melting Solubility Solubility
Point Water (mg/d®enzene (mg/

12:00
16:00
20:00
18:01
18:03

Lauric acid 44.2 C 0.063 2600
Palmitic acid 63.1 0.0083 874
Arachidic acid 76.5

Oleic acid 13.4

Linoleic acid -11

Mixture of saturated and
fatty acids unsaturated fatty acids
(e) (@ Fig11.1
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Triacylglycerols- e
storage formsof FA’s
3FA’sineder
linkage with glycerol oj
1-8tearoyl, 2-linoleoyl, 3-palmitoyl glycerol,
a mixed triacylglycerol 9

Triacylglycerols (TAG's) stored asoily
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Mobilized for use as FA's after hydrolysis by lipases
10

Advantages of TAG'svs. polysaccharides

FA’smore reduced

- 2X more enagy relessed per gran

- TAG's hydrophabic

- Reduces extraweight of water assod aed with carb’s
. TAG's can serve as biolagical insulation

- Thick layers under skin and in body cavity
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Many foodscontain TAG’s
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Fatty acids (% of total)

Oliveoil,  Butter,  Beef fat,
liquid soft solid  hard solid

Natural fats at 25 °C
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Waxes

estersof long chain FA’s & long chain alcohols

Beeswax
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Palmitic acid 1-Triacontanol
(a)
Water repellent
Enrergy staes
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Comparative structures
Storage Membrane lipids (polar)
Jns, |
Phospholipids Glycalipids
—— Fatty acid - Fatty acid
\—— Fatty acid | P, | "ieqhar | —— PO, - Choline _—ux.Jf;’H.f.L.ag

Glycer d or sphingosine bac kbore
Membrare lipids have polar head graups
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Lipid functions - Sructura

glycoprotein

Glyeolipid
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Membrane Lipids:
- Glycerophospholipids
- Sphingadlipids
- serds

Oligosaccharide
chains of

habecs)
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Membrane lipids - Glycerophospholipids

Fig11.8

Ether-linked Phospholipids

Specific biolagical roles
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Membrane lipids- Sphingolipids
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Ceramide

Sphingamyelirs, Neutral glycolipids & gangliosid&e20

Sphingomyelin

Ho—cHecH=eH NN NN N

o}
St IAAANANANN
| o CH3
!_ |
CHz—O—I O=CH=CH 2=N*=CH3

o H3

. Phogphacholine or phasphoethand amine head
graup

- No net charge on head group
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Glycosphingolipids - Globosides

HO=CH=CH =CH

AN

o
H_NH_u
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. 20r more sugarsin head graup
. Glc,Ga or GaNac

. Polar, uncharged
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Glycosphingolipids - Cerebroddes

HO—CH—CH =CH
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LHQ—O— Glc

. Single Glucose or Galactose head group
. Uncharged, pdar

22

Gangliosides

HO—CH—CHmCH e NN

CH_NHjN\NW\
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Sialic

acid

. Oligosacc haride head group

. 1ormore Sialic acid resdues (charged)
- GM =1 sidicacid residue
- GD =2 sidic acid resi dues, ec

. Polar, charged
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Biological functions of Sphingolipids
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. Myelin sheath (neur ons)
. Bload groups (O, A, etc)
- Embryonic, tumor development 2

Sterols
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. Structural lipds- presert in most membranes
. Promote fluidity

- Nonpolar hydrocarbm tail

. Polar head group (-OH) 27

Phosphatidylinositol - I ntracellular messenger
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IP3
. Hydrolysisrdleases inositol 145 triphosphaie (1P3)

. IP3 causesrelease of intracellular Ca2*

Phospholipid & Sphingolipid degradation
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Specific lipasesremove FA’ s at particular
positions (C1, C2, C3) in lysossome
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Lipidsas Signals, Coenzymes & Pigments

. Phosgphatidylinositol
. Eicosandds

. Steroid hormones
. Vitamins (A ,D,E,K)
. Ddlichds

. Ubiquinone

. €etc
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. Paracrire hormones - act on cells near synthesis
. Derived from arachidonic acid

. Inflammation, fever, pain, dood pressure

. Synthesis inhibited by NSAIDs (A spirin, tylenol,

. Ca&*and diacylglycerad stimulate pratein kinase C 2

Eicosanoids
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Steroid Hormones

Vitamin A (Retinal)

.- Visual pigment of verterbrate eye
- Hormone - regulates gene expression in epithilia
. Conaumed in diet as 3-carotene or from liver, eggs 33

Vitamin K (Phylloquinone)
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(b)
Vitamin K;: a blood-clotting
cofactor (phylloguinone)

. Similar in gructure to Vitamin E
- Important for bload clot farmation
. Found in green plant leaves

35

Vitamin D (Cholecalciferol)

. Cholesterol derivative
. UV light-induced

trandormation and chemical
modification in liver & kidneys

. Regulates Ca?* metabdigm in -

bone, kidneys & intestine
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Vitamin E (tocopherols)
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Vitamin E: an antioxidant.
. Biological antioxidants
. Substituted aromatic ring w/ isoprenoid sde chain

. Protect membranes from damage which could
cause cell fragility

. Found in eggs, vegetable oils, wheat germ
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Other biologically important lipid derivatives
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- Warfarin - bload clotting
. Ubiquinone/plastiquinore -mitochordrial € carrier
- _Ddlichds - activation d sugars for transfer 3




Lipid analysis

Separation on basis of

solubility and polarity
. Extractionin pdar solvents

- solubility n
. Chromatography

- Diffaenaesin polarity

- Gas-liquid chromaography
. volatility
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Summary

. Lipids

- Water-insol uble cell ular comounds
- Membrane strucurad components

- Energy storage

- Coenzymes, ho mones, signals, €c.

. Simpled lipids = fatty acids

- Long-chan carboxyl icacids (usual y 12-24 cabons)
- Highly reduced

- Saurated or unsaturated

- Doubl ebondsin cis configuration
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. Triacylglycer ds
- 3FA’s esteified to the 3 hydroxyl (-OH) groups of
glycerol
- Simpleor mixed FA’s
- Primarily serve as storage fe's

. Structural Lipids
- Polar heads & nonpolar tails
- Major compon ents of membranes
- Glycerophospholipids
- Sphingolipids
- Steols
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. Biologically active lipds

- Phosphatidy linositol - i ntracellular messenger

- Prostaglandins, thromboxanes & leukotrienes
. Inflammation, bload clatting, immune regponse

- Steroi d hormones

- VitaminsA,D,EK - fundions

- Ubiquinone & plastiquinone- e- carriers

- Dolichols- sugar transfer

. Lipid Analyss

- Solubility (extradion, Gas Chrom aography)
- Polarity (Chromaography)




