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lon concentration (mM)

Interstitial space | cell (“typical”)
Na" 145 15
K* 4.5 120
Ca™ 1.2 1x10°
Mg~ 55 1
CI 116 20
HCO3 25 15
glucose 5.9 low
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geometry

A il

() (b) {c) (d}

Vhe
aolhc
Vhe = Volume of hydrocarbon region

ap = surface area of hydrophilic region
I, = length of hydrocarbon region, also R

shape factor = , Where

range of shape factor | form

<1/3 micelles (a)
1/3t0 1/2 cylindrical micelles (b)
1/2 to1l bilayers (c)

>1 Inverted micelles (d)




Critical Micellar Concentration

At low concentration, amphiphiles
exist as individual, solvated
molecules

As concentration of amphiphiles
Increases above a certain point,
amphiphiles organize into
aggregates — bilayers, micelle, etc.

This concentration of the critical
micellar concentration (CMC)

Balance of self-assembly
(hydrophobic effects) against
entropy

Two tails increases hydrophobic
effect, lowering CMC

CMC (molar)




Phosphorus
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Molecular Dynamics Simulation
of Phosphatidyl Choline Bilayer
Carbon/Palmitic Oleic

Nitrogen
H Heller, M Schaefer, K Schulten,

J Phys Chem 97:8343, 1993.
RasMol Image by E Martz




Transition temperature

chain length Tm (°C)
12 -1

13 14

14 23

16 41

18:1 ¢9 unsat. -20

16:0-18:1 -1

* Saturation of chains (presence of double bonds) lowers transition

temperature

* Headgroup chemistry also modulated transition temperature



Sitmple diffusion




Extracellular space Ve OmV
[Na*], 145mM
[K*], 4.5mM
pH, 74
[HCO3], 24mM
(CMo 116mM

The Na-K pump keeps
[Nat*] inside the cell
low, and [K*] high.

Amino
“ [Ca®*], 107°M acids‘ SIUfme
2@ il e e S o®
1 H El 4 5
ATP]

3/ Y O\ \ \ \
MNa—K K* channel ENaC Na* Voltage- Na‘—solute
pump channel dependent cotransporter

Na* channel

Cytosol

Firnar

* Transport across membrane mediated by:
* diffusion
° transmembrane proteins
* coupling of energetic sources



Pores and channels

A PORE (NON-GATED CHANNEL)
o=t —e

{ Pores are conduits
| that are always open.

Extracellular

Cytosol
space




Pores and channels

C=C,
Pores are conduits
that are always open.
= -
.\'\
radius s
N -
apertures C T O
e Al e et s L = distance between planes
e [ n = number of aperatures/area
-———-- - - — —-———— — — .
------ T s = pore radius
e s i e g o i H.C. Berg, Random Walks in Biology




Pores and channels

Pores are conduits 1
that are always open.
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L = distance between planes

> n = number of aperatures/area
N .
i s = pore radius
H.C. Berg, Random Walks in Biology
N C= Cl C= CZ
apertures
______ N PP ——— 7,
___‘___/_\__.__< ______ AAA A
B 4 " e |
SIS ISR =g LIS E S S e a———— R
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_ N resistors
x=0 x=l in parallel



B CHANNEL (GATED FORE)
)

~=8 — _
» ) Channels are conduits that
»-- A Ny -

w. are gated by a “door.

‘- === Channel is

closed.

Channel is

% open.




Carriers — passive transport

C CARRIER n E
The carrier is open X enters from outside and
. . to the outside. = binds at a binding site.
Carriers are
conduits that are 9 9
gated by two

“doors” that are
never open at the

same time. /' ; ' Binding

\ The outer gate closes

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

occluding an empty
binding site. This
cycle can also flow in
reverse L"]'d.i."['.

The inner gate opens
. - - "
with X still bound.

X exits and enters the
inside of the cell.




Model of glucose transport (K&S)

Total glucose remains constant: si+s.+p;+p.=constant
Total receptors remain constant: pi+pet+citce=co



] S, — S,

J==K,Kk.C

2 T (s, +K+K, s, +K+K,)-K>
K:k—‘;Kd:i

k. k.

* Symmetric in S, and S,
* Consider flow from external to internal.

— Flow increases with greater difference between
concentrations.

— For constant S, it exhibits Michaelis-Menten kinetics
as S, increases, but with an increase in K,

— For constant S.-S;, increasing S; and S, increases K,...



Carriers — Active transport

A Na-K PUMP
ATPase B subunit
{o& subunit\

Extracellular
space

ATP+3Na"i+2K"->ADP+P;+3Na’+2K"

Cytosol



B ENZYMATIC CYCLE OF THE Na—K PUMP Three Na® ions within the
cell then bind to sites on E;.

The Ej form of the pump,
with ATI bound, is empty
and exposed to intra-
cellular space.

3| e
=
The ATP molecule is hydrolvzed,

phosphorylating the o subunit.
This phosphorylation of E; results
in a conformational change, which
cccludes Na™ from both the
cytosolic and extracellular space.

An ATF molecule binds
to By cansing a conform-
ational change to the
pump, which returns it to
its E;state. K is exposed
to the oy tosolic space and

leaves Ey.
n
il
The conformation of the
pump spontanecusly changes
\ Phosphate leaves E; which to E;, exposing the bound
changes its conformation Ma' fo the extracellular space,
once again and cocludes K allowing it to exit the pump.
Cuabain
binding
1 site
Cabain binds to Es-PP,
changing the conform-
ation of the pump and
blocking the pore. The
pump is nonfunctional. ) L "/F_
. : Ouabain =
) Cuabain

LA
+ . a
Two K ions outside

the cell bind to sites

The E;-F form of pump is
on Ea.

empty and exposed to

Kt
26 binding =%
altes

the extracellular space.




Three Ma™ ions within the
cell then bind to sites on E,.

T

Binding
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g The ATP molecule is hyvdrolvzed
rinds 2 A ¢
A phosphorylating the of subunit.
This phosphorvlation of Eq results

1E J 1
ns it o in a conformational change, which .
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posed
e and cytosalic and extracellular space.

The conformation of the
pump spontanecusly changes
tor Eq, exposing the bound
Ma® to the extracellular space
r
allowing it to exit the pump.
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R | I I

The conforma ticn of the
pump spontanecusly changes
to E5, exposing the bound
Ma' to the extracellular space
r
allowing it to exit the pump.

The E;-I form of pump is
empty and exposed to
the extracellular space.

L
2 ® binding
slies




e Bl e
\ ["hosphate leaves E; which
changes its conformation
once again and cccludes K7
m

Two K ions outside
the cell bind to sites
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B EMIYMATIC CYCLE OF THE Ma—K PLIMF

The Ey torm of the pump,
with ATF bound, is empty
and exposed to intra-
cellular space.

A ATE molecule binds

to By causing a conform-

ﬂ:ﬂ__ﬂ ational change to the
tegrbgsingh bl:ﬂiil pump, which returns it to

its E, state. K" is exposed
tor the cytosolic space and
leaves E.

\ Phosphate leaves E; which
changes its conformation

once again and cocludes K.
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pk
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i
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Carriers — Active transport

A Na-K PUMP
ATPase B subunit (ATP
{o& subunit\ q
~ Ceele,
" o0
0’ e W
Extracellular
space Cytosol

lon | Affinity (Kp, mM)

Inside Qutside

Na"* 1.3 32

K* 12 0.14




its conformation Ma' to the extracellular space,
in and occludes K7 allowing it to exit the pump.

Chiabain binds to Es-P,
changing the conform-
ation of the pump and
blocking the pore. The
pump is nonfunctional.

B H

The E,-I* for
empty and &
the extracell

=
2 @ binding
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Variations

Myriad ways of moving single or multiple types of molecules
* Kkinetics: pores, channels, gated channels, pumps

* direction: exchanger, cotransport

* driving force: active / passive

A Na/GLUCOSE A Ha—{:l_a EXCHANGER
COTRANSPORTER (SGLT) (NCX)
Extracellular Cytosol Extracellular Cytosol
Space space
2@ <= @ L)
=1 ﬁ?-:l:-ijb
@ =
Glucose
C Na-DRIVEN CI-HCO
E Na/K/Cl 3
COTRANSPORTER (NKCC) EXCHANGER
2
@@ &

@

(@ﬁ-ﬁ



* Volume regulation of cells

Variations

* Next, bioelectric potentials, and how this affects
transport of ions across membranes

* Electrically excitable membranes

Extracellular space

The Na-K pump keeps
[Nat*] inside the cell
low, and [K*] high.

s@/

Na—K K* channel ENaC Na*
pump channel
Cytosol

W —-60mv
[Na*, 15mM
[K*]; 120mM
pH, 7.2
[HCOZ];, 15mM
[CITi 20mM
[Ca®];, 107M

W, OmV
[Na*], 145mM
[K*1, 4.5mM
pH. 7.4
[HCO3], 24mM
[ClTle  116mM
[Ca®*], 1073M

]

\

Amino
acids

The Ca-H pump and the Na—Ca exchanger keep
intracellular [Ca**] four orders of magnitude
lower than extracellular [Ca®*].

Glucose

NCe m

/
& 480 ;

HQ\

Voltage-
dependent
Na* channel

= & K \f.‘v o
|-

e

\
Na'-solute Vollage gated Plasma Na—-Ca
cotransporter  Ca®* channel membrane exchanger

Ca—H pump
Organellar

Ca- HpumpM“V%



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5: geometry
	Slide 6: Critical Micellar Concentration
	Slide 7: Transition temperature
	Slide 8
	Slide 9: Simple diffusion
	Slide 10
	Slide 11: Pores and channels
	Slide 12: Pores and channels
	Slide 13: Pores and channels
	Slide 14
	Slide 15: Carriers – passive transport
	Slide 16: Model of glucose transport (K&S)
	Slide 17
	Slide 18: Carriers – Active transport
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24: Carriers – Active transport
	Slide 25
	Slide 26: Variations
	Slide 27: Variations

