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4. Neuron 43528 \/

SimNeuron EESRIR ERHE TR N2 #EEMBIZ R, “Neuron Editor'iefft T REERESHE
BURTRENE, UEE M B BEH R PHLE T fI R,

B UL — 1SR E S RN % VM ARS8 Neuron Editor, SSRTREE(@BIRI, %4
WAFIREEH (NF)

Neuron-Editor

STANDARD NEURON

Membrane d [pm] | 56.4

Cox [nF]

Ion Concentrations and Equilibrium Potentials

[K] in mMal/L

Vi [mV] Via

[Na] in mMol/L

Leak Currents

25

Out _|5.0 1320 | 2

= {1500 | [N
0 3

=)

[<=tuthe1.ah} [ Save }[ Cancel ][ Delete ] L

Neuron name:[ STANDARD NEURON

00 0

20.0 =

=

300

Leak Conductances [nS] and Leak voltage [mV]

gk | 180 = Bina | 30 = SJ. Vi

25 3

Voltage dependent Ion-Currents Na K

Equations
Membrane equation: max. Conductance: g [ks] ‘ Voltage Dependencies
-Cp " dV/dt= 1= IL + Ina + Ixc + Ingi + Lezim 1
Leak currents:
=g (V-Vi) half activation potential: Vi [mV] 4
gL = BL + gLna leak conductance ) . . ) 13 N N N . N N7 0 N I
Vi = (gix Vi + Vara " 2vs) / (2L + 2unva) leak potential half inactivation potential: Vi [mV] -50.0
Voltage and Time dependent currents: -
Ina=gna m h* (V- Vi) slope of activation: s [1/mV] 0.140 0.140 . : :
Ig=ge n" (V-Vg) slope of inactivation: 5 [1/mV] 0.120 -90 v [mv] 0 30
Voltage dependencies:
Moo =1/ (1 +exp(-sna (V- Vina))) : ST P
heo=1-1/(1+ _siNa " (V - T : ime Dependencies
ne=1/(1 E e_h_:[j?f V- Vig))) ”m activation time constant: T [ms] 0.050 1.500 1
Time dependencies:
dm/dt = (mes - m)/ T inactivation time constant: T; [ms] 1.000
dh/dt = (he - h)/
dnfdt=(ne -n)/ &
Equilibrium potentials:
Vic= -(RT/2F) * In{[K]ous/ [K]ix) [Ove +Var [noise:
Via = -(R'T/z’F) * In[[Na]out/[Na]in) 0
Noise current: 1 2 3 4 5 t[ms]

Inoi = cos(2mwb] - /i-4 [dtYInlal
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WA LU M BR Qelete”, WRIZ T BUH Cancel'#, NMEHREISSEE, MARIFHMEZTRIES
Neuron Editor & {EFm#ITHEAIE X,
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MBS EE X, EITEVEERRR, EXTBHETURER l=g* (VW) FTn, FLNEURTF
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ERERM (AP) FAENEE. FRXLE, MEBIMENERBEREZEEFR,
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Current Injection [ [nA] Current Injection [ [nA]
o 20|

IRE] AR R e 4miE28 (Neuron Editor) KL
ZTHSHE, LHEERSHAERE. ] &

-20] 20

Membrane  [um] | 56.4 Cus [nF]

Membrane d [um] |92 Cy [nF]

Ion Concentrations and Equilibrium Potentials

Leak Currents Ion Concentrations and Equilibrium Potentials Leak Currents

[K] in mMol/L Vg [mV] Vya [Na]inmMol/L = Vi [KlinmMol/L Vg [mV] Vy. [NaJinmMolL 25 i

== 3.0 |2 -90. = =
Out 5.0 _ _ | 1320 | out =48 [ | 1512 |2 6.3

[so.1+Eog) [nA] Via R :

= - =~ Na — - [A E Via

In <1500 200 = L 5 — mn =347 |1l 194 | : —
0 300 0 300 = 0 300 0 300 ' T
Leak Conductances [nS] and Leakvnltage [mVv] VL Leak Conductances [nS] and Leakvullage [mv] C A
= = -70.1 = = -60.5

180 30 |2 e [210] [70.1] g _ s ; ] j

Voltage dependent lon-Currents Na

Voltage dependent Ion-Currents

max. Conductance: shsl [a0 | -‘ Voltage Dependencies mas, Conductance: glus] - -‘ Voltage Dependencies
half activation potential: Vi [mV] - - / halfactivation potentiali Vi [mV] - - /

half inactivation potential: Vi [MV] | -50,0 // half inactivation potential: Vi [mV] /
slope of activation: s [1/mV] 0‘140 0 140 slope of activation: s [1/mV] o 154 o 155
slope of inactivation s [1/mv] 0120 °S VImv] 0 0 slope of inactivation: s [1/mV] o131 50 Vim0 30
Time Dependencies
Time Depend P

activation time constant; T [ms] 0,050 1‘ 500 A - activation time constant: T [ms] o 037 1 432
inactivation time constant:  T: [ms] | 1.000 11/ Inactivation time constant: T [ms] | 1.078 1-/e
[V + Vi [noise: Ve + Vi [Inoise: /

» ) _—

0 T 5 5 7 a0 T Z 3 7 5 tms]

HET 10mVEE (-60.5mVvs-70.1mV) . A, MEEAEGREERN
=iF% (BR 250 , XURMEEFKER-VXER, 52, #ETERJ/L
MEMEZTHENRE, SBURRZR C LHiREMETK 2.66 5, H—MRANBEHITREBILEE
FEFZHER.

BEABERNS S EREER, Na-BFH K-EFHNBRABRS g KAERA AR, 2,
T ESEA TN AR R AR B AR B E R (ARG %, RHAE R EAS ﬁm%%#oﬁﬁ

EBEKHMEHDIEERM, FEiX AP HENRSRERT K. FF, RETFHBAUNEFRENES
AJREth H NEEZE A,

Fit, EXNMAIFR, TEISFBHNRMESE (BANRRS) MoFRURENRSEX. TH
7, LrRIERBERMNERANEFRE, XALUBTRFEEHMNTHENRSHRILE

4.2 [ESHHNE

BAMERTEMEZTT (Standard Neuron) REEXHISHISERHARLEHERSHHETHEGE
BYBTER M,
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4.2.1 Na BB B R RO EAS BT 4L, @ﬁ—ﬂ\zﬁ
Na"BR] KRS E BE AL R, BUSCISRBMNAR, EATHETENIESE

BHIBH, thin, % Na' BEn G Emi Vi MBEERMBA (W22 mVBE-28 mv, TiEE
¢mﬁéﬂﬁ)%FiiémﬂioEﬁﬁﬂﬁ%iﬁ%ﬁ%ﬁ&ﬁ%ﬁ&mmmMYmQ%E%

AR - BMER B EAINERRIER, WEEF=E APse 5B &ER AP EERFIRETRIRIE S, HAE
AER. AT EFHIHBARNESERES), TEFRIZREY ER 50 ms.

Membrane Potential V [mV] O g 8= [1S]

. TL ik
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-120

Current Injection I [nA] O 1 ma

20

-20

(] 25 time [ms] 50

Voltage dependent Ion-Currents Na K

max. Conductance: g [k8] ‘ Voltage Dependencies
1 q
half activation potential: Vi [mV] ‘

half inactivation potential: Vi [mV] 50.0

slope of activation: s[1/mV]

slope of inactivation: s5; [1/mV] 0.120 -90 v [mv] o 30

£

4.2.2 Increasing the external K* concentration - via pacemaker activity into a depolarization

block ;&id EZE RN GRS K REEINE ERFEFRE
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EARER. BRI S 2RI —H: Na' SOt AIREBETSEMEEE, 4EBH Na" B
BE, RATEREEAES EBEM AR LML ELE,

MEHNETRERRRHADEAN S, DEEEFER i
T, SIS KORERRENNME, AuEoERFE 0 )| =
BT BRELUBHTER, FENER DR EERETFR K =
RERBBMSRLRBHERK, NRETESEBRL,
Na" EERRIFEERE.

AINWBIFR, FENERTEETR, HAESN K KRER

6.0 mNEY, METTRFRERE, BRI BRI
AISLPIR) FgiE. SRS KT RE N .8 mMBY, 8

ZTMERNIEER IR B AN AP, MIHAMINK KE . —

79(23.4 B (XAMEMATE TR K RE 150 N

mM) T, RETHARIREALTE -40 mV £4, miks A

REZ#H Na" BEEEKE, HRNREES—IMRUMEER —— 20ms

AP, BEE K IKERM—T M, ©EMEEBRANH—T
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4.3 SIAFEVLE: BREER

PRERNSLIIEREBUERSWIENIEEFTE R RTHETHZENE, R—METTeERE
RHEASETEERNRN, FEE, SERIFERVEBRERSN, F2EXANER. A
M, £ AP FEBERMIE, R RIBBHUKEINIAIRER LURTE AP BES = E. KRR L, XHFEHIE
RFRATREARRE, EXE, MAZHREMR—HF, FAI5INFERT BN AR B

E-i *]J 'I-QE E,‘J %U ;%& 1E 'f L\qu N |J §¥ _,%_ :_F - Membrane Potential V [mV] o Membrane Patential V [mV]
dard Neuron

REMLZTT (Stan 4 AP 8915
™ ; [ANN

B, EENAXMRE, sFmASHmIEBAR :

B e 2R TR, HRIACRERMERE ‘ILQ: __/%::
48 nAEY, FHERAGABHI (MAMR
|

120 -120

o Current Injection I [nA] Current Injection [ [nA]

REETLWEMNIER, AL HIERFRTE " A
Mg — BB RN,

BORERZBESMT — MU RERR (D= s I
0.01)\ NIBER TRIFH. 10 RFTRIHTET 4

RETERR AL,

FEMGIFRRESETT (Standard Neuron) "™ p 0 4 o g

BRBET, E—MREN. FERETAE - nd ot o b il Ll
fefT, BTMAIEE D MO, AESEENE - e i it thh
i GELOE e A e
2 el I 222,
FLE, ELETMIERARNERT, 8 : : e
BIRIRFE AL S AR IR, oo — ; e

1

50 time [ms]

4.4 %77 (SAVE) BITEXHHLETT

HEAT —METHNSHE, IMTHETHXHRRERTEFER, ¥ @%@EEE%
Mt EMLZE T (Standard Neuron)  (£fl) B—1Rfl, XBERFE—H. AILUHNEBRHIE
EHKREERESHTUHRIBER.

Neuron-Editor Neuron-Editor Neuron-Editor
STANDARD NEURON STANDARD NEURON STANDARD NEURON
STANDARD NEURON *test* STANDARD MEURON *test* NEURON #454629
MNEURON #454629 MEURON #454629 Pacemaker Na shift
Neuron name:l STANDARD NEURON *tESt:‘E] Neuron name:l Pacemaker Na shift IE] Neuron name:l Pacemaker Na shift ‘@
[ == totyLab] [ Save }[ Cancel ][ Delete ] [<: tothe Lab ] [ Save ][ Cancel ][ Delete ] [:: to the Lah] [ Save ][ Cancel ][ Delete ]

WNRRAEXME T SEEIT E®LZTT (Standard Neuron) #1T1R7F, {RATUEANA— N>
%, tbi“Pacemaker Na Shift” (B8 4.2.1 EPE'\}%}S() o FEMLZIT (Standard Neuron) H9&
BETREN T,

MREBA T HAEM—NMRE SHHZTHIS, (RALEEREN X NMIZTHITEN, HE
FRE M4 REFEX D EHETT,

EAERT, ETRE ((SAVE) i, MEHETEETRAKIREENMETT,
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BFAR: JIRPAERESTHNSEXHRE LY BR " VARREEREX 4K sim-original"#, R
B] LLTE“My Documents\Viphy\SimNeuron\Files\"#1#% EI 3 {4 3¢ “sim-original”s

WMRBRWMETKEZ T, RALUFofBR S 43 sim-original" PR EFEEMNHLZ TT.
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5. fingE

SimNeuron AR 7K 2.3 IR EESRA A IFRIEE FZE A LUBRIMNERIFEINRE, Xal UIETRE
BOPTEMR. AILUBE LI EF =i IEE (?ﬁG) "RHBEIT . FUgER(ESEE
RiP, %)Jﬁéu‘%%"ﬁ%%"a({yﬁ"o AFISEEOFREEHXZEE (change p\agyﬂord) "5, Bl
BRI ITER,

BT RE (SETTING) "#ZHEFMAEBNEN, ma¥H—N a0, WTEFMT. B— 11k
FIR, RA#HITIEDR ("2 (Yes) "Z'A (No) ") o XPMEPRNIRESTRIKERR, ANE
T HIANIRER, E AR T X

SimN Pre- . D .
Yes No On "yes", in the current-clamp lab two

buttons will appear in the right lower

Open the lab with a randomly generated neuron? L corner of the current display which

allows switching from conventional step-
like current injection to ramp-like current

Allow receipt of additional neurons? o stimuli.
Get randomly generated neurons with noise? @

Access to the “Neuron Editor” a

Save new neurons? a

Show numerical values and set marks. @

Display conductances @

Display currents separately @

Show reset Button (Initial settings) ]

Allow switching to current ramp )

change password|
CANCEL ‘ 0K ‘ SAVE

ERRHEERERTE (o)™, BAETHNETHRHIMAENMEHE, RITFMERBIMNER
FE AR 2RI AR B

1) | B— 1 RENF NI T TSR IR E?

A BITRERRERF BEIINER T ARIIHE T, MREEZ (l(y ", BIAREI— 1 2R(ER
HIEE B HEZ TTo

FEERES (No) "MPETEREEHD SimNeuron BH{E R IR /EMZR T (Standargyeﬁron) ", XANBRE
R BIBARER B EE M,

AR HXMETUEEAE (Yes) "LURIRBENIF=EIHEZ TR, HABE IRERETT
(Standard Neuron) ”, MUKFriBRY“i@A#£ 7/ (General Neuron) "Fl“EiE#HETT
(Pacemaker Neuron) "H9{ER,



SimNeuron Tutorial 15
2) | R ERFTEIHETT?

corner of the labs. SARXMNEMA“ZE (Yes) ", BIAIELREATALKWIEEREER EATFR
A ERFEE GRS EHENEH SR,

MRXMIETAE (No) ", MARBEFEHRNHEZTT,
3) R E IR EREA ETT?

EFEZ (Yes) "BRERH~ENHIZTEE —NMEET, XMUEICREIEFLKEMAESE,
SRR ERNEEMNFENEE S EME—ENZRE,

MREATRIAEEARFBERATRAEREUEE RNARE RN, XMEMNMIEHE (No) "
MNREGRENR, MATLUBIHETTsREESS (Neuron Editor) RIS EIT—FK) o

4) N & c4miE2s (Neuron Editor) "

MRXMETIZAE (Yes) ", AILUEN‘#ZT4RiE2s (Neuron Editor) ", mtENAIZHTE
SimNeuron BT EB[EHFNERHLINE,

MBRXMETIEAE (No) ", MIRBEHN LI TYRIELE (Neuron Editor) "o

“HEtimiEes (Neuron Editor) "B RYAIHEL T TENAIENFAESHE, HETSAIU
HT, WM IR A UK EXLESH MR TR NN, BTN TSHFE BB EERN
MR TT,

5) RERBIMETT?

MR METUR AR (Yes) ", MIESRIENEMBMHRETIRKMAN IR BHETTIIRR, H
EF—RKRENEOR R,

MR X MIRIR NS Q\l)))’", N7ERZ R PR MERH & O ERBIFE LT, MZABH
ZTTHIRKA R

824, REYEEN—IERMNMED (BREVERBNHETHIREETmEss) RAUEH,
X PNEBA =B Yo

6) | B EHIREIRC

MREFZ (Yepr ", MAILEABRITER, RECRBLFNEE—R, XNIERITETH
TimH I — N NMAE, FENERISREER x/y 88, BEIEE) R RN A B ES B R E.

EIR T BRATAREELEAUE LB T EBENIRIC. HNH x/y EREFMEEHRLN E
730 ¥RBE ERYMFR (Delete) " (8"7EFR (Clear) ") BRI LIMIBRER/EHMBIFRIC,

7)) BRES

EFEE (Yes) "RERBLER—MEFE (EHEME £73) , EhXMEFETLUER Na
M K BFRIEELTRE — S, XAEKMIERPELZEZEEEI.

REES (No) ", MXMERSKAL, EFERABET.

8) | BRIME/RER



16 SimNeuron Tutorial

If “Yes” is selected several check boxes (above the current chart) will be accessible allowing to
display the voltage dependent Na and K currents separately, in the Current Clamp lab also with
or without the leak current. MIRIEFZF (Yes) ", MsHMZ» (GRI) EFE (EBRMHLLE
), UEEBERHILEERRIMBRBEKXIN Nafl KEBR, TEEEEHREM.

LIRMIE AR (No) "BY, MABEXAMT . EEFERWEE,
9) 2.REE (Reset) & (WHKILE)

FEEZ (Yes) ", ALARKLI—NMEH, ATEMKEVIRE (EEFBEIMEHERRH
BB o

10) VR BRI B

NREFZ (Yes) ", ERMHALLE, BRMANE TASHINE ML, AFMERRIMEX
DR B R B R Ao

HMTEW (change password) : FEEONREZE

s (CANCEL) : XM EOHMEFT HAINE

OK: MUEMHISHHITYUFIER

76 (SAVE) : FREEERMNTNLEUE T RIEFEoINER



