Principles of Cell and
Molecular Biology

Neda Esfandiari



mailto:Ne_esfandiari@sbu.ac.ir
http://facultymembers.sbu.ac.ir/esfandiari

6\

Membrane
Transport

www fppt.info



Membrane Transport

* Permeability barrier
 Membrane transport proteins
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 The lon Concentrations Inside a Cell are
very different from those Outside

« Na+, K+, Ca2+, Cl—, and H+

Cell membrane

B The membrane transport proteins
The permeability characteristics of the lipid bilayer itself
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Simple Diffusion

and , N2, NH3
« Small uncharged polar molecules
( and , i -



Permeability coefficient

e Thickness

* Fluidity

 Particle Size (radius)
* Viscosity

. Hydrophobicty

§ concentration gradient
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Three Main Classes of Membrane

Proteins
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1. ATP-powered pumps

* Against a chemical concentration gradient,

an electric potential.

* Active transport

ATP-powered pumps

Exterior
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2.Channels

; or

dDown their concentration or electric potential

gradients. B
dFacilitated transport AP o
\\\"’\\, tﬁa! o
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JNon-gated channels
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ptylcholine bound
ocoptor sites \ Open Na*
W “ channel
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3.Transporters (carriers)

* A wide variety of ions and molecules
3

lransporters




3.1.Uniporters

dTransport a single type of molecule down
Its concentration gradient.

dGlucose and amino acids
dSometimes called facilitated transporters

Uniporier
A
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3.2. Symporters

« Co-transported substrate move Iin the same
direction.

Sy Mmporter

A B
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3.2. Antiporter

* Antiporters transport molecules in opposite

directions.

Antiporter
A

Cotransporters
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Extracellular fluid | @ Gl
, @ @ Q Na*-g| NE Nat*-glucose
@ | @ sym portm @ symport transporter
> @ \ transporter Gt releases glucose
Na ~ loads gl @ into the cytoplasm

from extracellular X
fluid
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@ Primary active transport @ Secondary active transport
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soiiute soluts “
i | coll
/ e membrane -
solute-binding site
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Some Key feature of uniporters

Faclilitated transporters

Specificity

Transfer speed

Change the direction of transmission

Uniporier
A
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Property

Requires specific
protem

Solute transported
against its gradient

Coupled to ATP
hydrolysis

Drwven by movement of
a cotransported on
down its gradient

Examples of molecules
transported

Passive Diffusion

0,, CO,, steroid
hormones, many drogs

Transport Mechanism

Faalitated Diffusion

Glucose and amino
acids (uniporters); ions
and water (channels)

Active Transport

Tons, small hydrophilic
molecules, lipids (ATP-
powered pumps)

Cotransport*

Glucose and amino
acids (symporters)
various ions and
sucrose (antiporters)
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Passive Diffusion

Property

Requires specific
protem

Solute transported -
against its gradient

Coupled o AP -
hydrolysis

Driven by movement ol
a cotransported 1on
down its gradient

Transport Mechanism

Faclitated Diffusion

Glucose and amino
acids (uniporters); ions
and water {channels)

Active Transport

|

lons, small hydrophilic
molecules, lipids (ATP-
powered pumps)

Cotransport*

Glucose and amino
acids (symporters):
various ions and
SUCTOSe (antiporters)

Examples of molecules 0, CO,, steroid
transported hormones, many drugs
® l\.; 065 8,‘]
4
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Facilitated Transport of
Glucose

Uniporter

Maximum transport rate
Transport Is reversible
‘ransport Is specific

High glucose concentration
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Low glucose
concentration




 Like other uniporters, GLUT1 alternates
between two conformational states.
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Isomeric sugars D-mannose and D-galactose.

After glucose Is transported Into the
erythrocyte, it is rapidly phosphorylated.

Genome encodes at least 14 highly
homologous GLUT proteins, GLUT1-GLUT14.

Jontain 12 membrane-spanning a helices
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JGLUT1: RBC, BBB (blood—brain barrier )

JGLUTZ2: liver cells and the insulin-
secreting islet [3-cells of the pancreas.

[ High blood sugar ]

Promotes
insulin

Stimulates Insulin
glycogen formation .

.
—| Lowers blood sugar
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JGLUT 4: fat and muscle cells
diabetes type Il

Matabollsm or Storags
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 GLUT 5 : fructose, epithelial cells

www fppt.info



Osmotic Pressure

Hydrostatic pressure

Water-permeable required to prevent

mgmbrane \\ net water flow

Colution & | Salution B

Ca Cr
—

I\

Water flow if Cp=0,
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 The volume of individual cells
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Isotonic solution

Hypotonic solution ~ Hypertonic solution
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e protozoans

Water enters

12

Excess water enters
contmct:!c vacuole

-

due to osmosis \ e

Loy

o /e “

The cycle
is repeated |

i,

(s BA }2' -
Contractile mcuole
bursts and expels water
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\ ./ ‘Contractile
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Svacuole swells

Contmaulc vacuole
moves to edge of cell
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Aguaporins

» Agquaporins Increase the Water Permeability of
Cell Membranes
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Pore

Extarior

Cytosol

I
NH,*

COO

Extracellular
vestibule

S

NH5*

Cytosolic
vestibule
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* Aguaporin 1:in RBC
» Aquaporin 2: in the kidney epithelial cells
Antidiuretic (ADH) Or vasopressin

Blood é &

_V2 receptor ——
: C . | I
diabetes insipidus | 3

Aquaporin-2
@)

B

I | ] ]

.
Increase in water
permeability

www.fppt.info



ATP-Powered Pumps

Exterior

B
I I

Cytosol

ATP-binding /

region

QP DI
o
Exterior

N Y

Cytosol

ATP-powered pumps

ATP ADP + P,

P class pump
dF class pump
4V class pump
JABC superfamily
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Active transport

* Energy is required

LIGHT
o\ /l O © }5
\[
I
ADP| + Pi
COUPLED ATP-DRIVEN LIGHT-DRIVEN
CARRIER PUMP PUMP
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Exoplasmic
face

Cytosolic
face
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a+/K+ pump
a2+ pump
+ pump



ECF

ICF

I

2K* binding site
Ouabain binding site
Cell membrane

L

A
)

ATP binding site

Phosphorylation sile
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PUMP ADP
2 PHOSPHORYLATES

ITSELF
d

PHOSPHORYLATION TRIGGERS
3 CONFORMATIONAL CHANGE,

Ma* EIECTED
\ @ E2

EXTRACELLULAR
SPACE
phusphaé in
[\’TDEC/ high-energy
linkage
e’ 3
TR
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“ | E2

AN
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E2

L
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 The Na+-K+ Pump Helps Maintain the

Osmotic Balance of Animal Cells

low concentration  high concentration
of solute of solute
outside cell inside cell

e WATER
£ LY 0 MOVES

OSMOSIS,
SWELLING

osmotic pressure THE CELL

- INTO CELLBY
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ATPase pumps
(A) Na*/K* pump (B) Ca** pump

K* H*
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Ca?*-binding

SR lumen  gjeq

Phosphorylated
aspartate

W

|

ATP-
binding
site

E1

Calcium and
ATP binding
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o
Ca?
® ATP

Conformational
change

Dephosphorylation

Phosphorylation

of aspartate

Calcium
release

-a

Conformational
change
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Na K" Na*-driven H* H*-driven
ATPase symport ATPase symport

@ @mlute H H‘ﬂmmE

H-I-
ATPase

plasma
membrane

nucleus

cell wall

(A) ANIMAL CELL (B) PLANT CELL
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V-class and F-class ion pumps

* V and F pumps transport only H+
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ATP

Y[

H* H*
F-type V-type P-type

F-class pumps are found in bacterial
plasma membranes and in
mitochondria and chloroplasts.

() ATP ADP + P,
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H No electric
Acidic pH s potentisl
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ABC superfamily
ATP binding cassette)

Biological
agents

(siRNA and Chemotherap
Monoclonal mlRNA) y agents not
Antibodies substrate to
ABC

Natural Ultrasound
Products waves

New drug delivery
- systems
Chemical (nanotechnology)

inhibitors e

Polymeric nanoparticles
Mesoporous silica nanoparticles
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