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Cell— Basic structural
and functional unit
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i Basic Functions of Cells

= Transport of molecules across
cell membranes

= Cellular signal transduction

= Bioelectrical phenomena of
cells

= Mechanisms of muscular
excitation and contraction
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:H Section 1

Transport Across Cell
Membranes
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:HBasic function of cell membrane

= Acting as a selective barrier

= Reqgulating the passage of substances into
and out of the cell

= Detecting chemical signals from other cells

Intracellular

Extracellular
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The structure of the
cellular membrane

1972 Singer and Nicholson Fluid mosaic model
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The structure of the
_i cellular membrane

Fluid mosaic model: cell membranes
consist of proteins embedded in
lipid bilayer that has the physical
properties of a fluid, allowing
membrane proteins to move
laterally within it.
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The structure of the
cellular membrane

Extracellular fluid

Glycoprotein  ntegral proteins ~Protein: 55%
A _ ~Phospholipids: 25%
- >Cholesterol: 13%
LRI ~Other lipid: 4%
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Lipid bilayer

Extraceliular fluid
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Membrane proteins

= Integral proteins : 70~80%. Carrier, channel,
ion pump, transporter.

= Peripheral proteins : 20~30%. Enzymes

Extracellular fluid Na* channel
G'?'ﬂﬂpfme'“ Integral proteins
GI].ﬂ:DIIpII:i e | E:Irax:allular side
112/ H4|5 B 1 5|-H|_12345 ILE: 1".’ -l-!: rﬁ
_______ i I__ : .
v U F P P | Cytoplasmic side
9000 l....'..ll. / COOH
NHa
() .l l..“..'.....l..
Phospholipid Cholesteral
Channel Peripheral protein
Cytoplasm - h I' I f 1
e o~-helical conformation
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ﬂ Membrane carbohydrates

= Glycoprotein
| GIYCOIipid Glycoprotein Integral proteins
)~

Glycolipid

1
0

Phospholipid

00000000000020000
i

Cholesterol

Channel Peripheral protein

Cytoplasm

Expose to the extracellular fluid, serve as

highly specific recognition sites. »
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Carbohydrate group attached to integral proteins.
of glycoprotein

Carbohydrate group

Membrane splits
of glycolipid

into layers in
freeze-fracture
electron microscopy

Extracellular
surface of
membrane
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v _ . Intracellular
Membrane-spanning integral proteins surface of
are tightly bound to the membrane. membrane

Cholesterol molecules —
insert themselves into
the lipid layer.

Phospholipid heads face the
aqueous intracellular and
extracellular compartments.

Copyright £ 2004 Paarson Educsticn, Inc., publishing a8 Benjamin Cummings.
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Transport of substances
through the cell membrane

. Oxygen Carbon dioxide
Small ions

Amino acids \ / Metabolic wastes

Glucose Secretions

13
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Forms of transmembrane

transport

= Simple diffusion

= Protein-mediated membrane transport
Facilitated diffusion

> Facilitated diffusion via carrier

> [Facilitated diffusion via ion channel

~ Active transport

> Primary active transport

> Secondary active transport

= Exocytosis and endocytosis

14
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Forms of transmembrane

iM transport

transported molecule
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| Simple diffusion
Diffusion: with a Diffusion
. ] O High Membrane Low
solution, a solute will e o ©
move from regions of o ©O o——> © ¢
. : o
higher concentration to
g- ° o G - 9
regions of lower °
_ _ e
concentration until the ® o o ®
solute reaches a uniform ®
: o © o ° / °
concentration
. o
throughout the solution. ® © © o
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i Simple diffusion

Simple diffusion: gases and lipid-
soluble molecules move from
regions of high concentration to

regions of low concentration.
 Concentration difference
Lipid solubility

The magnitude depends on
Size of molecules

» Surface area
17
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Simple diffusion

Simple diffusion

e,
o
|

o
]

_—
1=
E
=
o
=
£
2
—
c
@
]
—
2
Q
7]
e
(=]
]
=)
4]
o

l |
1 2

Solute concentration (mmol/L)
outside cell

The higher the difference in concentration, the greater
the amount of substance crossing the membrane.
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Protein-mediated transport

transported molecule
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T

e channel carrier
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simple channel carrier
diffusion mediated mediated
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:H Protein-mediated transport

= Facilitated diffusion: uses a transport
called a channel or a carrier to move
solute “downhill” from a higher to a lower
concentration across a membrane.

= Active transport: uses a transporter that is
coupled to an energy source to move
solute «“uphill” across a membrane against
its electro-chemical gradient.

20
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Facilitated diffusion via
carrier
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»1In the body, glucose and amino acid are transported via

carrier in the manner of facilitated diffusion 51



i1 Foxit PDF Editor 3555
B2 B (c) by Foxit Software Company, 2003 - 2009
T H T4 .

Facilitated diffusion via
carrier
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Facilitated diffusion via
carrier

Carrier-mediated transport Simple diffusion
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Facilitated diffusion via

_\H carrier

Characteristics
= Much faster than expected for simple diffusion

=« Saturation: as the concentration of the solute
reaches a high level, the rate of solute transport
reaches maximal.

= Structural specificity: the binding sites on each type
of carriers are specific for a particular solute.

= Competitive inhibition: a type of carrier may
transport two different solutes with similar
molecular structure may result in competitive
inhibition. 24
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Facilitated diffusion via ion
channel

QOpen channel ¢
| . Closed channel y
Integral membrane protein v

Lipid bilayer

One kind of channel has a conformation specific to one kind of ion,
with a hole in the middle allowing the ions to move.
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Facilitated diffusion via ion
channel
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Facilitated diffusion via ion
channel

High speed: 10°~108 ions/sec (carrier:
103~105 ions/sec)

Ionic selectivity
Gating:

resting closed
activation open
inactivation closed

27
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:H Ion channels

= Voltage-gated ion channels
= Ligand-gated ion channels
= Mechanically-gated ion channels

28
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:H Voltage—gated ion channel

= Voltage-gated ion channels
open when the membrane
potential changes beyond a
certain threshold value.

29
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:HVoltage—gated ion channel

= Activation

(A) (B)

S4 helix Gate

Cvtoplasm
ytop 30
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ﬂChemically—gated ion channel

= Ligand-gated ion channels
open by a conformational
change in the protein
induced by the ligand
binding.

31
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Ligand—gated ion channel

=neurotransmitter

Extracellular activation | intraceIIUIar second
®)] Ligand

Intracellular activation



i1 Foxit PDF Editor 3555
B2 B (c) by Foxit Software Company, 2003 - 2009
T H T4 .

:HMechanically-gated ion channel

mMechanically-gated channels - open and close in
response to physical deformation of channels

Stretch-activated

© 2001 Sinaver Associates, Inc.
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im Active transport

= Active transport: uses energy to move
solute “uphill” across a membrane
against its electro-chemical gradient.

> Primary active transport
> Secondary active transport

34
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:H Primary active transport

= Primary active transport: -~ @j} — o

active transport in which __*
chemical energy is Ug
transferred directly from ... ||

FFFFF

ATP to carrier protein. 3 8—

Ion pump
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Sodium-potassium pump

= Sodium-potassium pump
(sodium pump; Na*+-K+-ATPase)

[TTTTTTTTT T are located in a
| L] subunits
= Hydrolyze 1
ATP—transport 3
Na+t out and 2 K+
in

(exe = d, B subunits
] l / Ouabii = Binding sites for
ECF o Nat K+ and ATP

SENEEREEE
Cytoplasm Cj
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Sodium-potassium pump

(A

(F) (B)
/ \ MNa®
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Na* K*
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© 2001 Sinauer Associates. Inc. 37
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:HSigniﬁcance of sodium pump

= High level of intracellular K+ and
extracellular Na+ is the basis for
the generation of bioelectricity.

= Maintain the intracellular osmotic
pressure and cellular volume.

38
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:HSigniﬁcance of sodium pump

= Sodium pump is electrogenic, and in
turn is involved in the generation of
resting potential

2K+ |

9

3Na+*

Cytoplasm
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- A
Seconda W adlve Carrier protein
Actively
ra ns o transported
solute — g
0 Sodu

= Secondary active transport: .7....
active transport in which
energy released during
transmembrane movement of 7" \l/ i

one substance from higher to _

High-affinity
5 .~ binding site

= - O po— :
|Owel‘ Concentrathn 1S 8:‘—_:,, ,,___8 iﬁsﬂlumr
transferred to the o O concenvaton

simultaneous movement of
another substance from
lower to higher concentration.

Transporter

—— ——() Low-affinity
—— G binding site
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Secondary active transport

Transport

= Symport, in which the solute being
transported moves in the same
direction as the sodium ion.

= Antiport (exchange), in which
sodium moves in one direction and
the solute moves in the opposite
direction.

41
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Secondary active transport

= Na*+-glucose symporter = Na+-amino acid symporter

Amino
MNa* Glucose Tight Ma*t acids

junction
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g
Na* B
e
—————\= + = = = — g ———
Paracellular Glucose Basement . . Transcellular
Amino acids
pathway membrane pathway

small intdgtine
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:HSecondary active transport

Lumen side Epithelial cel Blood side

Facilitated
transport

YEN

Secondary \'

active !
transport '|

A concentration
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:HSecondary active transport
= Na+-Ca2+ exchanger@gmp ~_

Low intracellular
Ca?t: 0.1~0.2uM

4

1 Ca2+/ATP

1 Cast

2 Ca2+/ATP

>

3 Nat

Endoplasmic
-~ reticulu

= Calcium pumpy‘45
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:H Endocytosis and exocytosis

= Endocytosis: process in which
plasma membrane folds into
the cell forming small pockets
that pinch off to produce
intracellular, membrane-bound

vesicles.

46
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iﬂ Endocytosis

= Endocytosis
[ phagocytosis
pinocytosis
I fluid-phase endocytosis
receptor-mediated endocytosis

LDL (low-density lipoprotein)

47



i1 Foxit PDF Editor 3555
B2 B (c) by Foxit Software Company, 2003 - 2009

H T .
¢ Ligand binds to membrane receptor. Extracellular fluid
I

© Exocytosis ¢ Receptor-ligand migrates to clathrin-coated pit. |
Transport vesicle
and cell membranea
fuse (membrans Clathrin- 9 Endocytosis
recycling). cnaif pit :

C:;:::}

—

=

Clathrin
Y D
e
N
i Vesicle loses
Transport vesicle clathrin coat,
with receptors moves | f
to the cell membrane. | %
Receptors |
To lysosome L e and ligands
or Golgl -+— | separate. A
apparatus | intraceliular fluid
Endosome

G Ligands go to lysosomes

Copynght £ 2004 Paarson Educstion, Inc., publishing a5 Benjamin Gummings.
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:H Exocytosis

= Exocytosis: process in which
intracellular vesicle fuses with
plasma membrane, the vesicle
opens, and its contents are
liberated into the extracellular

fluid.

49
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iMExocytosis and endocytosis

Vi 4 A Endocytosis S o = Exocytosis %
" N o - 0 o e o ' . - G" . =] Jj - L
= L= . — o . o - : = o -
‘ 'C"T Phagocytosis o V Fluid-phase — Receptor-mediated ¢ g J =
o o I __ o A °1 endocytosis o endocytosis . ‘
o =" ] = [=] o
Extracellular o =, °© Yy o I Py, ¥ o e P & °©
fluid o €
A
Plasma
membrane
Cytoplasm
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ﬂ Summary

= Liquid mosaic model
= Simple diffusion
= Facilitated diffusion via carrier
= Facilitated diffusion through ion channel
- Voltage-gated ion channel
- Ligand-gated ion channel
- Mechanically-gated ion channel
= Primary active transport
= Secondary active transport
= Endocytosis and exocytosis

52
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:H Questions

= Define each term:
> Fluid mosaic model

> Simple diffusion

> Facilitated diffusion

> Active transport

> Symport

> Antiport

53
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i Questions

= Answer the following question

> Describe the significance of sodium
pump

> Characteristics of simple diffusion,

facilitated diffusion via carrier and
facilitated diffusion via channel

> Describe the major types of channels

54



