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Definition & General Properties
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= A heterogeneous class of naturally occurring organic compounds

= Amphipathic -

* |nsoluble




Classification

= Open chain vs. cyclic structures
= Simple vs. compound, conjugated, and complex lipids

* Function: storage, support, signaling

DERIVED MISCELLANEOUS

|

FATS & WAXES FATTY ACIDS ALCOHOLS

PHOSPHOLIPIDS GLYCOLIPIDS SULFOLIPIDS LIPOPROTEINS

ALTPHATIC HYDROCARBONS TERPENES




Alcohols

* Glycerol: glycerin, glucose derived | ?Hz—ou 2H,0 CHO

= : TS R R HO—CH CH
Covl»oriless viscous oily liquid with sweet taste | Heating, KHSO, ||
— Heating - - CH2~ON s
== . Acrolein
— Trinitroglycerin

— Esterification (mono, di, and triglycerides)

* Sphingosine
— Monohydric

Trinitroglycerin
— Serine & palmitic acid ' -

OH
I

~ CH3—(CH2)12-CH:CH—CH—(|:H—NH2

CH,OH

Sphingosine


http://www.medicalisotopes.com/structures/16880.jpg
http://www.medicalisotopes.com/structures/16880.jpg

Fatty Acids

Open chain mono-carboxylic
acids

R-(CH2)n-COOH (n mostly
even)

N ANNANCANANAN
Mostly straight chain = = 18

3 29 10

Saturated vs. unsaturated
(cis)

Naming 2 6 7 8 9 1011 121314 151617 18 19 20

7 6 5

(b) 20:5(A>311.14.17) Eicosapentaenoic acid (EPA),
an omega-3 fatty acid




Physical Properties

Solubility and melting point

Melting point (°C)
Melting point (°C)

Typical Naturally Occurring Saturated Fatty Acids

Acid Number of Carbon Atoms Formula Melting Point (°C)

Lauric 12 CH;(CH,) ,,CO,H 44
Myristic 14 CH;(CH,) ;,CO.H 58
Palmitic 16 CHs(CH,) 14COH 63 _ e L &% 10 12 14 18 18 20
Stearic 18 CH;(CHs,) ,,CO,H 71 d:tr;l:;::::!s Number of carbon atoms
Arachidic CH;(CH,) 3CO.H 77 :

Typical Naturally Occurring Unsaturated Fatty Acids

Acid Number of Carbon Atoms  Degree of Unsaturation* Formula Melting Point (°C)

Palmitoleic 16 16:1—A® CHj3(CH,);CH=CH (CH,),CO,H

Oleic 18 18:1—A° CH;(CH,),CH=CH (CH,),CO,H

Linoleic 18 18:2—A%12 GG O =CIRCTIL) CH=0 O, ) 00
Linolenic 18 18:3—A%1215 CH;(CH,CH=CH);(CH,);CO.H

Arachidonic 20 20:4—A>8:11.14 CH;(CIL),CH=CH(CH,) 4(CH,):CO.H




Classification (saturated)

i = — ————— = — S

SHORT CHAIN | MEDIUM CHAIN LONG CHAIN

= They are liquid in = = Solids at room

= Occurin hydrogenated

4 nature temperature oils, animal fats, butter & .
= Water-soluble = Water-soluble .
: : coconut & palm oils
= Volatile at room = Non-volatile at :
. | = Non-volatile & water-
temperature room temperature :
_ : insoluble
= Examples: acetic, = Examples: caprylic =
: e : - = Examples: palmitic,
butyric, & caproic acids & capric F.A. '

stearic, & lignoceric F.A.

AceticF.A.(2C) CH,-COOH
Butyric F.A. (4C) CH,-(CH,),-COOH

Palmitic (16C) CH,-(CH,),,-COOH
Stearic (18C)  CH,-(CH,),,-COOH

Caprylic (8 C) CH,-(CH,),-COOH
Capric (10C)  CH,-(CH,),-COOH

Caproic F.A. (6C) CH,-(CH,),-COOH

Lignoceric (24C) CH,-(CH,),,-COOH




Classification (unsaturated)

S — = = = = — ————— s — = S

. Monounsaturated: Palmitoleic acid, Oleic acid

L Ponunsaturated
— More than one double bond
— Essential fatty acids
— Linoleic, Linolenic, and Arachidonic _
e | CH,-(CH, ).CH =CH-(CH,), -COOH
— C18:3A% 235 |
— C20:4A5 811 14 CH,-(CH,),- CH=CH - (CH,),-COOH

* Do not pack closely (Cis)



: e o cHz—n—E—{cHZ}M—cH3
Simple lipids [ ENEG
Neutral - TAGs [N SN
' Tripalmitin
(simple triacylglycerol)

o

» Uncharged due to absence CH,— 0 G (CHy)pp CHy
. . n n 0
of ionizable groups in it cﬂa{cﬂzhc,,:c,,‘cﬂzh_g_o_(::_ﬂ
: L]
CH,—0—C—(CHy);6—CHs

: MOSt d bunda nt ||p|C|S In 1-palmito-2-oleo-3-stearin
nature (mixed triacylglycerol)

o
° T"'z—ﬂ—c—{ﬂﬂzhr':“:

CH;-(CH,)y- GI-I:GH—{GHZ}?—E‘.'.—O—G—H

= Either simple or mixed

o

* Physical: ' CH,~0—C-(CH,);-CH=CH-(CH,);~CH,
1_-Stearc_>-2,3-diolein
— Colorless, odorless & (mixed triacylglycerol)

tasteless
— Specific gravity less than 1

—~ Insoluble | - ..‘..%:gg.

— Atroom temp. (oils or fat) SRR ERE Y



Chemical reactions

= Hydrolysis and saponification (emulsification)

O
]

O
|

HCO—C—R,

O
]

Enzymatic
hydrolysis

H,O0, Lipases

Glycerol

Y
R,COO™
_.I,_
R,COO™
+
R,COO™

Ionized
fatty acid

Saponification

Aqueous NaOH

L Glycerol

Y
R,COO~ Na'
+
R,COO™ Na'
+
R;,COO~ Na’

Sodium salt
of fatty acid




Hard fat

Oils Hydrogen, high pressure, nickeL
(margarine, solid)

(with saturated
fatty acids, e.g., stearic

(liquid)
(with unsaturated
fatty acids, e.g., oleic)

a -5 —~ .
UTIOJcC C U dl (Jd C C U __—-—'6
Trans Fat Yo,/
‘_--- a \ﬂL‘
UL
'!_--;“"56 mg
odiUIT = —— drat®
%Y
PON'T You SELL SURE...WE SELL d I/y a L
ANYTHING WITHOUT CIGARETTES ! " O ,/7 Ve Q@ P 1(\ ©
THE DREADED & 6'/ p\d Ve ‘e&\ \C’C\ :e\
TRANS FATTY ol 4 ®
- \
§ ¢ w
H H
Complete chemical side-effect of chemical
hydrogenation hydrogenation
1A NEWS % O
TRAMS FAT =
LABELS Wow = W HHHHHH
- HHHHH \ I I
IEHEEEE RN S ARy HHHHH Do ddoddadod
e OC=C = = = = = = == == = - C-C-C-C-C- : I | | | | |
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HHHHHHHH H HHHHH
Double bond in the frans configuration



http://www.google.jo/url?url=http://www.learnersonline.com/lol/internet-challenge/the-skinny-on-trans-fats/&rct=j&frm=1&q=&esrc=s&sa=U&ei=PQnDU7zUCsSe0QXuxoDQCQ&ved=0CBgQ9QEwAg&usg=AFQjCNFPq7pIa-aRBuHpl7wiQeWHRNabBQ
http://www.google.jo/url?url=http://www.learnersonline.com/lol/internet-challenge/the-skinny-on-trans-fats/&rct=j&frm=1&q=&esrc=s&sa=U&ei=PQnDU7zUCsSe0QXuxoDQCQ&ved=0CBgQ9QEwAg&usg=AFQjCNFPq7pIa-aRBuHpl7wiQeWHRNabBQ

O

[ ] [ ] [ ] "
Simple lipids CH,(CHy) 4—C—0—CHy—(CHz)s—CHj
Neutral - waxes s Y s
' Palmitic acid Trlacontanol

— = ———

= A monohydric alcohol (C16 ~ C30, higher molecular weight than
glycerol) esterified to long-chain fatty acids (C14 ~ C36)

= Insoluble, indigestible, coatings

Structural Formula Source
O

CH3(CHj)14— C— O —(CH3)29CH3; Honeycomb Candles, shoe polish, wax paper
O

Camauba wax CH3(CHj)4— C— 0O —(CH»)29CH3 Brazilian palm tree Waxes for furniture, cars, floors,

o shoes

Jojoba wax CH3(CHjy)yg—— C— 0O —(CH;)10CH; Jojoba Candles, soaps, cosmetics




Differences between neutral lipids &

waxes
Property Waxes Neutral lipids
. T | Indigestible (not hydrolyzed Digestible (hydrolyzed by
- 17D|gest|b|I|ty e fipass)

2-Type of alcohol

Long-chain monohydric
alcohol + one fatty acid

Glycerol (trihydric) + 3 F.A

3-Type of F.A Mainly palmitic or stearic acid | Long & short chain F.A
4-Acrolein test Negative Positive
s-Natureatroom | . 4 olid Soft solid or liquid
temperature

6-Saponification | Nonsaponifiable Saponifiable
7-Nutritive value | No nutritive value Nutritive

| 8-Example:

Bees wax

Butter & vegetable oils




LIPIDS

Complex lipids SIMPLE

COMPLEX

WAXES

DERIVED MISCELLANEOUS

FATTY ACIDS

|

Slorage
lipids
{meuatral)

l |

Membrane lipids {polar)

OSPHOLIFIDS GLYCOLIFIDS SULFOLIFIDS LIPOPROTEINS

ALCOHOLS

Phospholipads

Triacylglyeerols Glyeeraphospholipids

— Fatty acid —— Fatty acid

Fatty acid Fatty acid

Glyeeral

Glyearal

— Fatty aad — PO,

Aleahal

Sphingohpids

Fatty acid

Ephingozing

—— PO, —— Choline

Ephingosine

Sphingohpids

| aligosaccharide

Glyealipids

Fatty acid

Mono- or
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Nonpolar tails
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= Simplest is phosphatidic acid
Nonpolar tails

Glycero-

Polar head
Polar head
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|

CH, CH, OH 0 CH;=0-=C=R
- | [ : :
L ec lt h 1 ns Ho-? \-ng R-C-0-C- (IA -H |(|) fH-‘
Srad _ CHy CH;-0-P-0- ('u:(]'u2 -N-CH;
(I) CH;

Choline as a nitrogenous base

: e
Most abundant membrane lipid Rdi TS — CH>—CH>—N(CH3)3
Snake venom

Lung surfactant S it

Neutral
Lipids
13%

Surfactant
Proteins
8%




Cardiolipins

= Diphosphatidyl-glycerol

* |nner membrane of mitochondria

(o) ?H
o | | o |
R,—C—O0—C-—H H-C—OH H-C-0-C-R;

I | | o

OH o
Cardiolipin

I
CH,-0-P-0———CH, R,~C-O-CH,




Cephalins or Kephalins

CH.-0—C—R
9 | 2 1
R,—C—O0—

1 -
CH,-0-P-0-CH,-CH>-NH, Ethanolamine

OH' Ho-CcH,-cH—cooH Serine
o-Cephalin |
NH,

HO-CH—CH—COOH Threonine

I |
CH; NH,




Inositides

°

o
R,—C—O0—C—H

0 OH _OH

I

CH,-0-P—— H
L1 4
OH OH

6
o-Phosphatidylinositol OH H

Phosphatidyl-Inositol-4,5- © ||3 ©
bisphosphat:(PIPy) ”




Structures of phospholipids

= Uses of liposomes: delivery
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CH=CH(CH,),9yCH3 CH=CH(CH,),CHg4

Sphingolipids | cHor CHOH
| g = CHNH, 0
| | From
. : , : ; CH,OH CHNHCR =— fatty
= The core: long-chain amino alcohol, sphingosine 2 | acid
= Highestincellsof CNS Sphingosine A ceramide
2. : ; (N-acylsphingosine)

CH= CH(CH,),CHj

Sphingosine i
HO—>CH— CH=CH— (CH3)12—CH;s Fatty acid @)
I
o CHNHCR
| /\/\/\/\/\/\/\/\/\/\/\ o
I ;

CHoOPOCH,CHoN (CHjg)4
Sphingolipid |

(general Amide bond 03

structure) A sphingomyelin




ﬂ—I

: \/\/\/\\/\/\ /\‘/ H
Ceramide g
Sphingosine HJ‘I—- C—H
H=—C-—OH
R—C—O- i
0
F Acid
atty Aci H.0
T
\-/\/\/\/,/\‘-/\-/\- -yC\H
l T C——0OH
H

s e s L —

Ceramide (a sphingolipid) ”
O jpu— Cemn O

H



Classes - Sphingomyelins

A Neuron
node of Ranvier ¥ ° :’,_._.--..-_;./Cell body :
< [/7 M"ye\lin sheatf;
AN A Fatty acid O
Axon = ~ ; Dendrites acyl group Amide link ”
\ (”) ]al H,—O—P—O—CH,CH,N(CH,),
\
CHy(CH,); ;—C--NH—CH O
“w ‘C Bilayer membranes D L|p|d g{g[ |—OH
gh‘\i Extracellular 3% CHL(CHL) {'|[¥Ll'[] Sphingosine
R 8§§$8§%§%8 % e o oot
Dy E ‘ %ﬁ% :o/o?-: A sphingomyelin (a sphingolipid)
le’ Cyt plasmic §o =
X l 5 o
it %% fl% :
l)o_ Extra || lar %’%
m;ss@lmmm 1




CH;(CHi)»-CH=CH-CHOH| ]
‘ : CH3:(CH:)-C{INH-CH > sphingosine
Classes - Glycolipids 0| CH:OR
3 =
: Sphingolipid tvpe | B group
7 7 B _CH:CH(CiH;wCHAsi Ceramide H
H—(|j—OH sphingomyelin phosphecholine
= There are three ‘ i —| Cerebroside monesaccharide (galactose o1
HOCH, H— ¢~ N—CR glucose)
types Of o (|?H2 T Globoside two or more sugars (zalactose.
| linid : glyvcolipids— - = = :
glycolipias oH i glucose, N-acetylglucozamine
R et : Ganglioside three or more sugars includin
HO £ B g
Cerebrosides - e at least one sialic acid
G I O b O S i d e S A Glucocerebroside

; 0
Gangliosides HN-CR

OH OH

Sulfatides G—CH,L—CH—CI ——CH-CH=CH—(CH,),,CH, Ceramide
//_ Sphfi/n&hosino: ~ Fattg acid
CH 3—(CH )4 -CH ——CH —CH —CH —NH ¢ —R,
cH
Ceramide-Glucose-Galgctose-N-acetylgalactosamine-Galactose I S
o ] Galactv:)sel-I :H H
Sialic acid o — y
Monosialoganglioside _
Cerebroside
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Phospholipids and membranes distribution

———— = - — = - — ——— = — = e

* The outer: phosphatidylcholine, sphingomyelin, and glycolipids(cell recognition)

= The inner: phosphatidylethanolamine, phosphatidylserine, and phosphatidylinositol
(signaling) - ' |

Outside of cell

Sphingomyelin Glycolipid Phosphatidylcholine Chaolesterol Exiracellular side

SM PC

—
=
]
=
—
[
=
=¥
=1
E
:
=
o
o
S
ml

Phosphatidylserine  Phosphatidylinositol Phosphatidylethanolamine

Cytoplasmic side
Cytosol




Lipoproteins

= Either structural

— or transport f different types of
lipids (cholesterol, cholesterol
esters, phospholipids &
triacylglycerols) in blood plasma

0

E :
® 85 7 0.95-1006 1 7%<095
-
o R 0
: IDL /0
= 102 80 % 1.006-1.019
15 %
1.06 | 50%
1.019-1.063
Apoprotein 1.10 0% % total lipid
50 v, 1 003-1.21 % total protein
1.20
I I I I | ya
5 20 40 60 80 800

Particle diameter, nm



The precursor The nucleus

\ CHj
|
CHy=C—CH=CH,

Isoprene

Steroids




Cholesterol.

= Vary among tissues

: _ ; ) ~ _ ; =)

[ Acts as a‘ﬂUldlty buffer |n membranes ma kes a Polar head group Hydrocarbon tail
membrane less solid at low temperatures and
more solid at high temperatures

W Inc. temp.
ﬁ

_
Dec. temp.

Fluidlike

T

Membrane
Fluidity

Solidlike

Very regular, Less tightly packed,
Ordered structure Hydrocarbon tails
Disordered.

Temperature —»



Products of
cholesterol

Sterols

Adrenal cortical hormones
Male ahdfemale sex hormones
Vitamin D group

Bile acids

Cholesterol esters

Chalesteryl Ester

Testosterone

Estradiol




Derived fatty acids:
Eicosanoids (icosanoids)

e —————

= all cis-A°,A8,A1t,A4-eicosatetraenoate, CH,(CH,),(CH=CHCH,),(CH,),COO0-

leukotrienes
Linear p air.hu.rangLipn}rfgmase

phospholipids —» arachidonate 4— diacylglycerol
Cyclic path '.-vaj-,rLPG H, Synthase

Prostacyclin JProstaglandin Hz Thromboxane
Synthase l \‘ Synthase

prostacyclins thromboxanes

other prostaglandins




Functions

Prostaglandins
- Inhibition of platelet aggregation

- Blood clotting

Leukotrienes
— Constriction of smooth muscles
— Asthma

Thromboxanes

- — Constriction of smooth muscles

- Platelet aggregation

Prostacyclins

= Aninhibitor of pIatéIet aggregation

— A vasodilator

OH
Prostaglandin E,

7N N\

CH3

Leukotriene B,

6H éH

Prostacyclin (PGl,)



Aspirin and NSAIDS

COO~ S : = - ——

| B \Vembrane lipid "

Acetylsalicylate (aspirin) embrane Ipl S AraChidonic aCid
m Ser = OH‘LT—" g Ser-=0- C CH,
Active Inactive

(ololo

cyclo-oxygenase cyclo-oxygenase |
OH ' .
©’ Phospholipase A2 cox1 X Aspirin X cox2

Thromboxane Prostaglandins

| |

Inhibition of platelet Anti-inflammatory/
aggregation anti-pyretic

Salicylate

ﬂ Inhibition ﬂlnhlbltlon
undesirable desirable
Prostaglandins, [l Leukotrienes

thromboxanes

Gastrointestinal tract
Renal tract
Platelet Function

Macrophage differentiation COX: CyC|Ooxyg enase




Selectives: Celebrex

et = - ——

= A new generation drug, Celebrex, targets COX2, but is prescribed
with a strong warning of side effects on the label
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100 mg celecoxib caps 200




