Completed Lab D




0.07

aph[6] Delete 96 : 96 =10 x|

Tutorizl
onkro =10 x|
Farnil
L
Ul =
025
0145

20—
8_3 degc Yoltage ws Time
20 6/3 degC
40 — \A[‘\
m
x
. | | |
i 10 15 20 s
8l
E—
e N
[
T ] el
20 —
|| BT 1) S0 ot F;“;:-T;aw;m:mﬂ‘;;i;‘;;;ﬂ MMW; .
maanpula oS Lnedel "Help with . = onithe 08 bar
I Wt s 1 How to launch the “lab” where you can run your simulations =
. lacarhe sy Boubealant Clrcuk Bagun by singie-chelang the =Star the Simulabon™ bulion Two “manager pansks™ hal anchor avweny
m POFs of Crgral Papers Rutcorial will SO LD i Tl BB SaRCT0on o womer Sondin the Prasnil aind Graph Managed (PG
Manager) and the Run Control panel. Tha PLG Manager hars bulions That alow you io call up offwer
Help parels and graphs. Do this now (escepd ior Prnt)
I+ Help with... Lize Al Tab (PC) or Comemand. Tab (Mac) fo lopple balwean simurksbon i
Adteriliond winclows and buloeal desd - :
Dora
Click to add notes
FY
F Y
Shde3of 3 "Office Theme™ O | = : >
ﬂml!m-mﬁ...lgm [!mhm...lﬁ,mﬂm...l*ﬂﬁ || T revnorirain | 2L @ o siamm

Click to add notes



[0 Panel =TS I aTjET] | Graphis] Delete
Clo=ea Hide I Close Hid= | Close Hide
Introductory Tutorial
E
Stirmulus Control E a0 — O degc
“oltage ws Time Flat - 6 3 d C Waoltage ws Time
Fatch Parameters r- Firne Creel - ’ eg '10 degc

it

__rit A decrease in temperature resulted in
longer lasting action potentials with a
delay that increased as the

temperature dropped. The neuron

1 was able to fire even at -10 degC
Clo=e Hide I

e IClzmp

s WClamp

wr ¥Clarmp Farmily
ws Location

patch(n.S)

IClamp[0] pulse

Irtracellular Na [rnbki] .

Extracellular Ma [mkd)
Irtracellular K (mi) ||
Extracellular K [rnbki]

140

8l

4|

Description of the

1. Assumptions

> Whatis. ..
B |nteractive Equivalent Circuit
B POFs of Original Papers

Help
P Help with...

Pal

40

'

-40

-0

W

1

I
-100 degC
e

. How to launch the "lab" where you can run your simulations
Eeqin by single-clicking the "Start the Simulation” button. Two "manager panels” that anchaor eve
tutorial willl come up in the top-left section of your screen: the Fanel and Graph Manager (F&G

Manager) and the Eun Control panel. The P& Manager has buttons that allow you to call up oth
panels and graphs. Do this now {except for Print).

This tutorial assumes that you are totally unfamiliar with the basic manipulations of NJA and expla

them in some detail. For more information, consult the descriptions of panels, windows, and
manipulations under "Help with... " on the side bar.
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0 “Bonus Problem”

With no injected current, a neuron in axoplasm with normal [Na] does nothing, in 3000 mM |

axoplasm, the neuron repeated fires.
’ essentially similar to that postulated m bernstemn’'s form of the membrane

F theory. The resting membrane is assumed to be permeable to potassium and



Bonus

AP occurence in relation with K_intra & initial current
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| plotted the threshhold of AP for different pairs of intracellular K+ and Initial Current.
According to the plot, it looks like K+_AP threshold =k * 1"2 .
If this assumption is right, the threshold K+ value increases as a function of 1"2.




Extra Credit Problem: Would Doubling Every
Concentration Change the Shape of the
Graph?

Hypothesis: No the shape would
remain more or less similar to the
original setting because the voltage is

determined by driving force, so given
same ratio, the voltage should remain
constant.
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Conclusion

The graph looks significantly different
from the one with initial setting and
here’s why.

. _RT m[ pilK], + py[Nal, + pa[Cl] 1
" F peIK], + py,[Na], + pCI[Cl]g

Although the driving force of each ion is
determined by its own concentration, the
overall voltage is determined by
concentration of all three ions.




Nernst Equation with Noise

The Na* concentration outside the cell is large and probably does not
change much. Even if it does, we saw from the lab the enormous range
of Na*, over which neurons can still fire action potentials. But what

about the intercellular concentration? There are of course mechanisms
that keep this very stable, but one would imagine that this smaller
concentration that changes drastically during an action potential may
often not be exactly at 14 mM. So to see the affects of this, | added a
uniformly distributed noise parameter with standard deviation N that
made the intercellular concentration somewhat random in the Nernst
equation. | then plotted the resulting equation as a function of the
extracellular concentration for different noise levels, as well as took a
look at how much the E,, could vary when the extracellular Na

concentration was constant at an optimal 140 mM. The MATLAB code
and plots are on subsequent slides.




function nernst(N)

R= 8.314;
T=6.3 + 273.15;
z=1;
F=96485.339;
Nai = 14;
NaO = 140;
X =(.25:.25:250);
D = zeros(1, 1000);
fori=1:1000

D(i) = (R*T)/(z*F))*log(X(i)/(14 + (N*randn)));
end
hold on
plot(X, D)













Variation when Na*, is held constant at 140mM and N=1

0
0.048 0.05 0.052 0.054 0.056 0.058 0.06

There seems to be a plus or minus 10% effect. Subsequent
questions include how the intercellular concentration of Na*
changes in vivo, especially during a train of action potentials.




