





—) Diffusion from area A
to area B

-— Diffusion from area B
to area A

—>  Net diffusion

(a) Diffusion

- Diffusion from area A
to area B

<« Diffusion from area B
to area A

No net diffusion

(b) Dynamic equilibrium



Unidirectional flux in (=)
minus flux out (—=€)...

...equals net 1
flux (s=gp-).
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iTaBLE 31 Factors Influencing the Rate of
Net Diffusion of a Substance across a
Membrane (Fick's Law of Diffusion)

Effect on Rate
Factor of Net Diffusion

T Concentration gradient of substance (AC) T
1 Surface area of membrane (A)
1 Lipid solubility (B)

T Molecular weight of substance (MW)

— « 5> -

T Distance (thickness) (AX)

Modified Fick's equation:

Net rate of diffusion (Q) = \/AA/(;_‘/;/A A[j(
[diffusion constant (D) « \/I\E—W]
D
bility (P) = —
{permea ility (P) = AX]

Restated Q «< AC-A-P
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Channel Carrier proteins

protein
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Simple Facilitated
diffusion diffusion
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Diffusion Active transport




A PORE (NON-GATED CHANNEL)

B CHANNEL (GATED PORE)

Pores are conduits
that are always open.




— C. Control of ion channels
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C CARRIER 1]

The carrier is open X enters from outside and
to the outside. , binds at a binding site.

Carriers are

conduits that are

gated by two

“doors” that are

never open at the A~

: te The outer gate closes

and X becomes
occluded, still attached
to its binding site.

cyche can also flow in
reverse order.

: The inner gate opens
X exits and enters the 2 g
S side of the cell. with X still bound.




Rate of diffusion

S mple diffusion
Facilitated diffusion

Concentration of substance




A Na—-K PUMP
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B subunit
o subunit

ATPase-<
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o e
B ENZYMATIC CYCLE OF THE Na-K PUMP Three Na ions within the
cell then bind to sites on E;.

Na*
The E; form of the pump, binding
with ATP bound, is empty <
and exposed to intra-
cellular space.

binding
pocket

The ATP molecule is hydrolyzed,

; ) phosphorylating the o subunit.
causing a conformational This phosphorylation of E; results
change t}}at EELIS th?( . in a conformational change to E;-P,
pump to its E; state. K" is which occludes Na' from both the

A e el cytosolic and extracellular space.
space and leaves E;.

An ATP molecule binds,

The conformation of the

pump spontaneously changes
With the loss of the phosphate, to Ey-P, exposing the bound
the conformation of the pump Na" to the extracellular space,
changes to Ey, which occludes K. allowing it to exit the pump.

Quabain
binding
Ouabain binds to E,-P, | St€
changing the conform-
ation of the pump and
blocking the pore. The
pump is nonfunctional.
Ouabain

&) Ouabain

Two K ions outside

the cell bind to sites b The E,-P form of pump is

on E,-P. : empty and exposed to
binding

sites the extracellular space.




A Na/GLUCOSE COTRANS- G Na/K/Cl
PORTER (SGLT1-3)

Extracellular Cytosol
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Glucose
B Na/AMINO ACID H Na/Cl
COTRANSPORTER COTRANSPORTER (NCC)

=

C Na/PHOSPHATE I K/CI
COTRANSPORTER (NaPi) COTRANSPORTER (KCC)

=

Amino acid

COTRANSPORTER (NKCC)

D Na/HCO; COTRANS-
PORTER (NBCef, e2)

N

~ 3 (LR

E Na/HCO3; COTRANS-
PORTER (NBCef1, e2)

F Na/HCO; COTRANS-
PORTER (NBCn1, n2)

J H/OLIGOPEPTIDE
COTRANSPORTER (PepT)

Peptide

K H/MONOCARBOXYLATE
COTRANSPORTER (MCT)

i

Monocarboxylate

L H/DIVALENT METAL ION
COTRANSPORTER (DMT)

Metal



A Na—-Ca EXCHANGER
(NCX)

D CI—HCOSEXCHANGER
(e.g., AE, DRA)

Extracellular Cytosol
space

B Na-H EXCHANGER
(NHE)

S

H)

C Na-DRIVEN C-HCO,
EXCHANGER (NDCBE)

Trico;
Na
cr)

E CI-FORMATE
EXCHANGER (CFEX)

S

Formate
or

Oxalate

F ORGANIC ANION
TRANSPORTER (OAT)

Para-amino
hippurate

D
o-Keto-
glutarate




Extracellular space
145mM

The Na-K pump keeps The Ca-H pump and the Na-Ca exchanger keep
[Na*] inside the cell H 80 ] ; 44 M intracellular [Ca?"] four ordgrs of magnitude
+1hi 3lo 24m lower than extracellular [Ca®*].
low, and [K*] high. [CMo " 116mM
[Ca®*], 1073M

15mM
120mM
7.2

. 15mM
20mM
107M

The Na™~H" exchanger and Na-driven
CI” uptake via the CI-HCO; exchanger and Na/K/Cl CI-HCO; keep intracellular pH and

In most cells, [CI'] is modestly above equilibrium because

cotransporter balances passive CI” efflux through channels. [HCOg3] above their equilibrium values.




A cotransport carrier at the

luminal border simulta}neously Lumen of
transfers g!ucose agamst a intestine
concentration gradient and Na

down a concentration gradient

from the lumen into the cell.

B No energy is directly used
by the cotransport carrier to
move glucose uphill. Instead
operation of the cotransport
carrier is driven by the Na*
concentration gradient (low Na*
in ICF compared with lumen)
established by the energy-using
Na*-K* pump.

The Na*-K* pump actively
transports Na* out of the cell at
the basolateral border keeping
the ICF Na* concentration lower
than the luminal concentration.

@ Atter entering the cell by
secondary active transport,
glucose is transported down

its concentration gradient from
the cell into the blood by
facilitated diffusion, mediated by
a passive glucose carrier at the
basal border.

The Na*-K* pump also
actively transports K* into the
cell, maintaining a high
intracellular K* concentration.

a LS

No energy

‘O

g

Cotransport
carrier

Luminal
border







Chamber A Chamber B

Semipermeable
membrane




Initial condition Equilibrium condition

Semipermeable membrane

Koeppen & Stanton: Beme and Levy Physiology, 6th Edition.
Copyright © 2008 by Mosby, an imprint of Elsevier, Inc. All rights reserved




Normal cell volume
Intracellular fluid: 300 mOsm/L
nonpenetrating solutes

.
saredar

300 mOsm/L 200 mOsm/L 400 mOsm/L
nonpenetrating solutes nonpenetrating solutes nonpenetrating solutes

©The Rockefeller University Press. The
Journal of Cell Biology, 1976, 70: 193-203.

No net movement of Water diffuses into Water diffuses out of

water; no change in cells; cells swell. cells; cells shrink.
cell volume.
(a) Isotonic (b) Hypotonic (c) Hypertonic

conditions conditions conditions
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