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INTRODUCTION

ATP DRIVEN ACTIVE AND PASSIVE TRANSPORT —

. . X is, intrinsicall

> The lipid bilayer of biological {}*.a.mbrane is, mtrgli]ity i);

-~ impermeable to ions and polar molecules. 'Permea At
conferred by two classes of membrane proteéins pumps :
channels.

> Pumps use a source of free energy such as ATP to d:‘lve the
thermodynamically uphill transport of ions and molecules.

» Pumps ate energy transducers in that they convert one from of
" free energy into another.

> Active transport is an endergonic process. When a molecule

—" moves from lower concentration to higher concentration as is

often required in the cells, energy input is required and
transport is described as active transport.

2 _Passive transport is along concentration gradii;n‘t and does not
require energy. ; M, ! :

» Hydrolysis of ATP-is coupled with the following transport
system. Examples are Na'- K" transpoit, H'- K* transport,
Ca™ transport, etc. - |

BASIC IDEA-

> Al!lL animals cells (especially eukaryotes) actively throw out
Na' ions and take in K+ ions, the two processes being
facilitated by integral protein called Na'-. K* ATPase or
sodium pump. It is necessary because K* is needed for many
functions for which Na" is inhibitory. -
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!\ Tk
Na*, K%, CI' and other ioh ;_.,radlents help neurons to
commumcate [t regulates cell volume and cell shape.

7 In fact upto 20-40% ol total metabolic energy of the cells is

t:onsumed in the maintenance of these ion gradrents‘)and this
energy consumption requires 70% in the neural tissue.

> The ATPase hydrolyse ATP on cytoplasmic side of the
- membrane so that 3Na" ion are transported out of the cells and
two K* ions are transported into cell for each ATP molcule
hydrolysed. Since this involves net movement of one positive
charge outward per cycle, sodium pump is described as
electrogenic in nature

The net process is as shown :

3 Na' (in)+2K" (out)+ATP+Hz0.<—
3 Na” (Out)+21( (m)+ADP+P1
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- P, | Tp. “ ! m
Sodium- Potassivm Pump : (Na' —K A I'Pase System)

. . . . -

ions inside the cell re
mol. from inside to outside.

-

. Wi | o The
» Membranes are structurally and ﬁmctlona‘lly a;;yrrmet:;l:; ey
outer and inner surfaces of all knrown biological me

have different components and different enzymatic activities.

An example is the pump that regulates concentration of Na and

A\

K" in the cells. g
The ion gradients are generated by a specific_transport

system, an_enzyme that is called the Na* — K° pump or the

Na "- K" ATPase. The hydrolysis of ATP by the pump provides
the energy needed. ' '

The pump is called Na* — K" ATPase because the hydrolysis of

ATP occurs only when Na* and K" are bound to pump.

> Moreover it requires Mg>". Cells are enclosed by a membranedf

Yabout 70A° thick and which is composed of double layers of
protein separated by lipids, cation can not pass through the lipid
(fatty) layer without encapsulation, lipid soluble surface to the
membrane.

\>/11{ most animal cells the concentration gradient1 of K" is 0.15M
and that of Na” is about .0 1 M. in the fluids outside the cells the

" conc. of Na" is 0.15 M and that of K is less than .004M.
Maintenance of these large conc. gradient requires a Na* — K*

pump.

- » Itis important to know that ATP stores energy for the cells in the
form of free energy that can be released o hydrolysis of P-O-P
phosphate bond of the phosphate polymer,) The P-O-P bond is
formed by condensation of two P-OH units with loss of H20,
and reaction is controlled by pH and electrostatic charge.
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Structure of Na‘ - K'ATPase :

# One of the most thoroughly studicd active (ransport systems
lasma memberane of higher

is the (Na' — K') A'TPasc in the :
eukaryotes which was first characterized by Jens Skou. This

transmemberane protein consists of two types of sabunits : a 110-
KD nonglycosylated & subunit that contains the enzymes
catalytic. gctivity and ion-binding sites, and a 55 kD glycoprotein
B subiiit of unknown function. The o subunit has eight
transmemberane o - heljcal seginents and two large cytoplasmic
domains, The B subunit has a single transmemberane helix and a
large extracellular domain. The protein may function as an (o B)2
tetramer in viyo,

> T}'::e h°< p?ptide. is the catalytic peptide, and c;ontains the

}(3: a?ts,g o;'ylanon Site. It undergoes phosphorylation at the B-
XY1 group of an aspartic acid residue from i

presence of Mg}23+ and Na” jops. : e 2 ki
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Working and Mechanism

> The Na' - K _ATPasc is an antiport that generales a charge
seperation across the m&heranc. The key to the Na™ — K* ATPasc
is the phosphorylation of a specific Asp residue of the transport
protein. ATP phosphorylates the transporter only in the presence
of Na” whereas the aspartyl phosphate residue is sub.le'fit o

hydrolyms only in the presence of K' . This suggests that Na”_ -
K’ ATPase has two conformational states (called Ei and E:)

with different structures, different catalytic activities and
different ligand specificities. The protein is thought to operate in
the following manner :

Operation of um
1) The transporter in E) state binds three Na” ions inside the cell and
then binds ATP to yield an Ei. ATP. 3Na’ complex.
2) ATP hydrolysis produces ADP and a ‘high energy” aspartyli
phosphate intermediate E\ ~ p. 3 Na" (~'indicates high energy
bond).

3) This high energy intermediates relaxes to its low energy
conformation, Ez-P 3 Na" and relaxes its bound Na' outside the
cell.

4) E2 — P binds two K" ions f'rom outSIde the cell to form an E2-P. 2

K" complex.
5) The phosphate group is hydrolysed, yielding E2. 2 K.

.6) E. 2 K* changes conformation, releases its two K" ions inside
the cell and replaces them with three Na® ions, thereby
completiing the tmnsport cycle.

> Although each of the above reaction steps is individually
reversible, the cycle circulates only in the clockwise direction
" under normal physiological conditions. This is because ATP

- hydrolysis and ion transport are coupled unidireéltional processes.
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Role of Mg®* . ;

> For the ATPase activity of
Toie the enzyme Mo?
SeiXAtng effect of Mg** upon the cleavage of %Thc
from the ATP ¢ .
th

phos phory] group

2* 3 -y - -
Mg™" also has arole as u reoulator of encymatic activity,

: ATP ADP
E.-gned b AT 3! IO
LATP bidig M : '
phogpluats’ et

< T R

M&QMX%@WS o
o3 (eut)
S.-r - sl +
Hﬁgﬁ payt , 4K binding A8
Bt fr o S "Tcow

Mﬂl@&w

ilitates

i indi inner side of the mt.embera'-ne faci

j Sodxum bllnf'mxf to:?f tl‘: :speciﬁc aspartic-acid .I‘CSIICIUE q:n-:3 ﬂt}}:
pnhzymosphory ? i ss then includes a conformational ¢ a.nbge o
: ki PI'OCf-'f the three sodium ions across the mernm:ﬂ1 zes;
<o tl'anS_POI't (I)Jinding on the outer memberage cinv);rsc
deph pomss;‘{mn e fOHOWCdSiun};’ ions into
chhOSPhth r)rrt;;ochange to transport the two potas
conformation:

the cell.
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~ The conductance of both Na* und K* Increases g*rcatly within I(I).l
ms, leading to a large inward current ot. Na and a smaller
outward current of K' Acctylcholine which is a ncurotransmitter,
opens a singles kind of cation channel, which is almost t?q‘ua!l.y
permeable to Na® and K'. This change in ion permeability is
mediated by acetylcholine recepior.

> /Based on reaction sequence, the mechanism can be outlined as.
- Firstly ATP and three Na' ions bind (o inside of the memberane
and enzyme (E)) is phosphorylated in the presence of Na“ and
Mg** to give phosphoénzyme E; P. undergoes eversion to give
another phosphoenzyme E>P. EaP  which then undergoes
dephosphorylation in  K* dependent process and three Na* ions
are replaced by two K* . The loss of ATP triggers conformational

change and carries the two K" ions into the cell thére they are
. released. The cycle is thus com letedand E; is again available

to be phosphorylated.

)t Prokaryotic organisms have used a number of transport
mechanisms for the extrusion of sodium jons ' against a
concentration gradient. Infcolif sodium efflux is linked to proton
uptake and is independent of internal ATP. ‘
Halobacterium halobium uses the protein  halorhodopsin to
catalyze coupling of Na” extrusion to light. The sodiim gradient
in the methanogen Methanococcus voltae is exploited in
transport of isoleucine as a positively charged complex.
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INSIDE OF CELL

T 5 - ENDENT EXPORT
HE STEPS IN ATP- DEPEN
_SadﬂﬂE_QEEEEUHQf___ =

OF SopIUM AND PoTASSIUM ToNS BY Na-kATRus
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