Chem 352 - Lecture 8
Lipids, Membranes,

and Cellular Transport

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



Introduction to Lipids

Lipids are one of the four major classes of biological
molecules, which include,
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Introduction to Lipids

Lipids are one of the four major classes of biological
molecules, which include,

+ Proteins

+ Nucleic acids
+ Carbohydrates
+ Lipids
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Introduction

Lipids are defined by a physical property instead of a
chemical one.
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Introduction

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
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Introduction

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.
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Introduction

Lipids are defined by a phys[etatdd

moi-e-ty | 'moiadé | noun (plural moieties)

C h em i Cal one. formal or technical

each of two parts into which a thing is or can be
divided: the tax was to be delivered in two

+ Lipids are the non-polar co cialias
extracted with organic solve
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entirely non-polar.
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Introduction
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Introduction

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)

Unlike the the other classes of biomolecule, lipids do
not form large, covalent polymers.
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Introduction

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

LIPIDS
@B Steroids Lipid Terpenes
vitamins
| | | Isoprenoids
Eicosanoids 'I'riucy Sphingolipids
+ glycerol + alcohol
CGlycerophosphgipids (Ceramides )
+ glycerol and phosphate *+ sphingosine
Plasmalogens (Phosphatidates) (Sphingomyelins ("Cerebrosides )
I + alcohols + phosphate and alcohols
(" Gangliosides )
| | | | | + mono and
Phosphatidyl- Phosphatidyl- Phosphatidyl- Phosphatidyl- Other oligosaccharides Other
ethanolamines serines cholines inositols phospholipids glycosphingolipids
Phospholipids Glycosphingolipids
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Structure and Behavior
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Structure and Behavior

Lipids are generally non-polar and therefore hydrophobic and
insoluble in water

+ However, they often have a hydrophilic
component that is segregated from the

{ Hydrophilic
hydrophobic one. up
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A simplified representation

of an amphipathic lipid molecule
T ————
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Structure and Behavior

Lipids are generally non-polar and therefore hydrophobic and
insoluble in water

+ However, they often have a hydrophilic /‘;)olar
component that is segregated from the |

hydrophobic one. j RS
+ Molecules that are both hydrophobic and ’C\)'
hydrophilic are said to be amphipathic. "
O
Elrl Hydrophobic
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A simplified representation

of an amphipathic lipid molecule
T ——————————
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Structure and Behavior

Lipids are generally non-polar and therefore hydrophobic and
insoluble in water

+ However, they often have a hydrophilic

4 Polar \
component that is segregated from the G headl | ooniic
hydrophobic one. " group

+ Molecules that are both hydrophobic and ’C\)'
hydrophilic are said to be amphipathic. n
P
+ When placed in a an aqueous g
environment, amphipathic molecules a  Hydrophobic
3
often aggregate to form structures such
as :
9
* micelles [
° IiPid 3i|a)’er5 A simplified representation
. of an amphipathic lipid molecule
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Structure and Behavior

The simplest example are the fatty acids.

Hydrophilic Hydrophobic

4
':_:'\§
O/CCHQCHQCHQCHQCHQCHQCHQCHQCHQCHQCHQCHQCHQCHQCHQCHQCHS
Polar head Hydrocarbon tail
group

Stearate ion

H H
Ox |
- GOH,CH,0H,CH,CH,CH,CH,C =CCH,CH,CH,CH,0H,CH,CH,CH,

Oleate ion
T —
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Structure and Behavior

The simplest example are the fatty acids.

Hydrophilic Hydrophobic

:CCH?CHPCH?CH?CHPCH?CH:JCH?CH?CH:;CHPCHPCHpCH.{-,.CH..;CH?CH:-%

Polar head Hydrocarbon tail

group
Stearate ion

H H

Ox | |
'_‘:_'I,ZCHQCH:)CHECHZCHZCHECHZC —CCH,CH,CH,CH,CH,CH,CH,CH,

Oleate ion
T o U —

+ The the carboxylic acid group has a pK, = 4.5,and so is in its
negatively charged, carboxylate form at neutral pH values.

* The carboxylate forms of fatty acids are also called “soaps”
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Structure and Behavior

The simplest example are the fatty acids.

Hydrophilic Hydrophobic

4
{} /CCH?CH?CH?CH?‘Cl‘i.{;CHQCi‘i.{-{.Cl‘i?Cf‘{./-‘(_\/f‘ipf_?f‘i./-‘CH.{3CH9C}‘1.{-{.CP‘|?CH?CH?S ? .. Surface ofliuid |- '
P9 Amphipathic
Polar head Hydrocarbon tail 2, mde"{* ”‘
group R 77N
Stearate ion P .

H H
{E)a | |

B CH,CH,CH,CH,CH,CH,CH,C =CGCH,CH,CH,CH,CH,CH,CH,CH,

oy
U

Oleate ion

+ The the carboxylic acid group has a pK, = 4.5,and so is in its
negatively charged, carboxylate form at neutral pH values.

* The carboxylate forms of fatty acids are also called “soaps”

* ... and when placed in water, they aggregate to form
micelles and surface monolayers.
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Fatty Acids

The simplest example are the fatty acids.
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Fatty Acids

The simplest example are the fatty acids.

O

. -
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O

(a) Stearate ion. Stearate (the anionic,

deprotonated form Pf stearic acid) is  (b) Oleate ion. Oleate is an unsaturated
a saturated fatty acid. fatty acid with one cis double bond.
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Fatty Acids

The simplest example are the fatty acids.

N T
g
o’

(a) Stearate ion. Stearate (the anionic,

deprotonated form _Of stearic acid) is  (b) Oleate ion. Oleate is an unsaturated
a saturated fatty acid. l fatty acid with one cis double bond.

+ Fatty acids containing double bonds are referred to as
unsaturated fatty acids.

+ The double bonds in naturally occurring unsaturated fatty acids
are cis.

* This produces a kink in the hydrophobic tail
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Fatty Acids

The simplest example are the fatty acids.

m %

(satu rated fatty acid)
(unsaturated fatty acid)

f'\’
L)

u

(a) Stearate ion. Stearate (the anionic,

deprotonated form _Of stearic acid) is (b) Oleate ion. Oleate is an unsaturated
a saturated fatty acid. I - fatty acid with one cis double bond.
e — == S " —e

+ Fatty acids containing double bonds are referred to as
unsaturated fatty acids.

+ The double bonds in naturally occurring unsaturated fatty acids
are cis.

* This produces a kink in the hydrophobic tail
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Fatty Acids

The simplest example are the fatty acids.

O |

(a) Stearate ion. Stearate (the anionic, |

deprotonated form Pf stearic acid) is | (b) Oleate ion. Oleate is an unsaturated
a saturated fatty acid. .  fatty acid with one cis double bond.

—_—— m - e —m— e —m—

O

M
p—

Chem 352, Lecture 8 - Lipids 9



Fatty Acids

The simplest example are the fatty acids.

O

(a) Stearate ion. Stearate (the anionic,
deprotonated form of stearic acid) is
a saturated fatty acid.

' (b) Oleate ion. Oleate is an unsaturated
fatty acid with one cis double bond.

+ Most naturally occurring fatty acids also contain an even number

of carbon atoms:
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Fatty Acids

The simplest example are the fatty acids.

(a) Stearate ion. Stearate (the anionic,

deprotonated form Pf stearic acid) is  (b) Oleate ion. Oleate is an unsaturated
a saturated fatty acid. | fatty acid with one cis double bond.
e — = S —e
18:0 18:1cA9

+ Most naturally occurring fatty acids also contain an even number
of carbon atoms:

+ There is a shorthand convention used to indicate the number of

carbon atoms, the number of double bonds and their locations.
number of carbon atoms ¢ number of double bonds €A location of double bonds
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Fatty Acids

Fatty acids
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Fatty Acids

Fatty acids

TABLE 10.1 Some biologically important fatty acids

Common Name

Systematic Name

Abbreviation

Structure

Melting Point (°C)

Saturated Fatty Acids

Capric acid
Lauric acid
Mpyristic acid
Palmitic acid
Stearic acid
Arachidic acid
Behenic acid
Lignoceric acid
Cerotic acid

Decanoic acid
Dodecanoic acid
Tetradecanoic acid
Hexadecanoic acid
Octadecanoic acid
Eicosanoic acid
Docosanoic acid
Tetracosanoic acid
Hexacosanoic acid

10:0
12:0
14:0
16:0
18:0
20:0
22:0
24.0
26:0

CH3(CH,)gCOOH
CH4(CH,);,COOH
CH3(CHy)1,COOH
CHy(CH,);.COOH
CHy(CH,);sCOOH
CH4(CH,)1sCOOH
CH3(CHa)pqCOOH
CH3(CHy),,COOH
CH4(CH.,),,COOH

31.6
44.2
53.9
63.1
69.6
76.5
81.5
86.0
88.5

Unsaturated Fatty Acids

Palmitoleic acid
Oleic acid

Linoleic acid

Linolenic acid

Arachidonic acid

cis-9-Hexadecenoic acid
cis-9-Octadecenoic acid

cis,cis-9,12-Octadecenoic acid

all-cis-9,12,15-Octadecenoic acid

all-cis-5,8,11,14-Eicosatetraenoic
acid

16:1cA9
18:1cA9

18:2cA9,12

18:3cA9,12,15

20:4cA5,8,11,14

CH3(CH,)sCH=CH(CH,),COOH
CH3(CH,);CH=CH(CH,),COOH
CH3(CH,),CH=
CHCH,CH = CH(CH.,);COOH
CHzCH,CH=CHCH,CH=
CHCH,CH= CH(CH,);COOH
CH3(CH,),CH=
CHCH,CH=CHCH,CH=
CHCH,CH = CH(CH,);COOH
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Fatty Acids

Fatty acids

TABLE 10.1 Some biologically important fatty acids

Common Name

Systematic Name

Saturated Fatty Acids

Capric acid
Lauric acid
Mpyristic acid
Palmitic acid
Stearic acid
Arachidic acid
Behenic acid
Lignoceric acid
Cerotic acid

Decanoic acid
Dodecanoic acid
Tetradecanoic acid
Hexadecanoic acid
Octadecanoic acid
Eicosanoic acid
Docosanoic acid
Tetracosanoic acid
Hexacosanoic acid

Unsaturated Fatty Acids

Palmitoleic acid
Oleic acid

Linoleic acid

Linolenic acid

Arachidonic acid

cis-9-Hexadecenoic acid
cis-9-Octadecenoic acid

cis,cis-9,12-Octadecenoic acid ’
all-cis-9,12,15-Octadecenoic acidis

all-cis-5,8,11,14-Eicosatetraenoidis

acid

Structure Melting Point (°C)
CH3(CH,)gCOOH (731.6
CH3(CH,);,COOH 44.2
CH3(CH,)1,COOH 53.9
CH3(CH,);,COOH 63.1
CH,(CH,);sCOOH 69.6
CH4(CH,);sCOOH 76.5
CH3(CH,),,COOH 81.5
CH3(CH,),,COOH 86.0
CH (CH\ _COOH N \ 88.5 /
Observe the dramatic effect that the presence of cis-
: double bonds has on the melting points. — 0)
18:1cA9_ CH,(CH,);CH=CH(CH,),COOH 16
CH,(CH,).CH= g
CHCH,CH=CH(CH,);COOH
CH3CH,CH=CHCH,CH= s
.} CHCH,CH=CH(CH,);COOH
BCHs(CH,) CH= .
il CHCH,CH=CHCH,CH= \ )
. "HCH,CH=CH(CH,);COOH
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Fatty Acids

Fatty acids

TABLE 10.1 Some biologically important fatty acids

Common Name

Systematic Name

Abbreviation

Structure

Melting Point (°C)

Saturated Fatty Acids

Capric acid
Lauric acid
Mpyristic acid
Palmitic acid
Stearic acid
Arachidic acid
Behenic acid
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Cerotic acid

Decanoic acid
Dodecanoic acid
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Hexadecanoic acid
Octadecanoic acid
Eicosanoic acid
Docosanoic acid
Tetracosanoic acid
Hexacosanoic acid

10:0
12:0
14:0
16:0
18:0
20:0
22:0
24.0
26:0

CH3(CH,)gCOOH
CH4(CH,);,COOH
CH3(CHy)1,COOH
CHy(CH,);.COOH
CHy(CH,);sCOOH
CH4(CH,)1sCOOH
CH3(CHa)pqCOOH
CH3(CHy),,COOH
CH4(CH.,),,COOH

31.6
44.2
53.9
63.1
69.6
76.5
81.5
86.0
88.5

Unsaturated Fatty Acids

Palmitoleic acid
Oleic acid

Linoleic acid

Linolenic acid

Arachidonic acid

cis-9-Hexadecenoic acid
cis-9-Octadecenoic acid

cis,cis-9,12-Octadecenoic acid

all-cis-9,12,15-Octadecenoic acid

all-cis-5,8,11,14-Eicosatetraenoic
acid

16:1cA9
18:1cA9

18:2cA9,12

18:3cA9,12,15

20:4cA5,8,11,14

CH3(CH,)sCH=CH(CH,),COOH
CH3(CH,);CH=CH(CH,),COOH
CH3(CH,),CH=
CHCH,CH = CH(CH.,);COOH
CHzCH,CH=CHCH,CH=
CHCH,CH= CH(CH,);COOH
CH3(CH,),CH=
CHCH,CH=CHCH,CH=
CHCH,CH = CH(CH,);COOH
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Triacylglycerols

Fatty acids are used by many organisms to store
metabolic energy.

+ In this capacity, three fatty acids are combined with a glycerol
molecule through esterification to produce triacylglycerols.

glycerol triacylglycerol - N

CHQ_CH_CHQ

OH OH OH

~0 They are

O\\ /‘< ) O
0 0 commonly
referred to as

fats and oils

Chem 352, Lecture 8 - Lipids 11



gHe—H
09
C=0 =0

Triacylglycerols

+ 3NaOH ——>»

D

OH OH  OH o
+ + 4 The reaction is
Na*  Nat Nat < called

O o] o] : :

| | | saponification
C=0 go C=0
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Triacylglycerols

Soaps are produced from fats and oils by hydrolyzing
the esters with a strong base, such as NaOH or KOH.

+ 3NaOH ——>»

PG
OH OH OH
+ + +
Na* Nat Na*
¢ ¢ 9
C=0 C=0 =

<

The reaction is
called
saponification

Chem 352, Lecture 8 - Lipids
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Triacylglycerols
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Triacylglycerols

The fatty acid composition of a triacylglycerol
determines whether they are solids (fats) or liquids

(oils).

TABLE 10.2 Composition of some natural fats in percent of total

fatty acids
Percent Present in:
ztuonr:)seirno(f}r?ain Olive Oil Butter® Beef Fat
Saturated
4-12 11 5
4 10 2
16 13 26 29
18 3 11 o1
Unsaturated
16-18 80 40 46
“Numbers do not total 100% because the substance contains small amounts of other
fatty acids.
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Triacylglycerols

The fatty acid composition of a triacylglycerol
determines whether they are solids (fats) or liquids

(oils).

TABLE 10.2 Composition of some natural fats in percent of total

fatty acids

Percent Present in:

Number of C
Atoms in Chain

Olive Oil

Butter?

Beef Fat

Saturated

4-12
14
16
18

11
10
26
11

2
2
29
21

Unsaturated

16-18

80

40

46

¥Numbers do not total 100% because the substance contains small amounts of other

fatty acids.

+ A hydrogenation reaction can

be used to convert liquid
blant oils into “spreadable”
blant oils.

+ In addition to saturating
unsaturated fatty acids, the
reaction can also isomerize
cis double bonds to trans
double bonds to produce
trans fatty acids.

Chem 352, Lecture 8 - Lipids
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Waxes

Waxes are made by esterification of fatty acids with
long chain alcohol.

+ They are used by some plants and animals as e o
water repellents. e O
CH, CH,
G, o
Gy, OH
Gy, o,
Gy, o
T
R T U
CH, CH
Gy, o,
S, o,
i, on
Gy, o,
Gy, on,
G, OH
H
T —
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10.2 - The Lipid Constituents of Biological
Membranes




Lipid Constituents of Biological Membranes
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Lipid Constituents of Biological Membranes

Biological membranes are made from lipids the form
lipid bilayers in the presence of water.

222D

— > Bilayer

999
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Lipid Constituents of Biological Membranes

Biological membranes are made from lipids the form
lipid bilayers in the presence of water.

o~ ’- 9’\ -3 L -
A
2 2 - f"‘ ¢ Interfacial
» ! ' ‘ 40 “
Bilayer < 1.' ';ii % 3:! (‘ Hydrophobuc -~ 60 A
M Rt core ~ 30 A
{ s ! e
-
5 Interfacial !
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Lipid Constituents of Biological Membranes

Biological membranes are made from lipids the form
lipid bilayers in the presence of water.

222D

— > Bilayer

999
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Lipid Constituents of Biological Membranes
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Lipid Constituents of Biological Membranes

One type of membrane-forming lipid are the
phospholipids, in which one of the fatty acid esters in a
triacylglycerol has been substituted with a phosphate

ester.
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Lipid Constituents of Biological Membranes

One type of membrane-forming lipid are the
phospholipids, in which one of the fatty acid esters in a
triacylglycerol has been substituted with a phosphate

ester.

+ This substitution produces a chiral carbon.
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Lipid Constituents of Biological Membranes
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Lipid Constituents of Biological Membranes

Phospholipids have a more cylindrical shape than single
fatty acids, which are more wedged-shaped.

+ This is why, when placed in water, they produce lipid bilayers
instead of micelles as soaps do.

Phospholipids
form bilayers

2229

> Bilayer |

GIIII

o

J Micelle K

)')

Whereas,
soaps form
micelles
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Lipid Constituents of Biological Membranes
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Lipid Constituents of Biological Membranes

The phosphate in phospholipids can form a
phosphodiester link to a number of hydrophilic
substituents.

TABLE 10.3 The hydrophilic groups? that distinguish common

glycerophospholipids

Name of Glycerophospholipid Rs (in Figure 10.6)
Phosphatidic acid H—(ionized at neutral pH)
Phosphatidylethanolamine (PE) H3N—CH2—CH2—
Phosphatidylcholine (PC) (CHB)SQMCH2MCH2,_ |
H
Phosphatidylserine (PS) H,N— cI:— CH,—
(|DOO
OH OH
H
Phosphatidyl inositol (PI) @
HO H
H OH

“These are the R, groups in Figure 10.6. In addition to this variation, there is also a great
deal of variation in the hydrocarbon tails (R, and R, groups).

Chem 352, Lecture 8 - Lipids
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Lipid Constituents of Biological Membranes
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Lipid Constituents of Biological Membranes

Other types of membrane lipids include the
sphingolipids and glycosphingolipids.

+ While having different chemical structures than the
phospholipids, they share similar shapes and physical
properties in the presence of water.
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Lipid Constituents of Biological Membranes

Other types of membrane lipids include the
sphingolipids and glycosphingolipids.
+ While having different chemical structures than the

phospholipids, they share similar shapes and physical
properties in the presence of water.

+ The core component of sphingolipids is sphingosine

C3

/ |
C=C—(CH,),,CH,

|
H

:i c2
C1
Sphingosine = (2S,3R)-2-
aminooctadec-4-ene-1,3-diol

Chem 352, Lecture 8 - Lipids 20



Lipid Constituents of Biological Membranes

Other types of membrane lipids include the
sphingolipids and glycosphingolipids.

+ While having different chemical structures than the
phospholipids, they share similar shapes and physical
properties in the presence of water.
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Lipid Constituents of Biological Membranes

Other types of membrane lipids include the
sphingolipids and glycosphingolipids.

+ While having different chemical structures than the
phospholipids, they share similar shapes and physical
properties in the presence of water.

+ The addition of a fatty acid ester to sphingosine produces a
ceramide.

H

|
C=C—(CHy);,CH,
| _
H

General structure of a ceramide

(R = hydrocarbon) Chem 352, Lecture 8 - Lipids 21
T ——=———



Lipid Constituents of Biological Membranes

Other types of membrane lipids include the
sphingolipids and glycosphingolipids.

+ While having different chemical structures than the
phospholipids, they share similar shapes and physical
properties in the presence of water.
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Lipid Constituents of Biological Membranes

Other types of membrane lipids include the
sphingolipids and glycosphingolipids.

+ While having different chemical structures than the
phospholipids, they share similar shapes and physical
properties in the presence of water.

+ Additional substituents can be added to the free hydroxyl

group.
H

|
G=C—(CHy)y,CH,

H
(CH,),sCH,
CH V. NCH_CH {‘ ‘ \’ﬁ 8 For example, the addition of a
’ = N < phosphocholine group produces
\ y sphingomyelin
N e J A
Phosphocholine Ceramide

Sehingomzelin Chem 352, Lecture 8 - Lipids 22



Lipid Constituents of Biological Membranes

Chem 352, Lecture 8 - Lipids 23



Lipid Constituents of Biological Membranes

The addition of mono- and oligo saccharides to
ceramide produces glycoshingolipids.

Sugar Ceramide
|
C=C— (CH,),, —CH,
H
|
CH,OH 1C—N R
HO O —CH 0
H
OH H
H H
H OH
(a) Galactosylceramide 1 l[ﬂ

‘ (l“ =C— (CH,),,CH,

H

H
CH,OH JY“

CH,OH H Q o | 0
H
OH H
H

H OH

(b) GalNAcB(1—4)Galp (1—4)Glc (1 —1)ceramide or, Ganglioside GM2
3
* )
a?
Sia
T ——————
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Lipid Constituents of Biological Membranes
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Lipid Constituents of Biological Membranes

Another important membrane components in animal

membranes is cholesterol.
HO i

(b) Conformational model.

W

(a) Structural formula. (c) Space-filling model.
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Lipid Constituents of Biological Membranes

Another important membrane components in animal

membranes is cholesterol.
HO o

(b) Conformational model.

W

(a) Structural formula. (c) Space-filling model.

+ Cholesterol helps to maintain the fluidity of animal
membranes in the same way the unsaturated fatty acids do in
plant membranes

Chem 352, Lecture 8 - Lipids
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Lipid Constituents of Biological Membranes
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Lipid Constituents of Biological Membranes

The lipid composition of biological membranes is a
complex mixture of all of these components.

TABLE 10.4 Lipid composition of some biological membranes

Percentage of Total Composition in
Lipid a‘;“i'::‘zthmcyte Plasma | 1 iman Myelin En?t‘ggﬁo:?;g E. coli Cell Membrane
Phosphatidic acid 1.5 0.5 0 0
Phosphatidylcholine 19 10 39 0
Phosphatidylethanolamine 18 20 27 65
Phosphatidylglycerol 0 0 0 18
Phosphatidylinositol 1 1 7 0
Phosphatidylserine 8.0 8.0 0.5 0
Sphingomyelin 17.5 8.5 0 0
Glycolipids 10 26 0
Cholesterol 25 26 0
Others 0 0 23.5 17
Data from C. Tanford (1973) The Hydrophobic Effect. Wiley, New York.
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10.3 - The Structure and Properties of
Membranes and Membrane Proteins




Structure of Biological Membranes
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Structure of Biological Membranes

Biological membranes comprise, on average, 40% lipid
and 60% protein.

Carbohydrate side
chains of glycoproteins

Carbohydrate side
chain of glycolipid

Glycoprotein

/N ( S Plasma
Integral I PN @ membrane
| membrane . 3
protein

Hydrophobic
region

Peripheral

> membrane
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Structure of Biological Membranes

In the early 1970’s S.J. Singer and G.L. Nicolson
proposed their fluid mosaic model for biological
membranes.

+ The membrane lipids from a fluid framework in which
proteins are associated.
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Structure of Biological Membranes

In the early 1970’s S.J. Singer and G.L. Nicolson
proposed their fluid mosaic model for biological
membranes.

+ The membrane lipids from a fluid framework in which
proteins are associated.
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Structure of Biological Membranes

In the early 1970’s S.). Singer and G.L. Nicolson
proposed their fluid mosaic model for biological
membranes.

+ The membrane lipids from a fluid framework in which
proteins are associated.
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+ The membranes are typically asymmetrical with respect to
both the lipid and protein compositions on either side of the
membrane.
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Structure of Biological Membranes

The compositions of membranes for different cell and
organelle types can vary considerably.

TABLE 10.5 Protein, lipid, and carbohydrate content of some

membranes ’
Percent by Weight “

Membrane Protein Lipid Carbohydrate ||

Myelin 18 9 - |

Human erythrocyte 49 43 8

(plasma membrane)

Mitochondria 50 48 0 I

(outer membrane)

Sarcoplasmic

reticulum 67 33 0

(muscle cells)

Chloroplast 70 30 0
lamellae

I "
Gram-posntlve 75 o5 0
bacteria
Mitochondria 76 4 0

(inner membrane)

Adapted from Annual Review of Biochemistry 41:731, G. Guidotti, Membrane proteins.
© 1972 Annual Reviews.
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Fluidity of Biological Membranes

Biological membranes must remain in a fluid state to be
functional.

+ The length of the fatty acid tails and the presence of cis double
bonds influences the transition temperature (Tm) from a gel
state to a fluid state.

Tm\ This well-defined transition
from gel to liquid is called
“melting” of the membrane.
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(b) Transition with and without cholesterol. Measurement of the heat absorbed by a membrane as the

temperature is raised each degree shows a sharp spike at the 7 . for a pure
dipalmitoylphosphatidylcholine bilayer.

changed, but the transition is
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Fluidity of Biological Membranes

Biological membranes must remain in a fluid state to be
functional.

+ The length of the fatty acid tails and the presence of cis double
bonds influences the transition temperature (Tm) from a gel
state to a fluid state.

* The presence of cholesterol can influence how broad the
transition is.

Tm\ This well-defined transition
from gel to liquid is called
“melting” of the membrane.
Pure

phospholipid

bilayer \
When 20 mol % cholesterol

iIs mixed into the bilayer, the

transition temperature is not
changed, but the transition is
broadened.
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temperature is raised each degree shows a sharp spike at the 7 . for a pure
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Integral Membrane Proteins

Integral membrane proteins span the membrane using
either

+ hydrophobic B-barrels,

Examples of g-barrel transmembrane structures.

Membrane-spanning regions are
dominated by amino acid side chains with
significant hydrophobic surface area.

///////////////

I'

////////////////////

////////////////

Maltoporin / Hemolysin

E. coli outer membrane S. typhimurium maltoporin (PDB ID: S. aureus hemolysin (PDB ID: 7ahl) is
protein X (PDB ID: 1qj9) is 2mpr) facilitates diffusion of certain a toxin that opens a pore in target
involved in biofilm formation. saccharides across the outer cells and lyses them.

membrane of Gram-negative bacteria.

Chem 352, Lecture 8 - Lipids 31



Integral Membrane Proteins

Integral membrane proteins span the membrane using
either
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Integral Membrane Proteins

Integral membrane proteins span the membrane using
either

+ hydrophobic &-helices,

Examples of a-helical transmembrane proteins.
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Bacteriorhodopsin = -
/ Quinol-fumarate
Cytochrome bf reductase

H. salinarum Cytochrome bf from C. reinhardtii E. coli quinol-fumarate reductase
bacteriorhodopsin (PDB ID: (PDB ID: 1990) is a photosynthetic (PDB ID: 110v) is an electron
1c3w) is a proton pump in proton pump and electron transport protein that catalyzes the
photosynthetic bacteria. transporter. reduction of fumarate to succinate.
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Integral Membrane Proteins

Analyzing an integral membrane protein’s amino acid
sequence using a hydrophobicity plot can reveal the
segments that span the membrane.

Approximate positions of transmembrane helices:

Strongly
hydrophobic

VHydrophoblc
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\
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Integral Membrane Proteins

A protein channel called a
“translocon” can facilitate the
insertion of integral membrane
proteins into the membrane bilayer.
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Peripheral Membrane Proteins

Peripheral membrane St
proteins are often
attached to a membrane
using covalently-linked
lipids.
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The Fluid Mosaic Model

After being proposed nearly fifty years ago, Singer and
Nicolson’s fluid mosaic model of biological membranes
persists, but many new details have been added over
the years.
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(a) Cholesterol, sphingolipids, and GPIl-anchored proteins coalesce and form nanometer-sized dynamic raft domains,
which may be stabilized by interactions with actin fibers.
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The Fluid Mosaic Model

After being proposed nearly fifty years ago, Singer and
Nicolson’s fluid mosaic model of biological membranes
persists, but many new details have been added over
the years.

RO | | T
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(b) Rafts c iate to form larger stru t (pl atforms”). Certain proteins interact preferentially with rafts (pink shading),
while th d not (green shading) or xcluded.
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10.4 - Transport Across Membranes




Membrane Transport
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Membrane Transport

While biological membranes represent boundaries, they
must also provide means for selective transport of
materials and information between the regions
separated by membranes.
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The Thermodynamics of Transport

The free energy change for transporting a substance
across a membrane, will depend on the relative
concentrations of that substance on either side of the
membrane.

AG = AG” +RT InQ

1G]
=RTInkK,, +RT In ——

[C]
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The Thermodynamics of Transport

The free energy change for transporting a substance
across a membrane, will depend on the relative
concentrations of that substance on either side of the
membrane.

AG = AG”+RT InQ

1G]
=RTInkK,, +RT In ——
[C4]
+ At equilibrium, C; = C;
o/ [Cz]
AG”"=—-RTInK,,=—RT In m =—RTIn(1)=0
1/ ¢4

C
AG=RT1nu

[C]
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The Thermodynamics of Transport

Chem 352, Lecture 8 - Lipids 40



The Thermodynamics of Transport

Membranes often have an electrical potential across
them due to differences in the concentration ions on
either side of the membrane

+ This membrane potential is represented as

Al// = Vin = You
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The Thermodynamics of Transport

Membranes often have an electrical potential across
them due to differences in the concentration ions on
either side of the membrane

+ This membrane potential is represented as
Al// = Yin = Your

+ This adds an additional work term to the free energy of
transport.

Gl
AG =RT In — + ZF Ay

Cil
+ where,

* Zis the charge on the ion being transported

» .7 is Faraday’s constant
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The Thermodynamics of Transport
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The Thermodynamics of Transport

When transport is unfavorable, it needs to be coupled
to a reaction or process that is favorable.

+ This is referred to as active transport
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The Thermodynamics of Transport

When transport is unfavorable, it needs to be coupled
to a reaction or process that is favorable.

+ This is referred to as active transport
+ For the favorable reaction or process

AG = AG”' +RT InQ
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The Thermodynamics of Transport

When transport is unfavorable, it needs to be coupled
to a reaction or process that is favorable.

+ This is referred to as active transport
+ For the favorable reaction or process
AG = AG*' +RT InQ

* When this is coupled to the unfavorable transport, the
expression becomes

0lG]

LG

AG = AG”"+ RT In

+ ZF Ay
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Nonmediated or Simple Transport

This is when a substance moves across a membrane
due to simple diffusion.
+ The rate of transport, J, will depend on the concentration

difference and the permeability coefficient, P, for the

substance.
J —_ — P(C2 — Cl)
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Nonmediated or Simple Transport

This is when a substance moves across a membrane
due to simple diffusion.

+ The rate of transport, J, will depend on the concentration
difference and the permeability coefficient, P, for the

substance.
J —_ — P(C2 — Cl)

TABLE 10.6 Permeability coefficients (cm/s) for some ions and

molecules through membranes

Synthetic Membrane Biological Membrane
lon/molecule | (Phosphatidylserine) (Human Erythrocyte)
K* <9 x10" 2.4 x10°1°
Na* <16 x 10" |1
Cl 1.5 %10 1.4 x 107
Glucose 4% 107 2 X 1075
Water 5% 1073 5% 1073

Data from M. K. Jain and R. C. Wagner (1980) Introduction to Biological Membranes.
Wiley, New York.

‘Facilitated transport. Note that whenever facilitated transport is encountered, the
permeability coefficient rises dramatically.
- ———
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Facilitated Transport

_ Transported
The flow of a substance down a p——.
concentration gradient across a i g
membrane can be facilitated. R

(a) Protein pores

+ The process is called passive
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Cotransport
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Cotransport

It is possible to transport one substance up a

concentration gradient by coupling its transport to
another substance that it flowing down a concentration

gradient..

EXTRACELLULAR
MATRIX

CYTOPLASM

A model glucose/Na* symport A model Na*/K™ antiport
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The Sodium-Potassium Pump
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The Sodium-Potassium Pump

Animal cells maintain a concentration gradient for both
Na* and K* across their cell membranes.
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The Sodium-Potassium Pump

Animal cells maintain a concentration gradient for both
Na* and K* across their cell membranes.

+ Since both ions
need to be
transported up
these gradients, a

source of energy is [Na*]= 145 mM
needed to facilitate [K*]= 4 mM
this active K "
transport.
Na™
[K*]= 155 mM [Na*]= 12 mM
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The Sodium-Potassium Pump

Animal cells maintain a concentration gradient for both
Na* and K* across their cell membranes.

+ Since both ions
need to be
transported up
these gradients, a
source of energy is [Na*]= 145 mM
needed to facilitate [K*]= 4 mM
this active "
transport. K

+ The source of energy
is the hydrolysis of +r
ATP Na

[K]= 155 mM  [Na7]= 12mM
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The Sodium-Potassium Pump
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The Sodium-Potassium Pump

Animal cells maintain a concentration gradient for both
Na+ and K+ across their cell membranes.

+ The Na+-K+ ATPase pump

couples the transport of 3 Na* , £ >»

. s f
ions out of the cell and 2 K* 5’ Nj?/
ions into the cell to the EXTRACELLULAR gy /1 108

hydrolysis of ATP to ADP and mmmm‘i{)ﬂ ; ( A

P.. VEVBRANE - St 5 %
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The Sodium-Potassium Pump

Animal cells maintain a concentration gradient for both
Na+ and K+ across their cell membranes.

E2 State - Outside open

N

E1 State - Inside open
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The Sodium-Potassium Pump

Animal cells maintain a concentration gradient for both
Na+ and K+ across their cell membranes.

E2 State - Outside open

Na*. . @ K*
)

)
mmw
Phosphorylated '.%:O‘

. . . \
e &7 | & R

E1 State - Inside open
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The Sodium-Potassium Pump

Calculating the free energy required to
+ Pump 3 Nat* ions up a gradient from |2 mM to 145 mM
+ Pump 2 K* ions up a gradient from 4 mM to 155 mM
+ With a membrane potential of Ay, . . =w . —yw, =+ 60mV
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The Sodium-Potassium Pump

Calculating the free energy required to

+ Pump 3 Nat* ions up a gradient from |2 mM to 145 mM

+ Pump 2 K* ions up a gradient from 4 mM to 155 mM

+ With a membrane potential of Ay, . . =w . —yw, =+ 60mV
Per Na* (in—out)

C tlou
AG = RT In [ Na ] d + ZNa+Lo};A%n_>0ut

Na+] in

kJ :
AG = | 0.008314 (310K){ In
mol K 0.0

0.145 kJ kJ
+ (+1){ 96.48 (+0.060V) =+ 12.2
12 mol V mol Na+
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The Sodium-Potassium Pump

Calculating the free energy required to
+ Pump 3 Nat* ions up a gradient from |2 mM to 145 mM
+ Pump 2 K* ions up a gradient from 4 mM to 155 mM
+ With a membrane potential of Ay, . . =w . —yw, =+ 60mV

Per Na* (in—out)

C tlou
AG = RT In [ Na ] d + ZNa+Lo};A%n_>0ut

Na+] in

kJ 0.145 kJ kJ
AG = | 0.008314 (310K)|( In + (+1){ 96.48 (+0.060V) =+ 12.2
mol K 0.012 mol V mol Na+

Per K* (out—in)

[Ck+lin o
AG = RT In + ZFAy,

K+] out

kJ 0.155 k] kJ
AG = | 0.008314 (310K){ In + (+1){ 96.48—— ) (—0.060V) =+ 3.6
mol K 0.004 mol V mol K+
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The Sodium-Potassium Pump

Calculating the free energy required
+ To pump 3 Na* ions up a gradient from 12 mM to 145 mM
+ And to pump 2 K* ions up a gradient from 4 mM to |55 mM
+ With a membrane potential of Ay, . . =w . —yw, =+ 60mV
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The Sodium-Potassium Pump

Calculating the free energy required
+ To pump 3 Na* ions up a gradient from 12 mM to 145 mM
+ And to pump 2 K* ions up a gradient from 4 mM to |55 mM
+ With a membrane potential of Ay, . . =w . —yw, =+ 60mV

Per 3 mol Na* (in—out) + 2 mol K* (out—in)

kJ
> + (2molK+)<+12.2 ) =E|— 43.8kJ j
mol Na+

AG,, ;= (3molNa™)| +12.2
mol Na*
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The Sodium-Potassium Pump

Calculating the free energy required
+ To pump 3 Na* ions up a gradient from 12 mM to 145 mM
+ And to pump 2 K* ions up a gradient from 4 mM to |55 mM
+ With a membrane potential of Ay, . . =w . —yw, =+ 60mV

Per 3 mol Na* (in—out) + 2 mol K* (out—in)

kJ kJ
+ 2molKH) | +12.2 =E|— 43.8kJ j
I Na+ mol Na+t

mol INa

AG,, ;= (3 mol Na™) <+ 12.2

Under cellular conditions, the hydrolysis of | mol of ATP to ADP + P
releases -45 to -50 k] of free energy

AT P + H,O —s ADP + P, [AG = — 45£ to — 5()£

mol mol
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Cotransport Systems
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Cotransport Systems

Another strategy for active transport is to couple the
transport one substance up a concentration gradient by
coupling that transport to the movement of another
substance down a concentration gradient.

+ The sodium-glucose e e ~
High dietary NaCi Na" Glucose
cotransport system of the

small intestine provides an
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Cotransport Systems

Another strategy for active transport is to couple the
transport one substance up a concentration gradient by
coupling that transport to the movement of another
substance down a concentration gradient.

+ The sodium-glucose
cotransport system of the
small intestine provides an
example.

+ A low concentration of Nat
is maintained in the
epithelia cells by the Na*-
K* - ATPase pump

LUMEN OF SMALL INTESTINE

Dietary glucose N Apical
High dietary NaCl Na* Glucose me;‘orane
< L4
Na™-glucose —/
CYTOSOL cotransporter
Low Na™
High K™ Na* Glucose
e e
ATPase
(ATD) GLUT-2
ATP /  transport
( (ADP) } protein
A
J .
Basolateral
membrane
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