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Introduction > Main Features of WinWCP

WIinWCP is a data acquisition and analysis programiméndling signals from whole-cell electrophysi@al experiments:
whole-cell patch clamp experiments, single- anottmcroelectrode voltage-clamp studies, simple nram potential
recordings. Whole-cell signals are produced bystimamation of currents through the (usually) largeuation of ion
channels in the cell membrane, and thus consigtlatively smooth current or potential waveformbe amplitude and
time course of such signals contain informationceoning the kinetic behaviour of the underlying aannels, and other
cellular processes, which can be extracted by phéication of a variety of waveform analysis tecjueis.

i WINWCP : C:\Data'\File_0D0Z wcp - |EI|£|

File Edit Wiew Record 3Setup #&nalvsis  Simulations  windows  Help

~1olx]
— Record - |
I 20020
1 3
Kl _ v -,
Marker I
Time |19.19% I
W 3
Type ITEST vI 7 S T T B =
Group # I oy -
Rejected [ 2000
— Low pass filter —
1000
—icursar I
m
Get Cursor | B ——— - ( 75
Get c0 Cursor | I
Save (F1
(F1) I 1000
Lero Level
{+ Baseline
|7f" T i t=102.4, 759.25 pa&
Dom: EEEE 204.75 ms
|Stu:uppeu:| 20 records in File | 4

WIinWCP provides,in a single program,the dataacquisitionand experimentaktimulusgeneratiorfeaturesnecessaryo
make a digital recordingof the electrophysiologicakignals,and a range of waveformanalysisprocedurescommonh
appliedto suchsignals.WinWCP actslike a mult-channeldigital oscilloscopecollectingseries of signal and storitigern
in a data file on magnetic disk. Its major featuaes:

Recording

« 4-16 analog input channels

« 256-8388608samples per recording sweep.

« 2 bilion records per data file.

« 2-4 channel stimulus voltage waveform generator.

« 4-8 digital output lines, for operating solenoid colid valves or other experimental devices.
« External trigger input, to synchronise recordingesps with external events.

« Spontaneous event detector.

"Depending upon laboratory interface

Analysis



* Signal averaging.

» Digital leak current subtraction.

* Automatic waveform amplitude/time course measurémen
* Mathematical curve fitting to waveforms.

* Non-stationary current fluctuation analysis.

* Quantal analysis of synaptic currents.

* Synaptic driving function analysis.

* Synaptic current and Hodgkin-Huxley current simouz.

Nexi



Introduction > Conditions of Use

The Strathclyde Electrophysiology Software packagesuite of programs for the acquisition and s bf
electrophysiological signals, developed by the @u#t the Strathclyde Institute for Pharmacy & Baafical Sciences,
University of Strathclyde.

At the discretion of the author,the softwareis suppliedfree of chargeto academicusersand othersworking for
non-commercialnon-profit making, organisationsCommercialorganisationsmay purchasea licenseto usethe software
from the University of Strathclyde (contact thehmutfor details).

The authorretainscopyrightandall rights arereserved. The user may use the software freelh&r own researclhout
should not sell or passthe softwareon to otherswithout the permissionof the author.Exceptvhere otherwisespecifiec
no warrantyis implied, by either the author or the University of Strathclydencerning the fitness of the software dox
purpose.

The softwareis supplied“as found" andthe useris advisedto verify that the software functions appropriatelyfor the
purposesthat they chooseto use it. An acknowledgemenbf the use of the software,in publicationsto which it has
contributed, would be gratefuly appreciated by dkhor.

John Dempster

Strathclyde Institute for Pharmacy & Biomedicaleé®cies
University of Strathclyde

161 Cathedral St.

GLASGOW

G4 ORE

Scotland

Tel (0)141 548 2320
Fax. (0)141 552 2562
E-mail jdempster@strath.ac.uk

Nex



Getting Started > Hardware Requirements

To run WinWCP you will require an IBM PC-compatiplersonal computer with at least 16Mbyte of RANBGMHZz
80486 (or better) CPU, and the Microsoft Windows3 NT V4, 2000, XP (32 bit), Vista or Windowg32 bit) and
(64 bit) operating systems.

A laboratoryinterfaceuntt is requiredto performanalog-digitalA/D) anddigital-analog(D/A) conversionof the signal
and stimulus waveforms. The following families abdratory interfaces are supported:

Cambridge Electronic Design 1401, 1401-plus, Mit461, Power 1401.
National Instruments laboratory interface cards.

Axon InstrumentsDigidata 1200,1320/22,1440/A, 1550 0r 1550A . (Note. Dataacquisitionis not supported witthe
Digidata 1200 and 132X interfaces under Window&47kt).

Instrutech ITC-16 or ITC-18.
Heka EPC-9, EPC-10.
Biologic VP500.

Tecella Pico, Triton, Triton Plus.

Nex



Getting Started > Installing WinWCP

To install the WinWCP program on your computer:

1)

2)

3)

4)

Go to the web page http://spider.science.strathkésipbs/page.php?page=softwared click the WinWCP Vxxx
Setup File option to download the WinWCP instadlatprogram (WIinWCP_Vxxx_Setup). Store this filein
temporary folder (e.g. c:\temp) on your computer.

Start the installation program by double-clickihg progranWinWCP_Vx.x.x_Setup. The setup program creates
the folderc:\ WinWCP and installs the WinWCP programs files withi¥ou can change the disk drive and
location of the WinWCP folder if you wish).

To start WinWCP, click the Microsoft Windows Start button and seledVinWCP Vx.x.x from theWinWCP groug
in the Programs menu.

Install the laboratoryinterface unit with the appropriatedevicedriver softwareand supportibrary suppliedwith the
device SeeLaboratoryinterfaces.

Configure WinWCP to work with laboratory interface.
Attach analog input/output signal cables betweepliten and laboratory interface (see section 4).

Nex



Getting Started > Laboratory Interfaces > National Instruments Interface Cards
Nationallnstruments Inc. (www.ni.com)

WIinWCP is compatiblewith most National Instrumentsmultifunction data acquisitioncardsor devices,ncluding M, X,
andE seriescards,the Lab-PC/1200seriesand USB devices.The PCI-6221 PCI card (with BNC-2110 1/0O box &mnd
SHC68-68-EPM cable) or the USB-6341 (with BNC caivéy) device is currently recommended.

The National InstrumentsNIDAQ interfacelibrary mustbe installedbefore WinWCP canusethe interfacecard. Most
moderncards(X, M andE series)are supportedvia the NIDAQ-MX library. Older cards(Lab-PC/1200series)equire
the ‘Traditional NIDAQ library (V4.9 or earlierptbe installed. WinWCP supports both types of fijara

Software insallation

1) Installthe NIDAQ library from the disks suppliedwith interfacecard,following the instructionssuppliedby Nationa
Instruments.

2) Install the interface card in an expansion sloaftech a USB device).
3) Reboot the computer.

4) Run Nationallnstruments’M easurement & Automation Explorer program.You should find the card listathde

Devices & Interfaces. Note the Device number (Devl, Dev2 etc.) ofched.

File Edit Wiew Tools Help

Configuration

59 Iy Syskem
. @[5l DataNeighborhood
= ﬁﬂ Devices and Inkerfaces

-

...... B, NI USB-6008: "Devz"
PXI PYI System (Unidentified)

T il 6 P alied

5) Right-click over the device and sel&&llf Test to check that the device is functioning correctly.
6) If the tests check out OK, run WinWCP and seleamfthe main menu

Setup
Laboratory Interface

to open the Laboratory Interface Setup dialog box

. Laboratory Interface Setup

Mational Instraments (BIDAGE-0GD

|UEEI-EEE11 (3 ch. 16 bit +-100 ADC, 2 ch. 16 bit +-10% DAC

Dievice AD Input
[Devi =] | Differential |
AD Cormverter Voltage Range | .10 j

oK | Cancel I

then selecNational I nstruments (NI DAQ-M X) from thelist of laboratory interface options (except forotRC or
1200 series cards in which case Mstional Instruments (NIDAQ Trad)).

7) Selectthe device numberof the cardlistedin the NI Devices& Interfaces list from théevice list (usuallyDev1 if
only onecardis installed)



8) Setthe A/D Input mode.If you are usinga BNC-21100r BNC-2090input/outputbox, selectDifferential. (Note.
The SE/DI switcheson a BNC 2090 panel must be set® ) If you are using a Lab-PC or 1200 series cardtheet

A/D Input mode tdSingle Ended (RSE).

Signal input / output connections

Signalinput and outputfrom NationallnstrumentsPCl cards are made via 68 pin sockets on the fehe @ardattache
to BNC socketinput/outputpanels(BNC-21100or BNC-2090) or screwterminalpanelsby appropriateshieldedcable:

available from National Instruments.

1

;gg# -

101010 10
01010 1010
o

National Instruments X, E & M Series cards

National Instruments X, E& M Series cards

Analog Input 1/0 Panel Screw terminal panel
Ch. 0 ACHO 68, 67+62 (signal,ground)
Ch. 1 ACH1 33, 67+62

Ch. 2 ACH2 65, 67+62

Ch. 3 ACH3 30, 67+62

Ch. 4 ACH4 28, 67+62

Ch.5 ACH5 60, 67+62

Ch. 6 ACH6 25, 67+62

Ch. 7 ACH7 57, 67+62

Analog Output

Ch. 0 DACOUT 0 22,55

Ch. 1 DACOUT 1 21,55

Trigger Inputs

Ext. Sweep Trigger PFIO/TRIG1 11,44

Ext. Stimulus Trigger

PFIO/TRIG1 (NIDAQ-MX)
PFIL/TRIG2 (NIDAQ)

11,44 (See Note 1)
10.44

Digital Output

Ch. 0

DIOO

52,53




Ch. 1 DIO1 17,53
Ch. 2 DIO2 49,53
Ch. 3 DIO3 47,53
Ch. 4 DI04 19,53
Ch.5 DIO5 51,53
Ch. 6 DIO6 16,53
Ch. 7 DIO7 48,53

Note 1. An active-highTTL pulseon this input triggersthe start a stimulus program which has been set uptigrExternastimulus
Trigger=Y option. Thetriggersignalis appliedto PFI0 when the NIDAQ-MX interface library is in uskdbor atory Interface Card =
National Instruments (NIDAQ-MX) and PFI1 whenthe TraditionalNIDAQ interfacelibrary (for Lab-PC/120Q:ardsonly) is in use
(Labor atory Inter face Card = National Instruments (NIDAQ)

USB-6000 to USB-6005 Devices

The input/output connections for the low cost USB®6005 devices are

USB 6000-6005

Analog Inputs Screw terminal panel

Ch. 0 Al +0, -0 (signal, ground)
Ch. 1 Al +1, -1 (signal, ground)
Ch. 2 Al +2, -2 (signal, ground)
Ch. 3 Al +3, -3 (signal, ground)

Analog Outputs

Ch. 0 AO 0, Gnd (signal, ground)

Ch. 1 AO 1, Gnd (signal, ground)

Trigger Inputs

Ext. Sweep Trigger PFIO,Gnd (signal, ground)
Ext. Stimulus Trigger PFIO+PFI1,Gnd (signal, ground)
Note. PFIO, PFI1 and P1.0 MUST be

connected together for Stimulus
Protocols to be produced and the
test pulse to generated in the Seal
Test window.

Digital Stimulus protocols are not
supported by these devices.




Lab-PC/1200 Series Cards

The input/output connections for 50 pin Lab-PC a2d0- series boards are tabulated below.

Lab-PC/1200 Cards

Analog Inputs 1/0 Panel Screw terminal panel
Ch. 0 ACHO 1,9 (signal,ground)

Ch. 1 ACH1 2,9

Ch. 2 ACH2 3,9

Ch. 3 ACH3 4,9

Ch. 4 ACH4 59

Ch.5 ACH5 6,9

Ch. 6 ACH6 7,9

Ch. 7 ACH7 8,9

Analog Outputs

Ch.0 DACO 10,11

Ch. 1 DAC1 12,11 (See Note 1)

Trigger Inputs

Ext. Sweep Trigger EXTTRIG 38,50 (See Note 1)
Ext. Stimulus Trigger PB7 29,50 (See Note 2)
Digital Synch. Input PC6 36, 13 (See Note 1)

Digital Outputs

Ch. 0 PAO 14,13
Ch. 1 PA1 15,13
Ch. 2 PA2 16,13
Ch. 3 PA3 17,13
Ch. 4 PA4 18,13
Ch.5 PA5 19,13
Ch. 6 PAG6 20,13
Ch. 7 PA7 21,13

NOTE 2 Analog outputchannell (DAC1) is usedto synchronisehe startof the A/D conversion and D/A waveform generatant
mustbe connectedo EXTTRIG for WinWCP waveformgenerationfunctions to operate. In addition, if stimulus mrodlscontaining
digital ouputs are requirddAC1 & EXTTRIG must also be connected to the digital synchroioaanputPC6.

Note.2. Lab-PC/1200 series boards need the pulse t0 b® In duration or longer.



Troubleshooting

Nationallnstrumentscardscanbe usedwith a numberof different typesof input/outputpanels( BNC 2090,BNC 211(
or CB-68 terminal panel) and canalsobe configuredto handlethe analoginput channelsn a numberof differentways
(differential, referencedsingle endedandnon-referencedingle ended).Somecombinationsof settingscanleadto input
signals drifting or going off scale.

Differential mode (DIFF): Analog input channelsare pairedtogetherand subtractede.g. Ch.0— Ch.7,Ch.1— Ch.¢
etc.).

Referenced single ended mode (RSE): Analog input channelsare usedindividually and measuredelative to signa
ground of the computer.

Non-referenced single ended mode (NRSE): Analog input channels are used individually andsueed relative tthe
electrical ground of the device being measured.

When using the BNC-21101/0 box, the USB-6221-BNCor USB-6229-BNCUSB interfacedevice the WinWCP A/D
Input Modemust be set aDifferential.

Whenusingthe BNC-20901/0 box with its SE/DI switches set to DI (the default setting) the WinW&P Input Mode
should be set tDifferential.

When using the BNC-20901/0 box with its SE/DI switchessetto SE and the RSE/NRSEswitch setto NRSE the
WIinWCP A/D Input Mode should be set@ingle Ended (NRSE)



Getting Started > Laboratory Interfaces > Axon Instruments Digidata 1200

Axon Instruments Inc.
(now owned by Molecular Devices, www.moleculardesicom)

The Digidata 1200, 1200A and 1200B interface boardsfully supportsall WinWCP features.They have a 330 kHz
maximum samplingratesand 4 programmablenput voltageranges(10V, 5V, 2.5V, 1.25V). Inputs to and outputsfrom
the boardare via BNC connectorson an I/O box, connectedo the boardvia a shieldedribbon cable.In orderto use
WIinWCP with a Digidata 1200, the following compuggsstem resources must be available for use bitiidata 1200.
« |/O port address 320-33F (Hex)

« DMA channels 5 and 7

Software | nstallation

1) Install the Digidata 1200 card into an ISA computerexpansionslot, and attachit to its BNC 1/0 panelusing the
shielded ribbon cable supplied with the card.

2) Installthe WinWCP Digidata 1200 driver software your Windows operating system, by running theraupate
installation batch file.

If you are running Windows 95, 98 or Me, sel@énWCP\Digidata 1200 Drivers\Install Digidata 1200 driver
(Win95/98/M e) from the Programs menu.

If you are running the Windows NT, 2000 or XP es¢WinWCP\Digidata 1200 Drivers\Install Digidata 1200
driver (Win NT/2000/XP). (Note. WinWCP does neise the standard Axon Instruments Digidata 120@ele
driver).

3) Reboot the computer.
4) Run WinWCP and select from the main menu

Setup > Laboratory Interface

to open the Laboratory Interface Setup dialog box

=

| #an Instruments (Digidata 1200) |
|Unknuwn
AD Converter Voltage Range | +i7 j

oK | Cancel |

then selecAxon Instruments (Digidata 1200) from the list of laboratory interface options.

Signal input / output connections

Signal input and output connections are made @dBIKC sockets on the front and rear of the Digid21@0 /O box.



Digidata 1200

Analog Input 1/0 Panel Notes
Ch.0 AnalogIn 0
Ch.1 Analog In 1
Ch.2 Analog In 2
Ch.3 Analog In 3
Ch.4 Analog In 4
Ch.5 Analog In 5
Ch.6 Analog In 6
Ch.7 Analog In 7
Analog Output

Ch.0 Analog Out 0
Ch.1 Analog Out 1

Trigger Inputs

Ext. Sweep Trigger Gate 3

Ext. Stimulus Trigger Gate 3 See Note 1

Digital Output

Ch.0 Digital Out 0 See Note 2
Ch.1 Digital Out 1
Ch. 2 Digital Out 2
Ch.3 Digital Out 3

Note 1. An active-highTTL pulseon this input triggersthe start a stimulus program which has been set uptittExternaStimulus
Trigger =Y option.

Note2. WinWCP only supports digital output lines 0-3loé Digidata 1200.
Troubleshooting

There are two known problems which will prevent WinWCP from recordingfrom a Digidata 1200’s analoginput
channels.

I/O port conflict. The Digidata 1200default 1/0O port addresses span the range 320H-33AkEIse settings confligtith
the defaultMIDI port setting(330H) of CreativeLabs. Sound-Blaster 16 and similar sound cards. There an@mbe of
solutions to this problem.

1) Change the Sound-Blaster MIDI port setting to aievdligher than 33AH.

2) Remove the Sound-Blaster card (or disable it ukied10S setup if it is built in to the computertherboard).

DM A channel conflicts. WinWCP requiresDMA channelss and 7 to support the transfer of data to/from B@mon
andthe Digidata 1200. Many soundcardsalsomake use of DMA 5 andcaninterferewith the operatiorof the Digidate



1200.



Getting Started > Laboratory Interfaces > Cambridge Electronic Design 1401 Series
Cambridge Electronic Design Ltd. (www.ced.co.uk)

The CED 1401 seriesconsistsof anexternalmicroprocessor-controlled programmable laboratwgriace unitsattache
to the PC via a digital interfacecardor USB. Thereare 4 maintypesof CED 1401in commonuse- CED 1401,CED
1401-plus CED Micro-1401and CED Power-1401Theyareall fuly supportedNinWCP with the exception that onf
analoginput channelsare availableon the Micro1401 andthat the maximum sampling rate and numbesamples/swet
for the standard CED 1401 is substantially lesa tha others.

Software insallation

Before WinWCP can use these interface units, the CED 1401 device driver (CED1401.SYS),support library
(USE1432.DLL), and a number of 1401 command fitesesl in the directory \1401 must be installedt@¢omputer.

The installation procedure is as following, but €D documentation for details.

1) Installthe CED interface card in a PC expansiohasid attach it to the CED 1401 via the ribbonlecabpplied (or
attach to USB port for USB versions).

2) Download the CED 1401 Standard Windows Installegam (WINSUPP.EXE) from the CED web site
(http://www.ced.co.uk/upu.shtjréind run it to install the CED1401.SYS device @rigand 1401 commands.

3) Ensure that the CED 1401 is switched on, and teboat your computer.

4) Test the CED interface by running the program.
c:\1401\utils\try1401w.exe

and clicking the button
Run Once

5) If the tests check out OK, run WinWCP and selemtfthe main menu

Setup/Laboratory Interface

|CED14EI1 (16 bity(1 0% ;l

!Device Mot Initialised

AD Converter Voltage Range | .5y :J

oK | Cancel I

If you have a CED 1401 with standard analog +5\puatvoltage range, seleCED 1401 (16bit)(5V) from the list
of laboratory interface options. If you have a CE®1 with a +10V output voltage range, sele&D 1401
(16bit)(10V).

Signal input / output connections

Analog signal I/0 connections are made via BNC stxkn the front panel of the CED 1401 units.

CED 1401 Series




Analog Input 1/0 Panel Notes

Ch. 0 ADC Input O
Ch. 1 ADC Input 1
Ch. 2 ADC Input 2
Ch. 3 ADC Input 3
Ch. 4 ADC Input 4 ex. Micro1401
Ch. 5 ADC Input 5 ex. Micro1401
Ch. 6 ADC Input 6 ex. Micro1401
Ch. 7 ADC Input 7 ex. Micro1401

Analog Output

Ch. 0 DAC Output 0
Ch. 1 DAC Output 1
Sync. Out DAC Output 2 CED 1401 Only (See Note 1)

Trigger Inputs

Ext. Sweep Trigger Event Input 4 CED 1401, CED 1401-plus
Trigger In Micro 1401, Power 1401

Ext. Stimulus Trigger Event Input O

Digital Gate I/P Event Input 2

Digital Output 25 way D socket

Ch. 0 Digital Out 8 17,13 (signal,ground)

Ch. 1 Digital Out 9 4,13

Ch. 2 Digital Out 10 16,13

Ch. 3 Digital Out 11 3,13

Ch. 4 Digital Out 12 15,13

Ch. 5 Digital Out 13 2,13

Ch. 6 Digital Out 14 14,13

Ch. 7 Digital Out 15 1,13

NOTE1 STANDARD CED 1401 ONLY

Eventsinputs 2, 3, and4 mustbe connectedogetherand connectedo DAC Output 2, to synchronise A/D sampling, Didaveforn
generation and digital pulse output for WinWCP’slSeest option and recording with stimulus pulsetpcols.

Note 2. A TTL pulseon theExt. Sweep Trigger input triggers the start of a recording sweep wlarigger sweep triggemode
has been selected.

Note 3. An active-highTTL pulseon the Ext. Stimulus Trigger input triggersthe starta stimulus programwhich has been sep



with theExter nal Stimulus Trigger =Y option.

Troubleshooting tips

Verify that the CED 1401 is working correctly, before investigatingproblemsusing WinWCP. Use the TRY 1401\
program to test the CED 1401.

WIinWCP uses the commands,ADCMEMI.CMD, MEMDACI.CMD and DIGTIM.CMD with the CED 1401
ADCMEM.GXC, MEMDAC.GXC and DIGTIM.GXC with the CED 1401-plus; and ADCMEM.ARM,
MEMDAC.ARM andDIGTIM.ARM with the CED Micro-1401. All three commands must be available within\iz9
directory.

Power 1401

The digital patternoutput commandDIGTIM appearsto behavedifferently on different versionsof the Power 1401
resultingin the the digital output waveforms in a WinWCP stimulus paaibbeing produced incorrectly (On/Off levels
inverted and pulse durations are incorrect). This problem can be corrected by setting the
CEDPOWER1401DIGTIM COUNTSHIFT entry in the WinWCRab interface.xml file in c:\winwcp to 0.

Stop the WinWCP program(if it is running) and openthe file c:\winwcp\lab interface.xml with the Notepadtex
editor and search for the entry:

CEDPOWER1401DIGTIMCOUNTSHIFTX</CEDPOWER1401DIGTIMCOUNTSHIFT
Change it to:
CEDPOWER1401DIGTIMCOUNTSHIFTO</CEDPOWER1401DIGTIMCOUNTSHIFT
and save the file.

Standard CED 1401

The performanceof the original CED 1401 interface unit is very limited comparedto later models. The numberof
samples/recoré limited to a total of 8192andthe achievablesamplingrate whenstimulus pulsesare being generates
limited to a maximum of around 20 kHz divided byg thumber of channels.

In some circumstancesthe samplingrate setby WinWCP canexceedhe capabiltiesof the standardl401,resultingin
samplesbetweenmixed up betweenchannels.This problemcan be resolvedby reducingthe numberof samplespel
record or by increasing the duration of the recgrdiweep.

The CED 14011SA carddefaultl/O port addresses are at 300H. Check that these do ndictaith other cardsvithin
the computer.The CED 1401alsomakesuseof DMA channell andanIRQ channe(IRQ2). Thesemay also conflict
with other cards.

Some standardl401 appearto fail the DMA (direct memoryaccess}estin TRY1401W andthis alsocausesgproblem:
when running WIinWCP. If this error occurs,disablethe DMA channelby clicking on the CED 1401 icon within the
Windows Control Panel and un-checkthg Enable DM A transfers check box.



Getting Started > Laboratory Interfaces > Axon Instruments Digidata 1320

Axon Instruments Inc. (now owned by Molecular Degcwww.moleculardevices.com)

The Digidata 1320 Series(1320A, 1322) interfacesconsistof self-contained, mains-powered digitiser units BthC 1/0
socketsattachedto the host computervia a SCSI (Small Computer Systemslinterface)interface card and cable. A
numberof versionsare availableincluding the 1320A and1322A. The 1322A supportssamplingratesup to 500 kHz(1€
bit resolution)on up to 16 channels.lt hasa fixed input and output voltage range of 10V andsupports4 digital outpu
channels..

Software I nstallation

WIinWCP uses Axon’s standardsoftware library (AxDD132x.DLL) for the Digidata 1320 Series.Details for step:
(1)-(5) can be found in Axon’s Digidata 1320 Sef@erator’'s Manual.

1)
2)
3)
4)
5)

6)

Install the Axon SCSI card in a PCI expansion slot.

Attach the Digidata 1320 to the SCSI card and $waitt the computer and 1320.
Install the AxoScope software supplied with theidiga 1320.

Reboot the computer.

Run AxoScope to ensure that the software instéliKd

Run WinWCP and select from the main menu:

Setup > Laboratory Interface

to open the Laboratory Interface Setup dialog box

il x
| Awan Instruments (Digidata 1324 |
|Unknuwn
AD Converter Voltage Range | .5y j
oK | l:ﬂm:ell

then selecAxon Instruments (Digidata 132X) from the laboratory interface list.

Signal input / output connections

Signal input and output connections are made @dBIKC sockets on the front of the Digidata 1320eSattigitiser unit.

Digidata 132X Series

Analog Input 1/0 Panel Notes
Ch. 0 Analog In 0
Ch. 1 Analog In 1

Ch. 2 Analog In 2




Ch. 3 Analog In 3
Ch. 4 Analog In 4
Ch. 5 Analog In 5
Ch. 6 Analog In 6
Ch. 7 Analog In 7
Analog Output

Ch. 0 Analog Out 0
Ch. 1 Analog Out 1

Trigger Inputs

Ext. Sweep Trigger

Trigger In Start

Ext. Stimulus Trigger Trigger In Start See Note 1
Digital Output

Ch. 0 Digital Out 0 See Note 2
Ch. 1 Digital Out 1

Ch. 2 Digital Out 2

Ch. 3 Digital Out 3

Note 1. An active-highTTL pulseon this input triggersthe start a stimulus programwhich has been set uptigExternastimulus
Trigger = Y option.

Note2. The Digidata 1320 Series only supports 4 digiteput lines.
Troubleshooting

Whenmultiple analoginput channels are being sampled amel sampling interval is greater than 10 ms, sasngpéimixec
up betweenchannels.This problemcan be seento occur also with AxoScope,suggestinga bug in the Digidata 132(
firmware or AXDD132X.DDL library. The only limited solution at presentis to increasethe numberof samplespel
record to ensure that the sampling interval is thaa 10 ms.



Getting Started > Laboratory Interfaces > Molecular Devices Digidata 1440A

Molecular Devices Corporation (www.moleculardevicesn)

The Digidata 1440A interfaceconsistsof self-containedmains-poweredligitiser unit with BNC I/O socketsattachedo
the hostcomputervia a USB 2.0 port. The 1440A supportssamplingratesup to 250 kHz (16 bit resolution)on up to 1€
channelsit hasa fixed input and outputvoltagerangeof 10V andsupports4 analogoutputchannels and 8 digitalitpu
channels.

Software I nstallation

WIinWCP uses Axon’s standardsoftware library (AxDD1400.DLL) for the Digidata 1400 Series.Details for step:
(2)-(5) can be found in Axon’s Digidata 1440A Mahua

1) Installthe AxoScope (or PCLAMP ) software supplrith the Digidata 1440.
2) Reboot the computer.

3) Attach the Digidata 1440A to a USB port and turonit

4) Run WinWCP and select from the main menu

Setup > Laboratory Interface

to open the Laboratory Interface Setup dialog box

_iojx

IMDIecuIarDeuices Digidata 1440 j
|Unknnwn
AD Converter Voltage Range | +r5+ j

oK | Cancel |

then selecWolecular Devices (Digidata 1440) from the laboratory interface list.

Analog I nput Offset Calibrations

The offset calibration values for the Digidata 1440 analogueinput channelscan be modified by creatinga file callec
"Digidata 1440 adc offsets.txt" in the settings foldeW:\users\Public\Public Documents\SESL abl O containing dist
of offsetsfor eachchannel.The fie shouldcontaina list of 16 offsetvalues(in mV) to be subtracted from eachanne
signal, e.g.

3.5
4.0
1.0
-1.0

A file Digidata 1440 calibration factors.txt containingthe analoguenput and outputoffset andgain correctionfactors
in current use in the Digidata 1440 is also creatdle settings folder when WinWCP is started.



Signal input / output connections

Signal input and output connections are made @dBINC sockets on the front of the Digidata 1440gkiger unit.

Digidata 1440A

Analog Input I/0 Panel Notes
Ch. 0 Analog Input 0
Ch. 1 Analog Input 1
Ch. 2 Analog Input 2
Ch. 3 Analog Input 3
Ch. 4 Analog Input 4
Ch. 5 Analog Input 5
Ch. 6 Analog Input 6
Ch. 7 Analog Input 7

Analog Output

Ch. 0 Analog Out 0
Ch. 1 Analog Out 1
Ch. 2 Analog Out 2
Ch. 3 Analog Out 3

Trigger Inputs

Ext. Sweep Trigger Start

Ext. Stimulus Trigger Start See Note 1

Digital Output

Ch. 0 Digital Output 0
Ch. 1 Digital Output 1
Ch. 2 Digital Output 2
Ch. 3 Digital Output 3
Ch. 4 Digital Output 4
Ch. 5 Digital Output 5
Ch. 6 Digital Output 6
Ch. 7 Digital Output 7

Note 1. An active-highTTL pulseon this input triggers the start of a stimulus programwhich has beensetup with the Externa
Stimulus Trigger =Y option.
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Getting Started > Laboratory Interfaces > Molecular Devices Digidata 1550/1550A/1550B

Molecular Devices Corporation (www.moleculardevicesn)

The Molecular DevicesDigidata 1550, 1550A and 1550B interfacesconsistsof self-containedmains-poweredligitisel
units with BNC I/O sockets attached to the host computer via a USB®t0They support sampling rates up to kb@
(16 bit resolution)on up to 8 channels. They have a fixed input and owtpitage range of +/-10V and suppor@logu
and 8 digital output channels.

Software I nstallation

WinWCP usesMolecular Device'ssoftwarelibraries (AXDD1550.DLL, AXDD1550A.DLL or AxDD1550B.DLL) anc
device drivers for the Digidata 1550 and 1550A &eri

1) Installthe AxoScope (or PCLAMP ) software suppleith the Digidata 1550X.
2) Reboot the computer.
3) Attach the Digidata 1550 series interface unit tdSB port and turn it on.
4) Run WinWCP and select from the main menu
Setup > Laboratory Interface
to open the Laboratory Interface Setup dialog box.

Then selecMolecular Devices Digidata 1550 if you have a Digidata 1550, Molecular Devices Digidata 1550A or or
Molecular Devices Digidata 1550B if you have a Digidata 1550B from the laboratory interface list.

'+ Laborate =10l x|

[Molecular Devices Digidata 15504 |
[DD 15504 (vd100.3.1 firmware)

0K | Cancell

AID Converter Voltage Range | +_qg j

Notes.

a) The HumSilencer feature of the Digidata 1550é BRris not currently supported by WinWCP.

b) When a recordingis sweepmanually terminated(by the user clicking the Stop buttonin the Recordto Disk
window) while WInWCP is waiting for an externalSTART trigger pulsein the Ext Triggered recordingmode or
whenthe External Stimulus Trigger settingin a stimulus protocolis setto Y, anadditionaltrigger pulse must be
applied to the Digidata 1550 START input to tertanaecording.

c) Supportfor analoginput channelre-mapping(in the Al Ch. columnof the Input Channels table in the Input
Channels & Amplifier Setup dialogbox) is imited. Recordingchannelscanonly be remappedo HIGHER analot
input numbers.

Signal input / output connections

Signal input and output connections are made @dBIKC sockets on the front of the Digidata 155@esedtigitiser unit.



Digidata 1550 Series

Analog Input I/0 Panel Notes
Ch. 0 Analog Input O

Ch. 1 Analog Input 1

Ch. 2 Analog Input 2

Ch. 3 Analog Input 3

Ch. 4 Analog Input 4

Ch. 5 Analog Input 5

Ch. 6 Analog Input 6

Ch. 7 Analog Input 7

Analog Output

Ch. 0 Analog Out 0

Ch. 1 Analog Out 1

Ch. 2 Analog Out 2

Ch. 3 Analog Out 3

Trigger Inputs

Ext. Sweep Trigger Start

Ext. Stimulus Trigger Start See Note 1

Digital Output

Ch. 0 Digital Output O
Ch. 1 Digital Output 1
Ch. 2 Digital Output 2
Ch. 3 Digital Output 3
Ch. 4 Digital Output 4
Ch. 5 Digital Output 5
Ch. 6 Digital Output 6
Ch. 7 Digital Output 7

Note 1. An active-highTTL pulseon this input triggers the start of a stimulus programwhich has beensetup with the Externa
Stimulus Trigger =Y option.




Getting Started > Laboratory Interfaces > Instrutech ITC-16/18

Instrutech Corp www.instrutech.com (now handledHieka Electronik GmbH)

The InstrutechlTC-16 andITC-18 interfacesare self-contained19” rack-mountablemains-poweredligitiser units with
BNC 1/0 socketsattachedto the host computervia a digital interface card and cable. Both the ITC-16 and ITC-1€
support 8 analog input channels, 4 analog outmdsBaigital outputs.

Note. The Instrutech ITC-1600, LIH8+8 and USB-18 are awtently supported by WinWCP.

Software insallation

WIinWCP usesthe Instrutechdeviceinterfacelibrariesfor the ITC-16/18 family. Details for steps (1)-(3) canfoendin
the Instrutech Data Acquisition Interface user nadnu

1) Install the Instrutech interface card in an expansiot.

2) Attach the ITC-16 or ITC18 unit to the card.

3) Install the Instrutech Device Driver software sigaplvith the card (or downloaded from www.instritamm)
4) Reboot the computer.

5) Run the Instrutech test program installed withdbeice driver to test whether the software instals.

6) Run WIinWCP and select from the main menu

Setup
Laboratory Interface

to open the Laboratory Interface Setup dialog box

i x

| Instrutech ITC-16/18 (New drivers) |
|Unl-:n Dt
AD Converter Voltage Range | 5y j

oK | Cancel |

then selectnstrutech 1TC-16/18 (New driver) from the laboratory interface options list. Note,systems with
Instrutech’s older device driver software instaliedhay be necessary to select eittmstrutech ITC-16 (Old Driver)
or Instrutech ITC-18 (Old Driver) depending upon which interface unit is installed.

Instrutech I TC-16/18: 1/O Panel Connections

Signal input and output connections are made @&BINC sockets on the front of the ITC-16/18 unit.

Instrutech ITC-18

Analog Input I/0 Panel Notes
Ch. 0 ADC Input O
Ch. 1 ADC Input 1

Ch. 2 ADC Input 2




Ch. 3 ADC Input 3
Ch. 4 ADC Input 4
Ch. 5 ADC Input 5
Ch. 6 ADC Input 6
Ch. 7 ADC Input 7

Analog Output

Ch. 0 DAC Output 0
Ch. 1 DAC Output 1
Ch. 2 DAC Output 2
Ch. 3 DAC Output 3

Trigger Inputs

Ext. Sweep Trigger Trig In

Ext. Stimulus Trigger Trig In See Note 1
Digital Output

Ch. 0 TTL Output O

Ch. 1 TTL Output 1

Ch. 2 TTL Output 2

Ch. 3 TTL Output 3

Note 1. An active-highTTL pulseon this input triggers the start of a stimulus programwhich has beensetup with the Externa

Stimulus Trigger =Y option.

Instrutech 1 TC-16/18: Troubleshooting

WIinWCP requiresinstrutech'scombineddevicedriver library ITCMM.DLL (releasedate 2001). 1t may not work with

earlier libraries.




Getting Started > Laboratory Interfaces > Biologic VP500
Bio-Logic - Science Instruments SA (www.bio-logi}.f

The Biologic VP500is a computer-controllegatch clamp with a built-in laboratoryinterface unit, attachedo the hos
computervia a GPIB interface bus. It is supportedunder Windows 95/98, NT and 2000. The VP500 patch clamg
functions (gain, fittering, capacity compensatiett,.) can be controlled from a virtual front panéhin WinWCP.

The current implementation of the WinWCP softwaupperts
* 2 analog input channels (membrane current andgelta

* Command voltage output

Software insallation

WIinWCP uses Biologic’'s BLVP500.DLL library (supmlievith WinWCP) to control and acquire data from YHe500.

1) Install the National Instruments NIDAQ softwarepghied with the GPIB interface card and reboot.
2) Installthe GPIB card into the host computer armbog

3) Checkusing the National InstrumentsMeasuremen®& Automation Explorer programthat the GPIB has beel
detected and is functioning correctly.

4) Run WinWCP and select from the main menu

Setup
Laboratory Interface

to open the Laboratory Interface Setup dialog box,

I
| Biolagic vP500 |
IUnknnwn

AD Converter Voltage Range | .. 5 j
oK Cancell

then selecBiologic VP500 from the laboratory interface options list.

Biologic VP500: 1/0 Panel Connections

No I/O panelconnectionsare necessary. All connections between patch ciamdgaboratory interface are internattie
VP500.



Getting Started > Laboratory Interfaces > Tecella Pico/Triton/Triton+
Tecella LLC (www.tecella.com)

The Tecella Pico, Triton and Triton+ are USB basedcomputercontrolled patch clamp/digitiserunits. The Pico is a
single-channel patch clamp and the Triton (8 chishiaed Triton+ (16 channels) are multi-channe laesy

Software instal lation

1) Download and install the Tecella device driver TecellaDriver from the Tecella downloads web page
(www.tecella.com/downloads).

2) Run WIinWCP and select from the main menu

Setup
Laboratory Interface

to open the Laboratory Interface Setup dialog box,
~ Laboratory Interface Setup & |EI|_|

Tecella Pico (sfh 33ffd7053058523508580343) (Lib. V0.1

AD Converter Voltage Range | .1+ j

oK | Cancel |

then selecTecella Triton/Triton+/Pico from the laboratory interface options list.

Tecdlla: 1/0O Panel Connections

No I/0 panelconnectionsare necessaryAll connectionsbetweenpatchclampandcomputerare effectedvia the USB
bus.



Getting Started > Laboratory Interfaces > Heka Patch Clamps & Interfaces

Heka Electronik GmbH (www.heka.com)

The Heka EPC-9and EPC-10are a range of computer-controlledatch clamp amplifiers with a buitt-in laboraton
interface unit attachedo the computervia PCI interface cardsor USB. Heka also supply and supportthe Instrutecl
range of laboratory interface units: ITC-16, ITG-IBC-1600 and their own unit the LIH-88.

Software installation

1) Installthe drivers and software supplied with ypatch clamp or download and install tHeC/PG drivers from
http://www.heka.com/download/download. html.

2) Attach the Heka patch clamp to the computer oaltbe Instrutech interface card.

3) Locate the calibration fles SCALE-nnnnn.EPC and CFAST-nnnnn.EPC for your EPC-9/10patch clamg
(where nnnnis your patch clamp serial number)and copy themto the WinWCP programfolder (c:\prograr
fles\winwcp).

4) Run WinWCP and select from the main menu

Setup
Laboratory Interface

to open the Laboratory Interface Setup dialog box

i~ Laboratory Interface Setup O] x|

IEF'C—‘1EI sin 520177 BoardITC-1600 (epc.dll V.960)

oK | Cancell

AD Converter Voltage Range I +H-10'Y j

then selectyour device from the list (Heka EPC-10,Heka EPC-10plusHeka EPC-10-USBHeka EPC-9,Heke
ITC-16, Heka ITC-18, Heka ITC-1600, Heka LIH-88).

5) EPC-9/10 Panel Connections: If you havean EPC-9or EPC-10patchclamp,connecta BNC cable betwee
Filter 2 andA/D Input 0. Note also that the voltage channel (Ch.1 Vm)apped to ADC Input 3 (instead ADC
Input 1).

6) Instrutech ITC-16/18: I/O Panel Connections

Signal input and output connections are made @&BINC sockets on the front of the ITC-16/18 units.

Instrutech ITC-18

Analog Input I/0 Panel Notes
Ch. 0 ADC Input O
Ch. 1 ADC Input 1
Ch. 2 ADC Input 2
Ch. 3 ADC Input 3




Ch. 4 ADC Input 4
Ch. 5 ADC Input 5
Ch. 6 ADC Input 6
Ch. 7 ADC Input 7

Analog Output

Ch. 0 DAC Output 0
Ch. 1 DAC Output 1
Ch. 2 DAC Output 2
Ch. 3 DAC Output 3

Trigger Inputs

Ext. Sweep Trigger

Trig In

Ext. Stimulus Trigger

Trig In

See Note 1

Note 1. An active-highTTL pulseon this input triggers the start of a stimulus programwhich has beensetup with the Externa

Stimulus Trigger =Y option.




Getting Started > Amplifiers > Patch/Voltage-clamp Amplifiers

One of the most common WinWCP applications is réingrfrom and controling a whole-cell patch- oitage-clamp
experiment. Two analog channels are normally resmbfyy WinWCP (membrane current and voltage), and
computer-generated voltage pulses are appliectpatch clamp command voltage input to stimulagecttll.

Fatch Clamp E

<+ AQ Ch.0 P e

Al Ch.O =1
Al Ch.1 — J

Al Ch7

Al ChE :D

I¥0 Panel

ean
I
o

Zain Telegraph

Yy ¥ w w

Mode Telegraph

WIinWCP supports up to 4 patch/voltage-clamp arapdfand, for each amplifier in use, up to 5 ansiggal connections
must be made between the amplifier and laboratteyface.

A pair of laboratory interface analog input chasr(elesignated therimary andsecondary input channels) are required
to record the membrane current (Im) and membralegeo(Vm) outputs from the ampilifier.

An analogoutputmustbe connectedo the amplifier commandvoltageinput (Vcom), to provide current/voltagestimulus
waveforms.Two additionalanaloginputs may be required to receive the amplifier gain (GA#¥d voltage/currertiamg
mode (MODE) telegraphsignals (Note. Some patch clamps do not support gain and/or mode telegraphs other:
communicate gain/mode information via USB or ottmmunications lines.)

WinWCP supportsmany of the commonlyusedmodelsof patch-andvoltage-clampamplifiers andis able to readgair
and mode telegraph signals allowing the currentvaiidge signal channels factors to be scaled ctiyre

The requiredprimary and secondarynput channelcommandvoltage output, gain and mode telegraph sigragection
for the amplifiers currently supported by WinWCR ahown in the table on the following page.

Nexi



Getting Started > Amplifiers > Signal Connections Table

The following table shows signal connections thguired for the WinWCP-suppported amplifiers.

Amplifier outputs/input in panel (A) are connectedhe laboratory interface input/outputs in theresponding column in

panel (B).
A) Amplifier Inputs/Outputs
Type of Primary Secondary MODE GAIN Vcom
Amplifier Channel Channel
Manual gain Im Out Vm Out - - Vcommand In
entry
Axopatch Scaled Output| 10Vm - Gain Ext. Command
1D Telegraph
Axopatch Scaled Output| 10 Vm (VC mode)| Mode Gain Ext.Command
200 Im (CC mode) Telegraph Telegraph (front switched)
See Note.1
Multiclamp Scaled Raw - - See Note 2 Ext.Command
700A Output Output
Multiclamp Primary Secondary - - See Note 2 Ext. Command
700B Output Output
RK400 lout 10 xVm - - \Voltage
Command
Input
VP500 - - - - -
Heka EPC-7 Current Vcomm - - Stim Input
Monitor Monitor X10
Heka EPC-8 Current Vcomm - See Note 3. Stim Input
Monitor Monitor X10
Heka EPC-800 Current Vcomm Mode Gain Stim Input
Monitor Monitor Telegraph Telegraph X10
Cairn Gain Out Command Pin 9 Gain Command /10 In
Optopatch X10 Out Pin 2 Gnd Telegraph Out
37way D
socket
Warner Im Vm x10 - Gain CMD In
PC501A Telegraph
Warner Im Vm x10 - Gain Command
PC505B Telegraph In
Warner | Monitor Vim x10 - Gain Command
OC725 Telegraph In +10
NP1 SECO5LX Current Potential - Curr. VC Command
Output Output Sensitivity Input /10
Monitor
AM Systems Output X10 Vm Mode Gain External
2400 Telegraph Telegraph +50

Tecella




B)

Default Labor atory Inter face Inputs/Outputs

Amplifer #1 AICh.0 AlCh.1 Al Ch.6 Al Ch.7 AO Ch.0
Amplifer #2 AlCh.2 AlCh.3 AlCh.14 Al Ch.15 AOCh.1
Amplifer #3 Al Ch.4 AlCh.5 AlCh.13 Al Ch.12 AOCh.2
Amplifer #4 Al Ch.6 AlCh.7 Al Ch.10 Al Ch.11 AO Ch.3

Note 1. When the Axopatch 200 is switchedfrom voltage-to current-clampmode,the ScaledOutput signalto the
primary channel(Al Ch.0for Amplifier #1) changesfrom membranecurrentto voltage.To retaina currentsignal,the
secondarychannelAl Ch.1for Amplifier #1) of WinWCP mustbe switched manualfrom the Axopatch 200 10 Vi
the Axopatch 200 Im output (on the rear panel).

Note 2. Axon Multiclamp amplifiers supporttwo separateampilifier channelq1 & 2). Whenusing amplifier Ch.1selec
Multiclamp 700A/B as Amplifier #1 andconnectthe Ch.1 Scaledand Raw/Secondarputputsto Al Ch.0andAl Ch.1
respectively,and AO Ch.0to Ch.1 EXT COMMAND. When using both channels selectMulticlamp 700A/B also as
Amplifier #2 and connectthe Ch.2 Scaledand Raw/Secondarputputsto Al Ch.2andAl Ch.3andAO Ch.1to Ch.z
EXT COMMAND. (Axon Multiclamp amplifiers can onlyebselected as WinWCP Amplifiers #1 and #2.)

The Axon Multiclamp Commander software must betsthup and runningefore WinWCP is started.

Note 3. The Heka EPC-8gain andmodetelegraphsare TTL digital signalsprovidedvia a 50 way IDC ribbon cableor
the rear of the EPC-8. The signals in the tablevbehust be connected to the digital inputs of #imitatory interface.

Heka EPC-8 Digital gain telegraph connections

Gain0 Gain 1 Gain 2 Range 0 Range 1 Gnd
EPC-8 50 way IDC socket 5 7 9 1 17 19
Digital Input Channel 0 1 2 3 4 Gnd

Nexi



Getting Started > Amplifiers > Configuring Amplifier Support in WInWCP

To configure amplifier support select

Setup
Input Channels & Amplifiers

to open the Input Channels & Amplifiers Setup djedox.

B Input Channels & Amplifiers Setup E@E|

Input Channels  Amplifiers l
Amplifier #1 | Amplifier #2 | Amplifier #3 | Amplifier #4 |

Axopatch 200

Input Channels
i« YClamp  IClamp

Primary channel (Scaled Output)
Scale factor | 0.0005 VipA Lnits |pa

Onanalog input \archio -

Secondary channel (10Vm)
Scale factor | g.01 Vimy Units {mv

Onanalog input |a1chq -

4

Voltage-clamp command channel
Scale factor | g.02 viv Outputl po Cho -

Current-clamp command channel

Scale factor | 2E.000 ANV Qutnutipo cho -

Telegraph channels
Gain laichy -
Yoltagelcurrent clamp mode (achg -

Load Settings |  Sawve Settings | Default Settings |

Selectthe Amplifiers tab and choosethe amplifier to be configured(Amplifier #1 if only one ampilifier is in use), then
select your type of amplifier in the amplifier list

The amplifier configurationtable showsthe defaultprimary and secondary input channels, voltage aneot command
output channels and gain and mode telegraph itautrels (if these are required by the ampilifier).

The basic (at minimum gain) scalingfactors and units for the currentandvoltage outputsandthe currentandvoltage
command inputs are also displayed.

If required,the Gain and Voltage/current clamp mode telegraphinputs can be changedto anotheranaloginput
channel.However,if this is done,the physicalconnectionsdbetweerthe amplifier andthe laboratoryinterfacemustbe
adjustedo match.Telegraphsanalsobe disabledby selectingOff asthe input channel. When telegraphs are disabled,
gain and/or voltage/current clamp mode can be edtaranually by the user.

If necessaryprimary andsecondarychannekcalingfactors,units, voltage- and current-clamp command scaling factors
canbe alteredby the user. This is mostlikely to be casefor the commandscalingfactors where where a rangeof
division factorsare availableon mostcommonpatchclampamplifiers. The defaultsettingsare setto the mostcommonly



usedstimulus scalings(0.02 or 0.1) for the amplifier. In the caseof amplifiers wherethe primary/secondarghannels
switch output signalsin current-or voltage-clampmode,two different primary and secondarychannekscalingfactors
can be entered, by selecting the ICLAMP orVCLAMRians.

Note that, in the case of amplifiers
Manual amplifier configuration

If the amplifier in use is not specifically supportedby WIinWCP, current and voltage scalinginformation can still be
entered manually by the user. To enter up a mamglfier configuration, select

Manual Gain Entry

as the ampilifier type and enter the following infiation.

Primary Channel (Im) B Input Channels & Amplifiers Setup g@@

The amplfier membrane current output should be | Input Channels nmpliﬁers]
connected to this input channel (Al Ch.0 for
Amplifier#1). Enterthe measurementnits of the current
(pA, NnA, UA, mA, A) into theUnits box and the ampilifier
currentscalingfactor of the amplifier at minimum gainin '

V/units into the Scale factor box. The scalingfactor can Input Channels

Amplifier #1 | Amplifier #2 | Amplifier #3 | Amplifier #4 |

typically be obtainedby readingthe minimum gain setting )
of the rotatable current gain switch, found on most Primary channel (Im) _
patch-clampampilifiers (e.g. a minimum gain settingsof Scale factor {0,001 VipA Units |pa

1mV/pA is equivalent to a scaling factor of 0.00@X/)

Onanaloginput laicho -

Secondary channel (WVim)

Secondary Channel (Vm)

The amplifier membrane potential output should be Scale factar |I].I]I]1 Vimv Units \my
connected to this input channel (Al Ch.1 for _

Amplifier#1). Enterthe measuremenunits of the current On analog input {arch1 - -
(mV) in the Units box andthe amplifier voltage scaling

factor, in V/Units, into the Scale factor box. Most Voltage-clamp command channel

amplifiers have a fixed scaling factor of 0.01 V/ImV Scale factor lr Dutputlm
VOltage'ClamF) command channel Current-clamp command channel

B Scale factar l— Output -
Analog output (AO Ch.0 for Amplifier#1) should be 1AV Pliao ch.o

connectedo the amplifier commandvoltageinput. Enter
the voltage-clamp command potential scaling factor
(membrane potentiallcommandvoltage) into the Scale
factor box. (A label specifying the commandvoltage
scalingfactor can usually be found besidethe command

voltage input socketon the ampilifier. Typical valuesare
0.1 V/V or 0.02 VN) Load Settings Save Settings Default Settings

Current-clamp command channel

Enter the current-clampcommandpotentialscalingfactor (membranecurrent/commandoltage)into the Scale factor
box. The currentclampcommandscalingfactor canusually be found in the amplifier usermanual. Typical valuesare
betweenl0° A/V and10° A/V. (Usually the currentcommandsignalis appliedto the sameinput on the amplifier as
the voltage command (AO Ch.0 for Amplifier#1), haxge on some there may be a separate current comnmamgd

Saving/L oading Settings

Ampilifier andinput channekettingscanbe savedto a settingsfile by clicking theSave Settings button and saving the
settingsto an XML settingsfile. Settingscanbe reloadedrom a settingsfile by clicking L oad Settings andselecting



the file. The defaultscalingand channekettingsfor an amplifier can be reset by clicking fRestore Default Settings
button. Default settings are also loaded wheneéneeamplifier type is changed.

Nex



Getting Started > Amplifiers > Channel Calibration Table

WIinWCP displays the signals stored in each signal

channel in the units appropriate to each chaniel, T bbb 0 A =10l x|
names, units and scaling information for each cbbawe : Input Channels | Amplifiers
dsplayed by seloctng fieput Chamels tabp he [[CA Vikls ks Aon. segiter I8
Input Channels & Amplifiers dialog box. : D'DUDS i A feiekatd

1 vm 0.01 m 1 #1 Heka EPC-7

2 vm2 1 m 2
The channel calibration table settings for the patch |3 %m2 1 m 3
clamp current and voltage channelsare automaticaly {4 ch4 0om i 4
configured with appropriatenames,units and V/Units 5 chs 00M m 5
scaling when an amplifier is selected from the ds o g w6
Ampllfle_rs list. H_o_wever,when no a_mplr_ﬂer_ is selec_ted * Ch7 0001 i -
for use(i.e. Amplifier=None) the calibrationinformation
for a channel must be entered directly into théetab
There are 5 entries in the table for each channel.
Name: A 1-4 letter nameusedto identify the sourceof fé
the channel (e.g. Vm, Im). — Display Grid

) — Time units —

V/Units: The scalingfactor relatingthe voltage level at * msecs,
the inputs of the A/D converter (in V) to the actual " secs.
signallevels in eachchannel(in the units definedin the &
Units column).
Units: The measurementinits of the signal(e.g. mV,
pA etc.).
ADC Ch.: The analog/digitalconverterinput channel
from which the signalfor this channeis beingacquired. Load Settings | Save Settings | Default Settings |

(Note. Signal channel to analog input mapping is
currently only available with National Instrumemtgerface cards.)

Amplifier: Indicates whether an amplifier has been definedhis channel.

For example jf the membranevoltage outputof your amplifier suppliesa signalwhich is 10X the measured membrane
potential of the cell, andthe units have beendefinedas mV, thenthe appropriateV/Units settingis 0.01 (since the
amplifier voltage output is 0.01 Volts per mV).

Amplifier

Display Grids and Time Units
The Time Units options determine the units (secs or msecs) wsdidflay time intervals in signal display windows.

Nexi



Getting Started > Amplifiers > CED 1902 Amplifier

Cambridge Electronic Design Ltd (www.ced.co.uk)

The Cambridge Electronic Design 1902 is a compotetrolled amplifier with built-in isolation circtsi for recording ECG
and EMG signals from humans, and a bridge cirouitécording from tension or pressure transdudecan also be
used to record extracellular electrical activignr nerve and muscle. It has two inputs.

« TheElectrodes input is an electrically isolated differential difigr input used to record ECG, EMG and similar
signals. Isolation makes it safe to attach recgridiads to human subjects.

« TheTransducer input is a differential amplifier input used taoed from transducers such as force and pressure
transducers. It is not isolated.

Connections

In order to control the amplifier, the CED 1902ialesommunications cable must be connect to algemia (COML1 or
COM2). The analog output of the CED 1902 should bés connected to analog input Ch.0 of the laboratterface.
The amplifier gain setting is taken into account¥mWCP in scaling the signal level on this channel

Control Panel

Select

Setup
CED 1902 Amplifier

to open CED 1902 control panel

i~ CED 1902 Amplifier -0} x|

I low-noizeEEG Amp

Reset CED 1902 |

[t

— Filters
|Gruunded J Lo Fass (HZ)
Amplifier Gain. () I1I:|EI vl
|1IIIIII j High Pass (HE
I~ AC Coupled |M *I
DC Offset ™ 50Hz Motch

IIZIr"nR.f

Com: 2
i | COM1 I
The following amplifier settings can be configutesing the panel:

COM Port: Selects the serial port used to communicate witH802.

Input: Selects the amplifier input{rounded to connect the input to ground (i.e. there is goai),Single Ended for
the transducer input in singled ended (i.e. ndiesdiintial mode)Normal Diff+ for the Transducer input in differential
amplifier mode) nverted Diff- for the transducer input in differential mode vitle signal inverted, disolated EEG for
the electrically isolated differential input.

Note.Normal Diff+ mode is used when recording from a force or pressansducer anigolated EEG used when
making EMG, ECG recordings.

Amplifier Gain: Sets the gain of the CED 1902 ampilifier. The raofggain settings depends on which input is in use.
When using the Transducer input there are 11 gaiimgs(X1, X3, X10, X30, X100, X300, X1000, X3000, X10000,
X30000, X10000). When using the Electrodes in§#100, X300, X1000, X3000, X10000, X30000, X100000,
X300000, X1000000, X3000000, X1000000). Note. WhenCED 1902 is selected as thmplifier in the Recording
setup dialog box, the gain setting is automatidgadiuded in the scaling of input channel O

L ow Pass Filter: Sets the cut-off frequency of the CED 1902’s hwilbw pass fiter. The fiter can be setNone



(out of use)1000HZz, 500HZz, 100HZz. The low pass fitter removes signal frequencigsaihigher than the cut-off,
smoothing the signal.

High Pass Filter: Sets the cut-off frequency of the CED 1902's hiltigh pass fitter. The fiter can be sef\one
(out of use)pOHz, 100Hz, 200Hz. The high pass fiter removes signal frequendgsaslower than the cut-off,
removing steady and slowly changed componentsed§itinal.

AC Coupled: Check this box to make the CED 1902 input AC (aliding current) coupled. In this mode only variagio
in the signal are allowed through to the amplifimnstant (DC) levels are blocked. (AC couplingudhbeused with
EMG and ECG recordings but not with force or presstansducer recordings.)

50 Hz Filter: Enable/disables motch fiter which selectively removes frequen@esund 50Hz. (Used to remove 50Hz
interference from mains power lines).

DC Offset: The DC Offset facility adds or subtracts a DC \gstdevel from the input. The offset range depemisu
the input mode (Normal Diff+ and Inverted Diff- #8.5mV, Single Ended =+/-500mV, Electrodes = 4/AV). The
offset facilty is often used to cancel out thensliag DC voltage signal from tension transducers.

Nexi



Getting Started > Amplifiers > Tecella Patch Clamp Amplifier Control Panel

The amplifier gain, compensation and current/velidlgmp mode of Tecella patch clamp amplifiersteaset from
this control panel.

Select

Setup
Tecella Patch Clamp

to display the Tecella Patch Clamp control panel.

+ Tecella Patch Clamp I -|of x|

ITE::EIIa Fico [z/n 336fd7053058323508580343) [Lib. v/0.119)

— Select Channel
Channel |I:h.1 vi Update All Channels |

— Amplifier
Config |/ Clamp [+/-255m) F=

Input f/hodel »| Gain |1 G v|

Calibrate Amplifier |

— Filters
Low pass filter | |5_:-'1 E kHz
T O T N Y N R

— Compenzation

....................

Auto Compensate | Junct. Pot. Auto Zero |

Clear Compensation |

¥ Use analog leak subtraction

¥ Use digital leak current subtraction
¥ Use digital artefact remowval

[~ Applyto all channels

| 1] Compensation coefficient

Zap Cell I Amplitude | { 1y I]ur.l 123

[ All Channels

Config: Selects the voltage/current clamp mode and stirouluent/voltage limits.

Input: Selects the amplifier inpuNEne = No input,Head = headstage inpu/M odel = 100 MOhm model cell,
IM odel = 1 MOhm model cell).

Gain: In voltage-clamp mode, selects the headstage fekdbsistor. In current-clamp mode. selects aep@ain.

Low pass filter: Slider selects cutoff frequency of Bessel low iiss

Compensation

Auto page: Automatic capacity/leak current compensation.



Click Auto Compensate to automatically compensate for pipette/cell capaod cell leak conduction.

Click Junct. Pot. Auto Zero to compensate for the electrode junction potsntatting the input current to zero.
Click Clear Compensation to set all compensation to zero.

Options

Tick theUse analog leak subtraction option to use the amplifier analog leak currebtrswction circuits in the
automatic leak current compensation.

Tick theUse digital leak current subtraction option to use the digital leak current in the engitic leak current
compensation.

Tick theUse digital artefact removal option to use the digital artefact function in gheomatic leak current
compensation.

Tick Apply to all channels to apply automatical compensation to allamplfieannels (only applies to multi-channel
amplifiers).

Compensation coefficient: Sets the compensation coefficient factor (O=optroatpensation,
>0=under-compensation, <0 = over-compensation).

Capacity page: Capacity compensation settings in use. Can betadjby the user or set automatically ugingo
Compensate.

Resistance page: Cell leak and pipette series resistance compensaitings in use. Can be adjusted by the user or
set automatically usinguto Compensate.

Junction Pot. page: Electrode junction potential compensation setimgse. an be adjusted by the user or set
automatically usingunct. Pot. Auto Zero.

Zap Cell: Click Zap Cell to apply a voltage pulse of amplitude seyplitude and duration set dyur.



Getting Started > Amplifiers > EPC-9/10 Patch Clamp Amplifier

The amplifier gain, compensation and current/velidlgmp mode of Tecella patch clamp amplifiersteaset from
this control panel.

Select

Setup
EPC-9/10 Patch Clamp

to display the EPC-9/10 Patch Clamp control panel.

i x|
— Amplifier ——————~ Mode
Amp. No. |1 j Ih'-damp j

Gain I—_““WF”"‘ ,I CCGainllp,.s,l,-'m'.,' vl
CC Tau
IlDDms TI

[T Gentle Mode Change

— Filters
Filter 2 |BESSE| j | 15.96 kHz

Filter 1 IBESSE| 100 kHz j

Cfast  Cslow IF‘.S Compensation I Leak | 'I.n'pipettel

Range |1|:||:||:| pF vI Auto I
Capacity [1.577pF i’ _ Clear_|
G series [315.43n5 i’

Command Stimulus
Input Path I.:]f-f 'I I— Enable Stimulus
Filter

Amp. No.: Selects the amplifier channel displayed on the lpemen a multi-channel amplifier is in use.

Gain: Selects the amplifier current gain.
M ode: Selects voltage- or current-clamp mode. TeGain andCC Tau settings determine gain and response
time of current-clamp. Select tientle M ode Change option to change mode gently.

Filters: Selects the fiter response type and cut-off fraquef the the two low pass fiters in the curneaording
pathway.Filter 1 has 4 fixed setting®essel 100 kHz, Bessel, 30 kHz, Bessel 10 kHzand HQ 30 kHz Filter 2
can be selected to have eithd@essel or Butterworth response and a cut-off frequency between 0.1 @rdHz.
(A Bessel response minimises signal distortiowi(r) after step changes in the fitered signalredéie a Butterworth
response provides a sharper cut-off of high frecjaer)

Cfast: Sets the amplitude and time constant of the fastpette) capacity compensation. ClickAheo button to
automatically set the Cfast compensation. ClickOtear button to cancel compensation.

Cslow: Sets the working range, amplitude and time consfighe slow (i.e. cell) capacity compensationciCihe
Auto button to automatically set the Cslow compensa@iiok theClear button to cancel compensation.

RS Compensation: Sets the response speed and fraction (%) of sesistance compensation. Click fato



button to automatically set the RS compensatidok @le Clear button to cancel compensation.

Leak: Sets the amount of leak conductance subtractedciomnts. Click thé\uto button to automatically set the
leak subtraction. Click th€lear button to cancel leak subtraction.

Vpipette: Sets the pipette and liquid junction potential cengation and holding voltage. Click #heto button to
automatically set the pipette compensation.. GlielClear button to cancel compensation.

Command Stimulus: Select the voltage clamp command stimulus input @ad enable/disable low pass fittering of
stimulus pulses.



Getting Started > Amplifiers > Molecular Devices Multiclamp 700A/B

Molecular Devices Multiclamp 700A or 700B patchnaies are controlled via the Multiclamp Commandettrobn
panel software supplied with the amplifiers whieln be used to set current and voltage channehgdin
voltage/current-clamp mode.

Each Multticlamp 700 supports two separate amglii@hannel 1 and Channel 2) which requires two ViRV
amplifier channels to be defined.

When a Mutticlamp 700 is in used, batmplifier #1 and Amplifier #2 should be defined asxon M ulticlamp
700A/B.

Input Channels  Amplifiers |
Amplifier #1 | Amplifier #2 | Amplifier #3 | Amplifier #4 |

| Axon MultiClamp 7008 |
" Input Channels

—Drimaruy ~hannal (Ch 4 Drimmare Ooftnotl—————

(X Input Channels & Amplifiers Set -10| x|

‘Amplifier#1 Amplifier #2 | Amplifier #3 | Amplifier #4 |

| Axon MultiClamp 7008 |
|' Input Channels

Primary channel (Ch.2 Primary Output)————

(Note. If a second Mutticlamp is in us&mplifier#3 andAmplifier#4 should be defined asxon M ulticlamp
700A/B.)

A communications link between the Multiclamp Comdemcontrol panel and WinWCP is automatically geaiter
both Multiclamp Commander and WinWCP programs taesl, allowing WinWCP to determine current and
voltage channel scaling factors and voltage/cuciambp mode for each amplifier channel.

Resetting the M ulticlamp-WinWCP Communications Link

If Multiclamp Commander is stopped and restartetWHinWCP is running, communications between tiegmams
can be lost. It can be reestablished by selecting

Setup
Reset Multiclamp 700A/B Link.



Getting Started > Amplifiers > DCLAMP - Dynamic Clamp

WinWCP supports the Strathclyde Electrophysiologiv@&re DCLAMP dynamic clamp based on the National
Instruments cRIO-9076 Real Time Controller. Theaayio clamp permits the addition or subtraction sihaulated
voltage- and time-dependent ionic conductanceota/ft patch-clamped cell in current-clamp mode. A
Hodgkin-Huxley voltage-dependent ionic curreninaugated with bi-exponential decay kinetics is suped.Note.
Contact j.dempster@strath.ac.uk for details otRED-9076 hardware and frmware required to implgme

DCLAMP.

SelectSetup->DCLAM P Dynamic Clamp to open the dynamic clamp control panel.

- Dynamic Clamp Control Panel

Migt(¥] = 1M1 + exp(-(V-Vigi/Vg)p))

Vig l 146 my Velp I 4.5my

— Conductance —— — Parameter Incrementing
(= Off Reversal Potential (Vrev) | ag.5my i+ Off Gmax
" Add i At End of Protocol
Conductance Act.V1f2{=s 0 my
" Subtract 100 nS " After No. of Records HHiss)
Current Command Scale Factor | 1E-009 ANV I 1 ActVif2{tau)  |OmY
e Act.Tau 0%
Enable Inhibit Input [A12) [
Inact.Vif2(=s)  |omy
Inact,Vif2{tau) |omv
Inact.Tau 0 %
— Activation Parameter (m) — Inactivation Parameter (h)
— Steady state  Steady state

Bipgtvl = 11 + Exp{—{\.f—‘uﬁl,.-z:f".l’sm]:l

Vi I—EB.E my Velp | 44mv

{

—Time constant
tau(V) = taumn+[taumx-taumn]exp{-{{\i-vpk]!\(ﬂp]‘f]

Taump | 2.4ms Taum, |D.59 ms
Vil l 21.04mY Velp | 25mV

—Time constant (fast)
tau(V) = tau g +tau g, - taumn]exp([(‘i-‘u’pkffvsmj‘f

Taump |2.9E004ms Talme | 7.17 ms
Vpk  [o.99my Vg [ 18ssmy

1

Power factor I 1
DCLAMP COM Port iCGM 1 'i

Update Dynamic Clamp I

Load Settings |

Save Settings |

~Time constant (slow)
tau(V) = taumn+itaumy, - taumn}exp{({‘i-vpk:fvsmj'

Ta”mnlﬁﬁ.ﬁms TaUme (810 ms
Vil I—E‘B.ﬁm'l.-' Velp  |5amv

Fast Fraction | 5

1

:

DCLAM P Com Port: Selects the serial port used to communicate valtRIO-9076 controller.

Reversal Potential: The reversal potential of the simulated ionic auridefined in theReversal Potential (Vrev)

field.

Conductance (Gmax): The maximum conductance (nS) of the simulated wciadce is defined in ti@onductance

field.



Current Command Scale Factor: The current command scaling factor (Amps/Vol)hef patch clamp is entered
into Current Command Scale Factor field.

Enable I nhibit Input (Al2): Tick this option to enable inhibition of the sintald current in real time by a 5V signal
applied to the Al2 input of the cRIO-9076 controlle

Conductance: Select theAdd option to add the simulated current to the Sebtract to subtract it an®ff to
disable the conductance.

Activation Parameter (m): Defines the dependence of steady-state and tingaciof the conductance activation
parameter (m) on membrane potential.

I nactivation Parameter (h): Defines the dependence of steady-state and tingasw of the conductance activation
parameter (h) on membrane potential. Fast andlgi@tics are defined and the ration of fast to dtinetics by the
Fast Fraction field.

Parameter Incrementing: Conductance model parameters can be incremented at the end of@ustiprotocol by
selecting théAt End of Protocol option or after a number of records by selectiaghttier No. of Records option
and entering the required number of records iatiseciated box.Increments (both positive and negaian be
applied to the maximum conductance (Gmax), halfim@xoltages of the activation (m) and inactimvain)
voltage-sensitivity curves and activation and matibn time constants by entering non-zero stegssnto the
increments table.
Gmax

Act.V1/2(ss) 0my
Actvif2(tau)  |omy
Act.Tau 0%
Inact.V1/2(ss) amy
Inact.V1f2{tau) |0 mv
Inact.Tau 0%

NOTE. It can take up to 45 seconds to completely upitiateoltage-sensttivity of the conductance moddlduring
that period the conductance model will be in arinediate state. Records acquired within thedfssseconds after a
model change should be discounted. Updates to @Gradaster and are complete within 5 seconds.

L oad/Save Settings: Click theSave Settings button to save the dynamic clamp conductancegett a .DCS
settings file. Click thé.oad Settings button to load settings from a .DCS file.

Update Dynamic Clamp: Updates dynamic clamp with current settings.
Graphs: The Graphs page shows the steady state activatioinnactivation-voltage and the activation and

inactivation time constant-voltage curves for thgent set of model parameters.The data pointesetcurves can be
copied to the Windows clipboard by clicki@gpy to Clipboard.



.~ DCLAMP - Dynamic Clamp Control Panel
Graphs

Controls

Steady state

Steady states vs W
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Recording Experimental Signals > Monitoring Input Signals & Patch Pipette Seal Test

You canmonitor the signalsappearingon eachchannelusingthe signal monitor/pipette seal test module whialvides
a real-time oscilloscopedisplay and digital readoutof the signallevels on the cell membranecurrent and voltage
channels. A test pulse can also be generated faitariog pipette resistance in patch clamp exparine

To open the monitor/seal test module, select flmmbenu

Record
Pipette Seal Test / Signal Monitor

An oscilloscope trace showing the current signadach input channel is displayed.

. Pipette Seal Test | Signal Honitor

Mo. channels | 9 ..,I

=10l x|

= Amplifier
[#1. Heka EPC7T =] Tl —— e ——— e e ’m

Im p
Current |Ch.I:| Im "’I 5 oA =]
Voltage Icm Vm -I i o

—Clamp Mode i
&+ Velamp O Ilclamp -40

Amplifier Gain aal
| 0.0005 VipA
—Send TestPulse To ——

W A00
[ AOD1 w

TestPulse ———— -
&+ Pulse #1 (F3| -1601

WV Hold |_9[:| m
Amplitude | 40 my

" Pulse #2 (F4|
VHold [ g my

0 20 40 al 30 100 120 ms

=]
v Auto scale
— Voltage

—Current —£ap

Amplitude | 1 mv

" Pulse #3 (F5|
VHold | 0 mY

Amplitude | omy

Pulse width | 100 ms

— Timer

_Reset | [ 91:20

Holding

Holding

[-90.3 mv
Pulse

| -83pA
Pulse

| 40.1 mV

| -4.8pA

Fipette | Cll[G) | Cell (7] |

Resistance

| -8353.5 MOhm

Save to Log |

= Peak {+ Exp. Amp.

Sweeps Averaged | 9

‘— 33 estimate fram

zap |

Amplitude

| 210 my
Pulse width

|11D ms

Display scaling

The vertical display magnificationis automatically adjusted to maintain a visible imafi¢he test pulse within the display
area.Automatic scalingcanbe disabledby un-checkingthe Auto scale checkbox allowing the vertical magnification
for eachchannelo be expandedo a selectedegionby moving the mouse to the upper limit of the region, pressimgy th
left mousebutton,drawinga rectangleto indicatethe regionandreleasincthe mousebutton. The verticalmagnification



can also be adjusted using the-  buttons at the right edge of each plot.

Amplifiers

The Amplifier selectionbox indicateswhich ampilifier is currently selected for seal test @mel ¢urrent and voltage input
channelsbeing monitored.If two or more amplifiers are in use the sealtest can be switchedbetweenamplifiers by
selectingAmplifier #1, #2 etc.(SeeAmplifiers)

The amplifier voltage/current-clamp mode is indicatedby the Clamp M ode options. (When mode telegraphsare
operationafor the amplifier theseindicatethe actualstateof the amplifier. Whentelegraphinformation is not available
the Vclamp andl clamp buttons must be set by the user to the amplif@ng mode.)

The amplifier gain (current channelgain in voltage-clampmode, voltage channelgain in current-clampmode) is
indicated in the Amplifier Gain box. When gain telegraphsare operationaltheseindicate the actual state of the
amplifier. When telegraph information is not available the current gain setting is entered here by the user.

The analogoutput channel(s)o which the testpulseis appliedis indicatedin the Send Pulse To list of checkboxes.
Selectingan amplifier in the Amplifier selectionbox, automaticallyselectsthe output channel connected to the amplifier
stimuluscommandnput. The testpulse outputcanbe routedto a different output channel (or to additional chdsiney
ticking the required channels.

Cell holding voltage and test pulses

You cancontrolthe holding voltage applied to the cell and the amplitude and duratfom test voltage pulse by selecting
one of three available test pulses (Pulse #1,3)2, #

The size of eachpulsetype is setby enteringan appropriatevalue for holding voltage and pulse amplitudeinto the
Holding voltage or Amplitude box for each pulse.

The width of the pulse is defined by tRelse width box.

You canswitch betweenpulsesby pressingthe function key associated with each pulse (Pulse #1 = F3, PulseR4l
Pulse #1 = F5).

Current and voltage readouts

A readoutof the cell membraneholding currentand voltage,and test pulse amplitude,appearsat the bottom of the
monitor window.

Clicking theSave to L og button saves the current Pipette or Cell readimgjse log file.

During initial formation of a giga-seal, tfi@pette option displays pipette resistance, computed from

R _ Vpulse

pipette |
pulse

where Vpuise and lpuise are the steady-statevoltage and currentpulse ampiitudes.The Cell (G) pagedisplaysthe cell
membraneconductance G, capacity, Cm, and accessconductanceGs and the Cell (R) page displaysthe cell
membrane resistanceR1/Gy) capacity, G, and access resistance, @/G). Gn, Cv, and Gare computed from

I
— 0
G, = v
pulse
G _ I pulse
m |
Ise
Vo, -
ulse
P G



wherelo is the initial currentat the startof the capacitytransientand is the exponentiatime constantof decay of the
capacitanceurrent(SeeGilis, 1995,for details).lo ican be estimateceither The Ga estimate from option determines
how Io is estimatedPeak: 1o estimatedrom the peak current of the capacity transigexp. Amp.: lo estimated from
amplitude of the fitted exponential at the starthef voltage step.

Note. If Gs Gn and Cn are to be estimatedcorrectly,the patchclamp’s pipette seriesresistancecompensatiomnd
capacity current cancellation features must bestiioff.

Sweeps Averaged

The Sweeps Averaged settingdetermineshe numberof test pulse sweeps averaged to calculate the displaigette
and cell parametergRpipetts Rm, Gm, Cm, Ra, Gg) . Valuescanrangefrom 1 (no averaging)to 10 (averagingof the 10
most recent test pulses).

Zap

Clicking the Zap buttonto apply a single voltage pulse of amplitudeand durationdefinedin the Amplitude andPulse
Width boxes.A zap pulse canbe usedto perforatethe cell membranen a cell-attachegatchto form a whole-cell
path.



Recording Experimental Signals > Recording Signals

Creating a data file

To create a new data file to hold your recordisgéect from the menu
File

New Data File

to open theNew Data File dialog box.

Mew Data File EHE |

Save in: | (23 Wir/CP (32) - & & cH IEE
I wprok #| Poweer 14071 Digtest.wop
[T wirRT [95] @ Power! 401 Digtest wep
Zexpl00ch.wep @ Simulated 2 exp 50 channels.weop
bicro 1401 Digtest.weop @ Simulated single exponential mepsc
bdicrol401 Digtest.wep 9 Simulated bwo exponential mepzc.w
NS Yariance Testwep 9 test T.wecp

< | i
File name: Save I
Save as lype: | WCP Files [*wCP) =] Cancel |

Selectthe disk andfolder into which the file is to be placedusingthe Save In list box. WinWCP datafiles havethe
extension extension ".wcp"

After a data file has been created, select

Record
Record to disk

to open the Record to disk window.



+— Record to Disk

— Record

Record | stop | Ident. |
Erase Screen | [+ Sawe to File
[ Incl. stim protocol in file name 15000
— Recording Mode
IStimqus pratocol j
Im
&+ Single © List [ I T T = T T
Frotocol
|Steps 10-100mv 100ms 7|
Set Stimulus Protocol Folder |
-20000]
soar
L I e —————— -
B oy
— Amplifier Gain f Mode
1. (Ch.0} | 0.0005 vipA
= VClamp " IClamp
— Qn-line Analysis Window —————— Sooof
Open | Close | . . . . . . .
N 20 an B0 |0 100 120
Tirme Marker
s[=]=
Oh: Orm:10s | I
Reset | add | |RE|:: B Stim: Steps 10-100mY 100ms Step 710 Repeat 1/1
S : [ Fix Zero Levels

The display area of the screen acts like a diggelloscope, showing traces of the signals as dneyrecorded.

The amplifier gain (current channel gain in voltaxdggmp mode, voltage channel gain in current-clamge) is indicated
in the Amplifier Gain / M ode box. When gain telegraphs are operational thelieaie the actual gain settings of the
amplifier. When telegraph information is not available the current gain setting is entered here by the user.

The ampilifier voltage- /current-clampmode is indicatedby the VClamp/I Clamp options.(Whenmodetelegraphsare
operationafor the amplifier theseindicatethe actualstateof the amplifier. Whentelegraphinformation is not available
the Vclamp andl clamp buttons must be set by the user to the amplif@ng mode.)

Recording modes

In generalrecordingsweep(s)mustbe synchronisedvith the startof the signalsunderstudy,to ensure that the signal
capturedwithin the recordandalwaysappearsn the sameplace. The trigger mode determines how thisynchronisatic
takes place.

There are 4 recording modes:

+ Free Run
« External Trigger



+ Event Detector
«  Stimulus Protocol

You mustselecta recordingmode appropriateto the type of signal to be recorded and the cordiipn of yourrecordin
system.



Recording Experimental Signals > Recording Modes > Free Run

The Free Run trigger modeis usedfor unsynchronised recording
Recording sweeps start immediately after the Record button is
pressedand continueuntil the requirednumberof records have be
collected.

Choose the free run mode for simple tests of the laboratory
interface and for signalswhere synchronisatioris not possibleor
required.

— Recording Mode

Free run

Mo, records | 4

—
EErn
—
I
e

Record duration | 3 ggo
Mo, input channels | o

Mo. samples | 4non

sampling interval | 0 g74R m

—Amplifier Gains
1. (Ch.0) ||:|_|:||:|II|5 WIpA,

[pulululn]

-20000(

soof

‘-.fm- )
i




Recording Experimental Signals > Recording Modes > External Trigger

When the Ext. Triggered mode is selectedthe recordingsweepis
synchronisedo a trigger pulseappliedto the externaltrigger input of the
laboratoryinterface.If the Active High option is selected, recording
be triggeredby a 0V-to-5V transitionon the trigger input. If the Active
Low option is selected,recording will be triggered by a 5V-to-0V
transition. (Note, somelaboratoryinterfacessupportonly one or other of
the two trigger polarities.)

Many kinds of electrophysiologicasignalsare evokedby stimulatingthe
cell or tissue, using an electrical stimulator. In order to record suct
signals,the recordingsweepmust be synchronisedvith the stimulator
ideally so that the sweepsstarts shortly before the cell is stimulatec
During a stimulus cycle, the stimulator sync. pulse is producedfirst
(triggering the recording sweep) and, after a delay (settable on the
stimulator front panel), the stimulus itself.

— Recarding Moda
Ext. g ared il
I recnrds|1_
Recard duration Im.
o inputchannelslz_‘

Nn.gar‘nplesl 40565
Sampling inter'-'all 09746 m

- Trigger Level
& Active High (5V)
= Active Low (V)

— Amplifier Gains
TAGhD [ 0.0005 YvipA

uuuuu

-20000¢

s0ap

Wi
i




Recording Experimental Signals > Recording Modes > Detect Events

The Detect Events event detectormode providesa meansof detectin
signalsas they occur within an incoming analogsignal. A threshold-base
eventdetectionalgorithm monitors the incoming signalon one of the input
channels.An eventis detectedwhen the signaldeviatesby more thana
predeterminedevel from the averagebaselinelevel. To compensateor
slow drifts in the baselinelevel, the thresholdlevel is maintainedat a
constant distance from the baseline by means of a running averag
calculation. The event detector is configured kyirgethree parameters.

If more than one channelis being recorded,selectthe input channelon
which events are to be detected from the deteCiwannel list.

Enterthe detectionthresholdinto the Threshold box. The threshold leve
expressedas a percentageof the total input range, with its polarity
determiningwhetherpositive- or negative-goingignalsare to be detectec
The level shouldbe setas smallas possible to maximise the likelihood of
eventbeing detectedput without producingan excessivenumberof false
eventsdue to backgroundnoise triggering the detector.Values of arounc
5-10% are often used,but severaltrials may be necessarypeforethe bes
level for a particular experiment is found.

The Pretrigger setting determinesthe percentageof the recordto be
collected before the detection point. A typicalreals 30%.

— Recording Mode

JIETEC

Mo, records | 4
Record duration | 5 gg2
Mo, input channels | o

Mo. sarmples | 4005

ERILN

sampling interval | 0 9745 m

Channel ICh.D Chi

Le|

Threshaold | 10 %
Pretriguer | 10 %

1

— Amplifier Gains
1.(Ch.0) | 0.0005 Wipa

'
-



Recording Experimental Signals > Recording Modes > Stimulus Protocol

In Stimulus Protocol mode, WinWCP functionsas a stimulatoras well asa recordingdevice.Sequencesf recordin
sweepsare acquiredat timed intervals,in synchronywith computer-generatestimuli appliedto the cell. The stimuli car
be in the form of either voltagewaveformsor on/off TTL digital pulsesfor controlling valvesor otherdevices.Up to 4
voltage waveform output channelsare supportedand 4-8 TTL digital output channels(dependingon the laborator
interface).

Eachstimuluspulseis associatedvith a single recordingsweepandthe durationor amplitudeof any part of a pulsecar
be incrementedbetweenrecords. A complete stimulus protocol thus consistsof a seriesof one or more pulses
incrementedin amplitude or duration to create a family of pulses.Complex stimulus waveformscan be producec
including series of rectangular steps, ramps, and digitsed analog signals. Protocols are created using the
Stimulus/Recordin@rotocolEditor.

Applying Single Protocols
PPIYING =g — Fecording Mode

Selectthe Single option to apply a single stimulus protocol (or linked seriesof IStimulus protocaol ;]
protocols) selected from the list of available peafs in theProtocol list. | . e

By defautt, protocolfies are stored as files with the .XML extension in thider | Eratacal

c:\winwcp\vprot. The protocolfolder can be changedby clicking Set Stimulus |1D-1DDm‘w’ 100ms ;]
Protocol Folder and selecting another folder. Set Stimulus Protocol Folder |

Applying Sequences of Protocols

Select the List option to applying a sequenceof protocols defined by the
protocol execution list, selected frdfnotocol List.

— Recording Mode
IStimqua protocol j

To create a new protocol execution list: " Single

. ) Frotocol List
1) Enter a name for the new list and cidkw List. IList r j

2) Add protocolsto the list by clicking Add Protocol to List andselectinga 10-100m* 100ms
protocol using the protocol file selection box. 10-100m 15

10-100m% 105

To delete the currently selected protocol execliigrelick Delete List.

Protocolexecutionlists are storedasfiles with .LST extensiondn the protocol
folder. Add Protocol to List I
Delete List |

MI |Li5t Marne #1




Recording Experimental Signals > Setting the Recording Sweep Size and Duration

When Free Run, External Trigger or Detect Evertending modes [~ Recording Mode P
are selected, the number of analog input chanmarisber of sweeps, | v|
the number of digital samples per channel andeberding sweep |
duration need to be set in the recording windovatéNin Stimulus Mo, records | 1 m nﬁT ==
Protocol mode, these are set in the protocol.) Record duration [3.993 i
. 5

No. records: Sets the number of recording sweeps to be callecte Mo. input channels | 2
No. input channels: Setsthe numberof analoginput channelsto be Mo. samples | 4095 -200000
acquired. Channels are always acquired in sequencefrom Ch.( Samuling i

) - . plmgmtewall
upwards, i.e. No. input channels=1, selects Ch.0; No. input 0.3746 m -
channels=2 selects Ch.0 & Ch.1 etc. i
Record duration: Setsthe requireddurationof the recordingsweef" _ _ -
Set the durationto a value that is approximately50% longer than the [ Amplifier Gains e |
time course of the signals that you intend to ré.cor 1.(Ch.0) | 0.0005 vrpA B omv [

No. samples: Setsthe numberof samplesto be acquiredper input channel.The minimumis 256 samplesper channe
andincrementsare in units of 256. The maximumrangesfrom 16184/No.Channels- 1048576/No.Channelsdependin
on the laboratory interface in use.

Sampling Interval: The Sampling interval box displaysthe time betweendigitised samplesacquired from eacanalog
input channel. It is determined from

Record Duration

Sampling Interval =
Ring No. Samples

Entering a value into th8ampling interval box, will result in an adjustment of tiecord duration.

It is importantto usea samplingintervalwhich is small enough to ensure that a sufficiembloer of samples acquirel
during the mostrapidly changingphases of the signals being recorded. For moss typsignal, 2048 samples/chanast
a recorddurationapproximately50% longer thanthe signaltime courseprovide satisfactoryresults.(However, noteha
somesignals,suchas cardiacventricularaction potentials can combinelong time courses200-300ms) with very rapic
rising phases(1-2 ms). In suchcircumstances3192or more samples/channehight be requiredto accuratelyrepreser
the rising phase.)

To avoid aliasing artefactsthe analogsignalsshouldbe low-passfitered to removefrequencycomponentgyreaterthar
half of the sampling rate (i.e. reciprocal of tlerpling interval).



Recording Experimental Signals > Creating Stimulus Protocols > Opening the
Stimulus/Recording Protocol Editor

To create a stimulus protocol, select

Setup
Stimulus/Recording Protocol Editor

to open the stimulus editor module.

i+ Protocol: C:\Program Files\Borland\Delphi7?AWinWCP. (32 )\vprot\Steps 10-100mY 100ms.xml

Files - Wavaform
New Protocol | || 1038my]
A0
OpenProtocol | | oo
Save Protocol | 100 ]
Save Protocol As | il
0m
Set Protocol Folder |
Do

Analog Dutputs (A

No. Channels 3 ,]

AO0 ]nm | | | | Toolbox Protocal A0 0 Way
A Waveforms ADD
_ TE_ Delaﬁ,.r

Stimulus type = Bl i e e e e S | Amplitode

]antage () j A0 1 i Amplitude

; = : - - : : 5 : £ - ] _._M_Duratinn

T"uldulgg I;_,MI [Tl JIJIJUL 0 10 ) 0 e R o R T 0 e R e e
-1, m ' i ) CR (8 ie ie ie ioe i i

— Digital Dutputs (Do)

No. Channels |1 -

Huld:]ng Pattern D0 Pulses
5\ i - DA Updat
0V 1+ 02734 mz

Up to 4 voltage waveform output channels (AO0O-A@R) available and 8 TTL digital pulse channels (EBID7). A
diagram of the output waveforms appears infayeform display box.

To create a stimulus protocol, click the
New Protocol

button to create a blank protocol.

Nex



Recording Experimental Signals > Creating Stimulus Protocols > Analog & Digital Output
Channels
Analog Outputs (AO): Select the number of analog output channels tsbe in the analog output®. Channels list.

For eachAO channeldefined,selectthe type of stimulus (Voltage or Current) and the stimulus units in the Stimulus
Type list and the holding level (the level relativewibich voltage/current steps are applied) intt@ding Level box.

— Analog Outputs (A —

No. Channels Ig vI

son faor] ||

Stimulus type
Ivnltage (i j
Holding Level

| -0.08 mv

Digital Outputs (DO): Select the number of digital output channels toidd in the digital outpufso. Channels list.

Set the holding pattern(the default digital output state betweendigital stimulus pulses)in the Holding Pattern checl
boxes.

(Note, during executionof a stimulus protocol, the analog and digital holdingells override the default holding levels iset
the Seal Test or Default Settings windows).

— Digital Qutputs (O

No. Channels |1 vl

Holding pattern

0
5\
oy i+




Recording Experimental Signals > Creating Stimulus Protocols > Recording Settings

Selectthe Recording tab pageto setthe number of recordingsweepsto be acquiredduring the protocoland the
number of analog channels, samples/channel, duratiml sweep repetition interval.

Recording duration: the duration of the recording g ...
sweep. (Note. When the Fixed sampling interval
optionis selectedthis entryis definedby the Sampling

q l Stz ]

interval setting.) Fecording duration 140.00 ms
Sampling interval 0.2734 ms . [ Fixed
Stimulus repeat period 1000.00 ms

Sampling interval: Time intervalbetweensamples on

eachchannel. Whenthe Fixed option is selectedthe Mo, records _ 100
samplnginterval enterednere definesthe durationof | LM 8REELS per increment 1
the Recording duration ( Sampling interval x No. | |Mo.inputchannels 2
samplesper channel).When the Fixed option is not ||Mo. samples (par channel) 512

selected,sampling interval is set by the Recording —_.i . biraction (A0 ary]
duration ( Recording duration / No. samplesper | ; pone

channel). " PN mode — Mo.pulses [4 Divide by [ 4

Stimulus repeat period: the time interval between

successive recording sweeps in the protocol. Link to nest pratoccl

| [~

No. records: The numberof recordsto be acquired
during the protocol.

No. repeats per increment: For incremented step waveforms, the numberof times a stimulusis to be repeated
without incrementing the step size.

No. input channels: The numberof analoginput channelgto be acquired.Channelsare alwaysacquiredin sequence
from Ch.0 upwards, i.eNo. input channels=1, selects Ch.0Yo. input channels=2 selects Ch.0 & Ch.1 etc.

No. samples: The numberof samplesto be acquiredper input channel. The minimum is 256 samplesper channel
increasingin stepsof 256. The maximumrangesfrom 16184/No.Channels: 1048576/No.Channelsdependingon the
laboratory interface in use.

External Stimulus trigger (Y/N): Enablesthe stimulusprotocolto be triggeredby anexternalTTL pulseinsteadof

the internaltimer. Whensetto Y, the stimulus repeatperiodis ignoredandthe stimulus protocolbeginswhena TTL

pulseis receivedon the External Stimulus Trigger Input (See laboratory interface card connections tablesction
1)

Leak subtraction settings

A protocolcan be programmedo add digital leak subtractionrecordsusing the P/N mode option. Whenthis option is
selecteda seriesof additionalrecordingsweepsare generatedor eachrecorddefinedin the protocol,using annvertec
andscaleddown versionof the commandvoltagewaveform.A digital average is obtained from these recordssioce(
in the data file as a “LEAK” record, along with thasic “TEST” record.

I Leak Subtraction
i~ None
i+ PNmode — Mo pulses | 4 Divide by |.4

You can changethe numberof pulsesusedto computethe “LEAK” recordanddivision factor by alteringthe valuesin
the boxes shown. The default values are 4 leakdsawith voltage waveform divided by —4.

Note that subtractionof the “LEAK” from “TEST” records is done using the leak subioactnodule. (See section &
details.)



Protocol linking

Recording normally stops when the requestedsequenceof recordswithin a protocol is completed. Protocolscan
however be linked togetherby selectinga protocolfrom theLink to next protocol list, so that on completion of thiest
protocol, control is transferred to the linked poatl.

|' Lirnk. to nest protocol




Recording Experimental Signals > Creating Stimulus Protocols > Adding Stimulus
Waveforms to the Protocol

Select theStimulus tab page to add stimulus waveforms to the analaligital output channels.

-

E Protocol: C:h\Userst PublichDocuments\ WinWCP\Wprot\Wsteps 10-100mV 100ms.xml
Files Waveform

New Protocol | || 109.3 mv]
Open Protocol | AD D
Save Protocal | || PEMY
Save Protocol As | mig\:
Set Protocol Folder | 0 v
Analog Cutputs (AD) Do o
No. Channels % =
AD0 IA{H ] ] ] Recording  Stimulus | Global \-’arial:-les]
Toolbox i~ Protocol - i _ﬁ«EI 0 wia
Stimulus type AD Waveforms AQD TE_ Delay
Voltage (mV)  ~| am =] oy e e e el e et || it
Holding Level mpREERERESERES R
|-0.08 mV m Duration
' L ERE R (R R BRI RSB (BB (R R
~ Digital Outputs (DO) -
No. Channels |4 + h
Holding Pattern :
[£]
5V Do F'ulsesm
o

Déa Updz

0.2 ms

Waveformsare constructedy dragging waveform step and ramp elements fronT th@box and dropping them intthe

selectedvoltagechannelAO 0 - AO 4) or digital DO 0 — DO 7) output list. A plot of the resulting stimulus pwoolfor
each output channel is shown in the protocol dispéenel.

A stimulus waveformon eachoutput channelcan consistof up 10 separateelements.The amplitude and durationfor
each element is defined in its parameters tablehwdan be made to appear by clicking on the element

Eight analog and 4 digital waveform elements awslae in the toolbox, as detailed below.

Rectangular voltage pulse of fixed size

A simple pulse,which doesnot vary in amplitude and durationbetweenrecords.This elementcanbe usedto
provide series of stimuli of fixed size or, in canation with other elements, to provide fixed panditioning pulses.

Parameters

Initial Delay Delay (at the holding level) before the pulse b&gin




Amplitude Pulse amplitude.

Duration Pulse duration.

Family of rectangular pulsesvarying in amplitude

1=

A rectangularvoltage pulse whose amplitude is automaticallyincrementedbetweenrecording sweeps.This
elementis typically usedto explore the voltage-sensitivityof ionic conductancesyy generatingrecordscontainingthe
whole-cell membrane currents evoked in responsestries of voltage steps to different membranengiats.

Parameters
Initial Delay Delay (at the holding level) before the pulse bggin
Amplitude Amplitude of the first pulse in the series.

Amplitude (increment) | Increment to be added to amplitude between records.

Duration Pulse duration.

Family of rectangular voltage pulsesvarying in duration

A rectangulavoltage pulse whose duration is automatically incrementetavben recording sweeps. Thismer
is most commonly usedas a variable durationpreconditioningpulsein 2 or 3 stepprotocolsfor investigatinginactivatior
kinetics of Hodgkin-Huxley type conductances.

Parameters
Initial Delay Delay (at the holding level) before the pulse bggin
Amplitude Pulse amplitude.
Duration Pulse duration.
Duration (increment) Increment to be added to duration between records.

Series of rectangular voltage pulses (incrementable interval)

T A train of rectangulawoltage pulsesat fixed time intervals (incrementable between rdgpand of fixedluration
This elementcan be usedto producea seriesof stimuli to observethe effect of repeatedapplicationof a stimulusat a
high rate. It can also be used to produce a tfgmesaconditioning stimuli for a subsequent testefarm.

Parameters
Initial Delay Delay (at the holding level) before the pulse bggin
Amplitude Pulse amplitude.
Duration Pulse duration.




Frequency Interval between pulses in train.

Repeat period (incr.) Increment in repeat period between records.

No. repeats Number of pulses in train.

Series of rectangular voltage pulses (incrementabl e rate)

ke A train of rectangulawoltage pulsesat a fixed frequency (incrementable between records)dadiided duration
This elementcan be usedto producea seriesof stimuli to observethe effect of repeatedapplicationof a stimulusat a
high rate. It can also be used to produce a tfgmesconditioning stimuli for a subsequent tesvefarm.

Parameters
Initial Delay Delay (at the holding level) before the pulse bggin
Amplitude Pulse amplitude.
Duration Pulse duration.
Frequency Frequency (Hz) of pulses within train.
Frequency (incr.) Increment in frequency between records.
No. repeats Number of pulses in train.

Voltage ramp

A linear voltage ramp betweentwo voltage levels. VVoltage rampsprovide a meansof rapidly generatingthe
steadystatecurrent-voltagerelationshipfor anionic conductance(Note that, the rampgeneratedy the computer i
truly linear, but consistsof a staircaseof fine steps.Thesestepscanbe smoothedut, by low-passfitering the voltage
stimulus signal before it is fed into the patchyie)

Parameters
Initial Delay Delay (at the holding level) before the pulse b&gin
Amplitude Amplitude at start of ramp.
End Amplitude Amplitude at end of ramp.
Duration Ramp duration.

Digitised anal og waveform

A digttised analog waveform loaded from an extédada file.

Parameters

Initial Delay Delay (at the holding level) before the pulse b&gin

File Name Name of text file containing digitised waveform.




D/A update interval Time interval between digitised waveform points.

No. Points No. of digitised waveform data points to be usedin the
stimulus.

Starting point (increment) Incrementto be addedbetweenrecordsto the first data
point of the digitised waveform to be used in ttieugus.

Scale by Scale waveform by specified factor

Scale by (increment) Increment in scaling between records

Offset by Add offset to waveform

Offset by (increment) Increment in offset between records

Digitised waveforms are loaded into the stimulus protocol from text files containing the digitised data points. The
waveformdatacanbe formattedeitheras a single column of amplitude data or a pairobfrons of time (in seconda)c
amplitude(in the stimulusunits of the output channel to contain the waveform) data p@atsarated by <talcharacter:
Le.
To Vo
T: Vi

...etc
To load a digitisedwaveformfrom a text file, click the —” button next to thé-ile Name table entry and select tfiie
containing the digitised waveform.

After loadingthe data,the No. Points entryin the parametetablesindicatesthe numberof points loadedfrom the file.
For two columndatafiles which contain time data tHe/A update interval is set to the time difference between first
and second rows of data. For single column dags,fWA update interval must be entered by the user.

Empty anal og € ement

* Empty analogwaveformelement.Draggingthis elementon to an analog output list, erases the elemenplaiser
on.

Digital pulse (fixed duration)

== A fixed durationdigital pulse. This elementcan be usedto switch openor closevalvescontroling the flow of
solutions over a cell. Multiple digital outputs clag used to simultaneously open one valve whilghands closed.

Parameters
Initial Delay Delay (at the holding level) before the pulse bggin
State (0=0V,1=5V) Digital output state during pulse: 0=0V, 1=5V.
Duration Pulse duration.

Family of digital pulse (varying in duration)



B A digital pulse whose duration is automaticalyremented between recording sweeps.

Parameters
Initial Delay Delay (at the holding level) before the pulse begin
State (0=0V,1=5V) Digital output state during pulse: 0=0V, 1=5V.
Duration Pulse duration.
Duration (increment) Increment in duration between records.

Train of digital pulses (incrementableinterval)

LD A train of digital pulsesat fixed intervals (incrementable between recoadg) of fixed duration. This elemerdr
be used to apply a rapid train of stimuli to a.cell

Parameters
Initial Delay Delay (at the holding level) before the pulse bggin
State (0=0V,1=5V) Digital output state during pulse: 0=0V, 1=5V.
Duration Pulse duration.
Repeat period Interval between pulse in train.
Repeat period (incr.) Increment in repeat period between records.
No. repeats Number of pulses in train.

Train of digital pulses (incrementable rate)

A train of digital pulses at a fixed frequency (incrementdigleveen records) and of fixed duration. Téamer
can be used to apply a rapid train of stimuli teé

Parameters
Initial Delay Delay (at the holding level) before the pulse bggin
State (0=0V,1=5V) Digital output state during pulse: 0=0V, 1=5V.
Duration Pulse duration.
Frequency Frequency (Hz) of pulses within train.
Repeat period (incr.) Increment in frequency between records.
No. repeats Number of pulses in train.

User defined digital waveform



LN digital TTL waveform loaded from an externalaldite.
Parameters

Initial Delay Delay (at the holding level) before the pulse b&gin

File Name Name of text file containing digitised waveform.

D/A update interval Time interval between digitised waveform points.

No. Points No. of digitised waveform data points to be usedin the
stimulus.

Starting point (increment) Incrementto be addedbetweenrecordsto the first data
point of the digitised waveform to be used in thendus.

Digitised waveformsare loadedinto the stimulus protocolfrom text files containingthe TTL data points (O or 1). The
waveformdata can be formattedeitherasa single columnof binary dataor a pair of columnsof time (in seconds)nc
binary data points (0/1) separated by <tab> charagcie.

To 0
T: 1
...etc

To load a waveformfrom a text file, click the —” button next to the File Name table entry and selectthe file
containing the digitised waveform.

After loadingthe data,the No. Points entryin the parametetablesindicatesthe numberof points loadedfrom the file.
For two columndatafiles which contain time data tHe/A update interval is set to the time difference between first
and second rows of data. For single column das,fWA update interval must be entered by the user.

Empty digital element

Empty digital waveform element. Dragging this edgtnon to a digital output list, erases the elertiésplaced on.

D/A Update Interval

The D/A Updatelnterval box displaysthe D/A converterupdateintervalto be usedto producethe analogstimulus
waveforms within the protocol.

Déa Update Interval
| 0.2734 ms [ Fix Interval

The intervalis normally setto Recording Duration/No. Samples, (seeRecordingSettingd but may be greaterthar
this if the laboratoryinterface cannotsupportthis D/A updaterate, or lessif shortdurationpulsesexist within the
protocol.If digitised analogwaveformelementsexist within the protocol, the update intervales ® to the D/Aupdat
interval for these waveforms.

To keepthe D/A updateintervalfixed at a specifiedvalue, enterthe updateintervalinto the D/A Update Interval
box, andtick the Fix Interval option. (Note. If the laboratoryinterfacecannotsupportthis D/A update rate it wibe
adjusted to the minimum possible update intervathie interface.)

Nex



Recording Experimental Signals > Creating Stimulus Protocols > Global Stimulus Variables

The amplitude and duration of waveforms withinigdtis protocol can be defined in the waveform petar tables
using the global stimulus variables (G1 .. G5eiadtof fixed values. This alows multiple wavefaettings within a
protocol or related set of protocols to be charnmedditing a single value. Global variables areestondependently
of individual protocols and applied to all protacadferencing them when the protocol is run.

A waveform parameter can be linked to a globaatdeiby entering the name of one of the five via®afG1, G2,
G3, G4, G5) into the field in the parameter table.

-

i85 Protocol: EX\Delphi XE3 Projects\WinWCP\vprot\global variablesxml

Set Protocol Folder

Files Waveform
| Hew Protocol | _f r;: 3 T]—|
[ Open Protocol | il 0

| Save Protocol | Do o
| Save Protocol As |

I |

| Recording : Stirnulus EI-EIDI:uaI Variableé-!

ARG OUtES (AD) Toolbox Protocol
IO PR A0 Waveforms ~ AOD ela
iz AV ¥
No. Channels |1 = TE TE| L. Amplitud
P e LA R e e s e (T
= | Duration
Stimulus type I J”””'—
| Current (pA) Z | 3/ h
Holding Level
0 pA
Digital Outputs (DO) S
No.Channels |4 ,| 1. e

Holding Pattern

0
5V 5y

0.1465 s

o @

The values of the global variables can be setitethle on the Global Variables page. Changingate of the
variable in the global variables table changesweeform parameter in the protocols which referehaevariable.



e

& Protocol: E:\Delphi XE3 Projects\WinWCP\vprot'global variables.xml
Files Waveform

Hew Protocol

26 10|

o

| |
[ Open Protocol |
| Save Protocol |
( |
| 1

0Doo

Save Protocol As
Set Protocol Foider

| GlobalVariables
G1 50
G2 10
G2

Analog Outputs (AD

Stimulus type
| Current (pA)

Holding Level
0 pA

Digital Cutputs (D)

No. Channels |E

Holding Pattern
L]

5V 5w

o @

Notethat the units of the global variables applied &veform duration parameters are seconds (rathentbecs as
in the protocols) and for ampltude parametersutiits of the stimulus type.



Recording Experimental Signals > Creating Stimulus Protocols > Saving and Loading
Stimulus Protocols

When you have created a stimulus protocol, youszae it to a protocol file by clicking tHgave Protocol As button to
open theSave Stimulus Protocol dialog box.

Save Stimulus Protocol _?[EI

Save in: I [ wprat j - £¥ FR-

2] 2 step 2] -0y [ Jan 10mW
|2 03a Rab AP rate-dep BCL 300 2] -40mty =] Jan 20my
2| 03k Rab AP rake-dep BCL SO0 || 50 é Jan -10mY
|27 03¢ F.ab AP rate-dep BCL 400 |2} cedtest 2] Jan -20my
%21 03d Rab AP rate-dep BCL 300 || DigOPulseTrain |22 Jan -30my
|2 10-100rmY 15ms || DigDPulseTraind Type: %ML Document
R % DigDPulseTrain D_ate Modified: 22062011 1!
= 10mY ¥ 10ms % 10 = Diglstim s T o
2] 20 mV per ms || Dig1stin |2 LeakTest
|2, 100 i w PN 2| Dig7 Sx1ms@S0Hz [ k. 555E prok
,i, 120°x 100mY @55 with PM 2| Dig75x 1 ms@50Hz é onestep
=] 200 vps ramp test |= Dig 10ms |2 pro double st
1] 20 || Dig 100mms || pro double st
2110 Fix || Iramp || Pulse SOmy 1
2] 30 2] Jam Om & ramp Ss

d | i

Save as type: IXML j Cancel |

Stimulus protocols are stored as files with .XMe &ixtensions, in the directofy;\ \WinWCP\vprot\

Protocolfiles canbe re-loadedor editing, by clicking th€dpen Protocol button, and selecting a protocol file from tise
presented in theoad Stimulus Protocol dialog box.

The folder usedto store protocolscanbe changed by clicking th8et Protocol Folder button to open the protocolder
selection dialog box, clicking on a a folder, tlwdicking the Open button.

Nexi



Recording Experimental Signals > Creating Stimulus Protocols > Example Protocols

A number of example protocols are installed inwpiot folder with WinWCP.

VSteps 10-100mV 100ms.xml|{  Aamiy of 10 depolarising,100 msec duration, voltage
steps, ranging from 10 mV to 100 mV.

ISteps 10-100pA 100ms.xml A family of 10 depolagsih00 msec duration, current
steps, ranging from 10 pA to 100 pA.

tail current.xml Atwo step pulse protocol for recordingtail currents.A
500 msec pre-pulse, followed by a 60 mV, 50 msec
durationtestpulse. The pre-pulsestepsfrom 10mV to 120
mV.

Ramp -100..100mV 1s.xml Aoltageramp,slewingfrom —100mV to +100mV over
a period of 1 sec.

sinewave.xml A digitised 1572 sample point sine vianma .

Digpulse.xml A digital stimulus programcontrolling digital outputsO and
1. Dig.0 is OFF initially andpulsesON for a periodof 50
msec after a delayof 100msec.Dig. 0 is ON inttially and
pulses OFF for 50 msec.




Recording Experimental Signals > Creating Stimulus Protocols > Default Output Settings

The default output settings panel sets the dedaaliog and digital output holding levels when engttis protocol is NOT
in progress.

SelectSetup > Default Output Settings
to open the Default Output Settings control panel

— Digital Qutputs

HEREEEE

—Analog Output Holding Levels — — Default File Mame
ADD | 0mv ¥ Include Date
AD 1 I omy Prefix
|Test_
Apply |

Analog Output Holding Levels: Sets the default holding level for the analog astp(Note. When an amplifier is
defined,the default holding level for the commaauntpat of that amplifier can also be set by chandgiegholding level in
the PipetteSealTestwindow.)

Digital Outputs: Selecting the appropriate On/Off switch, setsdifault voltage levels (ON=5V, OFF=0V) to be
output on the digital output lines.

Default File Name: Select thenclude Date option to include the current date in auto-creaefdult file name. Enter
text into thePrefix field to add prefix text to the file name.

Click the Apply button to apply the settings to the outputs.



Recording Experimental Signals > Amplifier Gain Setting

The amplifier gain (currentchannelgain in voltage-clampmode, voltage channel Amplifier Gains

gainin current-clampmode)is indicated in thémplifier Gains box. When gain | 1 ch.m [0.002 vipa
telegraphsare operationatheseindicate the actualstateof the ampilifier. When
telegraph information is not available the current gain setting is entered

here by the user.(SeeAmplifiers)




Recording Experimental Signals > Experiment Identification/Comments

A line of of text identifying the purpose of thecoeding can be entered into thdent box at the top of the recording
window.

J—‘ Ident. |

This line is stored in the data file. When the Rekey is pressed the contents of the line is evritb the log file.

Shorttags (up to 8 charactersfanbe associateavith eachrecord by entering text into thd arker box and clickinghe
Add button.

harker
Al

Add

Log File

A log file of the operationsnitiated by the user is updated during the course of recordinghalyaing an experimenthe
namesof datafiles createdor loaded,commentsenteredstimulus programsused, and other events are stored aloitiy
the time that the eventoccurred.The log file canbe used like an experimenter's notebook to keep @ewniecord ofhe
experimentA new log file is openedon a daily basiswith a name in the forrdd-mm-yy.log and stored in th&/inWCF
program directory.

Select

File
Inspect Log File

to display the experimental log:



.~ Log File C:%Program Files' Borland', Delphi7 Win¥WCP {32])"06-0 - |I:I|£|

08:55:58 WinWCP Started ;l
03:86:07 Mew data file: CA\DatalFile_009 wip created.

08:a7:491 Recording Started

03:a7:491 Voltage Program = CWYinmWCPwprotiSteps 10-100mY 100ms . xml
03:58:17 Stopped (10 records)

03:59:34 Recording Started

03:59:34 Voltage Program = COWIRWCPwprotiSteps 10-100my 100ms . xml
08:59:53 Stopped (18 records)

09:00:42 Recording Started

09:00:42 Voltage Program = CWYim®CPwprotiSteps 10-100my 100ms . xml
09:01:31 Stopped (38 records)

09:01:35 Mew data file: CA\DatalFile_010wep created.

09:01:36 Recording Started

09:01:36 Voltage Program = COWIRWCPwprotiSteps 10-100my 100ms. xml
09:02:26 Stopped (20 records)

09:24:19 Mew data file: CADatalFile_011 wcp created.

09:24:20 Recording Started

09:24:20 Voltage Program = CWYim®CPwprotiSteps 10-100my 100ms . xml
09:26:10 Stopped (20 records)

— Add Mote

Add

Additional notes can be added to the log file biedng text into the Add Note box and clicking thdd button.



Recording Experimental Signals > Starting a Recording

After selectinga recordingmode and (if necessaryxonfiguring the recording sweepsize and duration,click the
Record button to begin recording

Record
Record | stop |

Erase Screen | [+ Sawe to File

[T Incl. stim protocol in file name

Note,make sure that th8ave to File box is checked to enable writing to the data file.

Selectthe Incl. stim protocol in file name option to append the name of stimulus protocoidapplied to the fie
name.Whenthis optionis selected a new data file is created every timeiessaf recording sweeps are initiated by
pressing th&ecord button, or when a linked stimulus protocol is run.

If you want to stop recording before the selectemlver of records has been acquired, click3tep button.



Recording Experimental Signals > On-line Analysis

The on-line analysis window allows a series of measents (signal level at cursor, average, pealitadaey 10-90%
rise time and maximum rate of rise) to be madehenwtaveform recorded during each sweep. A maxinfubd o
measurements can be plotted.

B (=AMl . On-Line Analysis P [m] b
i Measurements
IF'eak "I 0 =
Chan. IIm vl
Cursnrslﬂ 150
Polarity
IF'ositive "I 100
—
=2 {& 50 4
— &
Add to Plot I =
For Stim. Protocol E 0
| =l =
'
Cir. Measurements| | | § 07
L
] =100
_Copyto Cliphoard |
Peakl+] Im [1-2) -150
|:
-200 I ' T1=19.25,189:
0 =) 10 15 20
= 5
L[ Zero Level - 1

To displaythe on-line analysiswindow, click the On-line Analysis Window Open button. It can be closed by clickirtipe
Close button, or closing the On-line Analysis window.

Creating Measurement Plots

To create a waveform measurement plot, select: .~ On-Line Analysis

— Measurementz

1) The type measurement from thkeasurements list,

IPeak
2) The recording channel to be measured fronahan. list Chan. |Im

the analysisregion from the Cursors list andthe polarity of the signal(positive-going | | Pelarity
negative-going or absolute (both positive- and tiegi@oing)) from thePolarity options. | Pasitive

=
3) For peak, rise time, rate of rise and slope: the cursor pair@1-C2 or C3-C4) defining cur“mh'z j'
[

4) For Cursor 1, 2, 3 or 4: enterthe numberof points averagedboutthe measureme
point intoPoints Avgd.

AddtoPlot |
5) For rate of rise: the seriesof samplespoints (1, 5, 7) usedto computera smoothed ra | | gor stim. Protocol

of change inté&moothing. | =]

6) Optional. The stimulus protocol associatedwith the measuremenin the For Stim Clr. Measurements|
Protocol list. (Whena stimulus protocolis selectedmeasurementare only addedto the | | [ Clear Plots |
plot when the protocol is running.)

Copy to Clipboard |




Then click theAdd to Plot button.

To erasethe measurementtist, click the Clr. M easurements button. To clearthe plot (but not the measuremeriist)
click the Clear Plots button. The datain the currently displayed plots can be copiedéWindows clipboard byiicking
the Copy to Clipboard button. Waveform measurements are also writtehetdog file as they are acquired.

Measurement cursors

The two pairs of linked vertical cursors C1-C2 or C3-C4 define the region within the recordingsweepwhere a
waveformmeasuremeris made.They shouldbe placedto include the waveformof interest, but exclude any stimulos
other artefacts within the recording sweep.

499.76[

Y ||
i

-R0aF
ol el ce

0 riz

cursor measurementare maderelative to the signallevel at CO whenthe at O cursor zerc| | ¢ at 0 cursor
level optionis selectedOR relative to the ‘z' horizontal zero level cursor when theZ cursor | | ¢ at Z cursor

The CO cursordefinesthe baselinelevel precedingthe waveformof interest. Peak and C1- |—Zem Level
option is selected.

Measurements

The available waveform measurements are listdukirtable below:

M easurements

Peak (+), Peak positive amplitude within the region of the recording sweef
defined by the cursors (C1-C2 or C3-C4).

Rise time (+) Time takenfor signalto rise within the percentageangeof Peak(+),
definedin Rise Time Rangebox (default10-90%), (The CO cursoris
usedindicate the baselinelevelthe signalis rising from andshouldbe
placed before the rise of the waveform.)

Rate of Rise (+) Maximum rate of change during rise from baselinvelléo Peak (+).

Rising Slope (+) Slope of rising edge of signaithin the percentage range of Peak (+),
defined in Rise Time Range box (default 10-90%),




Peak (-) Peak negative amplitude within the region of the recording sweef
defined by the cursors (C1-C2 or C3-C4).
Rise time (-) Time takenfor signalto rise within the percentageangeof Peak(-),

definedin Rise Time Rangebox (default10-90%), (The CO cursoris
usedindicate the baselinelevelthe signalis rising from andshouldbe
placed before the rise of the waveform.)

Rate of Rise (-)

Maximum rate of change during rise from baselinelléo to Peak (-).

Rising Slope (-) Slope of rising edge of signaithin the percentage range of Peak (-),
defined in Rise Time Range box (default 10-90%),

Sope The slope of a straightline fitted to the regionof the recordingsweer
defined by the cursors (C1-C2 or C3-C4).

Peak (abs) Largest absolute value of Peak(+) and Peak(-).

Rise time (abs)

Time takenfor signalto rise from 10% abovepre-waveformbaseline
level to 90% of Peak(abs).(The CO cursoris usedindicate baseline
level and should be placed before the rise of theefiorm.)

Rate of Rise (abs)

Maximum rate of change during rise from baselimeliéo Peak (abs)

Cursor.1 Signallevel at C1 cursorposition,averagedver Points Avgd. points
around cursor position.

Cursor.2 Average signal level at C2 cursor position, averagedover Points
Avgd. points around cursor position.

Cursor.3 Average signal level at C3 cursor position, averagedover Points
Avgd. points around cursor position.

Cursor.4 Average signal level at C4 cursor position, averagedover Points

Avgd. points around cursor position.




Recording Experimental Signals > Zero levels

The signalzerolevel for a channelcanbe definedin either of two ways.In From record mode,it is computedas the
averageevel from a definedportion of eachrecord. InFixed mode, it is fixed at a level defined by the usad doesnof
vary from record to record.

From record mode

Use the from record zero mode when you want to measuretransientsignals,which are |
superimposedipon a baselinelevel which may be varying from recordto record.To setthe
zero level from a portion of the signal recordlitgefrom record mode: Ch.0 Im

1) Move the mousepointer over the horizontalzero level cursorof the channelyou wanttGs  —zarq level modes— |
change. (The mouse pointer turns into an up/dowavay

* From Record
2) Slide the mousepointer horizontally until it overliesthe regionof the recordwhich is to be At sample
defined as the zero level.
3) Click the right-hand mouse button to openz&eo level dialog box. MNo. averaged
_ |2D
4) Select thd=rom Record option.
5) The zerolevel is computedfor eachrecord,from the averageof a seriesof (defautt=20 | © T_""Edl L
samplesstartingat the sampleindicatedin the At sample box. If you wantto changethe ;:Z

number of samplesaveragedto compute the zero level, changethe value in the No.- L

averaged box.
* 0K | Cancel|

6) Click the OK button to use the new zero level.

Fixed Level mode

Use the fixed level zero mode when you want to make measurementselative to a fixed Em Level |
absolute level. To fix the zero level at a constahie to be used for all records in the file:

1) Move the mousepointer over the horizontalzero level cursorof the channelyou wantto Ch.1¥m

change. (The mouse pointer turns into an up/dowavay v —Zaro lavel modes— I

2) Hold down the left mousebutton and dragthe zerolevel cursorvertically until it is atthe | ¢ From Record
desired level. At sample
222

Mo, averaged

3) Click the right- mouse button to open thezo level dialog box.

4) Selectthe Fixed option. The vertical position of the fixed baselineis indicated(in A/D
converter units) in theevel box. You can set the zero level by entering aevalu

i

i+ Fized Level
Level

-1

5) Click the OK button to use the new zero level.

Fixed modeis typically usedfor the membranepotentialmeasurement®s voltage/patckclamg
studiesof voltage-activatedurrent.(Note. Enteringa value of zerointo the Level box sets t
zero level to the true zero voltage level for tharmel) oK Cancel |




Displaying Records Stored on File > Selecting and displaying records

To view signal records stored in a data file, Seflemm the menu.
View
Raw records

to open the record display module.

.~ WInWCP : C\Data'Data'test.wcp - |EI|5|
File Edit %iew FRecord Setup  Analysis  Simulations  Windows Help

_io/x]

— Record

Ident:| |
IQHEI
Kl 0

Tirre IQS—

T'!pre - Jad. TP PR T I.FL s L wh A, E
ITEST I - Im a
Group I g N i e A I S T""" =
, L
[ Rejected
— Low pass filter —— r
[ Active |
1.9375 nd
180/
— Cursor i
Get Cursor | -
2] A o
Get c0 Cursor | Y. =]
Save (F1) | i
Fero Lewvel i
{+ Baseline -
" ¢l cursor -200
ol k=22, 0 my
poom: EEEE 43 96 msz

| | v

Eachrecordin the file canbe displayed and measurements made of the signad leathin each channel usingraovable
cursor. The displayedrecord (or superimposedjroupsof records)canbe printedout. Recordscanbe assessetbr the
presence of interference other artefacts and markedjected, or assigned with particular recqodgy

Eachrecordin the datafile is numberedn the sequence that it was recorded. Records ¢ | Fecord

selectedor displayusingthe selectionbar to move backor forward through the file. You ce | |Rec. 416

jump directly to a record by entering its number into the record nurhlox above the select 4] [ ]
bar. (You canalso usethe Ctrl+Plus and Ctrl+Minus keysto stepforward or backwards

through the file.)

To superimpose (up to 200) records on the dispilgct

View
Superimpose Traces

to disable automatic display erasure. (Selectiagotion again re-enables auto-erase.)



Displaying Records Stored on File > Magnifying the display

The magnification of each plot can be expandedsyay a selected region of the signals by moviegrhouse to the
upper limit of the region, pressing the left mobsé&on, drawing a rectangle to indicate the regiod releasing the
mouse button.

4019 6]

-3.20p4F

2473 nk

| am =bar

The vertical magnification and location of the @igpd region within the recording can also be aegisising the

EmE =

buttons at the right edge of each plot and thedial magnification and location by the
=] =]
buttons at the bottom edge of the plot..

Individual channels can be added/removed from @ay by clicking the

n'm-

button at the left edge of eachchannel. The vertical areaof the display devotedto eachchannelcan be adjustedby
dragging the top/left edge of each channel Y axisrudown.

All channels can be set back to minimum magnifically selecting

View
Zoom Out (All)



Displaying Records Stored on File > Printing Records

To print the records displayed on the screen, selec
File
Print

To open theprint record dialog box.
— Ccalibration Bars ——  Typeface ———
Time 40 ms |Aria| ~]

[rm 0.1 nA ]
L size [12 pts
vm o .
Line Wwickth IE ptg

Showe zero levels v
IU=e colour N
Show labels v

Page Margins

Lett Righit
| | 5.0cm | 5.0 cm
—IDH Cancel Tap Biottam
|s0cm | [10.0cm

You can set the size of the plotted record on timeol page, by adjusting the size of fiage margins.

The type face usedto print text canbe selectedrom the font name list andthe type size entered into tf@t sizebox.
The thickness of the lines used to draw the sigaaés can be set using fivge thickness box.

Vertical and horizontalcalibration bars are addedto the plot to indicate the units and scalingof the plotted signals.Y ou
can define the size of the bars by entering vahteghecalibration bars table.

The positionof the zerolevelfor eachplottedtraceis indicatedby a horizontal dotted line. Zero levels can baldedby
un-checkingshow zero levels. Plot labeling can be disabledby un-checkingthe show labels checkbox. The use of
colours within the plot can be disabled by un-clirWse colour,

When all plot parameters have been set, clickKXKebutton to initiate printing.

Choosing a printer and output format.

To choose a printer and to select the paper fosed&ct

File
Print Setup

to open theprint setup dialog box.



e - [~ |

— Printer
Propertiez |

Hame: HP Lazerdet 4b Plus

Statuz Default printer; Ready
Type: HP Lazerlet 4k Plus

Where:  MWShrath_pharmscihg_sibs414a-1
Comment:

—Paper

Orientatian

Size: |44 210 % 297 mm |

O Portrait
Source: I.-“-‘-.utl:u Select j

" Landscape

| k. I Cancel

A printer can be selectedfrom the list of currently installed printers. The orientationof the plot on the pagecan be
selected as eithguortrait or landscape.



Displaying Records Stored on File > Accepting/Rejecting & Classifying Records

Rejecting flawed records

Digitised recordscannotall be assumedo be perfect. Consequentlythe visualinspectionof records,andthe eliminatior
of flawed records,is animportantpart of the analysisprocesslif automatedvaveformmeasuremerproceduresareto
be applied, a mechanism is required for excludangéd records from the analysis.

Checkinga record’s rejected box marks a record as being flawed. Rejectedrecordsare excludedfrom automati
waveform,curve fitting, signalaverageor leak subtractioncalculations.(Note. Pressinghe Ctrl+R key combinationis a
quick way of toggling the rejected check box on efig

[ Rejected

Classifying records

Recordscanalsobe classifiedaccordingto the type of signal that they contain, by selecting@etfrom the record's/pe
list box.

Type TEST =]

Eight types of records are currently defined (TEHAK, EVOK, MINI, FAIL, TYP1, TYP2, TYP3).

The EVOK, MINI andFAIL typesare usedin the quantalanalysisof synapticcurrentsor potentials(seesection 15)c
indicate whethera recordis a nerve-evokedspontaneouspr a nerve-evoked/transmissidailure event. (Note. Types
can be selected quickly using the Ctr+T, Ctrl+itrHE Ctri+-M, Ctri+F keys.)

TEST and LEAK are usedin the digital leak subtractionprocesgseesection13), and usedto distinguish,respectivel
normalrecords,containingvoltage-activateaurrents,and recordscontainingleak currentsto be scaledandsubtracte
from the TEST records.

TYP1, TYP2 and TYP3 are general-purpose, user-glfincord types.



Displaying Records Stored on File > Measuring Signal Levels

To measure the signal at any point on the displagedrd, use the mouse to drag the vertical reamosbr to
the desired part of the trace. Fine positioninthefcursor can be achieved by pressing the leftjlatrarrow

keys with the mouse pointer over the selected curso [
The signal level of the trace(s)at the cursor position is displayedat the bottom of eachchannel. Time
measurementare maderelative to the startof eachrecordand(in brackets)relative to the location of the t:
cursor. Signal levels are measured relative to eaahnel's horizontal zero level cursor. 2nzzre

Cursor button places the readout cursor to the centtleoflisplayed region.

t=20.65, 3,338 mi

Zero levels

The signalzero level for a channelcanbe definedin either of two ways. In From record mode,it is computedas the
averageevel from a definedportion of eachrecord. InFixed mode, it is fixed at a level defined by the useda doesnot
vary from record to record.

From record mode

Use the from record zero mode when you want to measuretransientsignals, which are |
superimposedipon a baselinelevel which may be varying from recordto record.To setthe
zero level from a portion of the signal recordlitgefrom record mode: Ch.0 Im

1) Move the mousepointer over the horizontalzero level cursorof the channelyou wanttcs —zarqa level mades— [
change. (The mouse pointer turns into an up/dowavay

= From Record

2) Slide the mousepointer horizontally until it overliesthe regionof the recordwhich is to be At sample

defined as the zero level.
3) Click the right-hand mouse button to openz&eo level dialog box. Mo. averaged

_ |2|J

4) Select thd=rom Record option.
5) The zerolevel is computedfor eachrecord,from the averageof a seriesof (default=20 | © T_"‘E“l LELE

samplesstartingat the sampleindicatedin the At sample box. If you wantto changethe 38:?;.'

number of samplesaveragedto compute the zero level, changethe value in the No.— i L

averaged box.

_ 0K Cancel |

6) Click the OK button to use the new zero level. - AI
Fixed Level mode
Use the fixed level zero mode when you want to make measurementselative to a fixed |
absolute level. To fix the zero level at a constatiie to be used for all records in the file:
1) Move the mousepointer over the horizontalzero level cursorof the channelyou wantto Ch.1¥m

change. (The mouse pointer turns into an up/dowevay W ~Zero level modas— [

2) Hold down the left mousebutton and dragthe zerolevel cursorvertically until it is atthe | ¢ From Record
desired level. At sample

224

Mo, averaged
1]

3) Click the right- mouse button to open thezo level dialog box.

4) Selectthe Fixed option. The vertical position of the fixed baselineis indicated(in A/D
converter units) in the evel box. You can set the zero level by entering aevalu

|

i+ Fized Level
Level

-1

5) Click the OK button to use the new zero level.

Fixed modeis typically usedfor the membranepotentialmeasurements voltage/patckclamg
studiesof voltage-activateicurrent.Note. Enteringa value of zerointo the Levelbox setsthe




zero level to the true zero voltage level for tharmnel)

0K

Cancel |




Displaying Records Stored on File > Copying Records to the Windows Clipboard

The displayed signal record(s) can be copied t&\imelows clipboard in a variety of formats — a dthle, an image, a
WIinWCP data record

Copying data values

Eachsignalrecordconsistsof anarrayof digitised sample values. A table of data valaeghe active display recoxhr
be copied to the clipboard by selecting

Edit

Copy Data

The data is placedon the clipboardas a table, containingthe scaledvaluesfor eachsamplein the record,in the
measurementnits definedfor eachchannel. The table is storedin tab text format, allowing the datato be copiedinto
programssuchas spreadsheetand graph plotting packages, using an Edit/Pasteramd. (Note that due to limitatioims
the capacityof the Windows clipboarddata points may be skippedto keepthe size of the copiedrecord withinclipboarc
storage limits.)

Copying the displayed image

The signalrecord(s)on the display canbe copiedto the clipboardas _
a bit mapped image by selecting Copy Image |

' — Calibration Bars ——  Typeface —————
Edit Tirme 50ms |Ar|al j
Copy Image Im  0.25nA
. U (e e 2 ize| i
to open the copy image dialog box. Hlvm 40 Y 12 pieels B
The dimensionsof the bit map,which wil hold the image,canbe se Line ictth | 2 pixels
usingthe width andheightimage size boxes.The more pixels used Show zero levels [
the bit mapthe betterthe quality of the image.Calibrationbars,zerc Use colour r
levels and text font, size andline thicknesscanbe setin the same Show labsls v
way as for a printed image.
. . Image size

When the image parameters have been set, click the Wicth i
OK I oK | cancel | |1EIEIEI pixels
button to copy the image to the clipboard. Height

| 1000 pixels




Displaying Records Stored on File > Smoothing the Displayed Records

A digital low-passfitter algorithmcanbe usedto smooththe displayedsignal. To enablethe low pass fitter, tick thditer
Active option and enter a cut-off frequency into €wet-off Frequency box.

Low pass filter
v Active

Cut-off Freguency
| 1000 He

The low passfiter setin the display module also acts upon the records in waveform meawnt, curve fitting andthe
modules.

(Note that the digitised record on the data filprisserved, fitering takes place when the recordad from the file.)



Automatic Waveform Measurement > Making Waveform Measurements

The automatic waveform measurementmodule provides a means of automatically making series of standar
measurementsn the digitised signals.Ten basic amplitude and duration measurements can e oraeach channahc
storedwith eachrecord.The resultsfor eachrecordare displayedon screen.n addition,sets of measuremevariable:
can be plotted againsteachother, or compiledinto histograms.A summaryreport showingmeanvalue and standar
errors for the measurement sets can also be prdduce

Select

Analysis
Measure Waveforms

to open the automatic waveform measurement window

w Waveform Measurements {(Recordings) ] = |I:I|£|
Analysis |}{.I“r’F'I|:|t| Hiatngraml Summarg.rl Tableal
— Record g
[17718 i
RN i I
Type | vI L
WRE ITEST
[T Rejected I .
m p.&' B I e B AR 2-
—Ahalyse ———————— L
Do Analysis |
Ahort | i
-600
t Al records - )
T k=00t=0.018372, t=0.11697,
" Range a0
[1-18 s
— Type ]
[aLL | v | e i S Tt ot | NSt TR N B
B oy =
SHERl————————] =
|Ahsn|ute j
Foints Avgd. | 0 i
— Rate of rise 2800 .
=0 =00 k=01
|F|:|rward Dift j t=0 t=0.021495 011833,
T om: BEREEE 020z
- Risatime T
| 10-90%
Im Yim ﬂ
- Tx% decaytime — | | |[Eecord 17
}{%|1_u% Group 17 |17
Tirne 16.19 5 | 16195
- Cursors ————— Awerage 4594 pA | B9.01
Get Cursors | Areg 0004474 pAs | 0.006714 mi.s
[T Lock Channels Peakia) 451.3 pA -97.5mY
Mariance 7091 pAr2 | 11.84 w2
Rise Time B.E4FE-007 = | -1.483E-006 s
Rate ofRise | 4.224E008 pAs) 0 miis hd

« TheAnalysis page is used to set up the parameters of the waweialysis and initiate the automatic measurement
sequence, which generates a table of measurements.



The X/Y plot page is used to create X-Y graphs of the measuntsme
The Histogram page is used to create frequency histograms cfuneaent.

The Summary page presentsa summary(mean,standarddeviation, etc.) of the measurementfor the seriesof
records analysed.

The Tables page is used to create tables of results.



Automatic Waveform Measurement > Running a Waveform Analysis

P

u Waveform Measurements (Recaordings)

Analysis | 3¥ Plot | Histagram | Summary | Tables |

~ Record
(10716

= ol

[~ Rejected

—Analyse — ml
Do Analysis |

(-“AII recurd.s
i This record
i Range

1.00-16.00

e Type —

[ALL |
~Peak |
Ihbsulute _v_i
Points Avgd. |-|
— Cluantile - 4
(% | 99.0 %
— Rate of rise-

|Forward Difft  +|

Rise time -
| 0.00-90.00%

Tx% decay time -
X% | 1.0 %

-Cursors - 7
Get Cursors |

¥ Lock Channels

3

===

sf
| Mo B
a A r—_ =
G|
=0 14872 nA
150
-
. 3 Nt . (S S S — S |
] my [
I
-200|
t=0 t=1.7517 t= 8.75; 9.9976 mV {=15.701
0 2 4 =1 3 10 12 14 16 ms
Eoes
[ Fix Zero Levels
| Results -
| Im Ym =
Record i 1] & |
Sroup 10 |8
Time 105 |05
Average 0 nA | 0 mvy
Area O0nAms | 0mV.ms
Peak{a) 0 nA | 0 mYy
Variance OnAnZ | 0 myn2
Rise Time 0 ms | 0ms
Rate of Rise 0nAms | 0 mVims -

The first stagein the measuremenprocessis to define andrun a waveformanalysissequencen a selectedseriesof
records.

1)
2)

Select theAnalysis page by clicking on its page tab.

Define the range of recordsto be analysedpy selectingAll Records to analyseall records,or
This Record to analysesonly the currently displayedrecord,or Range and enter a range of

records.

& All records
" This record
i Range




3)

4)

5)

6)

7)

8)

9)

Selectthe type of recordsto be measuredy selectingan option from the Type list. SelectALL to measureecord:
of any type (except rejected records).

Define the analysis region for eachchannelby using the pairs of linked vertical cursors (t=nn s — t-yy s)
superimposedn the display. The analysisregion defines the region within the record within which waveforn
measurementare to be made.(Note. To allow the analysisregionto be setfor eachchannekeparatelyuntick the
Lock Channels cursor option. The t=0 cursor defines the zere fior the latency measurement.

m
n | [+]
vl | i

Setthe peak finding mode. Selectabsolute to define the peakvalue as the largestabsolut( =23k

(i.e. positive or negative)deviationfrom the recordzerolevel. Select positive to define the p| |Absolute =
value as the largestpositive deviation. Selectnegative to define the peakvalue asthe larges| Paints Avgd. |n_
negative deviation. (Note. Absolute modeshouldbe usedfor I/V curve measurement&here
both positive- and negative-goingsignalsmay be foundin the sequencef records being analysed.) Enter thanbe
of data points to be averaged at the peak int®¢hats Avgd. box.

If you want to changethe % level of the quantie measuremengnterthe percentagen the — Quantile

Q% box. <n>% measureghe amplitude of the datapoint thatis n% of the maximumdate Q% [99.0%
value. 100% returnsthe maximumvalue and 0% the minimum value of the signalamplitude

points within the analysis region,

If you want the rise time to be measuredver an intervalother thanthe standardl0%-90% [~ Rise firme
range entera new range in theRise Time box. (Note that this setting also determines the| | 10- 30 %
of the waveform rising edge used to calculate khgesrate of rise option.)

Setthe rate of rise mode to selectthe algorithmusedto calculatethe rate of changeof the [ _Rate afrise
signal. The Forward Diff., Quadratic(5), Quadratic(7) options compute the maximum ratt |Fnrward Diff. j
changewithin the analysisregion. The ForwardDiff option computesthe rate of changefrom
the differencebetweersuccessivessamplepoints. The Quadratic(5)and Quadratic(7) options compute thmoothe
rate of changeestimatedf 5 and7 samplepoint windows respectively.The Linear Sope option computes theate
of changefrom the slopeof a straightline fitted to a section of the rising edge of the signal, defimgthe Riselime
setting (default value = 10%-90%).

If you want to changethe % decayfor the T.x% decaytime, entera new value into the "T.x% decay time —H

T.x% Decay Time box. % 11.0%

10) To begin the analysis of selected range of recalidk,theDo Analysis button.

On completion of the analysis, the measurementsdoh record appear in tResults table.



— Results

Fecord

Group

Time

Average

Area

Peakia)

Wariance

Fise Time

Fate of Hise

Tyl Wi

17
17 17
16.19 5 16195
4599 pA B9.01
0004474 pAs | 0006714 mvs
361.3 pA -47.8 my
7091 pAt2 11.84 mvh2
G.E47E-007 5 | -1.483E-006 =

4.224E008 pAfs 0 mis

Measurement variables

Record The sequence number of the record withiadalte file.

Group The number of the group to which the recoldnigs (used by leak
subtraction module).

Time (S) The time, relative to the first recordhe fiile, that the record was acquired.

Average The average signal level within the analgsigon.

Area The integral of the signal level within the lysis region.

Peak The peak (absolute, positive or negative, diepim peak measurement
mode used) signal level within the analysis region.

Variance The variance of the signal within the asialyegion.

Rise Time The time taken for the signal to rise flo%-hi% (10%-90% default) of
peak. (time units)

Rate of Rise The maximum rate of change duringitiregrphase of the signal.

Latency The time delay between the zero time cuaadrthe point at which the
signal has risen to 10% of peak.

T.X% The time taken for the signal to fall fromisak value to X% (set by user
of peak.

T.90% The time taken for the signal to fall frompisak value to 10% of peak.

Baseline Signal level, computed from the zero levedsurement region, but
measured relative to true zero levels of input aban

% Quantile The nth quantile of the signal amplitddéa points within the analysis

region.




Automatic Waveform Measurement > Plotting Graphs of Measurements

The X/Y Plot pagecanbe usedto creategraphs of the measurements obtained from the analys Anymeasureme
variable from any channel can be plotted againgtottrer as a Y vs X graph.

- Waveform Measurements {Recordings) ! 10} =]

Analysis  HY Plot |Histogram| Summar\;| Tablesl

— Records 0 -
|1 -18
Type |ALL

Mew Plot |
Set Axes |

FRAs
|.~'-Werage v|

Ch. |Ch.1 v v[

O Axis
|A\terage 'I

Ch-|0h.n Im "I

[ Average pa

[_9_9,3/5%/ i 50

f 0.42006, 38.958 f

W Average my

—Analyzis
Fit Curve |

—

— Filter records

Filter |

To plot a graph:
1) Select theX/Y Plot page by clicking on its page tab.

2) Define the variable to be plotted on the X axissblecting it from theX Axis variable and channel lists.
3) Define the variable to be plotted on the Y axissbiecting it fromY Axis variable and channel lists.

4) Click theNew Plot button to plot the graph.

Conductance plots

When Conductance is selectedasthe Y Axis plot variable,the conductancé€G) canbe compute: | |ERESEIIE
from a pair of recording channels containing cureem voltage using the formula Current from

G=1x(V—-Ve) Average -

: . Chfchoim =]
where | is the peak or averagemeasurementrom the Current from channelV is the peakor GhD It
averagemeasuremenfrom the Voltage from channeland V.., is the current reversalpotentia | Yol#ge from
enterednto the Reversal Pot. box. The units in which the conductances plotted (S, mS,uS,nS or | 1#*/44¢ E




pS) can be selected from thiits list. Chchivm =

Reversal Pol
0 mv
Units [ng -
Customising the graph
If you want to alter the X or Y axis range, scalimdabels, click the ~KAxis Y Axis
* Automatic ' Automatic
Set Axes " Manual = Manual

hdin. hdin.

|

button to opeithe Set Axes Range / L abels dialog box.

|u
e . . L M. Pz
Axis limits andtick spacingare initially set to default values based uponthe r | E o
of the data.You canchangethe axis limits by enteringnew valuesfor intoMin, ek | 2 ek | 50
Max. andTick (spacing) boxes for the X and Y axes. Scale [T = | | 55 [Linear =] ||
— Labels

An axis canbe madeLinear or Logarithmic by selecting the option from3sale’ |, - Record i
list. Labelsfor the X andY axescanbe enterednto the L abels boxes.A type ¥ &t [1m Poak(a) nA
face can be selectedfor the plot from the Font list andits size definedin the

Point Size box. The graph can be plotted as a line, unconnected makebsth oK | F.ace

by ticking theLines, and/orM arkers tick boxes. [ Lines
| ﬂl [¥ Markers

Printing the graph

To print the displayed graph, select ~Typeface [ Page Margins

. Arial - Ledt |5_D cm
File I J Rift
. o ;
Print Foint Size |—12 pts 4 |5_D em
Ti
L o [soem

To openthe Print dialog box. You cansetthe size of the graphon the page | Line Thickness [7 o1 S
adjustingthe L eft, Right, Top andBottom page margin settings. Click tig :

button to plot the graph. Cancel |

Copying the graph data points to the Windows clipboard

The numerical values of the X,Y data points whieheyate the graph can be copied to the clipboastlegting

Edit
Copy Data

The datais placedon the clipboardas a table of X,Y datapairs in tabtext format,allowing the datato be copiedinto
programs such as spreadsheets and graph plottkgges, using an Edit/Paste command.

Copying an image of the graph to the Windows clipboard

An image of the graph on display can be copietig¢octipboard by selecting
Typeface ——— 1 [~ Image Size
Edit [prial <] :
Copy Image Pait Size [ T3 010 HEDE“W
I eigl

to openthe Copy Image dialog box. The dimensionsof the bit map,whichwill “Lires | 500 pieis



hold the image, can be set using the width and heightimage size boxes. The | b Thietness | 2 pts | :

more pixels usedin the bit map the betterthe quality of the image.Whenthe
image parametersave beenset,click the OK buttonto copy the imageto the _ox |

clipboard.



Automatic Waveform Measurement > Classifying Records Using Waveform Measurement
Criteria

The Filter Records option (on the X/Y Plot page)

Filter records
{ Filter |

canbe usedto automaticallycategoriserecordsas particulartypes*”, or rejectedfrom analysis baseduponwaveforn
measurements. To classify the records in a data fil

1) Click the Filter Records button to open the Fiter Records dialog box.

Fitter Records

— Match crtena — Rezult on match

 All Records —=et recard status —
[ Accepted

(% Variable {0 Rejected

IHE:::::n:I j — et record type —
p

Ch. [Choim 7] e

<= Upper limit

[0 Apply | i
== Lower limit Cancel I
I 1]

2) Define the recordM atch criteria. (a) Click theVariable radio button and select the measurement varialile ise«
as the record matchingcriterion from the variable list. (b) Selectthe input channeffor the variable.(c) Define the
range of acceptable values by entering approprates into theJpper Limit andL ower Limit entry boxes.

3) Define the Action to be takenwhena recordmatcheshe fiter criterion. To setthe recordtype classification tick
the Type box andselect(TEST,LEAK, EVOK, MINI, FAIL, TYP1, TYP2, TYP3) from the list. To set thescorc
status, tick thdrecord status option and choose Accepted or Rejected.

Whenthe Apply buttonis clicked, of all recordsin the datafile which matchthe criterion setby (2) are setto the type
and/or status defined in (3).



Automatic Waveform Measurement > Fitting a Curve to a Graph

Linear, single-, double-exponentiafunctions or Boltzmannfunctionscanbe fitted to an X/Y graphusingnon-linearleas
squares curve fitting.

To fit a curve to the displayed X/Y graph:

1) Select the type of curve(linear, exponential, twpomential or Boltzmann) to be fitted from theirfiy equations list.

Analysis

IEll:qumann j

2) Define the region within the graph to which theweuis to be fitted using the pair of (f-f) vertiGalalysis region
cursors. The selected region is indicated by thmizdmal bar at the bottom of the display.

a O O

]

=
Jd o o0 i
f 0.42006, 33.958—f

Note. For exponential functions, also define tlit@irstarting point of the fitted curve, using tké cursor.

3) Click the Fit Curves buttonto startthe curvefitting process. The initial parameter guesses are displaybe Set
Fitting Parameters dialog box.

Set Fitting Parameters u |
— Parameters
Fixed Fixed

vp [a5.408n r
we [28mv r
wp [57mv r
W[ aoier L r

— Parameter Initialisation ——
¥ AButomatic

™ Manual Initialisel




If you want to keepa parameteffixed (i.e. not changeddy curve fitting process}ick its Fixed box. You canalsc
change the initial parameter guesses, if they appdae unrealistic. Click th®©K button to fit the curve.

The bestfitting curveis superimposean the X/Y graph(in red) and the best fit equation parameters are displiythd
Curve Fitting table,alongwith the parametestandarderror, the residualstandarddeviation(betweenthe fitted and date
points), statistical degrees of freedom in theafigl the number of iterations it took to find tlesbfit.

w— Waveform Measurements {(Recordings) s |I:I|3(J

Analysis A0 Plot | Hiatngram'l Sum’man.-‘l Tahles |

Records 0 -
[1-18 = i
a
Type |ALL 5
] m]
a0 —//_r_l: o
m
New Plot |
Set Axes |
—HAs ————— §
30
|ﬂwerage j “é_
[ah}
Ch. |Ch.1 W vl 5
=
a 20+
_Y-'E'-}{iﬁ =

|Fwerage j
Chlchoim = 10 -

5 I
& D,_E,_,Er’-’ﬁ%/ (] a0

f 042006, 38.958—f

Wm Average mby

~ Analysis

Y0G = Yamp £ {1+ ER0 -G ) + Yo
Yo = 46.01 +i- 0.8065 {sd) pb

|Botzmann | Hyz = -21.39 +- 0,585 (st) v

Filter | vop = -0.404 +& 0.5064 (sd) my

Y = -4 16A +)- 0.4958 {sd) pA

Residual 5.0.=0.8261 pA

Degrees of freedom =8

Mo. of iterations = 5

= Filter recards




Automatic Waveform Measurement > Plotting Waveform Measurement Histograms

The Histogram page can be usedto create frequency histogramsof waveform measurementsiepresentingthe
frequencyof occurrenceof different valueswithin the total setof measurementsdt is compiledby splitting up therange
of possiblevaluesinto setsof adjacentbins, countingthe numberof individual measurementfalling within each binther
plotting the bins as rectangularars,whose height indicatesthe numberof measurementsnd position on the X axis
indicates the range of values in the bin.

w Waveform Measurements (Recordings) ) E IEI|_3£

Analysis | %0y Plot Histogram | summary | Tales |

i Records
| 1-200

Type |ALL 40

30+

a0

New Histogram |

Set Axes | i

— Histogram

|Peakia) | Ly
Channel 1]

T T T 113,38 i '
|ch.oim = 05 07 0.8 1.1 13 15

hle. bins (50 lrm Peak(a) nA
— Range

Lowver Limit — Analysis
|EI.5

Ippier limit

s

[T Percentage
[T Cumulative

To plot a histogram:

1) Select theHistogram page by clicking on its page tab.

2) Select the waveform variable from which the hisogiis to be generated from the variable and chdsinbbxes.
3) Enter the number of histogram bins in the. of bins box (max. 1024).

4) Enter the range of variable values which are tm&laded in the histogram, from the lower limitliower box to the
upper limit in theUpper box.

5) If you want the histogram bar height expressed pesreentage of the total number of records tickRreentage
option.

6) If you want a cumulative histogram tick tReimulative option.
7) Click theNew Histogram button to compile and plot the histogram.
For example,the histogram,below, shows the distribution of peak amplitudesfor a seriesof 200 simulatedendplat:

currents It consistsof 50 equal-sized bins over the range 0.5 to 1.%i:@Aa bin width of 0.2 nA). The height of eduih
represents the number of records containing alsigtiea peak amplitude faling within that bin g



a0 S

40

30+

20

| |
0.7 0.9

Im Peakia) nA

Customising histograms

If you want to alter the X or Y axis range, scalimdabels, click the

Set Axes

button to opeithe Set Axes Range / L abels dialog box.

Set Axes R 5 1

ange ;i Label

— X Axis
{~ Automatic
" Manual

Mir. IEE—
Maz. I'ﬁ_
Tick |-|:|_2—
Scalem

¥ Axis
{+ Automatic
= Manual

fuir.
hbse . 50
Tick 10

il

SCHE ) inear

X

—Labhels

H Autiz ||m Peakia) nA

Yol yis |

oK Bin Style
| | Ermpty .,I Colour
-MI [~ Full borders I:I

Axis limits andtick spacingare inttially setto default values based upon the min.-max. rangkeoflata. You cachang:
the axis limits by enteringnew valuesfor into Min, Max. andTick (spacing)boxesfor the X andY axes. An axisar
be madeLinear or Logarithmic by selectingthe optionfrom its Scale list. Labelsfor the X andY axesanda title for
the plot can be entered into thabels boxes.

The style of rectangleusedto plot the histogrambins canbe changedusing the Bin Style options. SelectNo Fill to
display bins as rectangulamoutlines,Solid Fill to fill the bins in with a solid colour, anddatched Fill for bins filed witha
diagonalines. You candefine the colour used for the solid fill, by clicking tlour box, and selecting a colour frdire
palette.The Full Borders checkbox determinesvhetherthe outline is drawn completely around each bar, dnjisere
bars do not overlap.

Printing the histogram

15



To print the displayed histogram, select
File
Print

To open thePrint dialog box.

Print x|

\pharmsrAsibsh327-Ipl Setup |
~ Typeface — Page Marging ——
[ial Lt [25om

Poirt Size [12 ptg | || ot |2.5 cm
fog I 25cm

il Hhe

— Lihes
Line Thickneszs 2 pts Euﬁumw
0K | Cancel |

Click the Print button to plot the graph.

Copying the histogram data points to the Windows clipboard

The numerical values of the XY data points whieheyate the histogram can be copied to the clijdomaselecting

Edit
Copy Data

The datais placedon the clipboard as a table of data values, in tab texbéd, defining the histogram. There areadue:
per row, and one row for every bin in the histogr&ach row has the format

<Bin Lower Limit> <tab> <Bin Mid-point> <Bin Upper Limit> <tab> <Bin Count> <cr> <If>

Copying an image of the histogram to the Windows clipboard
An image of the histogram plot can be copied toclipboard by selecting

Edit
Copy Image
to open thecopy image dialog box.
B
- Typeface — |mage Size
|ial ] || et
| GO0 pixels
Point Zize
' | 12 pts | Bl Sy
- Lines 500 pixels
Lime Thickness |2 pts I H

The dimensions (pixels) of the bit map, which hdlld the image, can be set using Melth andHeight image size
boxes. The size and style of the typeface can bess® thel ypeface andSize boxes.

When the image parameters have been set, clicRHautton to copy the image to the clipboard.



Automatic Waveform Measurement > Fitting Gaussian Curves to Histograms
Gaussiamprobability density functions, representinghe distribution of discretepopulationsof events,can be fitted to a

histogramusing non-linearleastsquaresurve fitting. The numberof eventsexpectedo be found in eachhistogrambin
for a distribution represented by a mixturarofiaussians is given by

yx)=3 v N Wiz ‘(X‘,Ui)
= \/% 207

where N is the total numberof events(records),w is the histogrambin width and eachgaussiani, is definedby three
parameters, its meanstandard deviationand the fraction of the total number of events;@ntained within it.

To fit a gaussian curve to the displayed histogram:

1) Select the number of gaussian functions (1, 2 ¢o B¢ fitted from the equations list.
Analysis
| Fit Curve |

IGaussian j

2) Define the region within the histogramto which the curve is to be fitted using the pair of vertical analysisregior
cursors. The selected region is indicated by thmizdmgal bar at the bottom of the display.

T [ T
0.9 11 13

Im Peakia) n&

3) Click the Fit Curves buttonto startthe curve fitting process. The initial parametelegses are displayedtite Set
Fitting Parameters dialog box.

Set Fitting Parameters x|

— Parameters

Fived Fixed

Mean [112na | [ 2 =
sd. [00478na [ [ =
Peak [41 I =
| & | =
| = [ =

— Parameter Initialization ——
ﬂ_l {* Automatic
Lanice: " Manual Initialisel

If you want to keepa paramete fixed (i.e. not changecby curvefitting processtick its Fixed box. You canalsc



change the initial parameter guesses, if they appdae unrealistic. Click th©K button to fit the curve.
The bestfitting curveis superimposedn the X/Y graph(in red) and the best fit equation parameters are displayid

Curve Fitting table,alongwith the parametestandarderror, the residualstandarddeviation(betweerthe fitted and date
points), statistical degrees of freedom in theafil the number of iterations it took to find theesstofit.

a0
40 +
30 H
20 H

10

u ' ' ) RE) 1
0.5 0.7 0.9 1.1 13 15

— Analysis

S BRI | v = e 2ae e - (e 02 2% )
: - |Mean=1116+0002946 (sd) nA

Gaussian ] 5.d = 0.03958 + 0002989 (sd) nA

a=189.9%+11.41 (sd)

Residual 5.0.= 3.674

Degrees of freedom =12

Mo, of iterations =8




Automatic Waveform Measurement > Summary Statistics

The Summary pagedisplaysa summaryreport containingthe meanvaluesandstandarderrorsfor the records whicrk

have been analysed.

.~ Waveform Measurements {Recordings)

Analysis | X0 Plot| Histogram Summary | Tables |

~Records —————— Varighle Mean St Dev.
[1-200 Record 1005  57.88
Type W Group 1005 a7.88
Tirme (s} (1005 | 5788 |
—Wariables ———— Average (naA) . 004783 00014149 .
[EEEE || | Areainams) 9.308 0146
|| oo
W Group — : -
= Rise Time {ms) 0.4676  0.2011
v Average Rate of Rize (n&fms) 20.99 1.853
v Area Latency (ms) 10.44 0.040249
Iv Peakia) T.1% (rns) 01321 02994
v il T.90% (ms) ‘9958 1.274
v Rise Time :
[ Rateofiisa Interval (s) 0.995  0.07071
¥ Latency Bazeline {nA) 0002124 002272
W T1% Conductance (mS) | 0 0
v T.80%
¥ Interval
¥ Baseline
¥ Conductance

_ St Error

4.083

| 4.093

4.093

0.0001074
| 0.01032

0.003254

4.479E-005
| 0.01422

01311

| 0.002844

0.02117

' 0.09009

0.0045

| 0.001606

0

Iin.

1

1

1
0.09411
9.041
09912
0.04402
0.2147
17.76
103
004924
5.47

0

(LE=
200
200
200 |
01013 |
9731
1.26
0.04738
1.501
27 .68
1052
2.428
13.16
1

006882 0.07315

0

o

)

200
200

200

200

200

200
200

200

200

200

200

200

200
200
200

=10 x|

To display the summary of results:

1) Select thébummary page by clicking on its page tab.

2) Select the channel to be summarised fromahannel list.

3) Select the variables to be included in the sumrbgycking or un-ticking the appropriate variakéktbox.



Automatic Waveform Measurement > Tables of Measurements

The Tables page is used to display lists of measuremengsbinlar form.

1 Waveform Measurements {Recordings}

Analysis l }{.I"r’F'IDtI Histngraml Summary Tables

- Records ——— | |Recard Tirne Ayerage Area Feakia) “ariahce
[ 1- 200 () Ch.O I (na) Ch.Olm inarms [Ch.OIm (hA) Ch.0 I (n&n2)
Type [aLL 1 0.08576 9,458 1102 | 0.04718
2 2 0.09668 9,288 1.093 0.04617
—\ariahles 3 3 ' 0.09965 0573 | 1.083 | 0.04617
[cnom 7] 4 4 | 0.09581 9,493 | 1. | 0.04584
5 5 | 0.09881 9,492 - 1.09 | 0.04622
IE gf;f;d : B ' 0.09808 0518 1108 ' 0.04656
[ iTime 7 7 0.08723 9,341 1127 0.04602
v Average 8 8 0.08913 89,523 | 117 | 0.0462
¥ Area g g | 0.09812 9,425 | 1.103 | 0.04673
v Peakiz) 10 10 0.08837 g.451 115 0.04626
I et 11 11 0.09638 3317 1.1 0.0451
¥ Rise Time ! . .
7 RateofRise 12 12 | 0.09728 o.346 | 1118 | 0.04583
[ Latency 13 13 | 0.09844 9,458 A | 0.04597
I T1% 14 14 | 0.09787 9.402 1.131 | 0.04523
[ T.90% 15 15 0.09963 9572 1.062 0.04504
] el 18 16 0.09823 9.437 1.003 0.04508
[ Baseline i
I Conductance 17 17 0.08754 9.37 1.196 | 0.045
18 18 0.08754 9,399 1.094 0.04486
AR Variahle. 14 14 - 0.1002 9,624 1.088 004628
Clear Al | 20 20 | 0.09936 0545 1179 | 0.04552
setail_| 21 21 | 0.09586 g.21 1.181 | 0.04577
22 22 | 0.0951 9.136 1.048 | 0.04642
ClearTable | 23 23 0.09657 9.278 1.083 0.04671
SavetoFile ||| 4] I

To display tables of measurements:
1) Select thel ables page by clicking on its tab.
2) Click theClear Table button to erase the existing table.

3) Selectthe variablesto be addedto the table, by selecting a channel, ticking thealses to be added, then clickitng
Add Variables button.

Saving Tables to File

To copythe table to a text file (tab separatedolumns),click the Save to File buttonto open the Save Table dialbgx
and enter a file name.

Printing Tables



To print out a copy of a summary report or tableesfults on the printer, select

File
Print

Copying Tables to the Clipboard

To copy the report or table to the Windows cliplbaelect

Edit
Copy Data



Curve Fitting > Introduction

A mathematical model consists of a general equagipresenting the time course of the signal (or glathe signal)
under study. For instance, the decay of many sidiead). synaptic currents) can be represented kyx@onential
function

f(t) = Aexp(‘—;)

whereA is the amplitudeof the signalandt is the decay time constant. Expressed as above, tlagi@yis quitegenere
applying to any signal, depending on the valueth®fparametera andrt.

In orderto determinewhetherthe equationactually doesprovide a good modelof the signaldecay it is necessary fiad
the parametewalueswhich providesthe bestmatch(or fit) of the theoreticalcurve to an actual signal. This can tene
usingthe processknow asiterative curve fitting. Startingwith initial guessegor the parametersthe theoreticaturve
is comparedwith the experimentadata points,the parametersare adjustedo try to improve the fit, andthe processs
repeated until no more improvement can be obtained.

The quality or goodness of the fit betweentheoreticalcurve and the datais determinedrom the sumof the square
differences(S) betweena setof n datapoints,y(i) (i=1..n), and the theoretical curvii), computed at the sansamplk
time points, i.e.

5= (4()- 1)

The bestfit is found by repeatedlycomputingS, at eachiterationadjustingthe equationparametersisinga strategyto
minimise S. The best fit parametersare the ones which yield a minimum value of S. WinWCP usesa modifiec
Levenberg-Marquardeastsquaresminimisation algorithm (the SSQMIN routine, developedby KennethBrown at the
University of Cincinnatti). (A more detaileddiscussiorof curve fitting algorithms can be found in Chapter @#mpste
1993.)
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Curve Fitting > Fitting Curves Signal Waveforms

Select

Analysis
Curve Fitting

to open the curve fitting window,

v~ Curve Fit {Recordings)
Fit Curves |}<.I"r’-F'I|:|t| Histngram' Summarg.rl Tables'

—Record
| 2004 200
i e
Type lMINI vi
[T Rejected
—Analyse
DoFit | #&bort |
lE}{pnnentiaI j
— Records
Al records
i* This Record
" Rahde
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Channel [choim +] |
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Set Parameters |

—Results
— Data Cursors ———— ity = Aexpi-tt) + 55
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|On Decay 5 Residual 5.0.= 01017 na
Lirnits Degrees of freedom = 2062
| A.0-950% Mo, ofiterations = 4
Get Cursors I

The moduleis spilit 5 functionalsections(pages)— Curve Fitting, X/Y Plot, Histogram,Summary,Table - accessedy
clicking on the page tab.

« The Fit Curve pageis usedto selectthe regionof the signalandequationto be fitted andinitiate the curve fitting
process.

« TheX/Y plot page is used to create graphs of the best fittiequaarameters for the series of records analysed.
« The Histogram pageis usedto createfrequencyhistogramsof of the bestfit equationparametergor the seriesof

records analysed.

- The Summary page presentsa summary(mean,standarddeviation,etc.) of the of the bestfit equationparametel
for the series of records analysed.

+ TheTables page is used to create tables of results.



Fitting Curves to Waveforms

To fit a mathematical function to a selected regiba signal waveform:

1)
2)

3)
4)

5)

6)

7)

8)

9)

Select theCurve Fit page by clicking on its page tab.
Select the equation to be fitted to the record(s).

Select the channel containing the signal waveformhich the curve is to be fitted, from tBdrannel list.

Define the rangeof recordsto be analysedpy selectingAll Records to analyseall records,or This Record to
analyses only the currently displayed recordRange and enter a range of records.

Selectthe type of recordsto be measuredy selectingan option from the Type list. SelectALL to measureecord:
of any type (except rejected records).

SelectM anual or Automatic Data Cursorsmode.In manualmode, the region within the signal to which thevetis
to be fitted is setmanuallyusinga setof 3 cursors on the display. In automatic mode, thearsrare seautomatica
automatically.

If you have selected Automatic Data Cursor mode, selectOn Rise, On Decay or Rise+Decay, to determin
whetherthe cursorsare to be placedon the rising phase decayingphase or completetime courseof the signa
waveform. Then enterthe levels on the waveformwhere the cursorsare to be placedin the Limits box. (Defaut
setting is 10-90%, placing the cursors at 10% #&8d 6f peak amplitude on the selected phase)

If you have selected Manual Data Cursors mode, define thecurve fitting region by using three vertical cursors
two (blue, marked|) define the regionto which the equationis to be fitted, the third (green, marked t0) deswvhere
the zero time points for the equation is.

t=0

(Note thatthe choice of fitting region depends upon the kind of curvénbditted. Sometimes, only part of the sigisal
chosensuchas when an exponentialcurve is to be fitted to the decayphaseof the signal. In the exampleshowr
here,the fitting regioncursorshave beenplacedon the decayphaseof an endplatecurrent.Zero time (t0) hasbeel
defined at the onset of the signal.)

If you wish to changethe initial valuesfor the equationparameterspr fix someparameterso they do not chang:
during the fit, click theSet Parameters button to open th&et Fitting Parameters dialog box.



Set Fitting Parameters N x|

— Parameters

Fixed Fixed

A [osgana T [ B
tan  [122me [ | =
85 [-ooEEzna [ T
[ & T
| & T

— Parameter Initizlisation ——
__OK_| & Automatic

Lanicern ™ Manual Initiﬂlisel

If youwantto keepa parametefixed at a setvalue,enter the value into the appropriate parameteaaxclickthe
Fixed check box.

10) When all curve fitting settings have been madek¢heDo Fit button to initiate the curve fitting sequence.

The iterative curve fitting processnow begins. The SSQMIN routine iteratesthrougha variety of trial parametersets
until no more improvementcan be obtained.The numberof iterationsare displayedasfitting progressesThe bestfit is
usually found within 10-20 iterations. Fitting is abortedif the processhasnot convergedo a suitableanswerwithin 10C
terations, and can also be aborted by clickingthert button.

For eachrecordfitted, the bestfit curve is indicatedby a red curve superimposen the blue signaltrace.A residual
traceis shownbelow indicatingthe differencebetweenthe fitted curve andthe data. The parameter®f the bestfitting
equationare shownin the Resultstable, along with the parameter standard erroregbelual standard deviatigpetwee
the fitted and data points), statistical degreefsegfdom in the fit, and the number of iteratidri®ok to find the best fit.
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Curve Fitting > Curve Fit Equations

The available curve fitting equations are listethi table below.

Straight line y(X) =M [x+C

Exponential y(x) = Ale V{ xj c
X X +

(general) Tau

Decaying Exp.

= X
y(x)=A Gaxp{ — j

2 Exponential ()= ALl F{ -X )+A2@ p( -X )+C
X) = X X
(general) y Taul Tau2
2 Decaying Exps. - -
yng =X y(x):Alﬁxp( Xj+A2Ee‘exp[ Xj
Taul Tau2

3 Exponential

-X
X) = Alleéxp —— |+ A2
vy '{Taul}

exd — |+ A3lexd — = |+C
Tau?2 Tau3

3 Decaying Exps. - - -
yng =e y(x)=A1@ax;{ Xj+A2E¢:xp( Xj+A3Gaxp( Xj
Taul Tau?2 Tau3

EPC -

y(x) = 05CA 1+erf X~ X0 [&X —M
TauR TauD

The endplatecurrentrising phaseis modelledby an error functionand
the decay with an exponential function.

EPC (2 exp) _ X - xO (x-x0 (x - x0)
y(x)—05 1+erf A ex Taul )+A2exp( TauzJ
The endplatecurrentrlsmg phasels modelledby an error functionand
the decay by the sum of two exponential function.

H-H (K)

— — — X i
y(x)-A[él ex;{ TaUM D

The time course of activation of a voltage-activatedcurrent with
Hodgkin-Huxley kinetics




H-H (Na)

y(x) = Atél_eXF{_Ta;(M DP(H inf —(H inf —1)exp{— Ta)le D

The time courseof a currentwith voltage dependentctivationand
inactivation following Hodgkin-Huxley kinetics (e.g. sodium current).
(Note. It is assumedhat, initially, the activationparameterm=0 and
inactivation parameter, h=1.)




Curve Fitting > Classifying Records Using Fitted Parameter Criteria

The Filter Records option (on the X/Y Plot page)

Filter |

{ Filter records

canbe usedto automaticallycategoriserecordsas particulartypes(see8.6), or rejectedfrom analysis, based upaes
fit equation parameters. To classify the records data fie :

1) Click the Filter Records button to open the Fitter Records dialog box.

Fitter Records K3

— Match criteria — Rezult on match

¢ All Records —=et record status —
[ Acrepted

{* Wariable ) Rejected

IHE:::::n:I j — Set record type —
™

Ch. |__||:h.|:| e TP -

<= Upper limit

| 0 Apphy |

== Lower limit Cancel I

I 1]

2) Define the recordM atch criteria. (a) Click theVariable radio button and select the measurement variatile tise«
as the record matchingcriterion from the variable list. (b) Selectthe input channefor the variable.(c) Define the
range of acceptable values by entering approprates into théJpper Limit andL ower Limit entry boxes.

3) Define the Action to be takenwhena recordmatcheshe fiter criterion. To setthe recordtype classification tick
the Type box andselect(TEST,LEAK, EVOK, MINI, FAIL, TYP1,TYP2, TYP3) from the list. To set theecorc
status, tick thdRecord status option and choose Accepted or Rejected.

Whenthe Apply buttonis clicked, of all recordsin the datafie which matchthe criterion setby (2) are setto the type
and/or status defined in (3).



Curve Fitting > Plotting Graphs of Best Fit Equation Parameters

The X/Y Plot pagecan be usedto creategraphsof the bestfit equationsparametersbtainedfrom the curve fit. Any
variable from any channel can be plotted againgtottrer as a Y vs X graph.

v Curye Fit {(Recordings)

Fit Curves  # Plot | Histograrm |.5ummarg.f| Tables_l

Fecords

1-200

Type I.ﬂ.LL

New Plot |
Set Axes |
— W Auis
|Recurd j
' Axis
|tau j

- Filter tecords
Filter

I tau ms

20

15 H

| T |
50 100 160

L]

Record

To plot a graph:

1) Select theX/Y Plot page by clicking on its page tab.

2) Define the variable to be plotted on the X axissbiecting it from theX Axis variable and channel lists.

3) Define the variable to be plotted on the Y axissbiecting it fromY Axis variable and channel lists.

4) Click theNew Plot putton to plot the graph.

Customising the graph

If you want to alter the X or Y axis range, scalindabels, click theet Axes button to opetthe Set Axes Range /

L abels dialog box.



Set Axes Range / Labels |

X Axis Y Axis

' Automatic {* Automatic

" Manual " Manual

hoir. I 0 hdir. I 0

T Ig (L IEDD

Tic:k I 2 Tick I 50

Scale Im vI Scale ILinear TI
_ 1 Labels

A Az IHecnrd

W s IIm Peak[a] nA

o |

] Cancel |

[+ Markers

Trace
|7|7 Lines

-

Axis limits andtick spacingare inttially setto defaultvaluesbaseduponthe rangeof the data.You canchangethe axic
limits by entering new values for inMdin, Max. andTick (spacing) boxes for the X and Y axes.

An axis canbe madeLinear or Logarithmic by selectingthe option from its Scale list. Labelsfor the X andY axescar
be enterednto the L abels boxes.A type face canbe selectedor the plot from the Font list andits size definedin the
Point Size box. The graphcanbe plottedas a line, unconnected markers, or both, by tickingltiees, and/orM arkers

tick boxes.

Printing the graph

To print the displayed graph, select

File
Print

To open thePrint dialog box.

N

— Typeface

|Aria|

[

Point Size I 12 pts

— Lines

Lire Thickness Iz nts

— Page
Lett

Rigght
Top
Bottom

Marging —

10.0cm

o| of o
S = =

[ ok | _Cancel |

You cansetthe size of the graphon the pageadjustingthe L eft, Right, Top andBottom pagemarginsettings.Click

the OK button to plot the graph.

Copying the graph data points to the Windows clipboard

The numerical values of the X,Y data points whieheyate the graph can be copied to the clipboastlegting

Edit
Copy Data

The datais placedon the clipboardas a table of X,Y data pairs in tabtext format, allowing the datato be copiedinto
programssuchasspreadsheeiandgraphplotting packagesusingan Edit/Pastecommanc




Copying an image of the graph to the Windows clipboard

An image of the graph on display can be copietig¢cctipboard by selecting
Edit

Copy Image

to open the Copy Image dialog box.

Copy Image E3 |

— Typeface ————— [~ Image Size
|Aria| Wicith

o I GO0 pixels
Point Size |12 pts Height

~Lines — | 500 pivels
Ling Thickness | 2 nts |

OK LW (T

The dimensionsof the bit map,which will hold the image,canbe setusingthe width and heightimage size boxes.The
more pixels usedin the bit mapthe betterthe quality of the image.Whenthe image parameterdiave beenset,click the

OK button to copy the image to the clipboard.



Curve Fitting > Plotting Histograms of Best Fit Equation Parameters

The Histogram page can be usedto create frequency histogramsof waveform measurementsiepresentingthe
frequencyof occurrenceof different valueswithin the total setof measurementsdt is compiledby splitting up therange
of possiblevaluesinto setsof adjacentbins, countingthe numberof individual measurementfalling within each binther
plotting the bins as rectangularars,whose height indicatesthe numberof measurementsnd position on the X axis
indicates the range of values in the bin.

w Curye Fit {(Recordings)

Fit Curves | %y Plot Histagram | gurnmary | Tabsles |

—Records —————— M0 -
[1-200
Type lALL
15 1
R [ T
Set Axes |
— Histograrm 10 H

|tau j
Mo, ofhins |5|:| 5

Range

Lot |g o
Upper [12 v ' ' 0534 1 '

Eetcarinn 3 95 10.2 10.8 1.4

I~ Curmulative

[ tau ms

To plot a histogram:

1) Select thedistogram page by clicking on its page tab.

2) Select the waveform variable from which the hisaogis to be generated from the variable and chdisinbbxes.
3) Enter the number of histogram bins in the. of bins box (max. 1024).

4) Enter the range of variable values which are tm&laded in the histogram, from the lower limitliower box to the
upper limit in theUpper box.

5) If you want the histogram bar height expressed pesreentage of the total number of records tickRreentage
option.

6) If you want a cumulative histogram tick tReimulative option.
7) Click theNew Histogram button to compile and plot the histogram.
For example the histogram,below, showsthe distribution of fitted decaytime constantsfor a seriesof 200 simulate:

endplatecurrents It consistsof 50 equal-sizedins over the range9 to 12 ms (i.e. a bin width of 0.6 ms). The heighuf
each bin represents the number of records corgangignal with a peak amplitude faling within tthén range.
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Customising histograms

If you want to alter the X or Y axis range, scalimdabels, click the
Set Axes

button to opeithe Set Axes Range / L abels dialog box.

Set Axes Range / Labels i1 x|
-~ X Axis —— Y Axis
" Automatic ' Automatic
{~ Manual {~ Manual

M. IEE— Miﬂ.- ||:|
W, |1_5 e |5EI
Tick |-|:|_2— Tick |1|:|
Scale ma Scale |Linear *I

— Labels
H Autiz ||m Peakia) nA
WA |

oK Bin Style
| | Ermpty ,I Colour
-MI [~ Full borders I:I

Axis limits andtick spacingare inttially setto default values based upon the min.-max. rangkeoflata. You cachang
the axis imits by enteringnew valuesfor into Min, Max. andTick (spacing)boxesfor the X andY axes. An axisar
be madeLinear or Logarithmic by selectingthe optionfrom its Scale list. Labelsfor the X andY axesanda title for
the plot can be entered into thabels boxes.

The style of rectangleusedto plot the histogrambins can be changedusing the Bin Style options. SelectNo Fill to
display bins as rectangulamutlines,Solid Fill to fil the bins in with a solid colour, andHatched Fill for bins filed witha
diagonalines. You candefine the colour used for the solid fil, by clicking tkélour box, and selecting a colour fraive
palette.The Full Borders checkbox determinesvhetherthe outline is drawn completely around each bar, dnjusere
bars do not overlap.



Printing the histogram
To print the displayed histogram, select

File
Print

To open thePrint dialog box.

Frint x|

\pharmsrAsibsh327-1pi Setup |
~ Typeface — Page Marging ——
|aial =] ||t [25om

Point Size [13 ptg | || o0t |2.5 cm
~ Lines il I 2.5¢m
Line Thickness | 7 pts Bt W

0K I Cancel|

Click the Print putton to plot the graph.

Copying the histogram data points to the Windows clipboard
The numerical values of the X,Y data points whieheyate the histogram can be copied to the clijdmaselecting

Edit
Copy Data

The datais placedon the clipboard as a table of data values, in tab texb&b, defining the histogram. There areadue:
per row, and one row for every bin in the histogr&ach row has the format

<Bin Lower Limit> <tab> <Bin Mid-point> <Bin Upper Limit> <tab> <Bin Count> <cr> <If>

Copying an image of the histogram to the Windows clipboard
An image of the histogram plot can be copied tocipboard by selecting

Edit
Copy Image

to open thecopy image dialog box.



]

- Typeface — Image Size

|ial e e
T | GO0 pixels

Point Size I 12 pts Height
~ Lines 500 pixels

Lime Thickness |2 pts I H
OK Lancer:

The dimensions (pixels) of the bit map, which tdld the image, can be set using Wilth andHeight image size
boxes. The size and style of the typeface can besswg thel ypeface andSize boxes.

When the image parameters have been set, clicRKHautton to copy the image to the clipboard.



Curve Fitting > Summary Statistics

The Summary pagedisplaysa summaryreportcontainingthe meanvaluesandstandarderrorsof the fitted parametel
for the records, which have been analysed.

i Curve Fit (Recordings) ] = |I:I|£|
Fit Gurves | ¥ Plot| Histogram Summary | Taples |

-Records ——| |variable | Mean | stoev |stemor |mine  |Max ||

[1- 200 Record  £1005  157.88 4093 1 200 200
Type [T || (oL 1005 57.88 4083 1 200 200
A Time(s) | 1005 57.88 | 4.093 1 200 200

. A () 08717 001672 | 0001182 09283 | 1.022 | 200

— Mariahles : : : :

% Record tauims) |10 02723 | 0.01926 9386  10.87 | 200

¥ Graup Ss (&) |-0.0003001 0.004494 0.0003178 -0.01287 0.01352 200

v Titme ResS0 (&) 0.1 0.001532 0.00010%4 0.0951 01036 200

v A DegF (| 2008 0 0 2006 | 2006 200

v tau

v 5=

v RessD

v DedF

To display the summary of results:

1) Select theBummary page by clicking on its page tab.
2) Select the variables to be included in the sumrbgitycking or un-ticking the appropriate variabiktbox.



Curve Fitting > Tables of Fitted Parameters

The Tables page is used to display lists of fitted parameitetabular form.

+~ Curye Fit {(Recordings) I o ]
Fit Curves | XI'YPIDt| Histograml Surnmmary  Tables |
~Records ———— | |Racord Group Tirne & ﬂ
[1-z00 {5} {nAy
1 1 0.9975
Type |A|_|_
e 2 ) y 0.9604
— Waraples
 Recard 3 3 3 09646
[ chaip 4 4 4 09651
¥ Time 5 5 5 0.87
WV A fi B f 0.9644
g tau 7 7 7 0.8798
v 55
! ] g g 0.9873
v RessD
7 DegF a 9 9 0.9765
10 11 11 0.9402
1 1 1 0.9618
12 12 12 0.9583
VAT ] 13 13 13 0.a74
14 14 14 0.9485
Clear All |
15 15 15 0.9511
_setau | 16 16 16 0.9569
-~ Bad fits 17 |7 | a7 0.9359
I Include 18 18 18 0.6652
Bad data flag : | -
19 19 19 1.01
oo " '

To display tables of measurements:

1) Select thel ables page by clicking on its tab.

2) Click theClear Table button to erase the existing table.

3) If results for failed curve fits are to be includadhe table, tick thénclude Bad Fits option.

4) Selectthe variablesto be addedto the table, by selecting a channel, ticking thealaes to be added, then clickimg
Add Variables button.

Saving Tables to File

To copythe table to a text file (tab separatedolumns),click the Save to File buttonto open the Save Table dialbgx
and enter a file name.

Printing Tables

To print out a copy of a summary report or tableesfults on the printer, select

File
Print

Copying Tables to the Clipboard

To copy the report or table to the Windows cliplohaelect

Edit
Copy Data



Curve Fitting > Assessing Curve Fit Quality

Iterative curvefitting is a numerical approximation technique, which is nithout its limitations. In some circumstancis,
canfail to convergeto a meaningfulanswer,in othersthe bestfit parametersnay be poorly defined.lIt is importantto
make an assessment of how well the function fiscilirve before placing too much reliance on thapaters.

Doesthe chosen function provide a good fit to the data?

One assessmerf the goodnessof fit is to compare the variance of the residual diffeesnbetween the bestfiitnctior
and the data with the backgroundvariance of the signal. If the function providesa poor fit to the data,the residue
variancewil be significantly greaterthanthe varianceof the randombackgrounchoise on the signal. The distribution of
the varianceas displayedin the residualsplot is alsoimportant. Deviationsshouldbe randomlydistributedover the fitted
region of the record.If the fitted line is consistentlyhigher thanthe data points in some partsandlower in othersthis
indicates that the signal is not well representethé chosen equation.

Are the parameters wel | -defi ned?

The aim of most curve fitting exercisesis to obtain a well-definedset of function parameterge.g. exponentiatime
constantswhich characteriseéhe part of the signalbeingfitted. The standard errors of the best fit paramgeprovidear
indication of this. A large standarderror indicatesthat a parameteris poorly definedby the dataand can be variec
significantly with little effecton the goodnesf fit. Sucha situationtypically arises when there is insufficignitormatior
containedn the signalwaveformto adequatehdefine the function. For instance jn the case of exponential functiotis
waveformdata mustbe of sufficient durationto containat leastone time constantof the exponentiafunction beforear
accurateestimatecan be obtained.Similarly, it provesdifficult to accuratelyestimatethe time constantsof multiple
exponential functions when they differ by less thafactor of 5.

It is worth noting that the parameter'standarderrors"discussedbove are computedfrom the Hessianmatrix by the
curve fitting program,andare not true estimatef experimental standard error since they takecooant of inter celbr
othervariabilty. In addition,they only provide a lower boundto the estimateof the standarcerror in parameter valuet
can be shown(by simulation)that, if the randomnoise on the experimentakignalsis correlatedthenthe variability of
fitted parametergnay be substantiallygreaterthan suggestedy the computedparameterstandarderror. The errorin
parameterestimationcan be a complex function of the parametervaluesand the signal-noiseratio of the data. It is
thereforewise to testthe curve fitting procedureusing simulatedwaveformswith known parameterset spanningthe
range of values likely to be observed in the expental data.

Are all the parameters meaningful ?

It is alsonecessaryo discriminatebetweenfunctions,which fit the data equally well. For instancethe questionofter
arisesas to whetherone, two, or more, exponentialfunctionsare neededo fit a signalwaveform.lt is usually obvious
from the residualplot whena single exponentialoesNOT provide a goodfit. However,whena single exponentialoe:
fit, two or more exponentialswill alsoprovide a goodfit. In suchcircumstanceit is usual to choose the function wittre
leastnumberof parameterson the principle of parsimony.An excessof function parameterslsoresultsin the someof
the parameters being il-defined with standardrsralues often larger than the parameter vallersgbives.

A more detailed discussion of the above issueseanund in Dempster (1992) and (2001).



Signal Averaging > Introduction

Many electrophysiologicasignalshave poor signal-noiseratios, makingit difficult to obtainaccuratemeasurement§om
individual records.However,if a signalcanbe madeto occurrepeatedlydigital signalaveragingechniques carecove
the signal waveform from the background noise.

The signalaverageof a seriesof recordsis generated by computing the average of eachsuoneling sample withitine
records.For a setof N records consistingof samplesyi, (i=1,n) the averagerecordconsistsof n samples, and giver

by.
Avg =2y

The locationof signalswithin the recordsometimesvariesfrom recordto record,due to imperfections in the detectioh
spontaneousignals or fluctuationsin stimulus latency. In such circumstancesaveragingcorrespondingsamplepoints
within the recordwould resultin a distortedsignalaverage.This problemcanbe avoidedby aligning the signalsby the
mid-points of their rising phases before averaging.



Signal Averaging > Creating Signal Averages

Select

Analysis
Signal Averaging

to open thesignal averaging window.

r

u Signal Averager = || =] £
Record i
11111
KN »l

|
Type MINI -
[~ Rejected
Average
Do Averages | -
7 nA =2
range|1-11 L I
———— | 1. 1 ]
Record Grouping n
In groups of | 44
{(» Sequential
= Interleaved 0.5
Type  |ALL - a a

. n] 10 20 30 40 50 &0 FO 80 90ms
Alignment mode
|Nna|ignment j = =] =]

| Fix Zero Levels |

To create a series of signal averages:

1) Specify the rangeof recordsto be averagedy enteringthe first andlast records separatedby a “-“, in the Range
box.

2) Selectthe Sequential option to averagesequentiabroupsof records(ii+1,i+2...i+n-1) or Interleaved to averag
setsof recordsinterleavedogether(i,+n,i+2n,..). Enter the number of records (naisequential or interleavimgour
in thein groups of box.

3) You canrestrictaveragingto a specific type of recordby selectinga type from the Type list. SelectALL to use
records of any type (except rejected records).

4) Set the alignmentmode. SelectNo alignment if the position of the signals do not vary within the recordsanc
alignmentis not necessarylf algnmentis necessaryselecton positive rise for positive-goingsignals and on
negative rise for negative signals.

5) Setthe alignmentsearchregion cursors.If recordscontainstimulus artefactsjt may be necessaryo restrict the
regionof the recordwhich is searchedor the signalmid-point,in orderto avoid the averages being aligned usihg
artefactsratherthan the true signals. The alignmentsearchregionis setby moving the two vertical cursorson the
display to define the beginning and end of thearegbntaining the signal.

6) To create the averages, click

Do Averages



The averagingprocessnow proceeds An additionaldigitised datafile is createdcontainingthe averagerecord(s)with
the samenameas the original data file, but with a ".AVG" file extensiaather than "WCP". On completionaferaging
the record display module is opened to show theaaeerecords.

You can switch the display back and forth betwénenaverages file and the raw data file by selecting
View
Averaged Records

To view the averages, and

View
Raw Records

To view the original digitised signal records.



Digital Leak Current Subtraction > Introduction

lonic currents recorded using the voltage clampriiece are usually composed of a variety of compsnenediated by
different ionic channels (e.g. Na, K, Ca, Cl ettn)order to study a particular current in detaiy usually necessary to
eliminate all the other currents from the signailisTis often done using pharmacological agentd) ascTTX to block Na
currents, TEA to block K currents, etc. Howevegmrwhen such blocking agents are used, there sfitelemains
some residual current in addition to the one ustieay. This current, is known as @@k current. It usualy displays
linear time-independent properties. In some cir¢canees, the leak current is very small and cagitiered. However, in
others it can be as large as the currents unddy, stamplicating the analysis of the signal wave®wunless it is
removed.

Although the leak currentcannotbe removed pharmacological, its linear propertesni a digital subtraction approatth
be used. The current signal can be consideredist@f 3 components

L () =1+ 1)+ 1,

whereli(t) is the time-dependent/oltage-activatedpnic currentunder studyllk is the leak current, and(t) is transier
capacitycurrentdue to the charginganddischargingof the membranecapacity.lc(t) andllk are alwayspresentn the
signal,andscalelinearly with the size of the voltage step. Howeveii(t) only occurs for voltage steps to potentiatsicl
activatethe voltage sensitiveion channelsThe Na current,for instancejs only evokedby depolarisingvoltage stepsto
potentialsmore positive than-60mV. It is possibleto obtaina record,containingonly leak and capacity currents, sing
a hyperpolarising voltage step (or a small deEfayistep)

() = 1. (1) + 1,

Scalingthis recordto accountfor the differencesin the size and/or polarity of the voltage step, anaracting it fronthe
test record, effectively removes the leak and ciapaarrents.

L) =1,()- Is(t)é

Since the scaling up of small subtractionrecordsalso scalesup the backgroundnoise,it is usualto averagesevere
subtractionrecordsbefore, scaling and subtracting.It is also possibleto averagethe testrecords.WinWCP usesthe
following general algorithm

JORE D WEOERE D WROG

whereM is the number of test records averagedMiite number of subtraction records.




Digital Leak Current Subtraction > Stimulus Protocols for Leak Subtraction

One of the most commonlyusedleak subtractionprotocolsis the PN protocol, developedby Bezanilla& Armstrong
(1977). For eachdepolarisingestpulse thereare N additionalsubtractionpulses evokedby hyperpolarisng pulsesNith
the amplitude of the test pulse.

WIinWCP's stimulus generatorcan be configuredto produce the necessarysequenceof test and leak subtractio
recordingsweepsby selectingthe PN M ode leak subtractionoption in a stimulus protocol(SeeRecordingSettings.
This causeghe stimulusgeneratoito produceadditionalscaleddown andinvertedstimulus pulse waveforms foevoking
the linear leak currentswithout the voltage-activateaurrents.The leak currentrecordingsare averagedndstoredin a
recordmarkedasa LEAK type. The testrecordis markedas TEST type record. The TEST record,with its associate
LEAK record, are collected together in a group fiey have the same group number).




Digital Leak Current Subtraction > Subtracting Leak Currents

To subtract the leak currents from a data filee el

Analysis
Leak Current Subtraction

to open the leak current subtraction window

* Leak current subtraction E O] x|
— Record .
(6732 o
.
CE ) eS| E
T EI vI B =]
YRE |TEST !
Group (I -
1] I el
[ Rejected WHold WT est
T Average —————— 1500
Do Subtraction | L
L I R | E S R S
Abort | Y ‘8
i f B
Yoltage channel i o
Ch.1Wm - -200L
I J WHuold W T est
Current channel
ICh.l:l IFri j ooome: EEEE 17.50 ms
Leak records Scaling ———— 1 Subtract
Range | 1-32 {* Frorm group f* From vaoltage i |{cap) + |{eak)
i~ Frorm whole file i Fi}{edln—  [{leak)
[T Save Leak tecords

To digitally subtract the leak current in the ressdr

1)
2)
3)

4)

5)

6)

Select the channel containing the cell membranengiat from theVoltage channel list.
Select the channel containing the cell membraneentufrom theCurrent channel list.

Selectthe sourceof the Leak records. If records are grouped into LEAK/TEST record pairs, selectFrom
Group (This option should be usedfor P/N protocols).If the LEAK records are not grouped with the TEST
records, selectFrom whole file. (Whole file modeis usedwhenone or more recordsat the beginningor endof a
data file are to be used as LEAK records. Notettiege records wil have to be manually classéisd EAK).

Setthe currentScaling mode.SelectFrom Voltage to use the ratio between the TEST and LEAK voltagsesas
the currentscalingfactor (default). SelectFixed if you wish to use the fixed scaling factor, entered énlibxbelow
(Fixed mode is required when the record does naagoa voltage channel.)

To subtractboth capacitycurrentand ionic leak currentselectthe I (cap) + I(leak) option. To subtractionic leak
currentonly, selectl (leak). (The I(leak) option producessubtractedecordswith lower backgrounchoise,but doe:
not remove capacity current transients.)

If you have selected the From Voltage scaling node, use the Vret and Vhoa display cursorsto define the
measuremerpoints on the voltagetrace usedto computethe voltage scaling. Miq is placed over the holdingltage
leveland Vrest is placedover the mid-point of the testvoltage.(An average of 20 samples around eaasureme
point is used to compute the voltage levels.).
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7) Select
Do subtraction

To initiate the leak subtraction process.

For eachgroupof recordsthe LEAK and TEST recordsare averagedscaledandsubtractedising (Seelntroduction)
Eachgroupis condensediown to one leak-subtracted record that is stored in a .SUWBWith the same name as et
fle. Theserecordscanthenbe displayedand analysedusing the View RecordsWaveformanalysis and Curve fitting
modules, by selecting

View
Leak subtracted



Non-stationary Noise Analysis > Introduction

The non-stationary noise module analyses the raffidotoations in the decay of ion channel curreptsyiding an
estimate of single-channel current and total nurobehannels in the fluctuating population. Foredl containing a
population ofn ion channels, each capable of passing a currtémd mean whole cell curref(t) is,

(1) =1 o) 1

where p(t) is the probability of a channelbeing openat time t. The variance 2(t), of the currentfluctuations,at time t,
about this mean is,

o?(t)=i* thp(t) L~ p(t)) 2

These two equations can be combined to providdatioreship betweef(t) andl,(t),

n 3

The single-channeturrent,i, and numberof channelsn, canthus be calculatedby fitting the above parabolic functiom
a plot of?(t) vs1.(t) during a current transient whepé) is changing.

I(t) canbe computedasthe averagecurrentof a series of transient current records, repeMdiines all evoked bthe
same stimulus,

The variancé(t), at each sample poirt,can simiarly be computed from

3y, (-1, 0)F

o*()= 2

M_l 5

The methodwas developedby Sigworth (1981) for voltage-activatedNa currents.It hasalso beenusedto study the

fluctuations during the rapidly desensitisingcurrentsinducedby high concentrationsof acetylcholine(Dilger & Brett

1990). With modification it can also beenappliedto synaptic currents. The basic non-stationaryariance approac

assumedhat the only sourceof variancearises from the fluctuations of the ion channedg tarry the currenHowever

synapticcurrentamplitudecanfluctuate due to bothion channels and quantal size/content variatioayielis et a{1993

found a way round this problemby scalingthe amplitude of the averagecurrentto the peakamplitude of eachsigna

beforethe subtractionn Egn. 5, thus compensatindor the quantalvariation. This approach does have limitations iaisd
worth reading De Koninck & Mody (1994) if considagiusing the scaling approach.



Non-stationary Noise Analysis > Analysing Synaptic Current Fluctuations

The WIinWCP non-stationary noise analysis modulebeansed to compute the time course of residuadraur
fluctuations between individual current records tinedaverage current time course, and plot thanaeiof these
fluctuations vs mean current at each sample tinme garing the decay of the current. The averagabeu of ion
channels contributing to the ionic current andsihgle-channel current can then be estimatedtiog i parabolic
function to the variance vs. mean plot.

Select

Analysis

Non-stationary noise analysis

to open the non-stationary variance analysis window

nary Yariance Analysis = II:II_JSJ
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The upper trace in the signal display panel shosedexted individual signal record (blue) with #verage of all the
records in the file superimposed in red. The loware shows the residual difference (Res) betweesignal record
and the average.

To generate a variance vs mean plot and estinmate-shannel current and channel number from assefisynaptic
current records:

1)

2)

3)

If there is more than one signal channel, select the channel containing the current signaétanalysed from the
Channel list.

Optional. To use a specific recordtype only, changethe Type list from ALL to the selectedype (TEST,LEAK,
EVOK, MINI, FAIL, TYP1, TYP2, TYP3).

Selectthe All Records optionto useall recordsof the selectectype. To usea sub-rangeof the recordswithin the



4)

5)

6)

7)

file, SelectRange and enter the range of records in the box.

If synaptic currents are being analysed, selectthe Scale to Peak optionto scalethe averagecurrentto thepeal

amplitude of eachcurrentrecordbefore the subtractionto producethe residualvariance.SelectNo Scaling if the
unscaled average is to be subtracted..

Optional. If the startingtime of eachsignalvariessignificantly from recordto record,it canbe re-alignedwith the
averagecurrent before subtractionto producethe residual. Set the Alignment mode to On Positive Rise for
positive-going signal an@n Negative Rise for negative signals.

Selectthe region of the signalwaveform (the decayphasein the caseof synapticcurrents)to be includedin the
variance vs. mean plot using the pair of (a-a)yasgaftegion cursors.

a 17017 pty a

a t=31.293, 013733 a

Click the X/Y Plot tab to switch to the X/Y Plot page.

SelectM ean from the X Axis variable list and Variance from the Y Axis list, then click the New Plot buttontc
generate the variance vs mean plot, s



1~ Mon-stationary ¥ariance Analysis = IEII_;Q
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8) To fit a parabola to the curve:

a) SelecParabola from the curve fitting list to fit the equatigix) = Vb + lu*x + x*/Nc
(wherelu is the single-channel curreMg is the number of ion channels avial is the background variance).

b) Define the region of the variance vs mean pldig fitted to, using the analysis region cursbf. (

f ' 46,828, 20 621— ' I
0 E 40 A an

c) Click theFit Curve button, set (otional) the initial parameter guesses and click@€ button to fit the curve.
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The bestfitting parabolais superimposedin red) on the variancevs. meanplot. The estimatedsingle-channeturren

(lu) andnumberof channelg(Nc) are displayedin the curve fitting resultsbox, along with an estimate of theckgroun
variance Yb).
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Residual 3.0.=1.516 pA2
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Mo, of iterations = 5




Quantal Analysis of Transmitter Release > Introduction

The quantal analysis module can be used to estiimatguantal content of neuromuscular nerve-evekeiplate
currents or potentials, and other forms of synagitinal, using the either the direct method, vagamethod, and method
of failures. In circumstances where both evokedspmhtaneous miniature events are available, titesmelease
parameters), (number of available quanta) amdorobability of release, is calculated using birdnalysis.

Quantal content (direct method)

If the data file contains both evoked and miniatigaals, the direct method of calculating quactatent can be used.
QC —_ AVg( Peakevoked)
direct
" Avg(Peak, ) 1

This is the most accurate method for calculatirentpl content.

Quantal content (variance method)

It is not alwayspossibleto recordthe miniature synapticsignals,which represensingle quanta. In such circumstandes,
may still be possible to calculate quantal conteamh the variability of the evoked signal

— AVg ( I:)eakevo ked ) ’
QC =
Var (Peak,,,.,) - Var (Background)

2

This methodis dependentiponthe assumptiorthatthe number of quanta released follows a Poissdaribdion. Thiswill
only be the casewhenthe probability of releases very low (i.e. p < 0.1). Since large errors can resul if this condii®on
not satisfied, results using the variance methodlidibe treated with caution.

Quantal Content (failures method)

If the quantalreleaseprobability is very low, a nerve stimulus may occasionallyreleaseno quantaat al, resultingin
intermittent failures to evoked post-synapticsignals. Again using the assumptionof a Poissondistribution controlling
release, the quantal content can be calculated from

ch - |09€( Nstimuli )

failures 3

Binomial analysis

The transmitterreleaseprocesscan often be modelledas a pool of n quantaavailablefor releasewith eachquantun
having a probabilty, p, of being releasedwhen the nerve is stimulated.If both evokedand spontaneousignalsare
available,it is possibleto calculate estimatesfor n and p, on the assumptiorthat the numberof quantareleasedoel
stimulus follows a binomial distribution.

n= AVg{ Peakevoked}z
AVg{ Peakevoked} mvg{ I:)ea‘kmini} _Var{ Peakevoked}

p — AVg( Peakevoked)
n mVg( IDea'krnini ) 5

Correction for non-linear summation of potentials

Unlike currentsrecordedundervoltage-clampconditions,synapticpotentialsdo not summateinearly. Thereforethe size
of the synapticpotentialis not directly proportionato the numberof quantareleasedHowever,givencertainassumption



it is possible to correct for the effects of noedr summation using the egn.

Peak,
Peak = voked
= 1_ f |:Il:)eakevoked [va _Vr) 6

where Peakevoked is the measureeakamplitudeof the evokedsynapticpotential,Vm is the cell restingpotential,Vr is
the reversalpotentialfor the post-synaptidon channelsandf is a correctionfactor for the effectsof the celmembran
time constanton synaptic potentialamplitude.(A discussioron non-linearsummationandits correctioncanbe foundin
McLachlan & Martin, 1981).



Quantal Analysis of Transmitter Release > Analysing Quantal Content of Synaptic Currents

The following procedurecanbe usedto calculatethe quantalcontentof a series of synaptic currents or potentiadicl
have been recorded and stored in a digitised data f

a) Using the recorddisplay module,inspecteachrecordin the datafile andclassifyit as beingeithera nerve-evoke
signal, EVOK, a spontaneousniniature event,M INI, or (in experimentsvherethe probability of transmitterreleaseis
low) a nerve stimulus which has failed to releaseany quanta,FAIL. (You shouldalso mark any recordscontainin
artefacts as REJECTED.).

b) Use the waveformmeasurementsodule to calculatethe waveformparameterdor ALL of the records,with the
intention of measuring the signal peak amplitudekércare to exclude the nerve stimulus artefact).

c) Select
Analysis
Quantal Content

to open the quantal analysis window.
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f+ Binomial
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" Userenterad
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IEInA

Standard Dew,

| 0 nA — Mode

* Currents
{~ Potentials

Festing Feversal Correction
potential potential Factor
-90.0 my 0.0 m 1

To calculate the quantal content of the synapticects:

1) Selectthe type of quantalanalysis.ChoosePoisson if there are no MINI recordsavailable and the transmitte
release probabiity is expected to be low. Othezwisooseé3inomial.

2) Enterthe rangeof recordsto be usedin the analysis.SelectAll records if youwantto use all records in the filey
selectRange and enter a range of records.

3) If there are severachannekin the signalrecord,selectthe channe which containsthe signalsto be analysedfrom



4)

5)

6)

7)

the Ch. list.

Evoked events. Selectthe EVOK record classificationtype, usedto indicate stimulus-evokedsignals,from the
Type list.

Quantum events.If the file contains miniature events, selectthe Events in file option and seled¥! INI from the
Type list.

If there are no miniature events in the file, but you know what the quantal signal amplitudeédectUser entered
and enterthe averagepeakamplitudeof the spontaneousiniature signalinto the Amplitude box, andthe standar
deviation of peak amplitude in ti¥andard Dev. box

Analysis mode,

If the signals being analysed are currents, recoudeler voltage-clamp condtions, select@wrents option.

If the signalsare potentials selectthe Potentials option,andenterthe cell resting potential and the reverpatentia
of the synapticconductancento the Resting potential andReversal potential boxes.This datais used to applg
correctionfor the non-linearsummatioreffect. The Correction factor shouldbe left at the defaultvalue (1) unles:

the appropriate factor for the synapse under ssukiyown.

Click theDo Analysis button, to begin the quantal analysis.

The analysisprocedurescansthroughthe datafile, calculateshe meanandvarianceof the peakamplitudeof the signa
records,usestheseto obtainestimatedor the quantalcontent,anddisplaysthe resultsin the reportwindow. A copy of

the quantal analysis report is also written toldgefile.

(Note that you can test the operationof the quantalcontent analysis module using simulatedendplatecurrentsor
potentials, generated by the synaptic signal sianlanodule.)



Synaptic Current Driving Function Analysis > Computing a Driving Function

The synaptic current driving function is a measafréhe rate of evoked release of transmitter atnasse. If the time
course of decay the post-synaptic current is knthendriving function can be computed using a dealation process.
More details of the method can be found in Demp&t@84). WinWCP'’s driving function module can beddo
compute the driving function from synaptic curreetords, such as endplate currents.

To carry out a driving function analysis:

a) Record a series of stimulus-evoked synapticeotsr

b) Use thesignal averaging module to create an average synaptic current finenset of raw records.

c¢) Usethe curve fitting module to fit an exponential function to the dephgse of the averaged synaptic currenthEit
function from around95% - 5% of the decayphase, excluding the 5% around the peak wheradheritter is stibeing
release.

d) Select

Analysis
Driving Function

to open the driving function window
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1) If there are several channels in the record, séecthannel containing the signal to be transfdrfrem theCh. list.

2) Setthe rangeof recordsto be transformedSelectAll Records for all the recordsin the file, This Record for the
currently displayed record only, or seléange and enter a range of records into the box.

3) Enterthe cell holding potential (in mV) that the currentswere recordecat, in the Holding Potential box, andthe



4)

5)

6)

reversalpotentialof the post-synapticcurrent,in the Reversal Potential box. (The driving functionis expressedh
units of conductance/unitime. The holding and reversal potentials are required to convert from current to
conductance).

The time constantcomputedby the curve fitting module in step(3) is usedto deconvolvethe currentsignal. If you
wish to usethe sametime constantfor all records (rather than using the individuallle computed from eachcord)
select theK eep parameters fixed option.

The basic deconvolutionprocesscomputesa driving function, which representghe rate of changeof postsynaptic
conductanceinduced by the releaseof transmitter.It is also possibleto reconvolvethis driving function with a
different post-synapticcurrent decayfunction to generatethe waveform of the synapticcurrentthat would have
existedunderthesenew conditions. If you wish to createa simulatedcurrent,selectthe Reconvolute waveform
option and enter the new time constant inRieeonvolution column.

Click theDo Transforms button to begin the deconvolution process.

Driving functionsare createdandstoredin a driving function datafile (.DFN extension)andcanbe viewedby selectin
Driving Functions from theView menu to display them in the record display module.

The driving function (b) computed from a simulate@iplate current (a) is shown below.

(@)

(b)

20nA

1.0 ms



I
2.0 uSfms

|_|

1.0 ms



Signal Record Editor > Editing Digitised Signal Records

The recordediting windows canbe usedto make modificationsto the digitised signalrecordsstoredon file. The positior
of signalscanbe shiftedvertically or horizontally within the records, imed or scaled in amplitude. Regions of theorc
containing stimulus or other artefacts can alsbléeked out.

Select
Analysis
Signal Editor
to open the Edit Record window.
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— r :
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Selecting records for editing

Recordscanbe displayedusingthe Record selectionslider bar. Selectthe signal channel to be edited from €annel
list. Selectthe This Record option to apply editing operationsto the currently displayedrecordonly, All Records to
change all records in the data file, or sekRange and enter a specific range of records.

Shifting the signal horizontally

To shift the signalleftwards or rightwards,enterthe distanceto shifted (in time units) in the X Shift box andclick the
L eft arrow or Right arrow button to shift the signal.

Shifting the signal vertically
Enter the distanceto shifted (in the units of the selectedsignalchannel)in the Y Shift box andclick the Up arrow or

Down arrow button to shift the signal.

Scaling the signal.



Enter the scaling factor in thé Scale box and click theécale By button. Note. Scaling by -1 inverts the signal).

Stimulus artefact removal

Selectthe regionof the signalrecordcontainingthe artefactusingthe region selection cursors. The limits of the reg@mn
be modified are indicatedby a horizontal bar along the bottom of the displayter the signal level to be substitute dtfar
artefact in theBlank Value box, then click thdRemove Art. button.

Undoing or accepting changes

To undoediting changesglick the Undo All Edits buttonto restorethe datato the backup copy of the original ddila.
(A backupcopy of the datafile (fle name.wcp.BAK) is created when the the Edit Recandlew is opened for thfirst
time.)



Data Files > Opening a WCP Data File

WinWCP usesits own customdatafie format for storing digitised signalrecords.Thesefiles are identified by the file
extension “WCP”

To load a previously created WCP data file, select

File
Open Data File

to display theOpen File dialog box.

Dpen File N 2 %]
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4

Pt Documents

o
-

pdy Cormputer

File name: | j | Open I
Files of type: | WCP Files [*WCP) -l Cancel |

I™ Dpen az read-only

Selectthe disk drive andfolder from the Look In list. A list of availableWCP files wil be displayed.Selectone of the
fle names, then click th@K button to open the data file for display and asisly



Data Files > Adding Records from a Data File

To append records from a WCP data file on to tleagthe currently open data file, select

File
Append Data File

To display theAppend File dialog box.

Laak ir: l[;j Test j &= 3 |=j< Eo-
030603 ITO activation Y-dep_001
kesk
test 001
test_00z2
test_ 003
kest_004
Desklop test_00S
by Documents
-
g 8
4y Carnputer
File name: | =l Dpen
Filess of tupe: | WCP Files [“W/CP) | Cancel |

™ Open az read-only
Selectthe disk drive andfolder from the Look In list. A list of availableWCP files wil be displayed.Selectone of the
fle names, then click th@K button to append the records from this file othtoend of the currently open the data file.

(Note, you canonly appendfies which have compatiblerecordswith the samenumberof channelsand samplespel
channel.)



Data Files > Interleaving Records from a Data File

Two WCP datafiles canbe mergedby alternatelyinterleaving records from one file with the oth@rhis feature cabe
useful for leak subtraction when leak records Haeen acquired in another file.)

To interleave records from a WCP data file witharels of the currently open data file, select

File
Interleave Data File

To display thd nterleave File dialog box.

x|
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i

Selectthe disk drive andfolder from the Look In list. A list of availableWCP files will be displayed.Selectone of the
fle names, then click th@K button to interleave the records from this filghvwthose of the open the data file.

(Note, you canonly interleavefies which have compatiblerecordswith the samenumberof channelsandsamplespel
channel.)



Data Files > Importing Other Data File Formats

To import records from a non-WCP data file, select

File
Import

To display thd mport File dialog box.
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Selectthe disk drive andfolder from the Look In list. Thenselectthe type of datafile to be imported from th&iles of
Type list. A list of available files in that type are displayed. Se@w of the file names, then click th& button toimport
the data into a .WCP format file.

(Note that the original file is not changed. A new .WCP format file is creatédtti e same name as the importe diile

with the extension.WCP).

The currently supported data file formats aredidtethe table below.

I mportable Data File Formats

Axon Instruments
(*.abf, *.dat)

Axon Instruments ABF (Axon Binary File) format élgproduced by the PCLAMP and
AXoScope programs.

Cambridge Electronic
Design CFS

(*.CFS, *.DAT)

Cambridge Electronic Design CFS (CED Filing Systiemiat files.

SCAN Fies
(*.SCA)

Data files produced by the Strathclyde Electroptiygy SCAN program (an MS-DOS
based electrophysiology package.




Igor Binary Files
(*.IBW)

IBW (Igor Binary Wave) files produced by the IGORRoftware package.

HEKA
(*.ASC)

Data records exported from the Heka PULSE software.




Data Files > Importing from ASCII Text Files

To import records from a text file containing tablef numbers in ASCII format, select

File
Import

To display thd mport File dialog box.

22X
Look in: ||f:'| Data j & [F] £ EH-

amooth muscle (Jahn MoCarron)
_T)5teve Ennion

JTest

Trewar Smark
Toeries-06242009-1457-065

] 04-02-z009[R]

E binarised S14Etm{1250-2250)

My Documerits.

gl
-
My Compter ﬂ [+

File riarne: | ;I | Open I
[* ToT * ASC) ‘Cancel |

Files of t_lrgﬁgg"

[ Open as read-only

Selectthe disk drive andfolder from the Look In list. ThenselectASCII Text (*.txt, *.asc) from the Files of Type
list. A list of available files in that type aresplayed.

Selectoneof thefile namesthenclick the OK buttonto openthe ASCII Import dialogbox



ASCII Import L x|

Started at: 05-03-20101510:57
Time(z] Ypoulse (mY)

0 S00.042

15 S00.041

3.064 S00.036

4 562 S00.044

5.0E2 S00.045

— Channels
Mo, oftitle lines toignore |2 Ch Marme LUnits -

v [

— Column Separator -
* Tab { Comma { Space

Titne Data

f* Sample times in 15t column
{~ No sample times

[T Setrecord size

Bk N R R, < T Y VO P TR 0 - S e

Titne units isecs vI
OK | Cancell

which allows you to view the format of the dateb&imported and to specify how it should be impbrte

i -

Column Separator: Selectthe characterusedto separatedata columnsin the file (<tab>, commaor single spac:
character).

No. of title lines to ignore:The first datarow(s) in the table often containlabels or identificationinformation,whick
shouldnot be treatedas samplesTo skip one or more of these lines, enter the nuntekipped in théNo. of title lines
to ignore box.

Sample times. If the first columnin the table containssamplegtimes, selectthe Sample times in first column option
to derive the samplingintervalfrom the times of successiveows. Selectthe units that the time data is expresseftam
the Time units list. If no sampletime datais available,selectNo sample times and enter the sampling interval irhe
Sampling Interval box.

Time Units: Select the units of the time data column (sececsiamins) from th&ime Units list.

No. of time points per sweep. If a sampletime columnis presentcontainingtime valuesincrementingfrom zerofor
eachseparateecordingsweepcontainedhe datatable,the size of the WinWCP data record is determaatdmaticall
from whentime dataresetsto zero. The numberof datapointsin eachsweepcanalsobe set manually, by selectinge
Set record size option and entering the record size into the box.

Channels: Enter the names and units for each channel int€taanels table.

Click the OK button, to import the data when the import settags complete.



Data Files > Importing from Raw Binary Data Files

When a specific data file format is not supportgd\bnWCP it can stil be possible to import datagishe raw
binary import.The import module assumes that the data has tlerajdarmat

File Record Data Record Data
Header Header block Header block

At the beginningof the file, thereis a block of file header data which contains the information on the numibeecord:
in the file, size of record,numberand scalingof channelsThis is followed by one or more data blocks containingthe
A/D convertersampleslf more thanone input channehasbeendigitised,samplesare interleavedwithin the datablock
(e.g. Ch.0,Ch.1,Ch.2,Ch.0,Ch.1.,Ch.2,..Jlhesedetails of the datafile structurecan often be obtainedfrom the use
manualsassociatedvith the software,which createdthe datafiles. (Note that the samplinginterval and other scaling
information is discardedby the binary import module.) The import settings must be carefully set up to match the
characteristics of the file being imported.

To import records using the raw binary functioreste
File
Import

To display thd mport File dialog box.

Import File ____ ili[
Look in: Il:'.i Data j o £F B2~
T)5th Feb o7 | =3Francisco Palma [=35hreena Joshi
annalisa bernareggi I3Guy Bewick [Chsindy_Moise analysis

i Anselm Zdebik | IHEKA data [tecella best

[T Axon Data [CHelene Widmer [ Test

i) Erack [C3IG0R data file d kest.F [CaTony
|CCICED Files [ Iy Dennis avg

|7 CED Micro 1401 MkZ Tests [} Janez Presern
|1 Derek Costella [Chkaren Mckloskey

) Digidata 1200 Tests |iLab-PC Test

[ “iDigidata 1440 Tests |iMurray Herd

jEddie |iPeter Fraser

) Eduard Domingeuz |=hRiad Seddick

[TIFrances Edwards |3 samantha pitt

l | +
File i [08-03-20100] E
Filzz of tupe: Raw Binam [* dat.” raw)] Cancel |

™ Open as read-anly

Selectthe disk drive andfolder from the Look In list. ThenselectRaw Binary (*.dat, *.raw) from the Files of Type
list. A list of available files in that type aresgdiayed.

Selectoneof the file namesthenclick the OK buttonto openthe Raw Binary Import dialogbox.



i~ Raw Binary Impork ' o =] S

— File Bescription — Channels
File header size (hytes) [s12 Ch. Mame Unitsibit  Units
Mo Input Channels |g o Im 0.1 pA
Mo. SamplesiChannels [512 il 0.1 mY

Sample Format—————
" Float {* Integer

Mo, of bytesizample I 2

bz, Value |2|:|4;.r
Sampling interval IW

* msecs ( secs ( mins

0K | Cancell

Specify the format of the data in the file to bearted:

File header size: Enter the size of the file header (in bytes). #réhis no file header enter 0.

No. of Input Channel: Enter the number of analog input channels in tge fi

No. of Samples/Channel: Enter the numbeof A/D samples per channel in the record.

Sample Format: Selectthe numericalformat of the sampledata:Float for 4 byte floating point numbersor Integer. If
Integer hasbeenselectedenterthe size of the integer number (bytesNin of bytes/sample and the upper limit ahe

numerical data iM ax. Value.

Sampling interval: Enterthe time intervalbetweenadjacentsampleswithin eachanalog channel. Select the unitstaf
time interval from thel'ime units list.

Channels: Enterthe nameandmeasurementnits for eachchannelandthe scalingfactor to convert from integevalue
to the measurement units..

Click the OK button, to import the data when the import settags complete.



Data Files > Exporting to Other Data File Formats

WCP data files can also be exported in a numbdatzf file formats. To export data files, select

File
Export

To open théexport File dialog box.

x

— Files
E\Data\Data\Eddig\cantrol1 1-10.wep

N ol EIEE i

— Record Range ——— CQutput Format

(¥ Whole file Acxon ABF W16 =
{~ Range

|1-1n

— Channels

[+ Im
¥ Ch.1

OK I Canuell

Output Format: Select the data format of the file to be exporteftdm the list of options.

Record Range: Selectthe All Records option to exportall recordsin the currently openWCP datafile, or selec
Range and enter the range of records to be exported.

Channels: Tick the analogue signal channels to be exported.

Selecting files for export: The currentlyopendata file is selected for export. To select mdes ficlickSelect Files to
openthe Select Files to Export dialog box, hold down the Ctrl key, and click on the files to be selectedthenclick
Open when complete.The list of files selectedfor export are displayedin the Files box. Note. A list of files to be
exported can also be pasted into this box.



x|
j A £ Eo-

Na!ne - I"I Date modified I"I Type |v|
& controli 1-10 08/06/201503:12  WinWCP Data Files
H| contralt 05/06/2015 16:25  WinWCP Data Files

J pusssoTe

File name: |"cuntro|1.wcp" "control1 1-10wep” j Open |

Files of type: | Files (" wecp) j Cancel |

When the export settings are complete, click@e button to create the export file(s).

The currently supported export file formats aseetlil in the table below.

Export Data File Formats

Axon Instruments

Axon Instruments ABF (Axon Binary File) V1.8 fornfigs.

(* MAT)

(*.abf)

Cambridge Electronic  [Cambridge Electronic Design CFS (CED Filing Systiemyat files.
Design CFS

(*.CFS, *.DAT)

ASCII Text Tab-delimited columns of ASCII text.

(*.0x)

WCP Strathclyde Electrophysiology Software WinWCP digdormat.

*

I(Elgl\ll':p) Strathclyde Electrophysiology Software WIinEDR digdormat.

*

I(gfrdginary Files IBW (Igor Binary Wave) files produced by the IGORRoftware package.
(*.IBW)

Matlab Files .MAT format array data fles readable by Matlab




Data Files > WCP File Structure

This appendix provides a detailed specificatiothefinternal structure of the WinWCP data file. WEP data file is
designed to store digitised 16 bit integer binagords of analog signals, the associated scaliogriation required to
reconstitute actual signal levels, validation infiation entered by the user and measurements geddxaiVinWCP
analysis modules.

A WCP file cancontainup to 2** separateecords,each record containing up to 128 channels, eaamehaontaining
multiple of 256 samplesyp to a total of 1048576for the whole record.Note. All recordswithin a file must be thesame
size, i.e. same number of channels and samplesiehan

Three kinds of data blocks can exist within the file. The header block containsa list of ASCII-format keywords
detailingthe numberof recordsin the file, recordsize,scalingfactorsetc. Signal records are stored in sequence thier
headerblock. Eachrecord consistsof an analysis block, containingvalidation and analysisresults pertainingto the
record, followed by alata block containing the digitised A/D samples. A datatfies has the form:

Record 1 Record 2 Record 3
H A D A D A D

The beginning of each signal record can be detedras a byte offset from the start of the file gisive formula

Offset = HB + (Rec#-1)(RAB + RDB

size size size )

where HBsizee RABsize and RDBsize are the sizes(bytes)of the headerrecordanalysisand datablocks respectivelyanc
Rec# is the record number.

Header Block

The headerblock containsthe informationneededo allow a programto determinethe size and number of recordstire
fle. The headerblock canvary in size between1024 and 16380 byte dependingon the numberof channelsn the file,
according to the formula:

HB.__ = (Int(N

size

-1)/8) + 1) x 1024

chans

File parameters are stored as ASCII text in thenfof keywords, one word per line, as follows
KEY= <value> <cr> <If>

where <value>is a numberor text dependingon the parameterand <cr> <If> are the carriagereturnand line feec
characters.

A typical header block (from a file with 2 channadentains the following keywords.

VER=9 WCP data file format version number

CTIME= 19-05-2010 15:15:59.010 Creation date/time

RTIME= 19-05-2010 15:15:60.000 Date/time of start of recording
RTIMESECS= 2000.00 Time of start of recording in seconds (relativdasi system boot)
NC=2 No. of channels per record.

NR=50 No. of records in the file.

NBH=2 No. of 512 byte sectors in file header block
NBA=1 No. of 512 byte sectors in a record analysis block
NBD=4 No. of 512 byte sectors in a record data block
AD=5.0000 A/D converter input voltage range (V)
ADCMAX=2047 Maximum A/D sample value

NP=512 No. of A/D samples per channel

DT=.1600 A/D sampling interval (s)

NZ=10 No. of samples averaged to calculate a zero level.
TU=ms Time units

ID= Cell 1 Experiment identification line



Channel scaling factors
YNO=Im

YUO=nA
YGO0=.167E+04
YZ0=1997

YOO0=0

YRO=2

YN1=Vm
YUl=mV
YG1=10.0
YZ1=2048
YO1=1
YR1=0

Waveform measurement settings
TXPERC=0

PKPAVG=1

Non-stationaryvariance settings
NSVCHAN=0

NSVALIGN=0
NSVTYPR=0
NSVS2P=F
NSVCURO0=0
NSVCUR1=0
ID=

Channel 0 name

Channel O units

Channel 0 gain factor mV/units

Channel 0 zero level (A/D hits)

Channel 0 offset into sample group in data block

Channel 1 name

Channel 1 units

Channel 1 gain factor mV/bit

Channel 1 zero level (A/D bits)

Channel 1 offset into sample group in data block

T.x% decay time settings
No. of points to average before/after for peak meas

Signal channel to be analysed
Alignment mode
T = Scale average current to peak before subtractio

First analysis cursor position
Second analysis cursor position

Notethat it should not be assumed that the keyword$ollow any particular order.

Record Analysis Block

urement

The recordanalysisblock containinga seriesof internalformat variables.It variesin size betweenl1024and 16380byte
depending on the number of channels in the filepeding to the formula:

RABsize = (Int(N cha

where Nhansis the number of data channels and Int() meansdrdawn to the nearest integer.

- 1)/8) + 1)+1) x 1024

The analysis block structure is detailed below:

Variable Type

Contents

Record status

8 X ASCII bytes

ACCEPTED, REJECTED

Record type

4 x ASCII bytes

TEST, LEAK, etc.

Group number

4 byte floating point

Record leak sudttoa grouping number

Time recorded

4 byte floating point

(s)

Sampling interval

4 byte floating point

(s)

Max positive limit of
A/D voltage range

4 byte floating point X Nans

M

Marker

16 X ASCII bytes

User entered marker




Values 4 byte floating point Waveform measurement and curve fittin
X (INt(Nghans 1)/8) + 1) data storage array.
x28

Data block

The datablock containsthe digitised signals,storedin the form of 16 bit binary integers.EachA/D sampletakesup 2
bytes of space. Its size depends upon the numhaatafchannels in the file

RDBsize = 2 X NehansX Nsamples per chan

where Nchans is the numberof data channels andsiNpies per chais the number of A/D samples per channel. If themore
than one A/D input channel, samples are interleawittih the data block. For example, for 2 channels

Y01 Y11 Y02 Y12 ..... YOnsamples Ylnsanples

Different laboratory interfaces supported by WinW@#urn multichannel A/D samples in different oleFhe channel
interleaving order for a data file is specifiedtbg YOn= channel keyword in the file header block.

The calibrated signal level in the appropriate dehonits can be reconstructed using informatiorest in the file header
and the record analysis blocks, using,

- max
ycal - yadc

ADC, [YG,

whereV,., the maximum positive limit of the A/D converteritage range (from record analysis block) ,ARGS
maximum A/D sample value &...,. (header block) and Y{Gs the calibration factor (Volts/channel units) &hanneh
(header block).



Simulations > Nerve-evoked EPSC Simulation

The nerve-evokedEPSC module generatesa series of nerve-evokedexcitatory post-synapticcurrents (EPSCs)or
potentials(EP SPs)Whenthe nerveis stimulated a random number of transmitter quantareleased from a pool sife
n, with eachguantumhavinga probability, p, of release The numberof quantareleasedger stimulusfollows a binomia
distribution. The EPSC waveform can be madeto decayfollowing a single or double exponentiaffunction. Randon
backgroundnoise with a gaussiandistribution can be addedto the signal. EP SPscan also be simulated,including the
effects of non-linear summation of quantal potésitia

To create a data file containing simulated EPSCs:

Create a new data file to hold the records, byctiete

File
New

and entering the name of a new data file.
Select

Simulations
Nerve-evoked EPSCs

to open the simulation window.

i+ Merve-evoked EPSC Simulation =0 =}
Start Simulation |
Abort | al
Mo Records | 200 L
Recaord Duration | 100 ms
- e E
Display Range | 10 nA Im
B o
_
&+ Currents  Potentials
Restingfholding I__ -
potential 90.0 m
— Transmitter Release ————— -
Release pool (n) | 10 0L
Eelease prok. () | 0.200
0.00 ms 93.98 mz

—Quantal event propeties
—Amplitude ——————— ¢ Risihd phase—— 7 Decay phase

Background |IZI.1 nA vatriability

hoise (RM.5.)

Set the simulated EPSC properties:
No. Records: Enter the number of simulated EPSCs to be created.

Current/Potentials: Selectthe Currents or Potentials option to determinewhethersimulatedcurrentsor potential
are to be created If you have selected potentials, enter the resting potential of the cell. in the Resting/holding



potential box.

Transmitter Release: Enterthe numberof quantaavaiablefor release in th&®elease pool (n) box and theprobability
of a quantum being release when the nerve is stiediin theRelease prob (p) box.

Quantal event properties:

Amplitude: Setthe averagepeakamplitude of the miniature quantal current in @k box and its standard deviation
the St Dev box. Enter the standard deviation of the backgimaise on the signal in tHgack ground noise box.

Rising Phase: Enter the time constantof the EPSCrising phasein the Tau (rise) box andthe variability of the time
between stimulation and the event in traency variability box.

Decay Phase: Enterthe time constantof the decayof the EPSCin the Time constant(1) box. If a doubleexponentic
decayis required,tick the Double exponential decay option, entera secondtime constantin the Time constant(2)
box, and enter the ratio between the amplitudeseofwo decaying exponential components inAhap(1)/Amp(2) box.

Click the Start Simulation button, to create the simulated EPSC records.



Simulations > Voltage-activated Current Simulation

The voltage-activated currents module simulatectieents evoked in response to a series of regltamngpltage steps,
using the Hodgkin-Huxley equations. Both activatio inactivation kinetics are modelled. Two chdsaee generated,
membrane potential and membrane current. The radstesimulates the effects of patch clamp pipetteas
conductance on measured currents. The Hodgkin-lsideulation can be used to test the leak subtraatiodule and
the Hodgkin-Huxley functions in the curve fittingpdule.

The currents, are modelled by the equation

r,(V)

where V is the voltage level to which the cell potentialis steppedy, is the inttial holding voltage,V,, is the reverse
potential for the conductanceGmax is the maximal conductanceTaum the activation (m) time constant,Tauh the
inactivation (h) time constant,and p the power to which the activationparameteis raised,m(V) andh (V) are the
steady-stat@aluesof the activationandinactivationparametersiespectivelydefinedby Boltzmannfunctions,m(V) anc
h(V) are bell-shaped functions.

| =(V =V, ) B, M, (V) = (M., (V) - m, (v, ))exr{ J h, V) -(h.(v)-h, (vh))exp[r—'(

To create a data file containing simulated voltagévated currents:

Create a new data file to hold the records, byctietg

File
New

and entering the name of a new data file.

Select

Simulations
Voltage-activated currents

to open the simulation window.



1~ Yoltage-activated Currents Simulation
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Set the simulated EPSC properties:

Voltage Protocol: Enter the voltage-clamp holding voltage into thelding voltage box, the number of simulated
voltage steps to be created in the. of steps box, and the increment in voltage between stefieioltage step box.

Leak Subtraction: If leak subtraction records are to be createdcsBlvide by N and enter the P/N divide factor.

Noise:Enter the standard deviation of the gaussian baokgrnoise to be added to the signals irBthek ground noise
box.

Conductance: Enter the maximum conductance for the voltageraietd current being modelled in theax.
conductance box. Enter the reversal potential for the voltagévated conductance in tReversal potential box.
Enter the cell's non-voltage dependent leak corahes in thd-eak conductance box. Enter the access conductance
of the patch pipette used to patch clamp the rcéldPipette conductance box. (Note that if the pipette access
conductance is less than 5X the cell membrane ctewdce, then pipette series resistance artefatttscair.). Enter
the cell capacity in th€ell capacity box. This determines the size of the capacityesurartifact at the beginning and
end of the voltage step.



Activation (m): The Activation (m) settingsgroup determineshe voltage andtime dependencef the Hodgkin-Huxle
activationparameterm.Enterthe powerto which the activationparameter, m, is to be raised to in &g ivation power
factor box. (Default =3, typical of sodium currents).The voltage dependencef steady-statectivationis set by the
Boltzmann function, mn(V), defined by its voltage of half maximal activation V12 and slope Vsiops The voltage
dependenceof the activationtime constanttau(V) is set by a bell shapedfunction, which varies the time constar
betweerthe minimum, tmin and maximumtmax, with tmax occurringat V1,2 andthe steepnessf the cursordefinedby
Vslope

Inactivation (h): The Inactivation (h) settingsgroup determinesthe voltage and time dependenceof the activatior
parameterh. To enablethe inactivation parametercheck the Inactivation in use box. The voltage dependencef
steady-state@ctivationis setby the Boltzmannfunction, mn«(V), defined by its voltage of half maximal actiest V12 anc
slope Vsiope The voltage dependencef the activationtime constantfau(V) is set by a bell shaped function, whicries
the time constantbetweenthe minimum, tmin and maximumtmax, with tmax occurringat V12 andthe steepnessf the
cursor defined by Vsiops Enter the voltage at which the inactivation parametelis at 0.5 in the V.half box. Enter the
inactivationtime constantwhenthe membrane potential is at V.half in fhau(V.half) box. Enter the voltage sensitivity
the V.slope box (large values = weak voltage sensitivity).

Click the Start Simulation button, to create the simulated voltage-activatedent records.



Simulations > Miniature EPSC Simulation

The miniature EP SC module generatesimulatedminiature postsynapticcurrents,exhibiting the stochasticfluctuation:
associatedvith the currentflow throughthe populationof ion channelsopenedby a single quantumof transmitter.The
gatingof a single post-synaptidon channels representetby a simple 4-statemodel. Binding of anagonist molecul¢A)
with receptor(R) to form an agonist-receptor complex, makes it possible forctimennel to shuttle between a closéate
(AR), an open state (AR*) and a closed/desensissai@ (AR).

k. = - K...—-> .k
A+ R bind AR open AR des
L L - kund

~ ARP

unbind close

The single-channeturrenttime courseis governedby six rate constants- rate of binding and unbindingof agonistfrom
receptor, (Koind, Kunbind) rate of channelopeningand closure (kopen, Keiose and the rate of entry and exit from the
desensitisedtate(kdes kund). The MEPSCis generated by summing the individual single-chaoogient time courseor
eachion channelopenedby the brief pulse of transmitterreleasedrom eachvesicle (time courserepresentedy a
decaying exponential function with a time constto s.

To create a data file containing simulated mEP SCs:

Create a new data file to hold the records, byctiete

File
New

and entering the name of a new data file.
Select

Simulations
Miniature EPSCs

to open the simulation window.

Il Miniature EPSC : - 10| x|
i Bl
Ahort |
— mERSC -
Mo, mEFPSCs |1|:||:| I
: = =
Record Duration | 100 ms P&
Linitary current | 1 A
Mo, channels |1|:||:|
-l
St.Dey. ||:|
Transmitter decay | 100 us 0.00 ms 99,98 ms
— Recording conditions ———— r—lon Channel Model
Backy. Moise [0.0 pA |z000005-1 10000 5.-1 [0.0g-1
L':'W'F:'ESSﬂ”EfI'IDDD Hz A+ B ';C-Blimz‘ — AR kﬂpﬂd _}ﬂﬂ‘k_‘m %ﬂRD
i 0On « Off — 'E‘Tuxbixa‘ — kﬂ&:se — "?cumi
Drift Max) [0pa j1000.0s-1  [1000.08-1  [0.05-1

Set the simulated mEPSC properties:

mEPSC: Enter the number of simulated mEPSC records tadeted in théNo. mEPSCs box. Enter the single-channel
currentamplitudefor the post-synaptiion channekin the Unitary current box. Enterthe averagenumberof ion



channels activated when a quantum of transmitterléssed in th&lo. channels box and its standard deviation in the
St. Dev. Box. Enter the transmitter release decay timestaon into thel ransmitter decay box.

lon Channel M odel: Enter the ratesconstantswhich define the ion channelgating properties.(Note. Models whicr
permit entry into the desensitisedtate (kdes>0) producemEP SCswith biexponentialecays.If kdses =0 monoexponenti
decays resultt.)

Recording Conditions: Enter the standarddeviation of recordingbackgroundnoise in the Backg. Noise box. If

low-passfittering is to be appliedto the mEPSC select the- ow-p filter On option and enter the cut-off frequencythia
box. Random baseline drift can be added to eadraday entering a non-zero value in feft (M ax) box.

Click the Start Simulation button, create the simulated mEPSC current records.



COM Automation Interface > COM Automation Interface

WinWCP implements a COM automation server whiabwadl its recording and seal test functions to berolied from
VBSCRIPT batch files or from applications such aatlvb which supports COM automation.

The name of the WinWCP automation objedVis\WCP.AUTO and is opened by the VBSCRIPT command
set WCP = CreateObject(* winwcp.auto”)
Recording functions

Recordingcan be started/stoppedlatafies created/openedndthe recordingtrigger mode and stimulus pulse protocok
selected. The recording methods and propertiefisted below.

Recording M ethods & Properties

.NewFile(“filename.wcp”) Method Creates a new data file with the suppliedenam

.OpenFile(“filename.wcp”) Method Opens a pre-existing data file with the sedpl
name

.StartRecording Method Starts recording to disk.

.StopRecording Method Stops recording to disk.

.HoldingVoltage R/W Property Reads/sets the holding voltage (insyolt
applied to the cell. E.g. WCP.HoldingVoltage
-0.06

.TriggerMode R/W Property Read/sets the recording sweep triggeiem

“F’=Free run, “E"= External trigger, “D"=
Event Detection, “P"= Stimulus Pulse.
E.g. WCP.TriggerMode = “F”

.StimulusProtocol R/W Property Read/sets the selected stimulus putsteqol.
e.g. WCP.StimulusProtocol = “prot01”

.Status Read Only Reads the current operational status of
Property WIinWCP. (0= idle, 1=seal test running,
2=recording to disk)

Seal test functions

WIinWCP'’s sealtest function can be initiated via the commandinterface and usedto apply test pulsesto cells anc
calculatethe cell membraneconductance, capacity, access conductance antepastl resistance. Theseasuremer
can be read via the command interface while thétestis running.



The seal test commands are listed below:

Seal Test M ethods and Properties
.StartSealTest Method Displaysthe sealtestwindow andappliesthe
seal test pulse.
.SealTestPulseAmplitude R/W Property Reads/sethe amplitude (Volts) of the seal
test pulse
(e.g. WCP.SealTestPulseAmplitude= 0.01)
.SealTestPulseDuration R/W Property Reads/setse duration amplitude (S) of the
seal test pulse
(e.g. WCP.SealTestPulseDuration= 0.01)
.SealTestSmoothingFactor R/W Property Setcell parameterssmoothingfactor (0.1 -
1.0) ' 1 = no smoothing,’ 0.1 = maximum
smoothing (equivalentto averagingover 10
pulses
Vm Read Only Readsthe most recentcell holding potential
Property (V) measurement, computed by the seal te|
Am Read Only Returnsthe most recentcell holding current
Property (A) measurement, computed by the seal te
.Ga Read Only Reads the most recent cell accessg
Property conductance (S) measurement.
.Gm Read Only Reads the most recent cell membrang
Property conductance (S) measurement.
.Cm Read Only Reads the most recent cell capacity (F)
Property measurement.
.Rseal Read Only Readsthe mostrecentpipette sealresistanceg
Property () measurement.

A file (WinWCP VBSCRIPT Example.vbs)containin/ BSCRIPT example code can be found in the c:\progran

fles\winwcp folder.
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