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Axon Conventional Electrophysiology Family

A pCLAMP software
A Clampexdata acquisition
A ClampfitData analysis

A AxoscopeData continuous
monitoring

A Digitizer
A Digidata 1440AAnalogto-Digital
converter
A Patchclamp amplifiers
A Axopatch 200B
A MultiClamp 700B
A AxoClamp 900A
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Measurement Techniques

Extracellular voltage recording

Single unit and field potential recording in brain or brai
slices,electrocardiagramsencephalograms and n\
oculograms

Voltage clamp

Voltage is held constant and the current passing through
the cell membrane is measured

Patchclamp recording
Two electrode voltage clamp

Voltage is held constant through one electrodes and
current is measured with the other electrode

Current clamp _ MolDev Axon CEP Products
Current is held constant and the corresponding membra

voltage of the cell is measured
Intracellular sharp electrode recording

Measurement of action potentials

Bridge balance for the pipette resistance
Discontinuous clamp

Amplifier divides its time between passing current and
recording voltage

lon-selective electrodes and electrochemistry /
Measurement of small changes in ion, neurotransmitte
noether 1@ Rormone concentrations in tissues and cells @Molecular

Devices
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The position of Molecular Devices

Market leader Large install base (17,000)
Axon brand Academic research labs
over 25 years Pharmaceutical/biotechnology drug
: : discovery labs
High quality B
Itra low noise amplifiers > 10K amplifiers sold
. _ a p_ >10K digitizers sold
High speed, low noise >10K copies of pCLAMP
digitizers
Reliable
Lasting in a good condition
for many years
Technical support
Professional assistance
e s oo tseses oo sones @oeiices



Customer support activities

Scientific conferences
Society for Neuroscience
Biophysical Society
FENS

Online webinars

Getting the Most Out of
PCLAMPeries

Together through life sciences
earch use only. Not indi i

PCLAMPBNorkshops at
university
Duke University

University loaner
program/Support training
courses

Cold Spring Harbor marine
biology lab

Woods Hole marine biology lab

Australian Course in Advanced
Neuroscience (ACAN)

Patch clamp workshop in
Singapore
a 2 NB X

@ B/Iolepular
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A Walkthrough of Protocol Editor In
Clampex
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Golden Tips that help

Study manual

Study manual again

Ask someone who uses pCLAMP
Clampex tutorial

Online HELP

Knowledge base

Webinar tutorials

Technical Support

Together through life sciences (@] Molecular
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Agenda

dit Protocol - (untitled)

tode/Hate | Inputsl Dutputsl Triggerl Statiztics Enmmentsl b ath I Wavefnrml Stimulusl

AAcquisition Mode
Alnputs

AOutputs

ATrigger
AStatistics
AComments
AMath

/\Waveform

[ . e
TogeA&EJmla‘lLueS ‘@’ Molecular
©2012 For research use only. Not for use in diagnostic procedures. Trademarks mentioned herein are property of Molecular Devi ces, LLC or their respective owners.

Devices




Feature Highlights

Acquisition modes

Scope trigger

Holding level overrides

Digital OUT holding pattern
Stimulus file

Digital bit pattern

Pre-sweep train

P/N leak subtraction

User list

Membrane test between sweeps

Together through life sciences
012 For research use onl indi i
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Telegraphs

AClampex can receive and incorporate arrange
of ntelegraphed o amplifier settings as the
variable gain, lowpass filter, whole -cell
capacitance compensation.

Together through life sciences. ‘@’ Molecular
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Telegraph setting In

Axopatch Connections 3

+
TELEGRAPH SPEED FORCED
T CELL TEST RESET
TELEGRAPH | FREQUENC" MOnE CAPACITANCE INUT g INPUT
INPUT 0 ——— :@ @ E O
(on digitizer L
rear panel) = oy NOE‘:B‘? EXgugQMAND  EXT. COMMAND I?ml;l;’
OUT FRO! NT SWITM SWHCHED I
ANALOG IN 0 * =T ....
A ml ~
| |
| | >
ANALOG IN 1 ANALOG QUT 0 ANALOG Ilv#’
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Telegraphed Instrument

— Input Channels——

AxoPatch ™ 200B

 Telegraphed |nstrument
| Awopatch 2008

b
Analog IN#1
Analog M #2
Analog M #3
Analog M #4
Analog M #5
Analog 1M HE
Analog 1N #7
Analog 1M #8
Analog 1M #3
Analog M #10 s

[

Telegraph Connechions
Chooze the digitizer channels to which telegraphs are connected:

Gain: g ITeIegraphInputD LI

I[N ane] ;I

Cri: I[Nane]

[

Frequency:

—Amplifier Configuration

Amplifier output;

[
;l Siah |

IScaIed output 1

Serial number: IND Device

— Dutput Channels

Chooze the Analog OUT channel to which the command signal is connected;
[tnadogouT 80 <]

LCommatid:

] | Cancel | Help

ces, LLC or their respective owners.
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Telegraph setting in

Lab Bench

— Digitizer Channels —

Analog M #1
Analog IN #2
Analog IM #3
Analog IM #4
Analog IN #5
Analog IM #E - )

(i

Input Signalz | Output Signals |

— Signals

_lpatch A Add...
|_MTest0 il
Im_prime Delete |
Irnemb =

Fename... |
IM 0_KE
Ipatch |

—IND

—Scaling

Signal units;
Scale factar [W/pd]:
Offget [pd & 0 W]

lp =]

Default

ID.EIEH Scale Factor
ID— Azzigtant. ..

i

— Software RC Filker

Hardware Signal Conditioning —

AxoPatch ™ 200B

Lab Bench

Input Sianals | Output Sigrals |

— Digitizer Channels ——

Analog IMN #1
Analog M #2
Analog IMN #3
Analog M #4
Analog M #5
Analog IN BHE

(D

— Signals

_lpatch A Add...

|_MTest0 T

Im_prime Delete

Imemb = —I
Fename... |

IM O_KK W |

llpatchl |

—IND

— Scaling

Signal units:
Scale factor [W/pd):
Offzet [pA & 0]

o =] la

Default

ID-DD-I Scale Factor
ID— Agzigtant,..

i

— Software RC Filter

Hardware Signal Conditioning

[ Lowpass [kHz): |5 i’

[ Lowpass [kHz]: |5 i’
[ Highpass [Hz]: |1 ﬂ

Cyberdmp... |

[ Highpass [Hz]: |1 ﬂ

Cuberdmp... |

Together through Iif
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— Telegraphs
Gair: 1

Crn [pF]: IU

Frequency [Hz): I'I 0000

o]

Cancel | Help |

-~ Telearaphs
Gair; 5

Frequency [Hz): |1 noon

Cm [pF): ID

.

Cahcel | Help |

ces, LLC or their respective owners.
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Telegraph setting in MultiClamp

Telegraphed Instrument

Input Channels

Telegraphed Instrument

-~

Analog IN #1

&nalog 1M #2 Amplifier mode switches are automatically

Analog IN #3 telegraphed,

Analog 1N #4

i:glgg m ﬁg {+ Start new trial when mode, scale factor or units change.
Anlog IN #7 To simultaneously switch protocols, configure special
Anlag IN #8 Sequencing Keys [Y-Clamp or I-Clamp M),

Analog IMN #3

Ana!og IN #10 + " Comtinue tial when mode, scale factor or units change.

[Telegraph inpu 0]
[Telegraph inpui 1 7]

- ) ion
| Amplifier output: |P[imar_|,| output 1 ﬂ

Serial number: | 00103420 ]

Scan

Output Channels
Choose the Analag OUT channel to which the command signal iz connected:

Arnalog OUT HO -

Command:

o]

Cancel | Help

Together through life sciences

©2012 For research use only. Not for use in diagnostic procedures. Trademarks mentioned herein are property of Molecular Devi

=|e| /| o= | <2

MultiClamp /00B : (O

Channel 1 Charnel 2
W (] =2 W (] (=]
-2.b -b.4 -0.2 919
[ Resistance [ lims [ Resistance I lims
Mode tode
[VE 1=0] 12 | ex [VE =] Ic | ex

213] =]

™ 700B

Input Signals | Dutput Signals ]

Digitizer Channels Signalz
_lpatch

Analog [N $#1 |_MTest0

Analog M #2 Im_prime

Analog IM #3 Imemb

Analog IM #4

Analog M #5

Y-Clamp 1 ] I-Clamp 1 | Y-Clamp 2 | |-Clamp 2 |
Fipette Offzet

331 ﬂ 4

CpFast 3.850pF | 1.73ps Ao
Cp Slowe:  3.00 pF ﬂ A0ps W Taux2l Auto
[ Whale Cell
2912 pF ﬂ 11.22 MG

Auto
[~ Disable if oscillation detected

Primary Output; Membrane Current [ 2.5%/hé )
5 exzel 10kHz  AC:DC
[ Output Zera traction

0 s Auto Auto

Secondary Output: Membrane Potential [ 100 mbS S |

[~ Holding: 0 m4
[ Seal Test 10my & 100Hz

[~ Rz Compenzation
Bandwidth: 1.02 kHz &

Corection: 0% Prediction:

Scope: Bypass

10.00 kg

Gair: 1 Lowpass Filter: 10 kHz
Pulze | 10 mY 10 mz Zap | 500 ps Fif: 500 k2

AndogINH6

M0

I

Software RC Filter
[ Lowpass [kHz): :I
[ Highpass [Hz]: :l

Telegraphs
=~ | Goin 5 | Cin [pF):
Frequency [Hz]: 10000

Hardware Signal Conditioning

Cybertsmp...

Scale factor [W/nd): 05

”~ add...

0.000

Cancel

IZIK|

Help

ces, LLC or their respective owners.
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Lab Bench settingin  AxoPatch ™ 200B

. Clampex - [Scope - Demo Digitizer]

[OF File Edit Acquire Wiew | Configure Tools Window  Help

Digitizer...

@@lé}%’ = Cyberamp F-“hlhl.lﬁlﬁ &l_'_lﬁﬁ@ _I_Iﬁ
AL e By elp] glarlv] Biml

Telearaphed Instrument. ..

¥ Wy ™y ™y ey Overrides. . ™y ™y ey ™y ™y Yy ™y
5 “"cll"’czl""csl""cnl Voz| e1|Fe2|Yea| Baa|Baz| Bz

Epizodic 10 Membrane Test Setup. ..

Crnd 0 [
-a0
Input Signals  Output Signals l
M

3
w
Crod 1 [rif Program Options.. . Input Signals ] Output Signals]
- i’ Lab Book Sptions. .. Digitizer Charnels Signals Digitizer Charnels Signals
#
w
=
w

&

Sequencing Kewvs. .. l" 2% | Lab Bench

a
A H2 [my Toolbars 3 Crmd O Add
IEI

Fie Regitraton. . e e A =1} ety 1 1 fm =
A0 H3 Anpalog [N #2 Irn_prirne Delete Analog OUT #3
I—‘m—l \aice Tags. . Analog IN #3 Imemb Rename..
0 &nalog IMN #4 Rename...
.. —_ Analog M #5
I[ﬂgltl_al Igulls =< 0 Anclog N 58 || | |Vimemb
3 1 i oo T Cmd 0
i 4 ] lNSEaIing Signal units: |m j |V Diefault
Sampling [Hz ] :
fiooos . i]I | signalunts. | [p <] s _ Dol | s et %"2” S
(100 ps] 5 Scale factar [W/pd): 0.001 Scal,a Factar
L|2lw'|pm Difset [pis @ 0] i Aagiztant... Ezﬁlf?gguPEDFEE;ﬁrdB;sISd?;SISS_led because of the setting in the
s 4 _
s itie] _ Voltage Clamp
Y -10
i - -
1. To define signhals for each digitizer channel

2. To set units and scale factors

Together through life sciences @ Molecular
U Devices
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Lab Bench setting in

AxoPatch ™ 200B

. Clampex - [Scope - Demo Digitizer]

[OF File Edit Acquire Wiew | Configure Tools Window  Help

| PP

B2

&

=1L

]

Digitizer...
CyberAmp

o |in| > || @l £3

o I e

=]

&

™y 3] 3] ™y
""cl | '""czl '""csl '""|:4|

Lab Bench. ..
Telearaphed Instrument. ..
Creerrides. ..

szl glelv] 2o

Epizodic

Crnd O [t
[0 =
Crod 1 [
[0 =
a0 H2 [
[0 5
A0 B3 [my
[0 3

Duigital QLT 2
3o
irrrr4
Sampling [Hz]
[10000 £
(100 pz]

IM1
Lowpasz [kHz]

s 4
Highpazz [Hz]

A

I 0O

L&)

3] 3] ™y 3] 3] ™y 3]
¥ [ [V v L.
A3 Casl| as2| as3| Cal|cCa|Cad

10 Membrane Test Setup. ..
Sequencing Keys... LLab Bench g| Lab Bench
Program Options. .. Input Signals l Dutput Signals Input Sighals  Output Signals
Lab Book Options... Digitizer Channels Sighals Digitizer Channels Signals
g Toolbars Add. Cmd 0
File Registration. .. Analog IM #1 auT o0
. Analog M #2 Delete
Voice Tags Analog M #3
Analog [N #4 Rename. ..
] Analog (M #5
- Analog IM#E »
oo T Crnd 0
Wmemb Signal urits; - |
Scaling ||3 J |
Signal urits: Im ﬂ ]'\-" Default Scale factar [pasy): . 400
. ] Scale factar [v/miv): [o.001 S cale Factor
7 ' Agzistant... Analog holding level is disabled because of the zetting in the
Dffset (mh G 04]: u Configure / Dverides dialog,
-10
10

1. To define signhals for each digitizer channel
2. To set units and scale factors

Together through life sciences
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Add
Delete

Rename...

Drefault

Azziztant...
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Lab Bench setting Is telegraphed in
MultiClamp ™ 700B

Telegraphed Instrument E f ; EI

|nput Channels

Analog M #1
Analog M #2
Analog M #3
Analog 1M #4
Analog M #5
Analog M #6
Analog M #7
Analog M #3
Analog M #3
Analog M 810

Telegraphed Inztument

Amplifier mode switches are automatically

telegraphed.

(% Start new trial when mode, scale factar or units change.

To simultaneously switch protocols, configure special
Sequencing K.evs [¥-Clamp or I-Clamp IM).

™ Continue trial when mode, scale factor or units change.

[]
[]

ifier Configuration
Amplifier output: |F'rimary output 1 j

Serial rumber. | 00103420 = Sean

Output Channels

Chooze the Analog OUT channel ta which the command sighal is connected:

Cammand: ]ﬁ-‘-.nalag 0T #0 L]

oK | Cancel | Help

Together through life sciences
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Input Sigrials l Output Signals ]

Add...

Delete
Rename...

Digitizer Channels Signalz
S _lpatch ”
Analog 1M #1 |_MTestO
Analog IM #2 Im_prime
Analog 1M #3 Imemb
Analog 1M #4
Analog 1M #5
BrakgIN #8 v v
IM 0

Software BC Filter

[ Lowpass [kH

zZI: I—:I

[ Highpass [Hz]: :I

Telegraphs

G ain:

Frequency [Hz]:

1
10000

| oo |
— ]

Hardware Signal Conditioning

Cyberdmp...

Cm (pF):  0.000
Scale factor [Mind]: 0.5

OF.

Cancel

Help

ces, LLC or their respective owners.
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Protocol Editor

Mew Protocal
Cpen Protacal, .
Save Prokacal

=P[e

ZlEle

Save Protocol As. .,
Edit Prakocal...

—
fﬁ cl

Waveform Prewview
Export protocal § pCLE

Epizodic
Egl"]dn rify ﬂ Record
’ hd Re-Record
I:E'Téd 1 [t ﬂ Wigw Only
| hd Pause-Yiew
%D 2 [ ﬂ Pavse
[ Stop
AD H3 [
In_‘m_l ﬂ Repeat
¥ Wtite Lask
Drigital OUT 2 autatrigaer
3Crrr _
ICrrr Tiirne: Tiag

Sampling [Hz) Zomrent Tiag

IW ﬂ Yoice Tag

(100 ps] 1 Conditioning. pro
—IN O > Baselin.

Lowpazz [kHz] aseline.pro
N e
Highpass [Hz)

s

:IS

Together through life sciences
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"= Clampex - [Scope - Demo Digitizer]

= File Editl.ﬁ.cquire LSRN Edit Protocol - (untitled)

Mode/Rate l Iriputs ] Dutput&] Tri

[)

Acquisition Mode

" Gapfree
" Warable-lenagth events

Trial Hierarchy

Trial delay [z): 0
R unz/triak 1
SweepsILn: 10

Sweep duration [z] [0.2

Firzt haolding: Epochs:
21 ms 193.8 me
I zamples 1933 zan

Sampling Rate per Signal

Mu:udex'Hate] Inputa] Dutputs] Trigger] Statiatica] D:umment&] Math  ‘waveform lStimqua]

Info

W aveform Analog OUT: Cmd 0

v Analog W avetorm [ Digital Outputs
* Epochs © Stimulus file ~
Intersweep holding level: | Use holding -
Epach Description A, B C D E F E] H | J
Tupe Step | OFf O O O O O O O O
Sample rate
First lewvel [m] 112
Delta level [mt] -20
First duration [mg) 100
Delta duration [mg] 1]

Diigital bit pattern [#3-0]

Faztrate [Hz): |'I il

[ Slow rate [Hz)

Space available iz B00153 sweep:

[v Allow autamatic analpsis in athe

o]

Cancel |

_;P_rotocol Editor:

a t he

Diigital bit pattern [H7-4]
Train rate [Hz]
Pulze width [mz]

Mumber of sweeps =10

Allocated time: [N 00 e

Il

Summary

Channel #0 | Channel #1 | Channel #2 | Channel #3 | ™ Altemate Waveforms |

Acquizition mode:
i | el | Epizodic stimulation

|Ipdate Prewview

Cancel |

ncentral o for protoc

Molecular
@D evices
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Acquisition Mode?

Together through life sciences. @ Molecular
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Mode/Rate

dit Protocol - (untitled)

tode/Hate Inputsl Dutputsl Triggerl Statisticsl Enmmentsl b ath I Wavefnrml Stimulusl

A Passive Acquisition A Stimulus Acquisition
A Gap -free A Episodic stimulation
A Fixed -length
A Variable -length
A High -speed oscilloscope

Together through life sciences. @ Molecular
U Devices
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Gap -free Mode

Data are acquired continuously
No gaps in data file
single -channel or minis recordings

Together through life sciences (@] Molecular
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Fixed -length Events Mode

Constant data segment above the threshold
and pre -trigger portion are recorded

Action - potential spikes or other constant -
width events recordings

e | L | |

JR | N | m— 1

signal

Acquisitions = |

Fretrigger length

Together through life sciences (@] Molecular
©2012 For research use only. Not for use in diagnostic procedures. Trademarks mentioned herein are property of Molecular Devi ces, LLC or their respective owners. D e Vi C e S



Fixed -length Event Mode

Threshold l | | I
e M | T
S ampling |
sighal —— : )
ana Sampling rate per zignal [Hz): 10000 il =3 100 p=
Acquisitions !_ Sweep length per event per signal (=) |IE i' = 2000 zamples

— : w

Fretrigger length, F

,"/ lN MI:IIjE.'.-"HatE.'] Inputs] Outputs ~ Trigger lStatistics] Enmmentsl f

Start trial with;

| Immediate ﬂ
| [ 5t

v Scope trigger

Statizticz Settings

Fretrigger length [mz): |2EI = 200 samplez
| Statistics treshaold [pé) 50

Together through life sciences @ Molecular
U Devices
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Variable -Length Events Mode

Data above the threshold, and for pre - and
post -trigger periods are recorded.

Variable recorded segment
NBursting" data recording

Threshold
triggers ¥ hi Yy ¥ ¥ YYYY
Threshold
signal —— | I
Arguisitions - - | | ] || I

SN PN
Fre- and post-trigger lengths

Together through life sciences (&] Molecular
©2012 For research use only. Not for use in diagnostic procedures. Trademarks mentioned herein are property of Molecular Devi ces, LLC or their respective owners. D e Vi C e S



Variable -Length Events Mode

— — —— — —
Threshold i
triggers ¥ ¥ vy ¥ ¥ YYYY
Threshald
Signal —— | Iy
Acquisitions E i i i | || | {
|

o e
Fre- and post-trigger lengths

Together through life sciences & Molecular
U Devices
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High -Speed Oscilloscope Mode

_ike an oscilloscope
Data above the threshold, and for pre - and

DOSt -trigger periods are recorded.

Threshald
triggers ¥ ¥ ¥ ¥ ¥
=ignal —‘ —‘ —‘ —‘
|
Acquisitions E i | || | | |
e

Fretrigger length

Together through life sciences (&] Molecular
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Passive acquisition modes

dit Protocol - (untitled)

Mode/Hate | Inputs I Outputs

— Acquizition Mode
i+ Gap-free
i Yariable-length eve

— Trial Length

" Use available disk space

& Diration [hh:mm:ss); IEIEI:EIEI:EIE =010mME

Space available = 57:03:16 [hh:mnss) (28433 ME].

— Sampling

S ampling rate per zignal [Hz]s

[To00o i]=> 101
TE i’: 201

oyghout =

Sweep length per event per zid

W Allow automatic analyzis in other progrags

] 4 | Cancel | Help I

— s

Together through life sciences. ' Q)] Molecular
U Devices
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High -speed Oscilloscope Mode

Edit Protocol - (untitled)

Mode/F ate | Inputsl Dutputsl Triggerl Statisticsl Enmmentsl b ath I Wavefnrml Stimulusl

— Acguizition kMode

" Gap-fee " Fized-length events " Epizodic stirmulation
 Variablelength events * High-speed osciloscope

- Trial Length Averaging Options

" Use available disk spz

— Tvpe of Average

& Diuration [sweeps); ‘o CumEte

Space available = 102698 ¢ Most recent  /eiahting [ |1 1] i’ 10 sweeps in average
—Samplng——— v Undo File
Sampling rate per signal | Update every [sweepsz): 1.2.5... -
Sweep length per event ™ Always prompt to allow undo

' Prompt on premature termination only

v Averaging

- 0k, Cancel Help Crefalt

¥ Allow automatic analysis in other progra

k. I Cancel Hel

Together through life sciences.
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Episodic Stimulation Mode

Acquisition Maode

" Gap-free (" Fixed-length events {* Episodic stimulation

" “ariable-length eventz i High-speed oscilozcope

Provide a command waveform and record
responses, in fixed -length sweeps

Analog waveform, holding level and/or digital
pulses are outputs

Special features include pre  -sweep trains, online
leak current subtraction, online event detection

and statistics, and an on  -line derived -math
channel.

Together through life sciences (@] Molecular
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Episodic Stimulation Mode

Recorded
Current

Command
Voltage

Together through life sciences @ Molecular
U Devices
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lation Mode

litled) Ed

I:Iutputsl Trigger | Statistics | Comments | Math | “Waveform | Stimuluz

\iable-lenagth events

— Trial Hierans

Tnial delay [z]:

Funsdtrial: |1
Sweeps/un: |1 0 [L.04 ME
Sweeep duration [s]: II:I_2 & = 2000 samp

kdinirm -

Sweep [g]:

Firzt bialdinm Epochs: Last halding:
31 mz 938 m= 31 mz
31 zamples S|t 3 zamples

—Sampling A ate per Sigrs

‘I Runsftial =1, ho averaging II

Fast ra
[ Slowrd

Space avail

v Allow aut

k. | Cancel Help |

Acquizition mode; .
Epizodic stimulation Update Preview |

— , e

Together through life sciences.

‘@’ Molecular
-
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Episodic Stimulation Mode --- Holding
Periods

— Trnial Hierarchy

Trial delaw [z]: In—ﬂ
Runz/trial: I'l—ﬂ
Sweeps/Tun; I'ID— : =04 B
Sweep duration [z]: II:IE— : = 2000 zamples

First holding: Epochs: Lazt holding:
31 ms 193.8 mz 31 mz
I zamples 1938 zamples 3 zamples

L -
a8 Waveform Preview

1 Wave Start ~

4 N

Wianve End

-200 ﬂ

T 1
0 100 200

Time (ms=) Swveep: ] Visible:10 of 10
Together through life sciences. ‘@’ Molecular
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Episodic Stimulation Mode

iztics Eummentsl b ath I Wavefurml Stimulusl

enath events {+ Epizodic stimulation

Start-ta-Start Intervals

Run [3]: IMiﬂiITIUITI - I

Sweep [3]: Mirirmum i

Averaging Options

— Tupe of Average

&+ Cumulative

 Mostrecent  Weiohiing (%] |1 0 ﬂ =10 sweeps in average
~J% Unda File
Update every [runs]: 1.2.5. -

7 Always prompt to allow undo [ Averaging

o Runzdtnal = 1, average will be zaved
i Prampt on premature termination only

—[_opors.._]
Ok Cancel Help Default

Space available iz 991712 sweeps = 28359 MB

T otal data throughpout iz 10 kHz [= 1.14 ME /min]

|lpdate Preview |

Together through life sciences. @ Molecular
U Devices
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Inputs

=
)|

| ek 2| A|S(Ea|E @ D] e o]~ =] & £53] 2 lolss| =m|H5E
= LA E I e | DY RN =5 - = et e = o I B — | = = |

—laAl

g -y ] -y -y -y -y -y

fﬁ| IL"l:l|""'l:2|u'|:3|u'|:4|U'I:S|'L"|:|S|""'|:'T-"| | A1| | 3| AS]| | 3| l:;-kll | |

E pizodic — Qi 000 |

Crnd O (%] = =¥ 0]

o il [ulala]

> . 20000 |

Crmd 1 [miv] E=x 4

0 = = "~ 20000

Cmd z [nax] = 10

o 3 B2 o

= 10

E:md 3 [mV] = 10000 |

CRE— - AL

= 10000

Digital OUT= 0]

3CCrro|=z< o

s rr— a|=— -0

Sampling [Hz] o = 107

Ii - = = o

[:EEDD] = —— -4

K= — 10 |

IM 0 z =~ o]

Lowvepass [KHz] - 0

nnt N Er——y

—

. e (NES
=

Highpasz=s [H=] = — 10

= = 10

Telegraphs = 3 13_

Filter: 10 kH=z o]

Gain: 1 fny o

Cm: 0OpF = . 10

Fa: 0Ok — o

- ol

= = A0

— — 107

= = o

Elapsed time = = 10

00000 10 |

H S ol
(W] wEsn = = 0
= — -10

o — 107

—= a4

= — 10

- — 107

- = o4

=— o

w — 107

— = a4

= — 0

T

EIL| ] (ms =0 14
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Q&A

Q: Why the selected input name in the Lab
Bench does not show up In the scope
window?

A: You need to select the input name in the
Input tab of the Edit Protocol.

Together through life sciences (@] Molecular
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Outputs

Edit Protocol - (untitled)

Mu:u:le.-’FlatEI Inputs | Dutputs Triggerl Statistin:al Enmmentsl b ath I Wavefurml Stimulusl
—analog OUT Channels

Chanrnel #0: Crmd 0 ;I Range [rt): -200.00 ba 139.99 at 2000 mi A I VO Itag e-c: I am p
Channel #1: Crnd 1 j Range [my]: -200.00 to 199.99 &t 20.0 mis A
Chanrel §2: Crnd 2 ;II FRange [na] -10.00 to 10.00 at 1.0 ndAf I Cu rrent-(:lam p
Channel #3: Cmd 3 ;I Range [mY): -200.00 ko 199.99 at 2000 m M

—aAnalog OUT Haolding Levels
Crnd O [t

Crnd 1 [t
Crnd 2 [rds]:
Crnd 3 [t

— Digital OUT Halding Pattern

Together through life sciences. @ Molecular
U Devices

©2012 For research use only. Not for use in diagnostic procedures. Trademarks mentioned herein are property of Molecular Devi ces, LLC or their respective owners.



Digital Out Holding Pattern

Drigital OUT Halding Pattern

Digital QT Halding Pattern

_|-4
1=
e
1=
e
\y
-|_.
\ -

&5 Waveform Preview

& Waveform Preview

ik 4

] -
Warve Start - - ;I
A
i 4_-Wave5tart / ELE
7’
1
10 o
0
8 Wave End
= | ‘Wigve End
= 4
-~ 44 =
a7
o
0 , , , , | hd
~| EIL3| 0 )
e 0 ' ' ' ' 1 ' ' ' ' Time (s) Sweep:1 Visile:1 of 1
Together through life sciences. @ Molecular
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Holding Level Overrides

= Edit Protocol - (untitled)

MDdE.-"HatEI [nputs  Outputs I Triggerl Statisticsl Enmmentsl kd ath I Wavefnrml Stimulusl

—Analog OUT Channels

-
—Analog OUT Holding Levels 4

Condl O [ [/

Cond 1 [miv] C K
Crnd 2 [ O \
Crnd 3 (V) O \

— Digital OUT Halding Pattern

Channel #0: Il:rru:l 1] j Range [mi): -200.00 ko 199,99 &t 20.0 mish
Channel #1: IEmd 1 ;I Range [mW]: -200.00 to 133.93 at 20.0 ' A
Channel #2  |Cmd 2 | Range [n&]: -10.00ta 10.00 at 1.0 na/y
Channel #3: Il:rru:l 3 j Range [my]): -200.00 ko 199.99 a:

[hput Signals

Analog OUT #1

— Digitizer Channels ——

Output Signals

‘I

= Clampex - [Scope - Demo Digitizer]

@ File Edit

Acquire  Wiew  Configure Tools [

G| |2k B

ol

®

ElE|e

=]

£

L5

Yy ™y =y ™y ™y ™y w
[ L R v g v (v IR v v
|:1| cgl |:3| |:4| |:5| cﬁl |:'?|

Epizodic
Crnd 0 [y

70 2]
0

Crnd 1 [t
[ 4

— Signals

Crnd 0

Add... |

Scale factaor [t A;

Analog OUT #2 |_clamp Delete |
Analog OUT #3 ouT o
W _clamp Rename... |
WL Crnd
—Cmd 0
Signal units: Im LI |U Default |

|2n—

Halding lewel [mt:

|-70

To get the analog holding level in the protocol,
uze Canfigure & Owverride.

Scale Factor
Azsistant...

Together through life sciences
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Holding Level Overrides

4% Lab Bench

Input Signale  Jutput Signals |

— Digitizer Channels —

Analog OUT #1
Analog OUT #2
Analog OUT #3

— Signals

Crnd 0

I_clamp

ouT a0

Y _clamp
WL Crad

Add...

Delete |
Rename... |

~ Crnd O

Signal urits:

Scale factor [mt A

Im =] v

|2|J—

Drefauilt |

Scale Factor

b | ab Bench
Input Signals  Output Signals |
— Digitizer Channels—— — Signals
Crnd 0 Add.

Analog OUT #1

X]

Huolding lewel [m]:

[T <= Agsistapl,.

Analog holding level iz dizabled because of the zetting in the
Configure # Overrides dialog.

— Digital DUT Channels
i B B 4 3 2 1 0

il ol il e

Digital halding pattern is dizabled because of the zetting in the
Configure # Overrides dialog.

Set digital OUT it high during acquisition: [~ Digital B |4 vI

Haolding pattern;

Analog OUT #2 |_clamp Delete |
Analog OUT #3 ouT a0
Y clamp Rename... |
WL Cmd
—Cmd 0
Signal units: Im d I‘-..f ﬁl
Scale factor [ IEEI © ale Fachar
S Iy p I—-?EI Azsiztant...
To zet the analog holding level in the protocal,
uze Configure / Qwerride.
— Digital QUT Channels
i B B 4 3 2 1 10
! Ol PEllE TN [ [ ¢ [ [ W [

To zet the digital halding level in the protocal,
uze Configure / Overnde.

Set digital OUT kit high during acquisition: [~ Digtal Bi |4 vI

]9

Cancel |

Help |

Together through life sciences.

©2012 For research use only. Not for use in diagnostic procedures. Trademarks mentioned herein are property of Molecular Devi
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Holding Level Overrides

= Clampex - [Scope - Demo Digitizer]

08 File Edit Acquire Wiew | Configure Tools  Window  Help ||
~ oy Digitizer ...

E?’ %‘Eﬁ‘ %5‘ -@ Cvberdmp *

[E:r ‘ ‘ EI ‘ Lab Bench...

Telegraphed Instrument., ..

S I T I T I T Fverrides n -
%i@ l"'r:l|l"'rti|l'i“|“._’~|:|l"'|“.='l| Overides. ﬁ Overrides

Check to ovemde individual protocol zethings:

v Lze analag halding levels from Lab Bench
v Lze digital holding pattern fram Lab Eench

| Use mozt recent file comment

[ sze thiz zampling rate [Hz]: | :l

| Keep exizting Scope window size and position

Ok, Cancel | Help |

Together through life sciences. @ Molecular
U Devices
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Q&A

Q: How do | change the command voltage for
more than 200 mV

Analog OUT Channels
Chanrel #0:  |Cmd 0 | Range [m): -200.00 to 199.99 at 20.0 mv.AY

A: You need to change the scale factor and
external sensitivity of analog output signal on
the Lab Bench

Together through life sciences (@] Molecular
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Scale Factor/ External Command

Sensitivity
BlabBench _[x] P T ——

Input Signals  Dutput Signals l

a8 Scale Factor Assistant: Axopatch 200 series E'

Digitizer Channels Sighals

Crnd O Add.. With zome extra infarmation about the state of your amplifier the Scale

Analon OUT # i Factor Azziztant will automatically choose the command zcale factor.
.-’-'-.nalu:ug OuT #2 |_clamp Delete FiIIlin Ithte Ifju?urm below to have the command scale factor automatically
Analog OUT #3 ouT o ralcuiated
W_clamp Rename... .
\E Cmd 1. Mu:!de Settlng! _
Specify the zetting of the Mode switch on the front panel of the
Axopatch:
Crnd 0 * Track %-Clamp
Signal units; |m ﬂ W Drefailt | " 1=0 " |-Clamp Marmnal " |-Clamp Fast
Scale factar [ A 100 C cale Fachar
JTTTETIETCCIET I Heiztant
{+ {
~
Cluick Select ] Advanced ] About ] 3. Ext. Command Input
General Gains l Auta l Audio l Specify which external command input pou have the cammand

voltage connected to;
* Channell { Channel 2 .

Valtage Clamp O 20mvAd | 100 mv A [fxopatch 2008 only)
Feedback Fesistor Ewperiment Type Range
B0 Mo Whale Cell 1 - 200 rd Seale factor = 100 /Y.
(¢ 500 MG “Whale Cell 01 - 20 nd —
CEGO Patch 10 - 2000 pé Help | < Back | | Finizh | Cancel |
i .
A0 G Patch 02- 200 pa e | e | e |
External Command Sensitivity
" 0OFF
20 my
100 me A
Together through life sciences. ‘@’ Molecular
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Scale factor/Output

2 Lab Bench |§ 3 Edit Protocol - (untitled)

Mndefﬁatel [nputs  Outputs I Triggerl Statisticsl Enmmentsl kd ath I Wavefnrml Stimulusl

Input Signals  Dutput Signals I

—&nalog OUT Channels

|l Scale factar [ A4 I'IEIEI | & cale Factar
Haolding lesel [my]: I-?D Azziztant...

Together through life sciences

©2012 For research use only. Not for use in diagnostic procedures. Trademarks mentioned herein are property of Molecular Devi ces, LLC or their respective owners.

— Digitizer Channelz—— — Signals
Channel #0: | Crad 0 | Range [m]: 1000.00 to 399.57 &t 100.0 v/
Analog OUT #1 Sl Add.. Channel #1:  |Cmd 1 | Range (miv): -200.00 to 199.99 at 20,0 mi'/y
EEZIES Sm E% :jﬁl? ”E,p Delete Charnel #2: | Cmd 2 | Range [n&): -10.00 to 10.00 at 1.0 néA
Eﬁcémj Rename... Channel #3  |Cmd 3 "+ FRiange (mv]: 200,00 to 139.99 at 20.0 m A
—Cmd 0
Signal units: i ;I W D efault

Mol I
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Q&A

Q: | want to perform current clamp experiment. How do |
change the command voltage to current

Analog OUT Channels
Chanrel #0:  |Cmd 0 | Range [m): -200.00 to 199.99 at 20.0 mv.AY

A: You need to change the signal unit and scale factor on the
Lab Bench.

Together through life sciences & Molecular
U Devices
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Input Signale:  Output Signals l Mu:udes'Flate] Inputz  Outputs lTrigger] Statistics] Eumments] b ath ] Wavefurm] Stimulus]

Digitizer Channels Signalz Analog OUT Channels

j Fange [mi]: -200.00 to 199,99 at 20.0 mi/ A

_Cmd D Add.. Channel #0:  |Cmd 0

Crnd 0 Q
Delete | Channel #1:
_Rename.. |

Range [pd): -4000.00 to 3933.88 at 400.0 paAsf

Analog OUT #1
Analog OUT #2

Analog OUT #3 [ Clarmp
ouT o Rename... Chanrel #2:

|Emn:£ = Mange [na) -20.00 to 2000 at 2.0 na

YW clamp —
Ve b Shaml B3 [Cd 3 “~| Fange (miv); -200.00 to 139,99 at 20.0 v/
- |_clamp - -
Signal units: |p ﬂ |.-'1'-. - D%ult

Scale factor [pdAf): |4EIEI Seels Bersier
T 1n— Azziztant...

Together through life sciences. @ Molecular
U Devices
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Trigger

& Edit Protocol - (untitled)

Mu:u:le.-"Flate] Inputs l Outputz  Trigger IS

Start trial with:

| [mmediate j

T lmmediate
Crigitizer START Input
Space Bar
Line Frequency
Software Meszage [Start Onl

Software Message [Start and Stop)

Together through life sciences

©2012 For research use only. Not for use in diagnostic procedures. Trademarks mentioned hei

rein are property of Molecular Devi ces, LLC or their respective owners.

Immediate
As soon as you choose Acquire / Record or
Acquire / View Only , Or press the equivalent

toolbar button, the trial starts.

Digitizer START Input

To trigger the start of a trial from an
external device.

Space Bar

Start the trial with a toolbar press or mouse
click.

Line Frequency
Only for series 132x Axon digitizers

synchronized with the mains line frequency
(typically 50 or 60 Hz).

Software Message
To trigger the trial from the other program

Molecular
@ Devices


mk:@MSITStore:C:/Program Files/Molecular Devices/pCLAMP10.2/Clampex.chm::/Record.htm
mk:@MSITStore:C:/Program Files/Molecular Devices/pCLAMP10.2/Clampex.chm::/View_Only.htm

Trigger

Edit Protocol - (untitled)

MDdEHHate] Inputs] Outputz  Trigger IE

Start trial with:
|S|:|ftware tezzage [Start and Stop) j

Trigger zource:

|Internal Timer - |

Drigitizer START Input
Space Bar
Line Frequency

Together through life sciences

©2012 For research use only. Not for use in diagnostic procedures. Trademarks mentioned herein are

Internal Timer

Determines acquisition according to the

length of the sweeps and Start -to - Start
Intervals and any Conditioning Trains or

P/N Leak Subtraction

First Acquired Signal

Once a threshold in the signal from the
first Analog IN Channel is crossed.

Digitizer START Input

To trigger the start of a trial from an
external device.

Space Bar

Acquisition is started by pressing the
space bar

Line Frequency
Only for series 132x Axon digitizers

Synchronized with the mains line
frequency (typically 50 or 60 Hz).

(@] Molecular
property of Molecular Devi ces, LLC or their respective owners. D e V | C E.‘ S



Scope Trigger

v Scope tigger

Statiztice Sethings

Fretrigger length [mz]; |5 = B0 samples Ff;jlaél::ing
Statiztics threshald [pa); |4FED (" Falling
Hysteresis. .. |

A 5V TTL trigger signal from a digitizer
output when the signal reaches the
threshold.

The rear panel TRIGGER OUTPUT BNC (Digidata
1322)

The front panel SCOPE BNC (Digidata 1440)

Together through life sciences (@] Molecular
©2012 For research use only. Not for use in diagnostic procedures. Trademarks mentioned herein are property of Molecular Devi ces, LLC or their respective owners. D e Vi C E S



Scope trigger

scope

() DD1440A ) Stimulator

Together through life sciences @ Molecular
U Devices

©2012 For research use only. Not for use in diagnostic procedures. Trademarks mentioned herein are property of Molecular Devi ces, LLC or their respective owners.



Hysteresis

v Scope tigger

.y

Statizticz Settings

Fretrigger length [m s

/Xv‘a Time hyzteresis [ms): 0.1 =1 zamples
%Y_ Level hpsteresiz (% of full scale]: 010 =19.84 ph

Statiztics threshold

Hysteresis. ..

To prevent signal noise activating
false triggers, you can adjust the

hysteresis settings to reduce N | /\
trigger sensitivity. >
Time hysteresis "\ /]
This field adjusts the amount of time that the A
signal has to be under the threshold level (as
determined by the Level Hysteresis setting /\
below) to re -arm the trigger.
Level hysteresis _ _I_\/_ L
This field adjusts the distance that the signal
must be under the threshold in order to re -arm
Together wlsh;enmg@@f (subject to the T|me Hystere5|s (@ Volecular

use Qe Mot it gagnosiqrlagepuee. FrpdeNarks



Time hysteresis

signal—

noise

Adjust the time hysteresis to reduce
sensitivity to avoid the false triggers.

Together through life sciences (&] Molecular
©2012 For research use only. Not for use in diagnostic procedures. Trademarks mentioned herein are property of Molecular Devi ces, LLC or their respective owners. D e Vi C e S



Threshold -Based Statistics

Iv Threshold-Based Statistics

[w Percentage above threshold [v Mean open [ms)
v Ewent frequency [Hz) [v Mean closed [msz)

Statizhice update penod [=2]: |1 = 10000 zamples

[ Always save statistics at the end of each recording |

Percentage above threshold

Display the percentage of time that the signal is above the
threshold value

Event frequency (Hz)
Display the frequency of threshold -crossing

Mean open (ms)
Display the average time that the signal is above threshold.

Mean closed (ms)
Display the average time that the signal is below threshold.

Together through life sciences (@] Molecular
©2012For r ) Devices
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Threshold

- Based Statistics

IE Scope - Demo Dig L] ES O 0600 3
10000 = 1
4
3000+ o A
'y
¥ ol
£000-
o
v
4000 B gag
) 25304 5
To ;
%E 104 T S SO N
2000 L
=
L
5 1002
i
LI
B
E
=
-2000- Lo 2
[
[}
e
=
-4000- ' il
e 94
B
5000 E
[}
8= 88
£z
=
[
-§000 2
a7+
=1L () 10 o0 a0
10000

be200 izl

N Kl

L« |
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Statistics

& Edit Protocol - (untitled)

Mode/Rate | Inputs | Outputs | Triggeq  Statistics

—Iv Shape Statistics

D:nmment&l b ath | Wavefurml Stimull.ml

—|v Analog IM Signal IIN 0 vI

™ Positive-gaing Selected zignals:

" Megative-going IND

* Ahszolute

;I_

— Bazeline Region —I Curzar Reqion

From [miz): II] =» zample 1

To(mszl 111 - | =r gample 112

— Meazurements
4V Peak amplitude [pd]
W Time of peak [me)
+1 Antipeak amplitude [pd)
[ Time of antipeak: [ms]
[ Mean [pa)
[ Standard deviation [pé)
[ Arealpd - ms)
-+ [ Half-width [mz]
t [ Maximum rise slope [pédms)
[ Time of maximum rise slope [ms)
+ [ Maximum decay sope [pasms]

[ Time of maximum decay slope [ms)

—FSearchHegiDnl'l ilj
Fanage: IEurSDrHeginn j

From [mz]): |22.2 =» zample 223

333

To [me): w | =» zample 334

[ Slope [pasms)

[ Bazeline [pd]

[ Rize slope [pasms)
-+ Rize time [ms]

[ Decay slope [p&/ms)
-+ Decay time [ms]

Smoothing window [zamples): I'I ﬂ

[ Always save statistics at the end of each recording

I Clear after zaving

Qk. Cancel | Help |

Azguizition mode:
E pizodic stimulation

Update Preview

Together through life sciences.
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2204

404

R0

| b

I 0

-804

1004

1204

B0 4

}E Shape Statistics

v Analog IN Signal IN 0 |

(" Positive-going

Selected signals:

IF Negative-gaing I Bt

(v Abzolute

I Bazeline Fegion |EUISDFHE§|iDﬂ TI |

Fraom [z

To [ms):

I

11.1

=3 sample 1

» | = zample 112

I|F Search Fegion m

Fange:
From [z

T [ms):

Curzor Region j

222

=3 sample 223

EXTE I | =» sample 334

amoathing windaw [samples| ’1_ i‘

T
50

T
150
Tiime: (ma)

T
pill]

~ Alwaps save statistics at the end of each recarding

-— T VILE O




Statistics

BY ¥B ki

e, '1"f&fif;f;fif;fi:i_‘lﬁ_fifi‘i .

X bbbttt
R
b R
‘ : S,
B
¥
i
bk bbb
[ e
EEE L TR
3
J L e
220 Ertetaees B
R PR E E L
s S
ettt R LR
2 O% » PR R R «
Eptphttyty et bttt
[ ey
bbbty bttt
B Rt
[ R
s e
b, bty
Eetendd Rty
St 7
ot
et }
404 e b2y
-B0 4
e ab 5 O%
&y

b

T
e
£

o

o

,,_1-
2

e

o

!
S
i
e
Tty

T

i

o

Ehyd
ety

i 80% =

T
A

204

Measurements

v Peak ampltude [pd] I

v Time of peak [mz]

v Anfipeak ampitude [pd)

| v e of anbipear. [ms] |
¥ Mean |po) |

v Standard deviation
[ Aealpd- m |
{ ¥ Hal-wdth ms] |
v Masimum rise slope [pé/ms]

v Time of maximum rise slope [ms)
v Mavimum decap sope [pb/ms)
v Time of masimum decay slape ms]

I Slape [pAdms)

I Baselne nd)

¥ Fise slape [phame)

v Rise time [m3)

T T T T T T T
o 40 100 150
Time: (ms)

©2012 For research use only. Not for use in diagnostic procedures. Trademarks mentioned herein are property of Molecular Devi
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T
200

v Decay fime [ms)

}Frum N%Tol 0%
v Decay slope [pd/msl }
Fram

Min T

M Min
B0 %Tal 20%

WS Devices



¥ Masimum rise slope (pd/ms)

¥ Tine of masimum rise slope (ms)
v Maximum decay slope (pd/ms)

v Time of masmum decay slope (ms]

Ry -

Mol I
@oevices
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Q&A

A How many search regions can be applied during data
acquisition?

A How?

Clampex - Scope - Demo Digitizer,

le Edit Acguire Wiew Configure Tools  Window Help

2| @|eb(e 1&[B[0|H O[] [n]r]n

Salrlw dleslr [EEs Ho)r] o] Bl
S o e Lo L o R P O 00 S R e

E pizodic

“rnd 0 [mi]

e

S| £ P bl =

Co T ]

Tar

md 1 [miv)
] v

md 2 [nd)

Together through life sciences
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Comments

& x|
MDdE.-"HatE] Inputs] Elutputs] Trigger] Statiztice| Comments | b ath Wavefnrm] Stimulus]
[+ Comments

* ‘white each tial " Prompt each trial

Information

Mumneric identifier #1 [2.q. temperature]. |25
Mumneric identifier #2 [e.q. pressure]; a0
Murmneric identifier #3 [e.0. concentration): | 100

File comment: |NI'--1D.£‘-. receptar j

Amnplfier mode: |antage Clamp j

The comments can be written automatically
to every data file

The comments are stored with data file
Information in the file header, viewed from

File / Properties , and can also be displayed in
mem hoe Data Flle Index .

ugh I\Fe LLLLLLLLL

@ Molepular

Devices


mk:@MSITStore:C:/Program Files/Molecular Devices/pCLAMP10.2/Clampex.chm::/Properties.htm
mk:@MSITStore:C:/Program Files/Molecular Devices/pCLAMP10.2/Clampex.chm::/Data_File_Index_Shortcuts.htm

Comments

4000

2000

-4000

= |E0urierNew[Westem]j |9 ﬂ B |/| Q || l_ | |

New protocol started.

Stimulus file
drimalus file name: ==
Stimulus file Analog IN:
dtimalus file name; ==
Jtimulus file nawme:
Stimulus file name:

Analog In Ch. #3 Lowpass Filter (kHz): ==> 55.5556

Protocol 'My DocumentshMolecular Dewices\pCLAMPY\Params\Current Clamp l.pro'

Protocol 'My Documents\Molecular Dewices\pCLAMPYParams\Current Clamp l.pro'
dnalog In Ch. #1: ==> 10 Vm

dnalog In Ch. #2: ==> Digital 0

Analog In Ch. #3: ==> 1234567891

Aoquisition Mode: ==> Episodic stimmlation

Epoch A type: ==> step

New protocol started.

Protocol 'My DocumentshyMolecular Dewices\pCLAMPYParams\Current Clamp l.pro'
Hy DocumentshMolecular Devices\pCLAMPYDatahlln0g00zZ,abf started at 06:37:460
My DocumentsiMolecular Dewices\pCLAMP\Data)lln06002.abf aborted at 06:37:51

Comment = ''.
ID#1 = 25, ID#Z = 0, ID#3 = 0.
Comment strategy: ==> Write each trial

My DocumentzhMolecular Devices\pCLAMPWDatahlln06003.abf started at 06:53:36
My DocumentsiMolecular DevicesypCLAMPYDatallln06003.abf aborted at 06:53:40
Comment = 'NMDA receptor'.

ID#l = 25, ID#2 = 50, ID#3 = 100,

Protocol 'CiyDocuments and Jettingsyjeffrey. tangDesktop\5FN Z0l0%Pair-pulse.pro’ opened.A

Protocol 'CiyDocuments and Settingsyjeffrey. tang\Desktop\3FN 2010410 He stimulus.pro' ope
Protocol 'C:yDocuments and Settings)jeffrey. tang\Desktop\3FN 20104 Post-LTP protocol.pro'
Protocol 'C:ZDocuments and Settingst...\Desktop\pCLAMP webinar 12-22\Fre-LTP protocol.prc
Stimuluz file name: ==> C:\Doouments and Settinga)jeffrey. tang\Deasktop'Webinar AP waveZ, =

and Settings’jeffrey. tang\Desktophwebinar Z011-6-16%

and Hettings’jeffrey. tang\Desktopywebinar 2011-6-16%
CiyvDocuments and Settings)jeffrey. tang\Desktophywebinar 2011-6-18Y
=» CiyDocuments and Settings)jeffrey. tang\Desktop\pCLAMP webinar 12-
Protocol 'My Documents‘\Molecular Dewvices\pCLAMP\Params\IC Firing Z.pro' opened.

Protocol 'My Documents\Molecular Dewices\pCLAMP\Params\digitizer start sweep shift.prao' c
Protocol 'My DocumentshMolecular Dewices\pCLAMP\Params\digitizer start sweep shift.pro' c

opened.

Protocol 'My DocumentshyMolecular Dewices\pCLAMPYParams\Current Clamp 1 modified.pro' oper
Protocol 'My DocumentshMolecular Devices'\pCLAMPYParams\current clamp protocol.pro' opened

opened,

opened.
stopwatch tin
stopwatch tin

stopwatch tin
stopwatch tin

a4
le-200 ms—sl < »
Together through life sciences Molecular
Devices
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Math

5 x|
Mude.-"Hate] Inputs] Dutputs] Trigger] Statistics] Comments Wavefurm] Stimulus]

[+ tath Signal
Data Source
Analog IM H&: |IMN 0 - Analog IN 8#B: [10vm -
E quation
* General purpose © Ratio dyes
Operator Constants Drizplay
P =
{+ Addition k1 |'I K2: |EI b airnunn; | 100000
(™ Subtraction
k3 |1 Kd: |0 Minirnur: |-100000
" Multiplication | | i
" Divigion | | Units:

Equatior:
Fesult = [ K1 * A + K2 ] cop> [K3*HE + K4 ]

Tielding:
Result=[1*IMN0+0)+[1=10%m+0 ]

Allows arithmetic calculation between two
analog input signals

Calculate on -line ratios, products, sums and
differences.

Together through life sciences

(&] Molecular
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Math

I
(pA)
T

-10000 |

20000'- P M w M W

1w
[pA)
[
1

-20000 "I' Wi | ok i T .|

0o000 |
0
0000
A k100 ms—l
Together through life sciences ‘@I Molecular
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Waveform

Mu:u:le.-"Hate] Inputsl Dutputs] Trigger] Statistics] Eumments] b ath Stimulus]

Waveform Analog OUT: Cmd 0 Il {u]
v Analog W aveform [ Digital Outputs

* Epochs © Stimulus file = L

Intersweep holding level | Use holding

Epoch Description A 2]
Type Step |0 |0 112 mV
Sample rate 92 mV

100 ms

First lewel [t 112

Delta level [mv] -20 72 mV
First duration [mz] 100

Delta duration [mz] 1]

Duigital bit pattern [#3-0]
Duigital bit pattern [#7-4]
Train rate [Hz]

Pulze width [mz]

Murber of sweepz = 10

OmV——

I

Surmmary

Channel #0 | Channel #1 | Channel #2 | Ch

Acquigition mode:; .
k. | Cancel | Help | Episodic stimulation |Ipdate Presiew

Together through life sciences. @ Molecular
U Devices
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Epochs

dit Protocol - (untitled)

MndeHHatel Inputs] Dutputs] Trigger] Statistics]

Wavetormn Analog OUT: Crd 0 Info |

v Analog ‘W aveform
(¢ Epochs |l Stimulus file

Intersweep holding level: |USE halding
Epoch Description i) B C
Type Step | O QIff
Sample rate Iff
First levvel [t v Step
Delta level [mb] Ramp
First duration [ms] Pulse Frain

Drelta duration [ms)
Crigital bit pattern [#3-0)
Digital bit pattern [#7-4)
Train rate [Hz)

Biphasic train
Triangle train

_osine krain

Pulze width [mz]

Together through life sciences
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Default waveforms

200 | ‘

#

Step:

Cmd 0

[m')

-
(o]

1 Wave Start
-200 | |
200 |
Ramp: zz4l o
. EEY
i = 1
1 Wave Start
-200 | |
200 |

Pulse
train:

[

{1 Wave Start

Cmd 0

(m*

-
(o]

200 | |

Together through life sciences @ Molecular
U Devices
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Default waveforms

200 |

Biphasic
train:

(m*)

Cmd 0

-
-
M 1 "
o
=
(11}
o
=1

200 | |

200 |

Triangle 224 of
traln . Wave Start

=200 | |

200 |

Cosine

Cmd 0

[m*)

=S
(]

train;

1 Wave Start

200 | |
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Stimulus File

dit Protocol - (untitled)

MDdE.-"HatEI Inputsl Elutputsl Triggerl Statisticsl Comments | Math  waweform | Stimulusl

wiaveform Analog OUT: Crnd O [nfo |

v fnalog Wavetom Dhigital Outpuks
" Epochq & Stimulus file ¥ Active high logic for digital trains Info |
Intersweep holding level: IUSE holding ;I Intersweep bit patter; IUSE halding ;I
E poch Description & e | c | o | E I F | E [ I T
Type
5 ample rate

Firzt lesel [mt]

Delta level [t

First duration [mz]

D elta duration [mz]
Digital bit pattern [#3-0]
Digital bit pattern [H7-4]
Train rate [Hz]

Pulze width [rz]

Humber of sweepsz = 10 Allocated time: |
Stimulus File. iiStlmqus file niot zelected.
Summary |

Channel #0 I Channel #1 I Channel #2 | Channel 1ﬂl [ Alemnate Waveforms [ Alermate Digital Dutputs

Together through life sciences. @ Molecular
U Devices
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Stimulus File

Clampfit - [AP wave 2.abf - Analysis]

@File Edit ‘View Analyze EventDetection Configure Tools Window Help . L, .
=l @sle dsr Bk oS
Bl
Vve| K[ES B[R] k|| fx|t5] B[ Iz|E alal
h 4 A &2 L 4 h £
A10.2 ms 305 ms A10.2 ms b
601 102 A Iy
471 8.328 my 61189 mv 0,642 mv
40
20+

1M #15

(m*)

-
o

204
40 4
B0 -
EI—Ll T T T T T T T T T T T T T T T T T T T T T T T T T
1} 10 20 30 40 50

Time (m=) Sweeep:1 Yisible:1 of 1

Together through life sciences. @ Molecular
U Devices

©2012 For research use only. Not for use in diagnostic procedures. Trademarks mentioned herein are property of Molecular Devi ces, LLC or their respective owners.



Stimulus File

a3 Edit Protocol - (untitled)

Mu:ude.-’HateI Inputsl Dutputsl Triggerl Statisticsl Comments | Math  ‘waveform | Stimulusl

W aveform dnalog OUT: Cmd O Info |

v Analog W aveform Drigital Dutputs
" Epochs |* Stimulus file ¥ &ctive high logic for digital trains Irfa |
Intersweep holding level, |Use holding  ~ | Intersweep bit patter: |Use holding =]
Epoch Description a | 8 ¢ c o § e § F f G fH§ 1 ] J f
Type
S ample rate

Firat leseel ]

Delta lewel [mh]

Firzt duration [mz]
Delta duration [mz]
Digital bit pattern [H3-0]
Diigital bit pattern [H7-4]
Train rate [Hz]

Pulze width [mz]
Humber of sweeps = 10 Allocated time: |
Stimulus File | Stirnulus file not zelected.
Sumrmary |
Channel #0 IEhanneI il I Channel 1*2' Channel 1:'GI [ Alernate waveforms [ Alermate Digital Dutputs
Acquizition mode; .
0Ok | Cancel | Help | Episodic stimulation |Ipdate Presvigwm |
Together through life sciences. ‘@’ Molecular
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Stimulus File

Stimulus File

Loak in: ||.ﬂ' 2010 Biophysical Meeting B 5 Ef-

@ AP waveZ, abf

File name: |.-'-"-.F' wave. abf \ Ok,

Files of type: |a“-'-.:-:|:|r'| Binary File [*.abf] - | Cancel

Signal Specifications

Hel
Use Analog IN signal IN#15 (ADC #15] | =F
Use sweep number [1-1]; All Sweeps hd
z.ain factar:

|1
Offzet [ |EI

Together through life sciences. @ Molecular
U Devices

©2012 For research use only. Not for use in diagnostic procedures. Trademarks mentioned herein are property of Molecular Devi ces, LLC or their respective owners.



Stimulus File

a8 Edit Protocol - (untitled)

Mndefﬁate] Inputs] I:Iutputs] Trigger] Statistics] Enmmentsl bath W avefom l Stimulusl

W' aveform Analog OUT: Cd 0 Irfo |
v Apalog Wavefom [ Digital Outputs

" Epochsz ™ Stimulus file 3
|

Intersweep holding lesvel: ||.|SE-' hiolding j |

: . Stimulus file AP wave? abf', all sweeps,
Stimulus File... from Analog IM channel #15.
Channel #0 | Channel #1 | Channel #2 | Channel #3 | — Altemate Wavetorms [

Acguizition mode: .
ok | Cancel | Help | Episadic stimulation pdate Preview

Together through life sciences @ Molecular
U Devices
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Action Potential Waveform

Together through life sciences
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Digital Outputs

dit Protocol - (untitled)

Mu:u:le.-"Fiate] Inputs] Dutputs] Trigger] Statistics] Eummentsl Math  waveform l Stimulus]

Waveform Analog OUT: Crmd 0 Info

v Analog ‘W aveform [ [+ Digital Dutputs |-
* Epochs € Stimulus file /I W Active high logic for digital trains Info
Intersweep holding level: |USE halding j / Intersweep bit patterr: Uze halding ﬂ
/
Epoch Description A B V4 D] E F ] H I J
Type Step | OfF Lyt O ff ff ff ff ff ff
Sample rate N t
First lewel [mt] 112 4
Dielta lesvel [rv] -2 /
Firzt duration [ms) 100

Delta duration [mz) o p
Drigital bit pattern [#3-00 (17111
Digital bit pattern [#7-4) (0000
Train rate [Hz)
Pulze width [mz)

Murmber of sweepz =10 Allocated tirme:

Final lesrel -52.00 rt
Firzt duration 100.00 mz (1000 zamplesz)

106. 2 af EIIEGE

Summary
Channel #0 | Channel #1 | Channel 82 J Channel #3 J [ Alternate Waveforms | Alernate Digital Outputs
Together through life sciences ‘@l Molecular
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Digital Bit Pattern

Digital bit pattern (#3-0): 0101

2l

DO#3 DO#2 DO#1 DO#0

1A High, single TTL (5V)
OA Low, No single TTL (5V)
an asterisk,*A A pulse train of TTL (5V)

Together through life sciences (@] Molecular
©2012 For research use only. Not for use in diagnostic procedures. Trademarks mentioned herein are property of Molecular Devi ces, LLC or their respective owners. D e Vi C E S
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Digital Bit Pattern --- Single Pulse

Digital bit pattern (#3-0): 0101

= Waveform Preview E|
ih 4 Wz L 4 b £
g |
2> 4]
] ave Start
o4
DO#0: — z
5z "
. J
DO#1.: g e 0
SRS
-l
DO#2: — 3
254
. J
" T T T T T T T T T 1
DO#3: ECI
Time (ms) Swyeepc] Wisible:10 of 10
Together through life sciences (@l Molecular
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Digital Bit Pattern --- Train Pulse

— 1 k£
Ciigital bt pattern [#3-0] | 000 25 4 | | | ‘ ‘ ‘ | | -
Crigital bit pattern [H7-4] 0000 P Ol
Train rate [Hz] 10 |- T A ] ave St
Pulse width [rms] 1 N
o~ ;i‘ 4-:
1|t| D I EI!4 I D!Ei
Time =] Sweeep:] Wisible:10 of 10
1 | y
Together through life sciences @ B/IglfiCéJI:;
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Digital Bit Pattern --- Train Pulse

Crigital bit pattern [H3-0] (000
Crigital bit pattern [#7-4] (0000 .
Train rate [Hz) T | T evo
FPulze vadth [ms) 1 55 4
N
°
I
. ]
°
2% 4
. ]
Al 0.4 ' 05
Time (=] Swveep: ] Visible:10 of 10
4 | >
= Clhpboard Cloze | Help |
Together through life sciences. @ B/Iolegular
evices
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Digital Bit Pattern

]

B C D E F G H I J

Tupe Step |Pulze |Step  [Pulze |[Step  [Pulze  |Step  |Pulze |0Ff (it
Sample rate
Firzt lewvel [ 1] 1] 1] 1] 1] 1] 1] 0
Delta level [t 1] 1] 1] 1] 1] 1] 1] 0
First duration [mz] 000 (1000 |1000  |7000 (1000 1000 (1000|1000
Delta duration [mz] 1] n 1] 1] n 1] 1] 0
Digital bit pattern [$3-0] (0000 |000F {0000 |00OC0<  |O000  |000< (0000 [0ooF
Digital bit pattern [#7-4] (0000 (0000|0000 (0OOO  |0Q00 (0000|0000 o000
Train rate [Hz] 10 10 10 10
Fulze width [mz) 1 1 1 1

4
12y

— ¥ | Wigve End
2
0
T T T | T T T T |

ﬂtl 0 5 10

Together through life sciences
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Intersweep Holding Level

@ Edit Protocol - (untitled)

|"-"|IIII:|E.-"F|E||ZEI InputEI DutputSI Trigger] Statiﬂtiml Co

Wi aveform Analog OUT:; Crnd O Info \
W Analog ' avefarm

¢ Epochs ¢ Stimulus file

Interzweep holding lewvel:

I Uze holding  +

i UIEE lazt E|::|:n:h

- o IF--'-' IF--'-' IF--

Together through life sciences ‘@l Molecular
©2012For ) Devices
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Intersweep Holding Level --- Use last
epoch

Sweep 2

LInallocated
MEpoch A pe— samples

Sweep 1

Unallocated
Epoch A pe— samples —p

P Hz H1 |
mormal
halding
H1
-« otat-to-stat ——»
period
~ Fun »
Together through life sciences (@] Molecular
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Intersweep Holding Level --- Use
Holding

Sweep 2

Linallocated
Epoch Ape— samples
Sweep 1 : : :

Unallocated
g Epoch A pie— samples —w)

Mormal
holding : : ! ;
H1 P Hz H1 | P Hz2
- =tart-to-start '
period
~ Fun »
Together through life sciences Molecular
©2012 For research use only. Not for use in diagnostic procedures. Trademarks mentioned herein are property of Molecular Devi ces, LLC or their respective owners. @ D ev i ces



Alternative Waveform

v Altemate Waveforms | Altemate Digital Dutputs

Yoguiztion mode:
E pizndic stimulation

Ipdate Prewview |

CMD O

CMD 1

Together through life sciences @ Molecular
U Devices
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Alternative Waveform

v Altemate Waveforms | Altemate Digital Dutputs

Yoguiztion mode:
E pizndic stimulation

Ipdate Prewview |

CMD O

CMD 1

Together through life sciences @ Molecular
U Devices
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Alternative Waveform

= Waveform Preview

ik 4

200 ;l
ave Start
A 1]
=200
200 Wigve Endl
- &
EE ¢
=
=200 ﬂ
T
]| ]
Time () Swveepn:l Visikble:2 of 2
[} 1

I

Together through life sciences.
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Alternative Digital Outputs

v Alkernate Waveformz | W Alkernate Digital Outputs

Aoguizition mode;
E pizodic stimulation

lpdate Preview

DO# 0

Do#l EEEEEEEEEEER

Together through life sciences
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Alternative Digital Outputs

= Waveform Preview

i 4
g
— 4 -
[}
=
e ave Start
1]
g
il 41
1]
L T
0 04

T T
ns
Time (=)

|
1.2

Swveep ] Vizible: 2 of 2
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Pre -sweep Train

A pre -sweep train consists of repeated
sguare waveform pulses

Conditioning trains
No acquisition occurs

Together through life sciences
©2012 For research use onl indi i

@ Molecular
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Pre -sweep Train

= _ .
I Murmber af pulzes in train:l1 i‘ Pulze frequency = 500 Hz Train duration = 2 ms

| Baseline duration [ms]:r\ 1 | Step duration [ms): |1 | Post-train duration [ms): | |10
1 y A
: | .
Bazeling level [r): Step level [rmd]: 0 Post-trainevel [rm: 0
I miv): | T'l\ | BE’ i) | | Ix (riv): |
| \ / /
| \ // / _
F"_I|SE A\
1|—|~ Z A\ / Epoch A
| Step X /
/
folding level Y / ¥ F
1 /
/
Baseline / Episode
]‘ — 4
Trigger
————Train > Post-train - Acquisition ——»

Together through life sciences
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P/N Leak Subtraction

Leak subtraction corrects for the passive responses by
applying tessubsweepdefore or after the main
stimulus waveform

The technique is called P/N subtraction, in which N

subsweep®ach 1/Nth of the amplitude of the main
stimulus waveform are applied.

Example: Number cfubsweeN)=4, the stimulus
waveform (P)= 80 mV, the pulse of each
subsweep80/4=20 mV S

¥ 14 height
H i i of stimulus
at subsweep L i 1 f weaveform

Together through life sciences PM leak sublraction subsweeps 1y
4 subsweeps: opposite polarity)
earch use only. Not in di ic proc i i i .



P/N Leak Subtraction

v F/M Leak Subtraction , :
. E wecution Folarity
Apply to Analog IN signal IN 0 X1 | & Before ™ Same as waveform
MNurmber of subsweeps: 4 il {7 After {* Opposite to waveform
— —
Subsweep start-to-stant ms)f  |Minimum = | S%Isweep halding lgyel (i) ||:|
Settiing time [I'I'IS]ZI ad [y Show conectd sweep data
¥ /
I : \ / 7 -
I \ / / i Pre-sweep —w g -
I | \ / / train f
| / / = R
I | \ / / =ettling time hgiraﬂt
I \ 7 at normal
Mormal holding A \ / halding FPast-train i
| ~tart-to- \ 4 / period .
I start period < // — -
ot otirmul
y ; ¥ 144 height e
4 Settling time of stimulus
at subsweep | P P P a} wavefarm
holding level i« o I A .

T
rlager F/M leak subtraction subsweeps

(4 subsweeps: opposite polarity)

Together through life sciences
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User List

Customizing output features

Analog

digital
Overrides the generalized settings made elsewhere
In the Protocol Editor.

Together through life sciences (&] Molecular
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User List --- Holding Level

Sweep 1: -50 mV
Sweep 2: 65 mV
Sweep 3: -20 mV
Sweep 4: 100 mV
Sweep 5: 29 mV

You can set the arbitrary delta values
for the waveform holding levels.

Together through life sciences (@’ Molecular
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User List --- Epoch Duration

Sweep 1: 22 ms
Sweep 2: 44 ms
Sweep 3: 100 ms
Sweep 4. 75ms

You can set the arbitrary delta values
for the waveform sweep durations.

Together through life sciences (@lMolecular
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User List --- Chanae in Parameters

v Lzer List

Parareter to change: |Num|:-er of pulzes In pre-sweep train - |

Humber of pulses in pre-sweep train
Pre-zweesp train bazeline duration [mz]
FPre-aweesp train bazeline lewvel
Pre-zweep train =tep duration [ms]
Pre-zweesp train step level
Poszt-train duration [pre-sweep train] [ms]

Paszt-train level [pre-sweep train] ot

Lizt of parameter walueas:

[ Membrane Test Beties

Channel #0 | Channel #1 | Channel #2 | Channel #3 |

Epoch A’ J level

Epoch A’ J duration

Epoch A’ J digital pattern

Epoch A J train period

Epoch A J train pulse width

Time between sweep starts (S)
Inactive analog OUT holding level
Digital intersweep holding level
Number of P/N subsweeps

Together through life sciences

©2012 For research use only. Not for use in diagnostic procedures. Trademarks mentioned herein are property of Molecular Devi ces, LLC or their respective o

Number of pulses in pre-sweep
train

Pre-sweep train baseline duration
(ms)

Pre-sweep train baseline level
Pre-sweep train step duration (ms)
Pre-sweep train step level

Posttrain duration (pre -sweep
train) (ms)

Posttrain level (pre -sweep train)
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Lists of parameter values

The list of values for the A Epoch levelmight be:
-50, 65, -20, 100, 29

The list of values for the A Epoch duration might be:
22,44, 100, 75

Together through life sciences (&] Molecular
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Membrane Test Between Sweeps

Trial Higrarchy Start-to-Start Intervals

Tiol deley (s |0 ¢ v Membrane Test Between Sweeps

Runs/trial: 1 il I Sweep (3] |2 T . . . _—
w2 151 w8 ‘ Settling me (). Eefnreﬂ[l[l After | \
ISWEED duration [5]: |1 il:ﬂ:u:n:u:l samples . -t ". - - = .

100 ms 100 ms 100 ms 100 ms

l: Membrane test
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pCLAMPT'V| 10 data acquisition software: Key features review
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Key features of Clampex 10

Online Statistics

Sequencing keys

User list

Membrane test between sweep
Protocol editor

LTP assistant

Stimulus file

Triggering external devices

Together through life sciences (@] Molecular
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Online Statistics

AMeasure various parameters of evoked events such
as peaks, slopes, areas, and rise time

AAvailable in episodic and oscilloscope modes
AUp to 8 search regions

Together through life sciences. ‘@’ Molecular
-
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Outward signal Inward signal

Baseline

Example: Example:

Excitatory postsynaptic potential (EPSP)  Excitatory postsynaptic current (EPSC)
Population spikes
Field EPSP

Together through life sciences (@] Molecular
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Baseline

Slope

[ Peak

Together through life sciences

©2012 For research use only. Not for use in diagnostic procedures. Trademarks mentioned herein are property of Molecular Devi

o
|

Peak Current (pA)

Tetanus

Slope (pA/ms)

Time (min)

Tetanus

|
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Scope - Demo Digitizer |ZH§||X| Online Statistics - 10d19001.sta
B 1 1 2 3 4

|»

_vPeak

" Rise slopé

0 (%) 20 40 &0
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™ Clampex - 10d18005.abf - Scope - Demo Digitizer

Fil= Edit | Acquire Wiew Configure Tools

Mew Protocol
Cpen Prokocal,
Save Protocol

|

L")
[Er Save Protocol As. .,

£l & i
§E ¢ Waveform Preview

E pizodic
I:Dmd 0 frity Record
Re-Fecord
I:Dmd 1Ina Wigw Cnly

Together through life sciences.
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Window  Help

Export protocol { pCLAMP 9 comps

MDde!Hate] Inputsl Dutputs] Tliggel Statistics Il:cnmments] tath l Wa\fefarml Stimulus]

v Shape Statistics

v Analog IM Signal {IM 0 -

(™ Positive-going Selected signals:

{* Meqgative-going It

" Absolute

Bazeline Reagion |Eursor Fiegion j

Fram [ms]: |0.75 =: gample 16
To(msl [1.6 w | =» zample 33

[v Search Region |1_i|
Range: |Eursorﬂegion ﬂ

From [mg) [2.15 = zample 64

To(msl |9.55

- | =+ zample 192

Smoothing window [zamplez): |1 il
[ dhways zave statistics at the end of each recording

Meazurementz
4-¥ Peak amplitude [pa)
[ Time of peak [ms]
+1 Antipeak amplitude (pa)
Time of antipeak [mg)
Mean [pd)]
Standard deviation [pd)
Area [pd - mz)
Half-width [rnz]
b awirnunn rige slope [pd/ms)
Time af maximum rize slope [ms]
b awirnurn decay slope [padme)
Time of maximum decay slope [ms]
Slope [péms|
B azeline [pd) .
Rize slope [pd/mz) L LT

Rize time [ms] }f'ﬂm W Elo IE b4
Decay slope [pAdms) } l_ I_

Decay time [mz]

=

_._
0 AL N A M e o M e

.|.

.|.

-

QK Cancel | Help |

Acquizition mode:
Epizodic stimulation

Update Preview
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™ Clampex - 10d18005.abf - Scope - Demo Digitizer
Fil=  Edit

Acquire  Wiew  Configure  Tools

Mew Protocol

|
=

Cpen Prokocal,
Save Protocol
Save Protocol As. .,

£l & i
§E ¢ Waveform Preview

Window  Help

Export protocol { pCLAMP 9 comps

E pizodic
I:Dmd 0 frity Record
Re-Fecord
I:Dmd 1Ina Wigw Cnly

Click nHel
feature description

p o

Mndefﬁatel Inputs] Dutputs] Trigger Statistics lEDmmentsl b ath ] "-.-'-.n"avefn:lrm] Stimulusl

[¥ Shape Statistics

W fnalog 1N Signal {IM O vl

" Positive-gaing Selected signals:

* Megative-going I

" Abzolute

Bazeline Region |I:ur$|:ur Region j

From [mz): |III_?5 = zample 16
To [mz]: |‘I_E vl =» zample 33

v Search Region |1_i|
| Curzor Region ﬂ
From [mz]: |3.15 =» zample B4

Ta [mz): |E|.55 v|=> gample 192
f or

Smoothing window [zamplez]; |1 il
[ Always save statistics at the end of each recording

Range:

Together through life sciences.

Measurements
4w Peak amplitude [pa)

[ Time of peak [ms]
41 Antipeak amplitude [pd]
[ Time aof antipeak [msz)

[ Mean [pd)
[ Standard deviation [pé)
[ Area[pd - mzl

+ [ Half-width [ms)

+ | Maximum rise slope [pddms]
[ Time of maximum rise slope [mE)
+ [ Maximum decay slope [pédms]
[ Time of maximum decayp slope [ms]
[ Slope [pd/msz]
[ Basel .
v FE?;ESITDEp[Ep’?p].MmS] } f l% - IM_HES o
+ [ Bise time [ms] m =10 =
| Decay slope [pd/ms]
+ [ Decay time [ms) } I_ I_

-

] 4 | Cancel | Help |
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Sequencing Keys

Seqguencing keys command allows you associate events, or a
sequence of event, with a keystroke.

Set various digital outputs
Change the holding levels
Insert a comment tag
Start a Membrane Test
Load or run a protocol
Display a prompt

Use sequencing keys to link one event to another, and run an
experiment in an  Aautomated o fashion.

Together through life sciences (&’ Molecular
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An experimental protocol

START ——

END —

Together through life sciences
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Membrane test

Protocol A

Drug A/
Digital Out put

Protocol B

Prompt/
Wait for 5 s

Protocol C

Membrane test
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Sequencing Keys

The key strokes and tool button identifiers used for sequencing keys
are:

<Alt + 0> through <Alt + 9> (i.e. hold down the Alt key and press the
relevant numeral)

<Alt + Shift + 0> through <Alt + Shift + 9>
<Ctrl + 0> through <Ctrl + 9>

<Ctrl + Alt + 0> through <Ctrl + Alt + 9>
<Ctrl + Shift + 0> through <Ctrl + Shift + 9>

50 sequencing keys can be triggered in one time.

Together through life sciences (@’ Molecular
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Set sequencing keys

START ——
Ctrl 1 Membrane test
Ctrl 2 Protocol A
Ctrl 3 Drug A/
Di gital Output n0Oo O
Ctrl 4 Protocol B
Ctrl 5 Prompt/
Wait for5 s
Protocol C
Ctrl 7 Membrane test
END ——*
Together through life sciences @ B/Iolepular
evices
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Sequencing Keys

Only the key for the first element needs to be
triggered to start off the entire sequence.

Together through life sciences (&] Molecular
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Run a protocol in an automated fashion

START ———
Ctrl 1 Membrane test
Ctrl 2 Protocol A
Drug A/
Ctrl 3 Digital Output nO0OoO
Ctrl 4 Protocol B
Ctrl 5 Pro_mpt/
Wait for 5 s
Protocol C
Ctrl 7 l Membrane test
END ——
ife sci Mol [
D s ses oo Bhoesices



aimpe ppe - Demo Dig = m] <)

File Edit Acquire Wiew Tools  Window  Help

(BB B | e Dlefu|»|n| & £ &
=L R T e e [ e [ R = [ [

Telegraphed Instrument. ..

e | ¥ Oyerrides.. 2l a) a2l ) - e e
L'cll“"czl“"csl“' V2 UA3| “ﬂsll“ﬁszl“ﬁssl “E':All“c';',«zl“c':asl
|

Episodic Membrane Test Setup. ..

Crnd O [rr
o
Crnd 1 [
o3
Crnd 2 [m
o #
Crnd 3 [m
-

Diigital OUT 2
arrrrao
ICrrroa
Sampling [Hz]
[1oo00 &

-

Sequenting Keys. . *.., - ; 1 2 3 4 Trace Source
Program Options. .. R :I .‘I Thresh...

Lab Book Options. .. 9Ed0s 23200
Toolbars 3 255 2.55
File Reqgistration, ..

Woice Tags...

Above Threshold (%)
_patch
o
o

[ 04 ]
Lowpass (kHz) n Lo
s 4
Highpass [Hz)
i 4

- Membrane Test

Rt 1638 ML
Hold: 0.6 pé

Elapsed time Al T — T T
0:00:00 {ms) 100 200 .2 [T | >

D —
Run  Swesp < ny 4 2 «
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Sequencing Keys - LTPZ22

| &

K.ey Mext Key Type Description

Chrl+1 Chrl+2 Fratocal Record uzing 'ES 16 sweeps.pra’. 1 reps. Pr
Chrl+2 Chrl+3 Fratocal Record uzing 'ES Rampz.pro’. 1 reps. Pratoc
Chrl+3 Chrl+4 Fratocal Recaord uzing 'ES Sine.pra’. 1 repz. Protocol
Chrl+4 Mane Fratocal Recaord using 'ES Fancy W avefarm 07.pra’.

4 1 F

Cloze

Help

Add...
Remaove
Copy...
Froperties. ..

Werify

=3 Clipboard

Mew Set...

Save Set. .

Open Set...

Options...
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User List

Provide a way of customizing one of a range of
analog and digital output features.

It overrides the generalized settings made
elsewhere in the Protocol Editor.

Together through life sciences (@] Molecular
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User List

With User List you can select one of a range of
parameters offered, to configure on a sweep-by-
sweep basis.

This function allows you to set specific values for
each sweep inarun. You can also set a seguence
of values and have this repeat.

Together through life sciences (@] Molecular
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Change in Epoch holding levels

Sweep 1. -50 mV
Sweep 2: 65 mV
Sweep 3: -20 mV
Sweep 4: 100 mV
Sweep 5: 29 mV

You can set the arbitrary delta values
for the waveform holding levels.

Together through life sciences (@’ Molecular
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Change in Epoch holding levels

Sweep 1. -20 mV
Sweep 2: 100 mV
Repeat é

Together through life sciences & Molecular
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Change in Epoch durations

Sweep 1: 22 ms
Sweep 2: 44 ms
Sweep 3: 100 ms
Sweep 4: 75 ms

You can set the arbitrary delta values
for the waveform sweep durations.

Together through life sciences (@lMolecular
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Change in Epoch durations

Sweep 1: 22 ms
Sweep 2: 75 ms
Repeat é

Together through life sciences @ Molecular
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Parameter to Change

Epoch A J level Number of pulses in pre-sweep train
Epoch A’ J duration Pre-sweep train baseline duration (ms)
Epoch A J digital pattern Pre-sweep train baseline level

Epoch A J train period Pre-sweep train step duration (ms)
Epoch A J train pulse width Pre-sweep train step level

Time between sweep starts (S) Posttrain duration (pre -sweep train)
Inactive analog OUT holding level (ms)

Digital intersweep holding level Posttrain level (pre-sweep train)

Number of P/N subsweeps

Together through life sciences & Molecular
U Devices
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Edit Protocol - funtitled)

Mndefﬁate] Inputs] Dutputs] Trigger] Statisticsl Eamments] b ath ] Waveform  Stimulus l

Wwiaveform analog OUT: Cmd 0 Info

[ Pre-sweep Train
i 4
T o
o T

[ P Leak Subtraction

v User List T

Parameter to change: ]Numl:uer aof pulzes in pre-sweep train

MHurnber of pulzes in pre-sweep train
Fre-sweep train bazelineg duration [mz)
Pre-zweep train bazeline level

F're - SIEE train ste duratiu:un ms

Lizt of parameter values:

[ Membrane Test Bebwh

F'-:n&t traln duratlnn [pre SWEEFI train) [mz]
Pozt-train Ievel [pre-zweep traln]

Channel #0 | Channel 1 | CrammetH? ! Cirarmmet s !

Acquizition mode;
1] 4 Cancel Help Epizodic shirmulation
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Examples: List of Parameter values

The list of values for the A Epoch levelmight be:
-50, 65, -20, 100, 29

The list of values for the A Epoch duration might be:
22,44, 100, 75

Together through life sciences (&] Molecular
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Change in Epoch holding levels

Clampex - [Scope - Demo Digitizer]
[@ File Edit Acquire Yiew Configure Tooks Window Help

@ e ABlaE QD e[ B [ P lb< 8

a AL E= [N STt e 7 s 4 =
&2
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M
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Change in Epoch durations

(™ Clampex - [Scope - Demo

@ File Edt Acquire View Configure Tools Window Help
(D 2] BS[lalE OD|e|n|e|n] B [G P W< =
lalee e afeE o) oo ] 5m)
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e
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Run  Sweep
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-3000+

10000 -|
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Membrane Test Between Sweeps
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Membrane Test

Access resistance, Ra
Membrane resistance, Rm
Membrane capacitance, Cm
Time constant, Tau

Holding current, Hold

Together through life sciences
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Mode/Rate l Inputs] Dutputs] Trigger] Statistics] Eumments] b ath ] 'W'avefurm] Stimulus]
= Cl Acquigition Mode
File (" Gap-free (" Fired-lenagth events (* Epizodic stimulation
= " Wariable-length events (" High-zpeed ozcilosoope

Trial Hierarchy Start-ta-Start [ntervals

@ Trial delay [s]; 0 il |
ﬁ} Runz./trial, 1 il Sweep (5] |1 -
.

- Cweeps U 1aa & -agME

Epiz
Crnd | = 20000 zarnples
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. _ Optars._|
— [ Slow rate (Hz): :I -~
- - i
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Trial Hierarchy Start-to-Start [ntervals

Tiioldelay sy~ |0 3 v Membrane Test Between Sweeps
unzdtrial: : weep [ - . . =
. ?zm " [o=eT=T] ‘SEttllng time (ms; Eefnreﬂ[l[l After | \
- <
; — — .
-

I Sweep duration [s]: |1 3: = 20000 zamples

100 ms 100 ms 100 ms 100 ms

l: Membrane test
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Clampfit - [Results1 - Results
File Edit “Wiew #fnalyze Formak  Event Detection  Configure  Tools  Window  Help

Mew ¥
£ Mew Data File Index | E |
Cpen Data. ., Chrl+
Open Daka Opkions, ..
E Open Data File Indesx. ., | aq] x| b
— Lab Book...

Clampfit - [Results1 - Results]
File Edit Yiew Analyze Format Ewvent Detection Configure Tools ‘window Help

—  Close all =
- Sles] sl il Sl Bl i
Lo ||| % | w2 [y 82| & = |[ih|ac| 2|
Time (s) |Region 1-IN |Region 1-IN § Memb Test 0] Memb Test 0-Mem |Memb Test 0| Memb Test | Memb Test

1
2
3 | 670476200 396618 341,907 0.0244 102388 640,185 0 15625
4 1.00001 39227 304071 0.0244 102398 640,185 0 15625
5 2.00001 425817 327 B69 0.0244 102388 640,185 0 15625
3 3.00001 -389.135 -369.928 0.0244 102388 640,185 0 15625
7 4.00001 401418 52735 0.0244 102388 640,185 0 15625
B 5.00001 407 63 301137 0.0244 102388 640,185 0 15625
9 £.00001 377328 43374 0.0244 102388 640,185 0 15625
10 7.00001 42917 300389 0.0244 102388 640,185 0 15625
11 00001 -380.015 241 361 0.0244 102388 640,185 0 15625
12 9.00001 -407 305 269556 0.0244 102388 640185 0 15625
13 0] 418625 317582 0.0244 102388 640,185 0 15625
14 11 402032 312375 0.0244 102388 640,185 0 15625
15 12| -aTTaoeT 402452 0.0244 102388 640,185 0 15625
15 13 -411.306 -303.043 0.0244 102358 640,185 0 15625
17 14| -405.689 337691 0.0244 102388 640,185 0 15625
18 15 392543 291797 0.0244 102388 640,185 0 15625
19 16 411435 325913 0.0244 102388 640,185 0 15625
20 17| -aEzele 429453 0.0244 102358 640,185 0 15625
21 15| -3mBas2 312508 0.0244 102388 640,185 0 15625
22 19  -3m2se3 363627 0.0244 102388 640,185 0 15625
23 20| -3ave04 260169 0.0244 102388 640,185 0 15625
24 21 70512 36020 0.0244 102388 640,185 0 15625
25 22| 416414 416725 0.0244 102388 640,185 0 15625
25 23] 412433 -336.546 0.0244 102388 640,185 0 15625
27 24| 407789 -392.96 0.0244 102388 640,185 0 15625
28 25| _3E7.002 255015 0.0244 102388 640,185 0 15625
23 26 30243 214245 0.0244 102388 640,185 0 15625
30 27| 405754 -407 54 0.0244 102388 640,185 0 15625
31 28] 401839 342663 0.0244 102388 640,185 0 15625
32 20| 305766 TS 0.0244 102398 640,185 0 15625
33 30 41266 351936 0.0244 102388 640,185 0 15625
34 3 372564 -304.056 0.0244 102388 640,185 0 15625
35 32| 399646 37195 0.0244 102388 640,185 0 15625
35 33| 307 646 307 246 00244 102398 40185 [ 15625
37 34 40137 330406 0.0244 102388 640,185 0 15625
38 B 418472 330,546 0.0244 102388 640,185 0 15625
38 3| -3s4ars 367603 0.0244 102388 640,185 0 15625
40 37| -a77s0e 380116 0.0238 995 964 654,385 0 15625

Together th rough ||re S[]en[:es H 35 -427.499 -278.575 00235 995 964 654 585 1] 156825 3r
42 33 -405.399 393753 0.0238 995 964 654,385 0 15 625
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Summary
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Stimulus File

Stimulus Files are used when the Waveform Editor
cannot create the desired waveform.

Together through life sciences (&] Molecular
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Edit Protocol - (untitled)

Mndefﬂate] Inputs] Dutputs] Trigger] Statisticsl Enmmentsl bath  waveform lStimqus]

YWiaveform &nalog OUT: Cmd O [rfi |
v Analog W aveform | Digital Outputs

(¢ Epochs © Stmulus file [v

Intersweep holding level: ||_|SE! hialding j

1l

E poch Description A E C b E £ G d |

Type step | O CIff i CIFe i i} ff i Qff
S ample rate ifF I

First lewel [t « Step

Delta level [mY] Ramp

Firzt duration [rns) Pulse krain

Delta duration [mz)
Drigital bit pattern [#3-0)
Drigital bit pattern [H7-4)
Trair rate [Hz]

Pulze width [rmz) ] 0 ]

Mumber of sweepz = 10 Allocated hime:

Final levvel -68.00 m\
Firzt duration 100,00 ms (1000 zamplesz)

Biphasic train
Triangle train
Zosine krain

1062 af HITEGE

Surnmary
Channel #0 | Channel #1 | Channel #2 | Channel #2 | ™ Altemate Waveforms
Acquizition mode; . |
ak. Cancel | Help | e ) Update Prewview
Together through life sciences (@’ Molecular
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Default waveforms

200 | ‘

#

Step:

Cmd 0
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1 Wave Start
-200 | |
200 |
Ramp: zz4l o
. EEY
i = 1
1 Wave Start
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200 |
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train:

[

{1 Wave Start

Cmd 0

(m*

-
(o]

200 | |
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Default waveforms

200 |

Biphasic
train:
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Cmd 0
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M 1 "
o
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200 | |

200 |

Triangle 224 of
traln . Wave Start
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Cmd 0
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train;

1 Wave Start

200 | |
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How to create an action potential

waveform?

100 |

Crmd O

(mv)

|-
=

=100

Together through life sciences

©2012 For research use only. Not for use in diagnostic procedures. Trademarks mentioned herein are property of Molecular Devi

ces, LLC or their respective owners.

©

Molecular
Devices



wa
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Advanced Tips for Protocol Writing in the Clampex Data
Acquisition Module
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Whole cell and Extracellular Recordings

DIGITIZER

DIGITAL OUT ANALOG OUT ANALOG IN
0 1 0 1 2 3

0 1
|
Electrode 1: iy 0 ? | 00 Electrode 2:
Intracellular Extracellular
r'im ~ r:;:g”z;f o
Q0O O®O QO O®0O

Pr‘esynaptic _ CUTPUT o OUTPUT Presynaptic
. A MULTICLAMP . .
Stimulation k R Stimulation
Postsynaptic Postsynaptic —\/
current fEPSPs
Presynaptic
cell
Together through life sciences Molecular
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Pair-pulse stimulation

‘ \ ‘ ‘ Bramnaptic l\l q Fostsynaptic
cell cell
- 50 ms - x )

Application: Synaptic plasticity, release probability
In brain slice preparation

Together through life sciences. ‘@’ Molecular
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Pair - pulse Stimulation: Presynaptic afferents

Presynaptic
Stimulation

Postsynaptic
current
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Pair - pulse stimulation

E Edit Protocol - {untitled)

Modefﬂalel Inpulsl Dulputsl Triggerl Stalisticsl Enmmenlsl Math  Wavetom |Stimu|us|

Waveform Analog OUT: Crd 0

_io |

v finalog tWavefom
{¢ Epochs " Stimulus fle

l
L

—¥ Digital Dutputs
Iv‘ Active high logic for digital traing [nfg |

Interzweep holding level IUSE holding 'l

Interzweep bit patterm: IUSE holding 'l

Epach Description & B L ] E F G H | J
Type Step |Step |Step |[Step |Step |0 i} i} (e (e
Sample rate Fagt |Fast |Fast |[Fast |Fast |Fast |Fast |Fast  [Fast |Fast
First lesel (miv] |0 |80 |40 |80 (8O |0 1 1 0 0
Delta level m] 1 1 1 0 0 1] 1] 1] 0 0
First duration (] N 49 1 Al I I I 1] 1]
Delta duration [ms] 0 0 0 1] 1] I I I 1] 1]
Digital bit pattern [#3-0) | 0000 a0 0000 0000 (0000|0000 (0000 {ooo0
Digital bit pattern [#7-4] | 0000 At . oo o0
Train rate [Hz) 1 1 1 1 1 1 1 0 r——t—
Pulse width [ms] 1] 1] 1] ] ] 1] 1] 1] ] ]

Humber of sweeps =10

Sl Fle. | First duration 43.00 mz (430 zamples|
Surnmary |

Allocated time;

210.2 of 300 ms

Channel #0 | Channel #1 | Channel #2 | Channel 43 |

[ Altemate Wavetoms [ Altemate Digial Outputs

0K | LCancel | Help |

Together through life sciences
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Train stimuli

10 Hz

Cremnapts
“““““ -
#

1 sec -

Application: Synaptic plasticity, LTD
In brain slice preparation

Together through life sciences. ‘@’ Molecular
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Train stimuli

4 Edit Protocol - (untitled)

-10 pulses

L. -
i Waveform Preview

ik W W

W4

200 | -
Mode!Hate] Inpuls] Dutputs] Trigger] Slatistics] Eomments] Math  “Wavefam ‘Stimulus] =]
i ]
|:| -
Wwaveform Analog OUT: Crd 0 [nfi 1
I Analog Wavefom v Digital Outputs ]
) . -200 1 vyave Start
@ Epochs " Stimulus fle W Active high logic for digital trains [ 200
Intersweep holding level:  |Useholding = Intersweep bit patterr; |Useholdng E % a
5E
Epoch Description B, B C 1] E F G H | J -200
Type Step |Pulee |Step |OF |OF [OKF 0K |0 (O |OK 200 |
5 ample rate -
First levvel (] 40 |80 |0 E fg ]
Dekalevel [mv] TG = ] Wiave End
First duration [ms) 100 (1000|100 -200 1
Delta duration [ms] 1 1] 200
Digital bit patter [$3-0) | 0000 " W00 | © o |
Digital bit pattem [#7-4] 0000 0000|0000 T E—l | B E o
Trainrate Hz) 1) ~—1c 10 PL”SES
Pulse width [ms] 1
o = o PR A S
Mumber of sweeps =10 Allocated time: 12468 of 1500 mz = =
o= =
First duration 100000 ms (10000 sarmples) Pulss count 10 = = e
Train rate 10.00 Hz [1000 samples) 2 = T
Pulse width 1.00 mz =» 1% [10 zamplez] = 5
Summary == 0 - |
T T T T T
:I:I u} 0.4 0.g 1.2
Charel#0 | Channel#1 | Chernel#2 | Chamnel #3| [~ Aperate Wavefoms |~ Abemate Dighal Dulps Time (=) Sweep:1 Visible:1 of 1
al N
Aoquisition mode: .
ok | Cancel ‘ Help ‘ quisodic simulation Update Preview =» Clipboard | Cless I Help
o
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Train stimuli

& Edit Protocol - (untitled)

-50 pulses

' i Waveform Preview

i w2 EX bl
Mode/Hate l Inputs l Outputs l Trigoer l Shatistics ] LComments l Math  Wavefom ‘ Stimulus l 200 | =]
Wavefom Analog OUT: Cmd 0 Info 0
IV Analog W aveform v Digital Qutputs ]
¢ Epochs " Stimulus file ¥ Active bigh logic for digtal bains— Info 'égg Whigve Start
Intersweep holding level:  |Useholding = Intersweep bit pattern:— {Useholding = g 0 ]
EE ]
A B C ) E F G H | J 00
Type Step [Pulse |[Step [OK (DK |OF oK (DK (O |0 'EDD 1
Sample rate 1
First level [m] a0 |80 |0 == 1
EE 0
Delta lewel (i) 0 ] 0 o= 1 Wiave End
First duration (ms) 100 {1000 {100 _onn
Deka duration [ms) a ] a 200 |
Digital bit pattern (#3-0) | 0000 R o000 o ]
Digital bit pattern (#7-4) | 0000 [0OCO | 00O0 TR0l | E E ]
Train rate (Hz) | B | " 50 Pulses
Pulse width [mg] 1 =
. o = S ALbb tLL b LEL bbb LLL LLL L LEL RLL LLLLLLLLERELELLLLLL
Mumber of sweeps = 10 Allocated time; 1248 of 1500 e & 3:: E
First duration 1000.00 s (10000 samples) Fulze count 5 T = E
Train rate 50.00 Hz [200 sampleg] Q = T
Fulze width 1.00 me =» 5 % [10 samples] = a
Summary = 2 . | | | el
] o 0.4 0.8 1.2
Channel #0 | Channel H1 ‘ Channel #2 ‘ Channel #3 ‘ [ dltemnate Wavefoms | Alemate Digital Dutputs Time (=) swespl Yisile:! of 1
| ¥
Aoquisition made: . ;
0K | Carcel ‘ Help | - E;SEQiIT o Update Preview => Cipboard | [ Close | Hep )
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Summary

ATelegraphing/Lab Bench settings

AWriting protocols for
APair -pulse stimulation/Digital Output
ATrain stimulation
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Tetanus Stimulation protocol

100 Hz

1sec 10 sec
Postsynaptic holding 0mv
potential .80 mV I | | | | | | |

Application: Synaptic plasticity, LTP/LTD
In brain slice preparation

Presynaptic stimulation

Together through life sciences. ‘@’ Molecular
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Tetanus Stimulation and Postsynaptic
Depolarization

DIGITIZER
7 DIGITAL OUT ANALOG OUT ANALOG IN
0o 1 | [ 0o 1 2 3
®0 || ® i | _jj 00
| | .prq;“z:: .Npsg““ztm | |
Pre-stim  Post-stim OO ,,NDOOO °c OWO Pre-stim  Post-stim
‘\/ v MULTICLAMP ‘\/ ‘\/
‘ Presg:”aptlc 4
100 Hz

Presynaptic stimulation """ """ """ """

lsec 10sec
Postsynaptic holding 0mV |—| |—| |—|
potential -80 mV
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Tetanus Stimulation and Postsynaptic
Depolarization

E Edit Protocol - (untitled)

ModefHalel Inpulsl Elutputsl Triggerl Statisticsl Eommenlsl Math  Wavefom |5tirnu|us|

Waveform Analog OUT: Crod 0 i |
v finalog Wavefom

(¢ Epochs © Stimulus fle

Intersween holding level: ILlse halding 'l

v Digital Outputs

¥ Active high logic for digital aing Info |

Interswesp bit patter: IUSE halding 'l

Epoch Description A M o] E F & H | J
Tupe Step WStep [Step BBtep |Step |Step [Step  |Step |Step  [Off
Sample rate Fast IFast Fast Iast Fast [Fast |Fast |Fast [Fast |[Fast
First level [mi] |0 fo a0 I] |0 |0 |0 |0 |0 |0
Delta level m] ] ID 0 0 0 0 0 0 0
First duration ms] 100 |1IJI]EI 10000 lIJIJEI 10000 (1000 {10000 |1000 {100 |0
[elta duration [mz) I ID 0 0 0 0 0 0 0
Digital bit patter [#3-0] {0000 IDIJIZI“ aoon I]IJIJ“ ooon  (ooo |Ooon (OO (o000 | 0000
Digital bit patter [#7-4] {0000 IDIJI]EI aoon I]IJIJEI oon (0000|0000 (0000|0000 | 0000
Train rate Hz] ] |1 o0 l o0 o |0 o |0 0
Pulze width [ms] ] |1 0 l 0 1 0 1 0 0

Mumber of sweeps =10

Sl Fler. | Firat duration 100.00 me (1000 samples)
Summary |

tllocated time:

35450 of 40000 mz

Channel #0 | Channel #1 | Channel #2 | Channel #3

[~ Altemate Wavetoms [ Alemate Dighal Dutputs

OF. | Cancel | Help |

Together through life sciences
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Spike timing protocol

vd

Current Presynaptic (]stsmﬂpﬂl: Current
Clamp ot Clamp
Presynaptic
stimulation I I I I I I I I I I
Postsynaptic I I
stimulation -+ +10ms

Application: Synaptic plasticity, LTP/LTD
In brain slice preparation and culture cell
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012 For research use only. Not indi i
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Dual Whole -cell Patch -clamp Recordings

DIGITIZER
DIGITAL OUT ‘ ANALOG OUT ANALOG IN
0 1 ‘ 0 1 ‘ o 1 2 3
&L » T O O
N
r—CH NNEL 1 —\ r—C NNELZ“
INPUT: OuTPUTS INPUT% OUTIUTS
O O®O O @) O®O
COMMAND SCALED SCALED
OUTPUT_ QUTPUT
Y S
MULTICLAMP
Current Presynaptic ostsynaptic Voltage
ynap
cell
Clamp & Clamp
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Dual Whole -cell Patch -clamp Recordings
i 1

Postsynaptic
r current

A

Presynaptic cell
(Current -clamp)

Postsynaptic cell
(Voltage -clamp)

(@] Molecular
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Spike timing protocol: EPSP precedes Action
Potential

L\

é_ ;
10 ms later
A
Dendrite
Al l about the ATiIi mi ngo:

The change of synaptic efficacy of the

postsynaptic cell depends upon

1. the timing of the incoming inputs Postsynaptic cell

2. the excitability of the postsynaptic cell (under Current Clamp)

Together through life sciences
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Spike timing protocol: EPSP precedes Action
Potential

DIGITIZER

DIGITAL OUT ANALOG OUT ANALOG IN
o 1 0O 1 2 3

o 1
0 i <too
N\

{NNEL1ﬁ — »iNNEL u?

INPUT PUTS INPUT: ouT
® O (O} O] C®O
COMUAND SCALED SCALED
OUTPUT OUTPUT
MULTICLAMP

Current Breeynaptic Current
Clamp cel Clamp
Cimutadon I
stimulation
I
1
Postsynaptic '
o . [ |
stimulation » «10ms
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Spike timing protocol: EPSP precedes Action

Potential

& Edit Protocol - {untitled) A8 Edit Protocol - (untitled)

Mu:ude.-"ﬂatel Inputsl DutputSI Triggerl Sk

W aveform Analog

OUT: I_clamp 1]

v Analog W aveborm

" Epochs ©

Stirmuluz file

Intersweep holding lewel: IUSE holdin

A B |
Type Step Pulze
S ample rate Fazt Fazt
First level [p] 0 1000
Delta lewvel [p) 0
First duration [mz] B0 T
D elta duration [msz] 0 1]
Drigital bit pattern (#3-00 17111 Qo0o
Drigital bit pattern [#7-4] | 0000|0000

Train rate [Hz]

Pulze width [mz]

Mumber of zweepsz = 1

Stimulus File... | First d

Surnmar

o 1000.00 s |

&

Presynaplic
cel

stsynaptic
cell

e

Channel #0 | Channel #1 | Channel #2 | C

o]

Cancel | He
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Spike timing protocol: Action Potential
precedes EPSP

© e

~—

10 ms later

Dendrite

Postsynaptic cell
(under Current Clamp)
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Spike timing protocol: Action Potential
precedes EPSP

DIGITIZER

DIGITAL OUT ANALOG OUT ANALOG IN
o 1 o 1 2 3

o 1
© O i O O
~ \

r— CHRANNEL 1 “ r— CbiNNEL U?

INPUT. ouTPUTS INPUT: ouT
O OoO®O ON®) C®O
COMUAND SCALED SCALED
OUTPUT OUTPUT
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S HEEEEEEEE
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stimulation ) '« 10 ms
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Spike timing protocol: Action Potential

precedes EPSP

&

Presynaplic
cel

4 stsynaptic
cell

4 Edit Protocol - {untitled) a1 Edit Protocol - (untitled) 2 Wavefsrm Preview x|
MDde.-"FEateI Inputs I Dutputal Triggerl Sk MDEIE.-"FEateI Inputs I Elutputsl Triggerl Sk WA =
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& Epochs © Stimulus file = Epachs € Stimulus file vigve Start] !
- ) 1
Intersweep holding level: IUSE haldir Intersweep holding lewvel: 2000 i
|
o
i o 22 o 1 1 O T T
Type Step Pulze %I = | ¥ |
Sample rate Fazt Fast /’ |_ __1
Firzt lewvel [pd) ] 1000 -2000
Delta level [pd) O 200 g viave End
First duration [m=] B0 1000 J'_\
Delta duration [mz] i} 0 L |
Digital bit pattern (#3-0) 1111|0000 Drigital bit pattern [#3-0] onoo 10 ms —
Drigital bit pattern (H7-4] | 0000|0000 Digital bit pattern [(H7-4] | 0000 | O000
Train rate [Hz) 0 0 Train rate [Hz) 0 10 < >
Pulse width [ms] 1] 1/ Pulze width [rnz] 0 1
Mumber of sweeps = 1 Mumber af sweeps = 1
: _ . . = @ '_ll B
Stimulus = . | Pt duraigpFRa o me (50 Stimulis File. | Fifst duration S0.00 EE
Sumrary | Surnrnary -200 ] -
EIL ] o os
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| ET | >l
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Action Potential Analysis in Clampfit

— -
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Frequent Ask Questions in Action Potential Analysis

How can | measure the frequency of action potentials?

The baseline of my recording is drifting. It is hard to analyze the
spikes.

How do | sort the spikes?

My recording is too noisy. It is hard to retrieve the spikes from the
noises?

When | do the event search, how can | avoid the large spike of
stimulation artifacts?

How do | perform a phase plot of dV/dt vs V in Clampfit?

How do | calculate the cardiac action potential duration at 90%
repolarization (APE,,)?
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©2012 For research use only. Not for use in diagnostic procedures. Trademarks mentioned herein are property of Molecular Devi ces, LLC or their respective owners. D e Vi C e S



What we learn today

Baseline adjustment
Event Search

Event sorting
Noise/Event rejection
Spike alignment
Combine trace

Phase plot

Action potential analysis
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Features in Clampfit

Baseline adjustment
Manual baseline adjustment

Search event
Event Detection/Threshold Search

Event sorting
Event Detection/Threshold Search

Spike alignment
Time shift

Phase plot/Combine trace
Arithmetic

Action potential analysis
Statistics
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Baseline adjustment

Drifting baseline

3

Stable baseline
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Event Search

< " f I

Trigger level

Baseline level

If an event crosses the trigger level, the event will be accepted. “
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Event Sorting

Extract events from a gafpee file and transform them into
sweeps.

D

Gap-free files Sweep files
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Noise/Event Rejection

Event rejection based on amplitude
Noise rejection based on short duration
Event rejection based on event length

Together through life sciences (@] Molecular
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Noise/Event Rejection based on amplitude

o S a——

Reject

S

100 +

a0+

Rejection level
_ [ K N Trigger level
-SD;JK L_,--JLM’JL-'—' Baseline level

If an event crosses the rejection level, the event will be rejected. ”

IM O
(m*
- |-
[}

M

[Ny S
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Noise/Event Rejection based on too short duration

Accept

Reject

2R

- vﬂnﬁunwﬁ C
) ﬂ/ M\

“ Noise duration in ms can be set to reject noise spikes.
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Noise/Event Rejection based on event duration

/Reject
=24 o
| L]

L

ot  a— | | -

1.
3NN S W 5 N N I N B

Trigger level

Baseline level

You can select Min allowed duration to eliminate short events.

You can select Max allowed duration to discard events that are too long.
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Peak Alignment
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Combine traces

60 - 60
40 404 404
201 20 204

0 o — 0
+ —

LR 0 2

Lan an] ELE
& J &0 J 60 :‘

ELE 20 a0

Trace in File A Trace in File B Trace combined
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Phase Plot

Plot dV/dt versus V

Vo(mv)
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Cardiac Action Potential Analysis

Resting membrane potential
(RMP) APA =

Action potential Amplitude
(APA) Vmax =»

Action Potential Duration

(APD) J
Max Slope of depolarization Rwmp =
(Vmax)
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Event Detection/Threshold Search

204 ;I

Positive-going ¢ Negative-going

Ewent finding
Bring Markers | Level
marker

Bazeline: [mv] [0] |-54.?8
I toRe-am [mv]: (1] AIW

to Trigger [mb): 2] A|33.33

™ to Rejection [m]; 2] .&W
-20 ™ Muoise rejection [ms): ID

4 — Pretrigger and post-trigger lengths
I~ Pretrigger [ms): 5]
™ Post-trigger [ms: ISD—
&40

J -~ Event rejection

I~ Min allowed duration [ms]; |1
I Max allowed duration [ms]; ID

-60 4 I Fitting

% Product of exponentials
" Sum of exponentials: lz_ﬂ terms }

Calculate taus from ID ﬂ% of peak

Search Region

—a0 4

Al visible signals
One continuous trace

| = 922500 sampes

+1007 \DK | Cancel | % |
A | y A

Select...
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Set category

A Each category represents a
unique search criterion. There

! Threshold Search (%]
are up to 8 different =
Categories IlF Categaony |1_$| I Reset All |

AThe positiveand negative | Bositive-going " Negative-going |

going describe the location of
peak relative to baseline.

A Action potential is a positive
going event
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Bring markers

A Bring markers
A Baseline marker
A Trigger marker

Event finding

Bring M arkers Lewvel
rnark.er

I Bazeline: [m'] (0] -54.78 I
g | ta Be-arm [mv); Fi

| toTrigaer[mi)  [2) A2609

,;:/—’—"”’ — | to Bejection [mY): Fis

e | Maize rejection [ms);

Trigger marker

Baseline marker
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Rearm

204

Start of
an event

e

AJ the event

,J

20

Trigger

Baseline

Trigger

Event finding

Bring Markers Lewvel

rnark.er

Bazeline: [m*) (0] IW
| to Re-arm [mv]: Fil Ii
to Trigger [mi] (2] AlzED3
| to Rejection [mv); pi Ii

| Maize rejection [ms]: |

Ewvent finding

Bring Markers Lewvel

rnark.er

Bazeline: [mi) (0] |-54..'-"E
| WV toRe-am [mv] (1] ,ﬂ!m I

A/ the event

/

Re-arm

A S

J

60
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Event Rejection

o] o

100

a0

Event finding
| Bring Markers Lewvel
rnark.er
Bazeline: [mt) (0] |-55.5.'-"

ﬂ.l
to Trngger [m'/); [2] ﬂ-.lEE.EIEI
IIF to Rejection [mi]: [3) ﬂ.|EEI.EIE| I

—

| ta Re-amm [mv):

| Maize rejection [ms]:

I O
(m*)
Lo
(]

L ¥

I'Rejection level I

|

[

|
AL AL A

oF
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Noise Rejection

Event finding Ewent finding
Bring Markers Level Bring Markers Lewvel
rark.er rnark.er

Bazeline: [mv) [ IW Baszeline: [mv] (0] IW
[ to Fe-am [miv): IAEEE ™ to Re-am [mv] N
tar Trigger [ 2] Al1363 ta Trigger [miv]: 21 Al1363
[ to Rejection [mv]: M IW | to Rejection [my]: & lﬁ

[ Moize rejection [ms); 5 || v Moize rejection [ms): 4] ||

- e,

Event start Event end

W‘W Wi
Trigger Al hoA Trigger A

un B:Vﬂ'n” | A
Y B T RV T

R T

g ms I5 msl I5 msl

Event Start and End Event Start and End
without Noise rejection with 5 ms Noise rejection
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Pretrigger and Postrigger

Fretngger and pozt-tigger lengths

| Pretrigger [mz);

Fretrigger and poszt-trigger lengths

v Pretrigger [ma):

5 1]

| Post-trigger [ms); | v Past-trigger [ma]| 20 I
204 204 i 5ms i L 20 ms i )
Trigger i D  Trigger
%40_MJ ilmx/v"u w
P Base“ne o] Baseline
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Event Rejection

I

Il
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N
N

l
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Accept, Reject, Suppress, Accept T \/‘ X ‘ﬁ‘%"‘

V| v| X X &

K ¥ VY

N NN
A A R R S S AT T AT
- & P b

NN

%

A A
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Event States

N AN "N AN
. [ . |
A A R R S S AT AT AT
. - =S S <>
Trace Search Category Trace Search Category State
1 1 1 1|4 1 1 1 1A
2 1 1 1|4, 2 1 1 14,
3 1 1 14T 3 1 1 15
4 1 1 1 AT 4 1 1 1|5
3 1 1 1 AT g 1 1 1 AT
] 1 1 1 AT
7 1 1 1 AT
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Phase Plot

=] A (x|
L1 LY -
/| vt 2| |pn| b ls| £ . - [B]X]
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] 2 04| 00264058 00264053 Legend
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] .i 10 08| 0351575 00520572 -~
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m—— 12 11 0434564 00407404 =
) 13 1.2 0.48543 | 00509255
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A ms .2 M A4 ms
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Transfer trace Column
Select the trace A e Plot dV/dt vs V
cC=diff(cB)
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Summary

Baseline adjustment
Event Search

Event sorting
Noise/Event rejection
Spike alignment
Combine trace

Phase plot

Action potential analysis
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Analysis of Synaptic Events with the
Clampfit Data Analysis Module

—
e —
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Agenda

A Postsynaptic miniature currents (EPSCs)

A Pre-drug

INO
(PA)

-200

inis02_Predr

A Post-drug Yadald

INO
(PA)

-150 4

-250

Time (s)

ug.abf

T
34

Are there differences in the amplitude distribution?
Post-synaptic mechanism
Are there differences in the frequency?

Pre-synaptic mechanism
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Strategy

Create a template from
one of the data files

Perform a template search on a data
segment before addition of

¥ Find negt after add

Template
226 samples

40 4

o

-20 4

|

]

Undo I LClear

| Save fis..

[

Cancel | Help |
i IJ
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Sampling interval = 100 ps
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A
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Strategy

Create cumulative histograms of éand t h eevennirteevals.
the peak amplitudgsé

Graph - Histogram: 2 Graph - Events:3 |"—”'E‘[z|

k, ] s An| X

e\ @ Ipa) 4] 5] 2] 5] o] aclae sl &l ] ] 75 || sl
Wy EPSPs
) My EFSPs Inter-event Interval Histogram Before and After Compound
Peak Histogram Before and After Compound
14 Legend
1+ Legend — Norm Pra JE|
= Morm FPre Peak — Morm PaostIEl
= Morm Post Peak
= =4
p= S
w [
z 054 205
g <
g £
= (&
O
04 o4
T T T T T T T T T T T T
0 a0 100 ~1a0 200 250 0 100 200 300 400 500
Peak Amplitude (pa) Inter-event Interval (ms)
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Strategy

CEx
fxu@\w ) o 71| 5linll sl
| e vt bk
Perform a statistical I
analysis to determine
whether there are

differences between ‘
the two datasets. \ L 4 " o " e

Feak Amplitude (pA)

DER

be| )| ®[EA] WL S| 5|5 |l iil] Ac|Xe|

My EFSPs
I Inter-event Interval Histogram Befare and After Cormpound

14 Legend
= MNorm Pre [El
— Marm Post IEl
£ p <10
K-S = 43%
2 05
z 0\
=
o
-

T T T T
1] 100 200 300 400 500
Inter-event Interval (ms)
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Clampfit Features Discussed

Event Detection > Create Template

Event Detection > Template Search

Move Cursors efficiently

View > Zoom > Between Cursors
Analyze > Arithmetic

Format > Column > Rename
Format > Rename Sheet

Analyze > Histogram

Efficiently creating a graph using X

Editing a graph

-Y pairs

Analyze > Kolmogorov  -Smirnov Test

Analyze > Basic Statistics

Together through life sciences
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Creating a Template

& Clampfit - [A_2010_0406_0001 - baseline.abf - Analysis]
ﬁFiIe Edit Wiew Analvze BRERERECEGN Configure  Tools  Window  Help

2| e EEDEEE—, o

Template Search. ..
&=
%" & | = ‘ Threshold Search. ..

Si gIE-C annel Search. .,
"~
Cak}

=
k]

vt &

[ ] ==
v % Open Search Protocal, .. ‘ J‘E | EB

Zoom in to
the first

few

seconds
[Shift] + [Click]

brings the cursors

Together through life sciences

©2012 For research use only. Not for use in diagnostic procedures. Trademarks mentioned herein are property of Molecular Devi

T R ] ] e B ) ] @la]
[k 4 w2
o
JRASTRINY ™ Lt i
_50 -
-100 ~
:‘1 a0 11121 = A15495 5
1545 pa, ADDT pis
200

ces, LLC or their respective owners.

Molecular
@ Devices



Creating a Template

Enclose an event with

cursors 1 and 2

AN0224 5

07747 5
2260p4 Ad1dpa

vle el

[k 4 v

Create Template

Source

A_2010_0406_0001
ﬂ Cursor 1-2 range: 22

_ |

[v Find next after add

Add
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Create Template

Source

A_2010_0406_0001 - baseline. abf
j Cursor 1-2 range: 226 zamples

0 .
258554 5| AD0225 5 i 407
B8 pd A3 80 pa ﬂ
-804
1204 -
T

o 20
Alin | s |[ Hea |

[v Find negt after add

Template

Continue adding events

225 zamples
0 -

-40 4

to generate a
smooth template

£

&0 4

-120 4

o 20

Undao |

Clear

I T
| 1] 20
Mion | [0 Neat
[v Find nest after add
Template
226 zamples
40 4
'y
= ]
-804
| =
1] 20 B
Undo | Clear | Save As... |

When done, save
the template
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Delimit the Analysis Region

Full-scale
F:ruperl:ie;. .. | th e
=2 L] time axis, P unlock
w 2| 11|r |E\§Q| cursors 1
v Continuous Displ.aw;.-' Lock cursors 1 and 2 and 2,
Concatenated Display P“W'W
Invert Axis

and send cursor 1é éfMHome 0 to the start

of the trace
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Delimit the Analysis Region

click on
‘ @‘i| Cursor 2,

Ll bty

Cursor, Properties for Cursor 2

Yertical Curzor Time Y alue
tove To

" Sample number;
. [ 4

c |

v Feepcurzorin view  F4 and Shitt+F4 repeat

Se n d It to Murmber of decimal places to show:  |Default [4)
30 s,

éand zoo
region we are
going to analyze
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File  Edit

W

v Review Toolbar
v Alternate Toolbar

Window Properties. ..

window Defaults. ..

Lawout windaw, ..

Skatus Bar

Auto Scale
Full Scale
Zoom
Invvert
Signal
[rata Display

Distri@ute Traces...
Blank. ..
Fit Displary...

e it - = ine.
& Time (s} W & Clampfit - A_2010_0406_0001 - baseline.abf

WS Analvze  Event Detection  Configure  Tools

Window  Help

m| =

.abf - Analysis

A P R T T [y
Chrl+Click,

% s Inoxe
% Bxis Ouk k2

Between Cursars

&
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Template Search

[& Clampfit - A_2010_0406_0001 - baseline.abf

File Edit Wiew Analyze NSENENECRE]

Configure  Tools  Window  Help

' Create Template, .,

= LI ES
+ & ThresholdSearch...%

Single-Channel Search.. .

Open Search Protocal, .,

Template Search

[v Categaory I'I_ﬁ

. Eusitive-gnin4 * Megative-going

I_ —_—
Load Template

Reset Al |

Template Definition

Template.. Loak ir: |@ Search Params

Y e ot WllE{2010_0406_Template. tF

3 Tvpe: ATF File
Date Modified: 11/5/2010 2:06 PM
d Size: 5.13 KB

Start Template Search
and

load the newly created Fil name: [2010_0406_Templete

te m p | ate Filez af type: |Template files [*.atf)
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Template Search

Template Definition

[2010_0406_T emplate. atf

[v “ariable armplitude template

+—+
A151476 ms

A2
Set Bazeline [pd] 1765
{* |ntemplate
Bring marker
7 |n analysis window y
Template match threshald: |4

Define the measurement
region.
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] | Cancel | Help |
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Template Search
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Defi ni ng AcSlhmhemak o Gr aphs

/ ﬁ @z Define Graphs

v Graph1
Categary
" Canventional histogram :I [ W Al l_:| . .
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" Lagarithmic histogramm :I [~ _
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Copying the Pre
New Sheet

A

X | Y| XY
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Computing the Absolute Peak Amplitude
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Creating a Cumulative Peak Histogram
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Repeat the Template Search After
Compound Addition
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Post -compound Results
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Repeat Post - processing Steps
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Normalizing the Histogram Values

kel 3 ]

B2 @] =

Bin Center | Histo{cBH) | Bin Center | Histo{cBH) E
1 9.5 1 8.5 1
2 105 1 9.5 7
3 1.5 B 105 15
4 125 16 115 30
5 135 26 =
7 155 43
g 18.5 &l E=pression: lm—
k] 175 57
10 185 62 Jumns. .. | Operator vl
11 19.5 71 ]
12 205 75 Speci
13 MA 50 h
14 225 &5 . NI,

cE = norm(cB)
cF = norm(cD)

Normalize the Bin Count columns

on the Histogram sheet

Rename the two new columns

Eml’N| = [ | e | 2| | G ‘

+ + 'L‘

Together through life sciences.

©2012 For research use only. Not for use in diagnostic procedures. Trademarks mentioned herein are property of Molecular Devi

Histo(cBH) | Horm Pre P W G

&Y Mame of column F:

& | INurm Pozt Peak
10

11

12
(1] I Cancel |

Prewvious

Mext

i

Help

13
13 .

ces, LLC or their respective owners.

©

Moleg:ular
Devices



Creating a Combined, Normalized

Cumulative Histogram
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Creating a Combined, Normalized
Cumulative Histogram
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Creating a Combined, Normalized
Cumulative Histogram
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Kolmogorov

-Smirnov Test
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