Dne wn sove ©-©@ in steady state to find
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S his tells us the Hux of ims transpamred acras the ce)) Membrane in Steady state.

Note the m‘milaﬂ@ m strudurs 4o fhe  Miduelis-Menten flun we derived.

Adive transpoTi ¢ the sodium- pola ssium pump

The carrier-mediatesl  bransport described above moves moleades cbwn chemical gsadients.

To move woleades aaainst a demical 9rudienb requires energy.This js knowh as o

One of 1ha most impovtant active ranspmst mechanisms is
the  Na* - K pump [ Svdwm igns pumped out of the cell against 1€ electnchemical gradienf-]
| polmssium ioms purped in
Thue, the important distindim here to Pay. atten tion to s -

This is ke the camer madiaied Wanspoil , bat mow there s a chemical reacton, Which
requires enemy. This allows chemicals to move a&m’nst nntradion gradients,

The Nernst potential and the resiing potential

The Nernst potential is tha obtainad when all gajes are opn  aid there 1S @ balance
betweon diffusive flux and eletic flux.The system i5 in equilibriom,

The vesting pofential (s the diffeence between +be potential outside and far {from +he
o) and inside the cell , which mas be different 40 the Nernsy potential bewayse gates

open and clo® and fons are MV wider different jmic and <oncentration gradimis,



The Nernst potential

“Total + charges =30

13+ 17 Yt
xm’r poss'lble,
( \ 8. Membrane permeable to Xt but ot ¥+
v
* Xt as Y Tetal + <30
“totadd t =20
R 12"
? But doesrt readh ¥ XT m eadhside
because of electrostatic Potential
+
9 X' 23 7 pushing back.
Yotal + = 3R

— Charge imbalance  <ets up an elect ric fiefd, which produces o force
an the lons Opposing further diffwsion of Xt

Impottant: the acual amount of Xt yhich diffuses tough the membrane is smal), ang
the excess charge all acumulites neur the interface, So that 'taougvbd approx. the
Solutions m either side remain eledtiwally neutral. The potential difference at which

eqm is established and, diffusion and  eledtric-field-generated fluxes halance is the

Nernst potential .

The membrane potential
-\—
oyt Xt 5X
G)nbider the Hollowi g set-up : Y+ X i( xT 5Y
7 - ‘r- Y Yy~ Y
— a Membrane permeable
xt xT Y to Xt but not ¥~
- - vt
" - . T rTox 3x"
Cqual positive and negadive darges in enth -~

vespective side  bub different amounts om the two sides,



x+ will diffuse 1hrough the membmhe & belane the chamge of Xt 0 boh sides

The balandi ng will happen in a small region near the memb mne [sv far from the Mmembrane.
the liquids will remain elecfroneutray).

The potential difference that builds up qgress the cell membrane os a result is ca))ed the
Nernst ptentia).

o Wha} is this potential?  Ther will ke a fluxof jonsdue to a wncentration gradient.

.J.? — Gonceniration
= —}DVC tregdar diffusive flyzx)
1an
diﬁusiv('{y
There will be a flux of ms due o @ Potentiq) difference

L -weg
(2 ﬂb

U =ion mobi(z’r\y = veloGty under @ wnstant e e&ric field

I.e. yalence = charge of im Ce.g. Nqt has valene H,
0% hos Valene -2)

2. . | giving im d;mye (+—ve, ions move down potential gradients ,

ks ~vejons moive up potential g rodients)

z = valence of the ion

¢ = eledic Fatenbla] => 'VqJ = electnc  fie)d

-

So the totat fuxis T=T+L = —DY2 - use ¥y

" = - Q&— = i 3 i 4 ]
0 J=-D o ‘:7" ?o%( (%) Assuming set-up is one—di mensima)

Ginstein's relation tonnecks the diffusi vily with the mobih'-)‘«r

D= URT
_\‘;I’F R = universal 3o..s wnstant

T = absolute témperature

F = Famdaﬂ'o’ constant



Note that (%) wn be rewnten as T- ~D(%§ + -E—(.-?—S %?;),whcre % o~ ~L

oovdinate movmal tothe membrane.

In €quilibdum . J=0 (mo frx) => 2t %%_—o

We wn intequmie the fux T in (A from =20 to x:L ko get :
(interior)  (exterior

of memb rane)
V& 4.-9, = RT |
Pe ZF lﬂ9 (é)
1
/ e : extenor
Nemet, potentiol [ nterior

acoss cell membrane

1onic aurrents

The flow o itns acroSS a membrane @uses & build up of darge which meuns e

membrane acls as o capdior
Charge dif Feren e

The voﬂaagc 0uvss the membrane is V=9

—

c

capacbance

The (urent across the membrane (s = - de here I i the ionic wrrent out of the ey
ot (i-e.rate of flow of +ve charges owlwards)

Combin Vyr- g C= -
ining these qives CSF"I <0 (aﬁumm{} C-'C"ml'dn_t) e C\V=Q

d = d@ <
“This eqn is the basis for ECCV)"SQ' > CddEV:—I_
Mmuch theoreticqy electrophySivlog y CiF i
= cons

We knk the wrrent of each spedes of ion S 0 %e witage via I = qc [V-)5)

S

' -spedfic membr¥ene conducignce
The totol aurent & I =2 I,
S = just [ =IR (Ohm'slwng)

and wnductance ¢ L 1
V. R
Reval that Cond Litanee IS @ measure of hou easily an electric  wrrent flows Thmlt\f]"/
a matenal. (|ts the yeciprocal of resistance)



Oef profein-lined pores which alloto the Q
passage of specific Molewles

~
This is not @ @nstant — it depends on the fradim of gates that are available -

that are open) - [er's denote the fradion of open channels 1"1 ",
Then 36‘ - ngsmax
'L lnndad-iuf}‘w/ when ol 304'85' are openh.

——— closd

—s v—open
o« (V)
closed — / open
gatc ;7\-’_.) gate
Law of  mass action gives g\_% =o(V)[1-n) -R(V) n

R dd-%- = (V) _ n(«\V)+ ﬁ(VD

dn
P> A —— == o) -
«WteV) ¢ T et

"

= T (V)‘i‘ﬂf.r N~ N | Where M, = fiﬁ and (V)

You can dso have mukiple ale5. Lot s - demity of ctares with i open gares, Then the
transition be10een gaje stdes s 3ovemed bj ~he reaction:

I EIV R

N s = S =
B B
/\ the facor of 2 isbewmyse there are
number 24 -wo wn{igura‘h'(my for gainﬂ from 2
cdosed gates Pen to 1 open gate and similary

for closed to open



(6w of mass actiom gives

i&": 'lzo‘gp"' Bgl
dt
is.i—r_ =8 ~ 28BS,

Q
<

We wuld aiso write duon an equation for §  but this equation is SUPE Ffluoys , SInge we

Can just infer it fom S+ S, = (wnyemaﬁcm of gutes)

wg tan redwce tp one oDE b(y Gﬂdfn\y 'H’\G‘t He solvtion is
S, =0-M*, S =an(1-n), S =n> (W& @& tisby simple subshiiuton)

Gi-e. the me-gute equatim)

whene m Satisfies -g—?:-: o (1-n) —gn,

[ See problem Sheet d,question 1]
In this wse, the proportion o open channds IS &, =n* so the Wnductivity in dhis

1 2
aue & i gs‘max'

This result generdlizes for N gubes with a conductivify of ‘nﬂlg
: s
Tou can also lools at- the case of non-identical gates ~see lecture motes om Pg 34

The Hadgkin - Huzley medel
The nervous System 1§ a. communfaxtion system Formed by nerve cells of neurns.

Information i pmpa,yonted alog Long cylindriiol segments wlled axms by eledochemical

S!'Snals.
Communication between Cells ocurs at junchions between Sy napses the dendribes.

If o smal aiment is applied {or @ shor t time thén the membéne
potential just retums @ its resting potential when the current

is réemoved.

But for a Sufficiapﬂy high wrrent, the membrane potential
undergues a lome exw il — an, action potentia) — S

—0
-



before refurn'ms 1o iIs festing volve. Vv A

Sgnals are transm Hed by the propagation A kit
of these adion Po-tcwh'als. lafer on we ° _L./
will Lok at+ this SPIth Pmpﬂga'hm “This PmP“ﬂm'S down the axom kje a wave.

down an pxon, but for now we will
look af a sPaﬁalIg independent model.

This o be adieved in pro.di ce by Inserh'ng on eledtrode along He axom to spread +he
wrrent out - “This is wlled the spoue damp - technigue.

Nat Na* -
Exlefiof T I, Apely o aurent Topp tothe axon and observe the

. i P onic wment that comes out, T.

L

Interior \ s 1e.

kKt K How does I; respond o I, >

PP . ¢ 1
How tuch eneqyy do we need for this Na- K™ pump ?

j AV
Our exvlier equation Ca_t— +I=0 @

= Cn da%"l' (L - app)to
f fo+al outward wrrent
Capactance of the membwne

applied volrage
o resutting wment

fotassivm flow 5
Rewll we hae our link belween V and I : I; =9 (V-

Vs) and QY'-'nNgSmax

h y condvc,ﬁvity
wher N=pymber of gares and T(V/) FE=NEV-n @ — bue reaandiess of what the N is

What we find is that the potassium conduckanee may be oontrolled by this modd when N=4

NO{'G , however that this Ismot due to four 301&5 but J'VS"I" as P n‘l—\?K
experimental fit. Mﬁﬁ)
Smax

N is walled the potassivm actvafion .




Sodivm $owd (8
Fov the sodium conductance them is a protein that turns the sodium cwrrent ey and anvther

which turns it off. This om be described by
N 30
38 - SN&m h

& o
Tm(v)g-ﬁ:‘- =t (V)-m ©

(V) %bf h, (V)-h @&

fs On appropriate model. <This is like two goes

m 16 called the S dium ackivation
h is wlled the sdivm inaclivatiom.

_ an; t is then
The Hodgkin - Huxley madel {:or/_fhe "“\*‘:’,‘éﬁ% P%wm

— o ~
L= g mh VW) + 8 (VU g v-n) | @

~ — \ .
or et H"’ current Lea,baye. other 10NS ﬂ%"‘ﬂ around
Na.r current hat cordribute +0 the wmenf

('sodivm) Cpotassivm ) (mu‘my Cl~ chioride fms>

(Tfn‘s model also Compvses Jhe ©ODE System o-® ) The closed system i 0-©.

N8 . The resting potential © the value of V' when the owdward iomic cumrent s 2em.

(What does the potential do?

These Vanes are experimentally measured

p A
he " T
0Q
N
Tn
}\
o > ] >
0 -
-t V-Veg
Relaxatiom Himes as €cns of
€qm gate variables as potential relative to resting
fas of potential, relative 1o potenticd

resting potenticy



crels
0 A—pp(y a current Tapp N(}

v _ _ du .
() V rises dueto the wirent (eqn@) G gﬁ (T~ Topp) =0 > | ot = Topp - L |

(3) Tm s Smal) (9rapb2) so 'm rises quickly (eqn @) dﬁ.: %T>T

= Nat floods into the axon frm outside (‘5"”59 95="’3}’7~0)
(4) Ths caqses evon mare of a potential difference, @Wsing My to vise (graph D, whid

Gauses even more of « potential differene (€rom sfep () abow.) il%] =C’%T -m )T
Tim

(5) \% foulis (aysing Na* flow to slow as N fauls (8q+e closes)
Mg Y28 Lausing KT to flow out of the axon rgw Tises - gate opens) 95=Ngy,

This tauses an overshoot past VQq, (bewowsse V< Veq,)
(resting potential for K*)

(€) A slow (eakage of KT back Into the kN Louises the system togo badk to equilibrium

back Into axon To Veq lmmedme@, but first an exditafim
that we are (nterested in .

The membrane is excitable . The equill'brium is o steady stafe bufa la.rge encmgh

pevhlrbaﬁ(m (wbmh in pra.ctice 6n't too hu'ge) that tauses the potential to undergo
an exausion — the action potentia) -

At the mement this s a four-dimensional gystem (V, nm, h destribed by egns O—©)

~This s met, eaSy o amalyse but we wan reduce thes 4 4 two —dimensional system cajied the
FitzHugh - Nggumo medel.




