Chem 352 - Lecture 6
Part I: Lipids

Question for the Day: Why do phospholipids, when placed in water,
spontaneously assemble to form membranes?



Introduction to Lipids

-Lipids are defined by a physical

property instead of a chemical one.

+ Lipids are the non-polar components of a
cell which can be extracted with organic
solvents

+ While all lipids contain a large non-polar
moiety, not all are entirely non-polar.

-Lipids come in many different flavors
(structures and functions)
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Introduction fo Lipids

LIPIDS
Fatty acids Steroids Lipid Terpenes
| vitamins
| | | Isoprenoids
Eicosanoids Triacylglycerols Waxes Sphingolipids
Glycerophospholipids Ceramides
Plausmalogens Phosphatidates Sphingomyelins Cerebrosides
| | | I I Gangliosides
Phosphatidyl- Phosphatidyl- Phosphatidyl- Phosphatidyl- Other Other
ethanolamines serines cholines inositols phospholipids glycosphingolipids
Phospholipids Glycosphingolipids
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Fatty Acids

Glycerophospholipids

Eicosanoids Triacylglycerols

Plasmalogens Phosphatidates

Phosphatidyl- Phosphatidyl-
ethanolamines serines

LIPIDS
@E Steroids Lipid Terpenes
vitamins
| | Isoprenoids
Waxes Sphingolipids
Ceramides
Sphingomyelins Cerebrosides
I I Gangliosides
Phosphatidyl- Phosphatidyl- Other Other
cholines inositols phospholipids glycosphingolipids
Phospholipids Glycosphingolipids
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Fatty Acids

-Fatty acids contain
+ A carboxylic acid group o=c :
+ A long aliphatic chain Vit

3\ Fatty
YCH, acid

2\ Fatty
/6 acyl
CH, group

CH, Hydrocarbon
2\ tail
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Fatty Acids

The carboxyl group
has a pKa of 4-5

+ Is charged at neutral
pH values

+ The salts of fatty acids
are “soaps”

Hydrocarbon

tail

Fatty
acyl
group
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Fatty Acids

The carboxyl group 0° n
has a pKa of 4-5 h —

+ Is charged at neutral 2 Ly
YCH, acid

/4
pH values s CH,
=\ Fatty

+ The salts of fatty acids /8 acy|

CH group
are “soaps” A

CH, Hydrocarbon
9\ tail

li, ‘Q‘ /10
6: \v' CH,
.. 11\

\'U "‘ (DCH3 2 N7 v

Micelle
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Fatty Acids

TABLE 9.1 Some common fatty acids (anionic forms)
Number of Number of Common Melting
carbons  double bonds name IUPAC name point, °C Molecular formula

12 0 Laurate Dodecanoate R CH;(CH,) IOCOO@
14 0 Myristate Tetradecanoate 52 CH;(CH,) 12COO@
16 0 Palmitate Hexadecanoate 63 CH,(CH,),,C00°
18 0 Stearate Octadecanoate 70 CH;(CH,) 16COO@
20 0 Arachidate Eicosanoate 75 CH;(CH,),5CO0®
22 0 Behenate Docosanoate 81 C H‘;(CH') )oOCOOQ
24 0 Lignocerate Tetracosanoate 84 H,(CH,),,CO0°
16 1 Palmitoleate cis-A°-Hexadecenoate —0.5 CH;(CHq)sCH CH(CH,),CO0®
18 1 Oleate cis-A%-Octadecenoate 13 H,(CH, );CH=CH(CH,),CO0®
18 2 Linoleate cis, cis-A%'*-Octadecadienoate -9 CH3(CH2)4(CH=CHCHz)z(CHz)f,COO@
18 3 Linolenate all cis-A%1215_Octadecatrienoate =17 CH,CH,(CH=CHCH,);(CH,)sCO0®
20 4 Arachidonate all cis-A>®1114 Ejcosatetraenoate ~ —49 CH;(CH, )4(CH=CHCHj)4(CH,),C00®
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Fatty Acids

(a) o® (b) 0®© (c) o®
/ / 74
0=cC 0=cC o=c
2\CH z\CH z\CH
/ 2 / 2 / 2
3c\|;|:2H 3c\|:2H 3C\I12H
4 4 4
/ i /0
SC\I-I2 SC\I-I2 sc\|-|2
X XH o on
/ /7 Hoi2 CH: /7
9CH, H—C C 10C=C9
\CH \\C 1C1H 13" H/ \H
10 10C — C
/ : / N\ * % H” }ICHz
“CHz H H2C _CH2 l
\ 12 \ 15 15c\
1ZCH2 Hzc _CH2 17 16// H
/ N v H,C—C
13CH2 Hzc_CHz 2/ \
\ N HsC18  H
14CH, 18CH;
15c/|-|2 Oleate Linolenate
\
16CH,
i monounsaturated polyunsaturated
2
\
1scH; Saturated
Stearate
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Fatty Acids

(a) (b) (c)
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Fatty Acids

(a) (b) (c)
L _— a B

TABLE 9.1 Some common fatty acids (anionic forms)
Number of Number of Common Melting
carbons  double bonds name IUPAC name point, °C Molecular formula

12 0 Laurate Dodecanoate 44 H;(CH,),,CO0°
14 0 Myristate Tetradecanoate 32 CH;(CH )12CO0®
16 0 Palmitate Hexadecanoate 63 H;(CH,),. 4CO0P°
18 0 Stearate Octadecanoate 70 CH;(CH,) 16COO@
20 0 Arachidate Eicosanoate 75 CH,(CH,),5C00°
22 0 Behenate Docosanoate 81 CH3(CH2)2OC009
24 0 Lignocerate Tetracosanoate 84 CH,(CH,),,C00°
16 1 Palmitoleate cis-A%-Hexadecenoate —0.5 CH;(CH,;)sCH= CH(CH2)7COO@
18 1 Oleate cis-A%-Octadecenoate 13 CH,(CH, );CH=CH(CH,),C00®°
18 2 Linoleate cis, cis-A%1%-Octadecadienoate -9 CH3(CH2)4(CH=CHCHQ)?_(CHZ)(,COOQ
18 3 Linolenate all cis-A%1215_Octadecatrienoate —17 CH,CH,(CH=CHCH,);(CH,),CO0®
20 4 Arachidonate all cis-A>®!114 Eicosatetraenoate ~ —49 CH;(CH, )4(CH=CHCH,)4(CH,),CO0®
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Triacylglycerols

LIPIDS
Fatty acids Steroids Lipid Terpenes
| vitamins
| | | Isoprenoids
Eicosanoids Triacylglycerols Waxes Sphingolipids
Glycerophospholipids Ceramides
Plausmalogens Phosphatidates Sphingomyelins Cerebrosides
| | I I | Gangliosides
Phosphatidyl- Phosphatidyl- Phosphatidyl- Phosphatidyl- Other Other
ethanolamines serines cholines inositols phospholipids glycosphingolipids
Phospholipids Glycosphingolipids
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Triacylglycerols

-Triacylglycerols are also called

+ Fat
+ Ol
+ Triglycerides

They are a chemical combination of
glycerol and three fatty acids.

-They represent a storage form of
fatty acids.
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Triacylglycerols

Tria . S

1 2 3
+ FaHZT_C_(l:Hz
+ Oi OH OH OH

+ Triglycerides

‘They are a chen
glycerol and thre

‘They represent |
fatty acids.
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Triacylglycerols
-Triacvialvcernls are alsan called

TABLE 9.1 Some common fatty acids (anionic forms)
Number of Number of Common Melting
carbons  double bonds name IUPAC name point, °C Molecular formula

12 0 Laurate Dodecanoate R CH;(CH,) 10CO0°
14 0 Myristate Tetradecanoate 52 CH3(CH,) 12COOe
16 0 Palmitate Hexadecanoate 63 CH,(CH,),,C00°
18 0 Stearate Octadecanoate 70 CH;(CH,) 16COO@
20 0 Arachidate Eicosanoate 75 CH,(CH,),sCO0°
22 0 Behenate Docosanoate 81 CH;(CH, )QOCOO@
24 0 Lignocerate Tetracosanoate 84 CH;(CH,),,C00°
16 1 Palmitoleate cis-A°-Hexadecenoate —0.5 CH;(CH,;)sCH=CH(CH, )7COO@
18 1 Oleate cis-A%-Octadecenoate 13 CH;(CH, );CH=CH(CH,),CO0®
18 2 Linoleate cis, cis-A%'2-Octadecadienoate -9 CH;(CH,)4(CH=CHCHj,),(CH,)sCO0®
18 3 Linolenate all cis-A%1215_Octadecatrienoate 17 CH;CH,(CH=CHCH,);(CH,),CO0®
20 4 Arachidonate all cis-A>%!1L14 Ejcosatetraenoate ~ —49 CH;(CH,)4(CH=CHCH,),(CH,),CO0®
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Tnacg\llnlurornl c

i3 i Hydrogenated plant oils
'-[E.Ld “spreadable oils”

TABLE 9.1 Some cC

Number of Numbe)

carbons  double b Tr a_nS_ form mula
(elaidic acid)
12 0 DO
14 0 Do
16 0 De
o H H

18 0 _ 1C/ al IS
20 0 CIS. form ” ” 50

(oleic acid)
2 0 N . o HO
24 0 H H Do
16 1 =CH(CH,),CO0®
18 1 —CH(CH,)7C009
18 2 H,),(CH,)sCO0®
18 3 CHCH,);(CH,),CO0®
20 4 “spreadable oils” = CHCH,)4(CH,),C00®

_—
(1:OOH COOH
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Glycerophospholipids

LIPIDS
Fatty acids Steroids Lipid Terpenes
| vitamins
| | | Isoprenoids
Eicosanoids Triacylglycerols Waxes Sphingolipids
Glycerophospholipids Ceramides
Plausmalogens Phosphatidates Sphingomyelins Cerebrosides
| | | I I Gangliosides
Phosphatidyl- Phosphatidyl- Phosphatidyl- Phosphatidyl- Other Other
ethanolamines serines cholines inositols phospholipids glycosphingolipids
Phospholipids Glycosphingolipids
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Glycerophospholipids

Glycerophospholipids are also called
+ phosphoglycerides
+ phospholipids
+ diacylphosphoglycerol

They are the main component of
biological membranes.
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Glycerophospholipids

Glycero ; A A A~ A~ I = ialled
+ phOSPP: nTe Td
+ phosptZ VNN T ’T‘“
+ diacyl} o/o—;w
SEVAVAVA VAV

biological membranes.
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Glycerophospholipids

GIYCGFO?/\/\/\/\/\/\ rﬁ\ 2 ,;: Zdlled
+ phospl _ |
+ phosp}?; VA VAVAVAVAVS g © =|=N
+ diacyl} _O—0u
AN
| 4 =3 /¢ | (S —

b TABLE 9.2 Some common types of glycerophospholipids

]
AANANANNA_ e —0—
(R4) C—0—CH,

(Rz)\/\/\/\/\/\/—ﬁ_o—ch_H ﬁ
0 ;m—o—T—o—x
0@

X = rest of polar head
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Glycerophospholipids

Precursor of X Name of resulting
(HO—X) Formulas of —O — X glycerophospholipid
Gly
Water —0O0—H Phosphatidate
+ F &
Choline — O—CH,CH,;N(CH3;); Phosphatidylcholine
+ F ®
Ethanolamine — O —CH,CH,;NH; Phosphatidylethanolam|
+ C ®
C /NH 3
Serine ~—O0—CH,—CH Phosphatidylserine
N0o®
Th
q Glycerol —O0—CH 2CIH — CH,0H Phosphatidylglycerol |
| OH i
b ™ i
ﬁ CIH ,OCR; i
(lil) R4C OCIH
Phosphatidyl- —O0—CH,CH—CH,—0—P—0—CH, Diphosphatidylglycerol
glycerol | | ) (Cardiolipin)
OH (o)

myo-Inositol Phosphatidylinositol

r
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Glycerophospholipids

Glycerophospholipids are also called
+ phosphoglycerides
+ phospholipids
+ diacylphosphoglycerol

They are the main component of
biological membranes.
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Other Biological Molecules

An important group of lipids are the
phospholipids
+ Phospholipids are not polymers, but they do

aggregate in the presence of water to form
membranes.

Glycerophospholipid

i Polar head
(hydrophilic)

Nonpolar
~ tail
(hydrophobic)
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Other Biological Molecules

An important group of lipids are the

phospholipids

g
-y
U]

ic)

(I IV IV IIIIIVIIIIIIVIVIIIVIIIIIIIIG

Bilayer sheet (phospholipids)
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An important group of lipids are the
phospholipids
+ Phosp
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Other Biological Molecules

An important group of lipids are the
phospholipids
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Other Bioloqical Molecules

Question:

Why do phospholipids form lipid bilayers instead of micelles when placed
in water?

Lisome
(phospholipids)

DDPIIAAAAAAAAAAALAAALAAAL
e e e e e e %n e Y Y Y e e Y e Y Y Y Y Y Y Y e %

s S e s s s s s sy
0050505050500,

Bilayer sheet (phospholipids)
S ———————————
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Other Biological Molecules

An important group of lipids are the
phospholipids
+ Phospholipids are not polymers, but they do

aggregate in the presence of water to form
membranes.

Glycerophospholipid

i Polar head
(hydrophilic)

Nonpolar
~ tail
(hydrophobic)
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Other Membrane Lipids

LIPIDS
Fatty acids Steroids Lipid Terpenes
| vitamins
| | | Isoprenoids
Eicosanoids Triacylglycerols Waxes Sphingolipids
Glycerophospholipids Ceramides
Plausmalogens Phosphatidates Sphingomyelins Cerebrosides
| | | I I Gangliosides
Phosphatidyl- Phosphatidyl- Phosphatidyl- Phosphatidyl- Other Other
ethanolamines serines cholines inositols phospholipids glycosphingolipids
Phospholipids Glycosphingolipids
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Other Membrane Lipids )

CH,
Plasmalogens "
A . Plasmalogen |
+ Derived from glycerophospholids e
. . 0o=P—0®
+ Found In nerve tissue. i
' H2C1—C2H—3éH2
Vinyl (I) (I)
ether < / |
linkage Hﬁ cC=0
HC
(R))  (Ry)
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Other Membrane Lipids

@ITIH3

PI— CH,
Plasmalor . I
q ° o 2

) ' Glycerophospholipid i Plasmalogen |

+ Derived > ;

i © —p—0°@
' O=P—0O 0O=P—0O
+ Found ir | |
0 0
1 2
H21C—éH—3CI:H2 ( Hzcl:_TH_?’CHZ
(|) (l) ether < HC/ |
i C=0
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Other Membrane Lipids

Sphingolipids

+ Derived from
Sphingosine

+ Also found in

nerve tissue.
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Other Membrane Lipids
-Sphingolipids

+ Are used to make glycolipids
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Other Membrane Lipids
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Other Membrane Lipids
-Sphingolipids
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Other Membrane Lipids
Sphingolipids

+ Gangliosides are used as cell surface markers
and serve in cellular regogition and cell-to-
cell communication.

+ The ABO blood group antigens are an
example.
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Other Membrane Lipids
Sphingolipids

+ Gangliosides are used as cell surface markers

and serve in cellular regogition and cell-to-
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Isoprenoids
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Isoprenoids

LIPIDS
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Isoprenoids

Isoprenoids are based on the isoprene
unit (2-methyl-1,3-butadiene).

(@) H3C

(b) >—/

(c) \/E//
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Isoprenoids

Isoprenoids are based on the isoprene
unit (2-methyl-1,3-butadiene).
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Isoprenoids

‘The steroids are an important

member of this group
+ Steroids are derived from the isoprenoid

squalene, which forms cholesterol.
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Isoprenoids
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Isoprenoids

-Cholesterol is a component of animal

cell membranes.

+ It is dissolved in the lipid bilayer and used
to keep them in a liquid state.

+ It is also the precursor to a number of
other steroids having an array of different
functions.
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Isoprenoids
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Eicosanoids
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Eicosanoids

-Eicosanoids are derived from the
fatty acid arachinoic acid (20:4-
AS58.11,14).

+ They are used as signaling molecules.

* Prostaglandins are an example
» They mediate smooth-muscle contraction
and are associated with friggering fever,
swelling and inflammation.
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Eicosanoids

‘Eicosanoids are derived from the
fatty acid arachinoic acid (20:4-

Al-ﬁgggl\

TABLE 9.1 Some common fatty acids (anionic forms)
Number of Number of Common Melting
carbons  double bonds name IUPAC name point, °C Molecular formula

12 0 Laurate Dodecanoate 44 CH,(CH,),,C00°
14 0 Myristate Tetradecanoate 52 CH3(CH,) 1,CO0®P
16 0 Palmitate Hexadecanoate 63 CH,(CH,),,C00°
18 0 Stearate Octadecanoate 70 CH;(CH,) ,(,COO@
20 0 Arachidate Eicosanoate 75 CH3(CH2)]8COOe
22 0 Behenate Docosanoate 81 CH3(CH,) 20COO®
24 0 Lignocerate Tetracosanoate 84 CH;(CH,) 22COO@
16 1 Palmitoleate cis-A°-Hexadecenoate —0.5 CH3(CH,)sCH= CH(CH2)7COO@
18 1 Oleate cis-A°-Octadecenoate 13 CH;(CH, );CH=CH(CH,),CO0®
18 2 Linoleate cis, cis-A%1?-Octadecadienoate =9 CHg(CH2)4(CH:CHCHg)z(CHz)f,COO@
18 3 Linolenate all cis-A%1213_Octadecatrienoate —17 CH;CH,(CH==CHCH,);(CH,),CO0®
20 4 Arachidonate all cis-A>®1L14 Ejcosatetraenoate ~ —49 CH;(CH,)4(CH=CHCH,),(CH,),CO0®
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Eicosanoids

- Pidins are an e

. They mediate smooth-muscle contraction
and are associated with friggering fever,
swelling and inflammation.
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Eicosanoids
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Eicosanoids

-The conversion of arachidonic acid to
protaglandin E: is carried out by and
enzyme call cyclooxygenase (COX).

*+ Asprin, and other nonsteroidal

antiinflammatory drugs (NSAIDS), such as
ibruprofen, are inhibitors of the COX
enzyme.
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Introduction fo Lipids

* Be able to recognize any of these. LIPIDS
e Be able to draw structures of those circled. I
Fatty acids Steroids Lipid Terpenes
| vitamins
| | | Isoprenoids
Eicosanoids Triacylglycerols Waxes Sphingolipids
Glycerophospholipids Ceramides
Plausmalogens Phosphatidates Sphingomyelins Cerebrosides
| | I I | Gangliosides
Phosphatidyl- Phosphatidyl- Phosphatidyl- Phosphatidyl- Other Other
ethanolamines serines cholines inositols phospholipids glycosphingolipids
Phospholipids Glycosphingolipids
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-Part II: Membranes (Chapter 9)
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