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There plots make it
and GABA ,
between

l

while the same can be said for

Some kinetic Responses of Post synaptic current

Here are some additional time plots taken from IATA

ampa . b . NMDA .

( 100 PA . 20 PA.
10 ms . 200 ms .

d GABAB .GABAa .

Lopa .Liopa .10 ms . 200 ms .

man

Best fits of simplified kinetic models to averaged postsynaptic currents obtained from whole-cell record-
ings ( A ) AMPA/Kainate-mediated currents . ( B ) NMDA-
rents ( D ) GARA " mediated currents . For all graphs , averaged whole-cell recordings
fanny traces , identical description as in figure 1 2 ) are represented with the best lit obtained using
simplest kinetic models ( continuous traces ) . Transmitter time course was a pulse of 1 mM
ration in all cases Panel A modified from ' Desleche , Mainen , and Sejn
Desterke et al 1994 ; panel D modified from Destekhe et al. 1996 ,

appear that the time constants for AMPA
are more or less

str -tir .
ande e

NMDA and GABAB

5 .

( Exoch ; see

equal , allowing for the difference

rbw 020416 .
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When the gate is
functions . of

( VUS ) .

(3 ( Ves. ) #

where . 8
f

cape .

fo .

H-H. defines the " open
state and Two
probably tof .
is ylt ) " leaving

non-permissive state .
order Markw process

y It )

be an explicit ca"t variable in the model .

Turning now to the mathematics of H-H ,

that an iconic channels open and close through a firm
order reaction determined by

gate .
gate .open .
closed .

for( a ) . ( b ) .

voltage dependent . The rate wetticients are
Your . The assumed dependence is

sz Vm .
fdo .

0 0

e

to fe

" an energy barrier " asymmetry factor ,
# 96,480 confirmed # Faraday constant , THE temperature in

are 1.98 cm 1/4-mol # gas-estant . The coefficients do not-AGO ( RT .

do # A E
-LBOIRT

A E
( which implies do # too )

# Also in control # activation energy

a state .or
" closed .
being in The permissive

if yet . It ) us the probability of
y it ) . is assumed

s .

l-ylth .

8

with flow rates a and to acting like arrival and service rates

The Key assumption

rate coefficients & and S

g : FIRST with
OK , and

" A E some proportionality consistent

as the " permissive
s .

state as the son-permissive state . The
state at time t

being in the
to follow a first



quenering model . Theinf a
The flow rate out of it

dy its
id t

as constant over this interval

ylti . 5

where . yo .

Finally , for

y it : :

where . The

conductance .

9 k .

dn .
it
dm .
uit .

dh
it

By . Thereforets .

a ( 1-year ) "s yet )

Now , when Van is a function of time Then so are d and f and
This equation has no closed-form solution . But it Van is constant
or we consider intervals At small enough that Valet ) can be regarded

then .

Yoo - ( Yoo - You ) e
a

# Y ( t-0 ) and 400 # d #

p statistically-independent " getting particles "
' parties " H-It used # as the name for whatever actually determines the
physical motion of the gate ) , The total " activation function " becomes

" activation function "

gilti . ylti . to s .

To account for different gates , H-M represents the different activities
functions using the letters N. m , and M. where

cm 3h .9k . " Gna .

with an representing activation by depolarization , In representing
inactivation by depolarization and

# An ( I-N ) -PEN. n .

( due ( 1-m ) -8mm .

s . h .e d , -h .

9

flow rate into the ylk ) state is dlll-y ) ;

( The fictitious

accounts for the time-voying channel

- maximum conductance
s 1 .

gna .
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where the

solutions . large .

n.t ) - Neo - ( Neo-eno ) e

m ( t ) - Mac - ( Moo-m. ) e

hilti . # has t

dx .
xoo . i-

dx tbox .

since N.m. and W.

that , there are always have

to mo #

" The gates are
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represent protestistics , if the membrane
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is not uncommon to see Nitt ) or Miltl equivalently expressed

turn .
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-t. Even ?
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that

vn .
it e

# e-3 Vms .

team . s ,

has result again comes from reversing The roles of a

No and Mo are initial probabilities .

x :n or m.
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inactivated No : D , otherwise ho # I.15 .

on" pg 115 of LNB 13IP 00I-

zona .

# 9syn . ena . tech .
its tilt .
friv . imv .

120m.h . 9k - 36n" 9c. -0.3 .9nu
0.1 ( 25-U.dm .

-1 (25-um ) .at

-Um/20 ,d h .
( "4 ) .0.07 eat

0.01 ( 10-4m )dn .

exp ( over ( 10-0-0-0-Vm ) - 1dt .

of that current flows , which should be into the cell ) .

1 1 .

To get the initial conditions right , # we must remember that Y.H.
The probability of the permissible ( open ) state . If the gate
open , No or me : I is it it is closed , No or me-Or It it

If we are allowing Vm (K ) to vary ( in a numerical solution ) , No ,
Mo , and no cure determined from the initial condition at the beginning
of the calculation and by N.H. , m.H. , and N.H.
calculation interval for setting up . The calculation of the next interval ,

This is all simple enough for purely V-gated channels . The
real complexity in H-H calculations comes in determining Esyn and
Gsyn . This is the factor being addressed in the synaptic receptor table

Let us consider an example of a simple ionotropic excitation due
to glutamate , From the table on pg 115 of BIP001 , Esynzo and we have

- treff .

4sca . Um ( MV ) 4/0lc9c. 79x .
implions .-ECAek

cytoplasm .

ecu :0m. Coca-0
4/8

(1-m ) - 4m.e

h
exploul 30-vu ) ) t ! , ho-60

-U. 80 .( I-N ) - 00125 e no : 632

The numerical values given here Hodgkin Betturley's fit to the grant squid
axon ( DEUT :54-551 , and so this example is fictitious ( The solid
axon has no romantic synapses ) , With these numbers , the initial values
are SNA - Gc. - 0.3m. , 9k.3bj into
switching in ' Gwyn produces an initial current sense ( " The cell )
of Van"Gsym ( O ) , which is depolarizing in the sense that it will
( Deutsche's model of these Eaves numbers inconsistent of the direction
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used to :

The " batteries .2 ) .

3 ) .Vrost " always places .
compared to ground

4 ) Zero current

ii :
1 1rest

& 9na .

i
Ena

#
ef.

Nobel prize notwithstanding
model ;

out of the two sides .

cytoplasmic side were some sort of " Ian'Satus
Nat , K ci . " Ca"
disappear #

To make physical sense out of the model
capacitor . That makes

currents are zero .

As we might expect from biologists who develop circuit models ,
The standard conventions in the H-H model take some getting

I Ground reference is always the outside of the cell
representing the ion flows are always

arranged so that ran from at Van-Vrest is zero .
The cytoplasm at a negative potential

flow through the various when Vrest #9i .
has to be accounted for by some " pump current

outside .

li-0
9k . facts . at

rest .
Um. 4 .-cl

etc . fc.

cytoplasm .

" H-H is a pretty strange circuit
it is as if the life's defence boys never heard that current

always has to have a closed loop . You can't just stick terminals
as if the extra cellular side and the

from which
magically appear and into which they magically

it is . the

H-H work . It is when the capacitor
current is zero that we can say the transmembrame ion



Taking this point of view , H-H.
this way :

to
easyn .

Under resting conditions ,

flowing " out " of Gna and " into
a Nation morning " out
Kt von flowing " into

physical meaning .

From this we see that H-H.

Qinar29na .

where the "bus currents .

ii . gi ( -E.

Positive current direction is

" feels better . "

9th& youzona .

i .s .

ek .ena . leca .

currents through each of the V-gated conductaries , but
These " resting currents " have no physical meaning . ( A " current

of I've would magically transmute into a
9 k .

current deviations from the " U-ports

model as my PMAN mimic . The only issue is how well the
two phenomenological behaviors match each other . A more " physical
model of the H-H type ( one that did not translate elements ) could
be represented as follows ( neglecting synapses )

9k .
pikers .vicators .

9ca .

Iicro .
Ii-9i ( Ei-Verest ) # for No , cn" ;

# Gi"C Ei-tvest ) for K.T , C.-Vrest )
where .

s b .Vrest .
as depicted in the figure .
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if we draw the model

i-v at rest
1 .

c
ECVm.

echs .

a circuit analysis will give us non-zero

9 is would have to mean that

- which is utter nonsense ) , only
of each leg has a

is just as much a phenomenological

picures .9cls .

are invariant , de current sources
fei .

all E ; are positive numbers and


