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FIGURE 6-2

Phospholipid structure, A phos-
pholipid is a composite molecule
similar to a triglyceride, except in
this case only two faty acids are
bound to the glvcerol backbone,
the third position being occupied
by another kind of molecule called
a phosphorylated alcohol. Because
the phosphorylated alcohol usually
extends from one end of the mole-
cule, and the two fatty acid chains
from the other, phospholipids are
often diagrammed as a polar head
with twe nonpolar hydrophobic
tails.
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LIPID AGGREGATES POLYISOPRENOIDS

Fatty acids have o bydrophilic head "" i long chain polymers
andd & hydrophobic tail. ~—— i ol Boprana
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In water they can farm a surface film
af fofrm small micelkes.

Their derivatives can form larger aggregates held together by hydrophobis forces:

Trighyceridos form lange spharical fat Phospholipids and glycolipids farm ssli-sealing lipid
droplats in the cell cytoplasm. bilayers that are the basis for all cellular membranes,
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FIGURE 6-3

A phospholipid bilayer. The dia-

gram above illustrates how the

long nonpolar tails of the phos-
pholipids orient toward one an-

other. Because some of the tals

contain double bonds, which in-
troduce kinks in their shape, the

tails do not align perfectly and the

membrane 15 “luid”— individual

phospholipid molecules can move

from one place 1o another in the

membrane.




FIGURE 6-5

Cells have complex surfaces. A
variety of proteins protrude
through the lipid membrane of
animal cells, and nonpolar regions
of the proteins tether them to the
membrane’s nonpolar interior.
The three principal classes of
membrane protein are channels,
receptors, and cell surface mark-
ers. Carbohydrate chains (strings
of sugar molecules) are often
bound to these protens, and to
lipids in the membrane itself as
well. These chains serve as dis-
tinctive identification tags, unigue
to particular tvpes of cells.
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FIGURE 6-7 ¥ pol
How proteins are anchored to i N Gfm oo
membranes. Many membrane Phospholipids - Of projein

proteins are anchored within the
lipid bilayer by nonpolar seg-
ments. In all cases studied 1o date,
these segments have proved to be
helical in secondary structure.
Two general classes of membrane
protein occur: proteins that tra-
verse the membrane only once
(receptors and some channels are
of this sort), and proteins that tra-
verse the membrane many times,
creating a hollow “pipe” through
the bilayer, as illustrated here.
Many channels are of this sort.

protein




FIGURE 6-6

Proteins in membranes move
around. Protein movement within
membranes can be easily demon-
strated by labeling the proteins of
a mouse cell with fluorescent anu-
bodies, and then fusing that cell

with a human cell. Within 1 hour,

the labeled and unlabeled proteins
are intermixed throughout the hy-
brid cell’s membranes.
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FIGURE 6-8

Functions of plasma membrane
proteins.
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FIGURE 1.6 Different types of anchored membrane proteins that are attached to the
membrane via fatty acids, prenyl groups, or phosphatidylinositol. (From Buchanan
et al. 2000.)
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FIGURE 6-4

Some molecules pass across bi-
layer membranes, others do not.
Lipid bilayer membranes are per-
meable to oxygen, tw lipids, and
to small uncharged molecules even
if they are polar (such as water);
they are not permeable 1o large
molecules if they are polar, or 10
anything that is charged, such as
10015 OF proleins.
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FIGURE 6.6 Typical values for the permeability, P, of a|
logical membrane to various substances, compared wit]
those for an artificial phospholipid bilayer. For nonpola
molecules such as O, and CO,, and for some small

uncharged molecules such as glycerol, P values are sim
in both systems. For ions and selected polar molecules,
including water, the permeability of biological membra:
is increased by one or more orders of magnitude, becau

of the presence of transport proteins. Note the logarithr
scale.
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FIGURE 6.7 Three classes of membrane transport proteins: channels, carriers, and
pumps. Channels and carriers can mediate the passive transport of solutes across
membranes (by simple diffusion or facilitated diffusion), down the solute’s gradient
of electrochemical potential. Channel proteins act as membrane pores, and their
specificity is determined primarily by the biophysical properties of the channel.
Carrier proteins bind the transported molecule on one side of the membrane and
release it on the other side. Primary active transport is carried out by pumps and
uses energy directly, usually from ATP hydrolysis, to pump solutes against their
gradient of electrochemical potential.



FIGURE 6-18

The molecular structure of the &\
glycophorin A sugar transport ' I_
channel is known in considerable ® |
detail. This channel has three dis- 1

tinctly different domains, or &
ZONEs. il |
1 The end of the protein protrud- |
ing from the outside surface has A
carbohydrates bound to 1. L%

2 The central zone possesses a ~
sequence of hydrophobic (nonpo- -
lar) amino acids, facilitating the T—
burial of this portion of the pro- - 3
tein within the lipid bilayer mem- !
brane.

3 The end of the protein protrud-
ing into the cell possesses many ;
amino acids that are polar and Bilayer |
ionized, giving the interior of the membrane
channel a negative charge.

Hydrophobic portion
"'f_,f"’ of molecule

Cell
interior

Highly charged portion of
molecule inside of cell
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FIGURE 6.2 Development of a diffusion potential and a

charge separation between two compartments separated by
a membrane that is preferentially permeable to potassium.
If the concentration of potassium chloride is higher in com-
partment A ([KCl], > [KCl]y), potassium and chloride ions
will diffuse at a higher rate into compartment B, and a dif-
fusion potential will be established. When membranes are
more permeable to potassium than to chloride, potassium
ions will diffuse faster than chloride ions, and charge sepa-
ration (+ and -) will develop.
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FIGURE6.3 Diagram of a pair of microelectrodes used to
measure membrane potentials across cell membranes. One
of the glass micropipette electrodes is inserted into the cell
compartment under study {uwal]} the vacuole or the cyto-
plasm), while the other is kept in an electrolytic solution
that serves as a reference. The microelectrodes are con-
nected to a voltmeter, which records the electric-potential
difference between the cell compartment and the solution.
Typical membrane potentials across plant cell membranes
range from -60 to 240 mV. The insert shows how electrical
contact with the interior of the cell is made through the
open tip of the glass micropipette, which contains an elec-
trically conducting salt solution.
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FIGURE6.8 Models of K* channels in plants. (A) Top view of channel, looking through the pore of
the protein. Membrane-spanning helices of four subunits come together in an inverted teepee with
the pore at the center. The pore-forming regions of the four subunits dip into the membrane, with a
K' selectivity finger region formed at the outer (near) part of the pore (more details on the struc-
ture of this channel can be found in Web Essay 6.1). (B) Side view of the inward rectifying K* chan-
nel, showing a polypeptide chain of one subunit, with six membrane-spanning helices. The fourth
helix contains positively-charged amino acids and acts as a voltage-sensor. The pore-forming

region is a loop between helices 5 and 6. (A after Leng et al. 2002; B after Buchanan et al. 2000.)




FIGURE 6-17
Facilitated diffusion is a carrier
mediated transport process.
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HIGURE6.14 Hypothetical steps in the transport of a cation (the hypothetical M*)
against its chemical gradient by an electrogenic pump. The protein, embedded in the
membrane, binds the cation on the inside of the cell (A) and is phosphorylated by ATP
8. This phosphorylation leads to a conformational change that exposes the cation to
e outside of the cell and makes it possible for the cation to diffuse away (C). Release
“tthe phosphate ion (P) from the protein into the cytosol (D) restores the initial con-
figuration of the membrane protein and allows a new pumping cycle to begin.




FIGURE 6.15 Two-dimensional rep-
resentation of the plasma membrane
H*-ATPase. The H*-ATPase has 10
transmembrane segments. The regu-
latory domain is the autoinhibitory
domain. (From Palmgren 2001.)
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| Na™ gt Inside cell

FIGURE 6-20
The sodium-potassium pump.




Outside of cell

FIGURE 6-21

A coupled channel. The sodium-
potassium pump keeps the Na”
ion concentration higher outside
the cell than inside. There is thus
a strong tendency for Na™ ions to
diffuse back in through the coupled
channel, but their passage requires
the simultaneous transport of a
sugar molecule as well. The diffu-
sion gradient driving Na* entry is
so great that sugar molecules are
Inside of cell pulled in two, even against a sugar
concentration gradient,




TABLE 6.1

Comparison of observed and predicted ion concentrations in
pea root tissue

Concentration
in external

: i -1
medium Internal concentration (mmol L7')

(mmol L1 Predicted

Observed

74
74
1340
5360
0.0272
0.0136
H,PO," 0.0136
SEx£: 0.25 0.00005

e ————

75
8
3
2

28
/

21

19

Source: Data from Higinbotham et al. 1967.
Note: The membrane potential was measured as =110 mV.
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Cell wall

FIGURE 6.4 lon concentrations in the cytosol and the vac-
uole are controlled by passive (dashed arrows) and active
(solid arrows) transport processes. In most plant cells the
vacuole occupies up to 90% of the cell’s volume and con-
tains the bulk of the cell solutes. Control of the ion concen-
trations in the cytosol is important for the regulation of
metabolic enzymes. The cell wall surrounding the plasma
membrane does not represent a permeability barrier and
hence is not a tactor in solute transport.




Symparters

iy ucrose H* Aming
H* Na ! acid

K* |
™y L i o o

pad- A T S Antiporter
b " .
T, = I I 1
H* CYTOSOL o -
\ o MNa™ %,
Ny .\\ b pH 7.2
- i iE = -120 my Y
_:-'G Plasma o
membrane k. Eftlim
Antiporters . carrier
TR L. Ugaiartmel s f Lol ’ SUCrose — \
HTr._ -"-'P '\l':rl"'
‘% cd™ » & Hexose
ki Pi S rase
o ;
. ATP
+}
H "E@- PC-C?!
ILES < H* Je
I i AOF + P Ma® pH 5.5 X A ATP
2 AE = 00 m\f sECT
P RADP + By
&TP 1
i) VACUOLE anthocyanin = ABC
pH 5.5 H’ Ji . ___,,;'5 transaeriers
frp PHMERS e ABC ‘j_: ATP
ADP & Py i
i H* = : A oS, 5
: -] i ADP + Py
BDP 4 P l gl i ' ATP a2
3 |
- 29, Catt \} pump
- b Y ¥% .
S A P e /.\,___{])/\ Y ADF 4 Fj Cal®
(P} chamnesl b Slomes waCUaiar
( / 1 Tk o
Asiars iy (V) channel
[malate,
I, NO3) :
Charnnels
QUTSIDE OF CELL
A K

fa '\

Irvward i h '.-’1r.|l.-'-.'r~rd
rectifying Z:I i K '.CI {& rectifying
i kY

: 3 | f -H'I s Y
| ! e &
L Cutward IJ; \ll Outward =

rectifying ' L rectifying

L e -
T
Channels

FIGURE 611  Overview of the various transport processes on the plasma
membrane and tonoplast of plant cells,




TABLE62
The vacunlar pH uf some hyperamdrfymg p#ant
spECIES e

Tissue Species pH?

Fruits
Lime (Citrus aurantifolia) e
Lemon (Citrus limonia) 2.0
Cherry (Prunus cerasus) 2.5

Grapefruit (Citrus paradisi) 3.0

Leaves

Rosette oxalis (Oxalis deppei) 1.3

Wax begonia 1.5
(Begonia semperflorens)

Begonia 'Lucerna’ 09-14

Oxalis sp. 1.9-26

Sorrel (Rumex sp.) 2.6

Prickly Pear 1.4 (6:45 AM.)
(Opuntia phaeacantha)® 5.5 (4:00 P.M.)

Source: Data from Small 1946.
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FIGURE6.16 Maodel of the V-ATPase rotary motor. Many polypep-
tide subunits come together to make this complex enzyme. The V,
catalytic complex is easily dissociated from the membrane, and
contains the nucleotide- binding and catalytic sites. Components of
V, are designated by uppercase letters. The intrinsic membrane
compIew mediating H* transport is designated V,,, and its subunits
are given lowercase letters. It is proposed that '&TPase reactions
catalyzed by each of the A subunits, acting in sequence, drive the
rotation of the shaft D and the six ¢ subunits. The rotation of the c
subunits relative to subunit a is thought to drive the transport of
H™ across the membrane. (Based on an illustration courtesy of M.
E. Manolson.)
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FIGURE6.5 The membrane potential of a pea cell collapses
when cyanide (CN7) is added to the bathing solution.
Cyanide blocks ATP production in the cells by poisoning
the mitochondria. The collapse of the membrane potential
upon addition of cyanide indicates that an ATP supply is
necessary for maintenance of the potential. Washing the
cyanide out of the tissue results in a slow recovery of ATP
pmdudmn and restoration of the membrane putuntml
(From Higinbotham et al. 1970.)




Cytoplasm

FIGURE &-16

Exocytosis. Proteins and other
molecules are secreted from cells
in small pockets called vesicles,
whose membranes fuse with the
cell membrane, releasing their
contents to the cell surface.
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FIGURE &-15

Endocytosis. Both phag

{A) and pinocyrosis (B) ar

of endocyviosis. The large egg
wist D

Paramecium;
its meal 15 p cally over.
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